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KpaTtkoe pykoBOJICTBO TS OJIB30BATENA

1. Hazuauenue

[Taker mnporpamm CTATHUKA npenHazHaueH [ pacy€ToB W MPOEKTUPOBAHUSA DJIEMEHTOB
CTPOUTEIBHBIX KOHCTPYKIMK. B cocTaB makera BOIUIM CIEAYIOIIME IPOrpaMMbl: MPOrpaMma BBO/A,
pacYéTHbIe MPOrpaMMbl, IPOrpaMMa JJOKyMEHTUPOBAHHS PE3yJIbTaTOB pacyera Viewer u mporpamma
yrpaBieHus MpoekTaMu MeHeakep NPOeKTOB.

IIporpaMmma BBOAA NO3BOJISIET CO3JaBaTh M PACCUMTHIBATH MO3MLMHU IpOoeKkTa. B pamkax gaHHOro
MaKeTa, MoJ MOo3UIKel MoHUMAaeTCss HabOop JaHHBIX [l OTAEIBLHOTO pacuéTa CTPOUTENBHOIO dJIEMEHTA.
Kax 01 mo3uniyim COOTBETCTBYET OJJHA PACYETHAS TPOrpaMma.

[Mporpamma Viewer obecrieuuBaeT MPOCMOTP JOKYMEHTOB C pe3y/ibTaTaMU pacueToB mo3uimid. OHa
uMeeT (QYHKIMH MPOCMOTpPAa M IEYaTH JOKYMEHTOB, apXMBUPOBAHHS M TEPECHUIKH AIIEKTPOHHOMN
noutoil. [IpeaycMoTpeHa BO3MOKHOCTD IpeoOpa3oBaHus JoKyMeHTa B popmar pdf st mpocmotpa B
nporpammax Adobe Acrobat u Adobe Reader (komanna Ileuats).

[IporpaMmma MeHem:xkep NPOEKTOB NpeaHa3HAaYeHA [Isi paboThl ¢ mpoekramu. OHa MO3BOJISIET
OpraHM30BaTh XPAHEHUE JOKYMEHTOB (TE€KCTOB, YEPTE)KEH, pacUeTHBIX IO3ULMN) MO IMPOEKTaM U
obOecnieurBaeT ympaBieHHe WMHU (yAalleHHWe, KOMHMpPOBAHHWE, Ie4aTh, M Jp.), HUMeeT (YHKIUU
apXUBUPOBAHUA U PAOOTHI C AIEKTPOHHOM MOYTOM.

s ynoOGcTBa paboThl, Bce MPOrpaMMbl MakeTa CHA0XKEHbI MOJAPOOHBIMU TEKCTaMH, MOJCKa3KaMu U
WUTIOCTPALUAMH.

2. BBOI HCXOIHBIX JAHHBIX

JUisa co3naHuss HOBOM MO3ULMU WM OTKPBITHS CYIIECTBYIOIIEH MO3MIMM HCIOJIb3YIOTCS KOMaHJbI
Co3narp unmu OTKpBITH U3 Bhinagatoniero MeHo Ilo3uuusa nporpammsl MeHea:kep NMPoOeKTOB Ipu
aktuBHOM Bkiaake CTATUKA. Ha skpane nosiBasercss untepgeiic [IK CTATUKA, no3sosstomuit
BbIOpaTh pacYETHYIO IPOrpaMMy.

Hcxonusie nannble 11 pacuéra 3agatorcs B okHe Boa IIK CTATUKA. Okno BBoa copep:xut mosst
U BBoJa NaHHbIX. [lons BBO#a, cBA3aHHBIE IO CMBICIY, IPYIIUPYIOTCS B BOIPOCHI, @ BOIPOCH! — B
pazaesnbl. BOo3MOXHBI ClleIyroIIKe TUIIBI [TOJIEN BBOJA:

"  TI0JIe BBOJA YHCEN

"  I0JIe BBOJA TEKCTa

"  JI0JIE CO CITUCKOM (OTMEUEHO TPEYTrOJbHUKOM, BBIOODP MPH MTOMOIIY MBIIITH WM KJIABHII +, -)
=  qoJe ¢ HabopoM MepeKoyarene (0TMeUeHo 3HaKOM X)

HpI/I BBOJIC YHMCJIOBLBIX JAaHHBIX, ABTOMATHYCCKHU IMPOBCPAIOTCA YCIOBUA IOOIMYCTHUMOCTHU, IIPHU HUX
HapYIICHUU MOABIACTCA MPECAYIIPCIKIACHUC.

C nenplio cokpaieHus: 00bEMa BBOJa, JJIs1 HEKOTOPBIX MOJIeH MPeayCMOTPEHO MOyYeHHe 3HaUeHUH U3
CTaHJApPTHBIX IIa0JOHOB. 3HAUEHHsS ABTOMATUYECKU TMOSBISAIOTCA B MOJSIX BBOAA MpPHU CO3AAHUU
no3unuu. [1abmoHbl MOTyT co3faBaTbes Mmoiib3oBaTeneM. s coznaHus 1mabiaoOHOB, MCIONB3YETCs
koMaHaa CoxpaHuTh Kak..., poctynHas B MeHI0 Ilosumusi [IK CTATUKA. B nossistomemcs
auanore HeoOXoAUMO BbIOpaTh BKIaAKy CTaHIapTHAs MO3HMLMA.

Ha nanenu unctpymentoB IIK CTATUKA mnpemycMmoTpeHa crenuaibHas KHOIKA, MO3BOJISIONIAS
CO3/71aTh HOBYIO MO3UIIMIO HA OCHOBE CTaHAAPTHON MO3ULIUH.
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Jns mo3uupMyM MOXKHO COCTaBUTh KOMMEHTapuH, BBIBOJAMMBIE B Hadalle M B KOHIE BBIXOJHOTO
JIOKYMEHTa. BBOJ KOMMEHTapHs OCYILIECTBISAETCS NYTEM JBOMHOIO IETYKA JIEBOM KJIABUILIECH MBIIIH B
nossix BBoja KommenTapuii k nozuuuu wiv Kommenrapuii k pacuéry.

[Ipu BBOJIE MaHHBIX, MOXXHO TPOU3BOJIBHO MEPEXOIUTH HA JIF0O0E mose BBoAa. i mepexoia MOXKHO
UCIIOJIb30BaTh MbIIIb WM KiaBuimd Enter, Tab u crpenku. Jlnst ObIcTporo mepexoga clieayer
ucnosb3oBath kiapuim PageUp, PageDown, Ctrl+Home, Ctrl+End.

[Tomumo okHa BBoj, IperyCMOTpPEHBI CIISYIONTHE BCIIOMOTAaTEIbHbBIE OKHA!
*  CHOuCOK MO3HUIHI
» Karanor BonpocoB
* Pa3zbsicHEeHHs BOPOCOB
»  HMmmoctpaiuu BOIIPOCoOB

BcenomorarebHbIME OKHAMHM MO>KHO YIIPABIISATh C MOMOILIbI0 KoMaHJ u3 MeHio Bua. B okne Karamor
BOIIPOCOB OTOOpa)kaeTcs CTPYKTYypa MpoeKTa ¢ pasjenamu BBoja. Ilpu momouy 3Toro okHa, MOXHO
ObICTpO TepeiiTu Ha Tpedyemoe mosie BBoAa. B okHe Pa3bsicHeHHs1 BONPOCOB 0TOOpaXkaeTcsi OMUCAHNE
TEKYyLLIEro Borpoca (mapamerpbl, eIUHHUIBI U3MEPEHUs, 00JIAaCTH JOIYCTUMBIX 3HAYEHUH, CCHUIKM Ha
IYHKTBl HOPM U Jip.). B okHe MiiocTpanum BONMPOCOB OTOOPAXKAOTCS MOSICHAIOLIME PUCYHKH K
TEKYIIEMY BOIIPOCY, IPU ATOM BBIJENSETCSA I[BETOM IapaMeTp, COOTBETCTBYIOIIUN TEKYLIEMY MO0
BBO/1a. CIIMCOK MO3MIMI COEPKUT CITUCOK BCEX MO3ULMMN, COAEPIKAIIUXCS B IPOCKTE.

IIpu BBOJE HEKOTOPBIX YHMCIOBBIX JAHHBIX, MOYKHO HCIOJIb30BaTh KOMaHAYy BbluuciaeHusi u3
KOHTEKCTHOT'O MEHIO IOJIsl BBOJA AJIs 3a/1aHUs apU(METHIECKOT0 BhIpaskeHuUs ((hOPMYIIbI), IO KOTOPOMY
BBIYHCIIIETCSI BBOJMMOE 3HAau€HHE. DTO BBIPAKEHHE OYJIET COXPAaHEHO B PACUETHOM MO3HUIUHU IS
BO3MOXKHOCTH TIOCJICIYIONIETO peJakTUpOBaHUsA. B BBIXOJHOM JOKYMEHTE apu(MeTHYecKoe
BBIpaXXEHHE HE 0TOOpaXKaeTcsl.

3. Pacuér u meyarb pe3yJbTaTOB

CoxpaHeHue BBEACHHBIX JAHHBIX OcyllecTBiseTcs KHonkamMu CoxpanuTh U1 COXpaHMTh KaK... Ha
BepxHelt manenu nactpymeHToB [IK CTATUKA. Pacuér BeimomnHseTcs npu nomoiy koMan sl Pacuer
win Pacuer... u3 menoo Ilo3umms (mpu wucmonb3oBaHMM KomaHnabl Pacuer..., mpeaBaputeiabHO
BbI3bIBaeTCs quaior Kondurypamus BoiBoaa).

Pe3ynbTathl pacuéra BEIBOASATCS B MPOrpaMMy JOKYMEHTHPOBAHHUS PE3yIbTaTOB pacuera VieWer wiu
Ha npuHTep. Pe3ynpTaThl pacuera mpoekta (pOpMHUPYIOTCS KakK €IMHBIM JOKYMEHT, KOTOPBIM MOKET
OBITH HaleyaTaH WM OTHPABJICH 110 3JeKTPOHHOM noute. [Ipu neyaTtu, equHBINA JOKYMEHT OyIeT UMETh
CKBO3HYIO HyMepalHio CTpaHull. Takke MOXKHO CO3/aTh J1I000€ KOJMYECTBO JOKYMEHTOB, YHPaBIISAsA
COCTaBOM JOKyMeHTa (HarpuMmep, JUisl OTACIbHOTrOo THNa mo3uimii — cBoi jokyment). [IK CTATUKA
M03BOJISIET HAlleYaTaTh IOKYMEHT B KOMIIAKTHOM ¢opMe (2 uiu 4 cTpaHUIIbI JOKYMEHTa Ha OJTHOM JIMCTE
Oymarn).

[IK CTATHUKA naer BO3MOXXHOCTb NPOM3BECTH pacdyeT cpa3dy HECKOJIbKHMX Mo3uuui. Ilozunum
BBIOMpalOTCs B porpamme MeHea:kep NPOEKTOB B aKTUBHOM OKHE TEKYIIIETO MTPOEKTa CTaHIapTHBIM
CrocoOoM ¢ momoIikio Mbiik 1 kiasui Ctrl wm Shift.

4. Co3paHue POEKTOB U yIpaBJIeHHEe MU

[Tporpamma MeHemkep MPOEKTOB TpeHAa3HAYCHA /ISl paOOTHI C TPOEKTaMH, KOTOPBIE MTPEICTABISIOT
co0oil rpynmsl nmo3unuid. [IpoekT MoxkeT ObITh CO37aH B JIFOOOM ManKe CUCTEMBI, 32 MCKIIOUYEHUEM
KOPHEBOT0 KaTayiora. MeHemaKep MPOEeKTOB NMeeT (PYHKIIUN apXUBUPOBAHUS U pAOOTHI C AIIEKTPOHHON
noutoit. Ilpu wmuacrammimuu [IK CTATHUKA, cosmaercs rpymma Projekte, comepskamas rpymimy

IIpumeps! u rpynmny Jpyrue.
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[Iporpamma mpeaHa3zHaueHa sl pacu€ra cucTeMbl mpsiMoyroibHbIX Tt mo CHull 2.03.01-84*
“beToHHBIE M Kene300eToHHble KOHCTpykumu” [1], mub6o mo CII 52-101-03 “Beronnbie u
JKEJIe300€TOHHBIC KOHCTPYKIIMHM 0€3 MpeaBapUTeIbHOr0 HampspkeHus apMatypbl” [7], mub6o mo CIIT
63.13330.2018 “beronHble u Keae300€TOHHBIC KOHCTPYKIMU. OcHOBHBIE mojoxenus” [9], amubo mo
CHBb 5.03.01-02 “beroHHble u Xeyne300€TOHHblE KOHCTpykuuu~ [8]. Bo3MmMoxxHO 3anaHue
NPSMOYTOJIBHBIX KOJIOHH W OTBepcTHil. Harpy3ku Moryr OBITh Kak COCpPEIOTOYEHHBIMH, TaK M
pacnpeaenéHHpiMU. CTaTHUECKUN pacdy€T MPOBOIUTCS METOJIOM KOHEYHBIX 3JIEMEHTOB. PacuérHble
coueTanus ycunui onpenensitorcs corsiacHo CHull 2.01.07-85 “Harpysku u Bozaeiicteus’” [2]. [locne
ompeneneHuss TpeOyeMoil apMaTypsl, OCYIIECTBISIETCS KOHCTPyHpOBaHHME apmarypbl. s
1o100paHHON apMaTypbl MPOBOJUTCS PACUET M0 TPEHIMHOCTOMKOCTH U 1O Ae(opMaIisim.

1. PacuérHas cxema

Pacuérnas cxema mpencraBisier co0oi Habop MPSMOYTOJIBHBIX TUIMT. PacmoioskeHne minT, KOJIOHH U
OTBEPCTHI MOKHO 3aJlaBaTh KaK B IJ00albHOW, TaK M B JIOKAJIBHON cucTeme KoopauHat (puc. 1,2).
JlokanpHas cUCTeMa OMpeeNseTcss HOMEpPOM IUIMTHI M yKa3aHueM e€ BepluuHbl. [lpunsaTbie
HAaMMEHOBAHMS BEPIIMH IUIMTHI cMOTpute Ha puc. 3. [lpm 3amaHum pacronoKeHUs IUTUTHI WU
OTBEpPCTHSI HEOOXOJIMMO BBOAHUTH KOOPAWHATHI JIE€BOW HUKHEH BEpUIMHBI IUIMTHI WM OTBEpCTHsS. B
ClIydae 3aJlaHusl KOJIOHHBI, HEOOXOMMO BBOJUTH KOOPIUHATHI €€ IIeHTpa.

Y
A
X
X
y
>
y
X
>
BrnobansHoii cucte Me KOOpIUHAT B noxanbHOM cHCTE Me KOOpAUHAT
Puc. 1.  IIpumep 3amaHus pacroOKeHHUS IUIUTHI
Y A
"
X X
y
>
y
X
>
Brno6anpHoil cucte Me KOOPIUHAT B nokanbHOM cUCTE ME KOOPIUHAT

Puc. 2.  Tlpumep 3amaHus pacroyioXeHUS KOJOHHBI
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Bepumner CropoHbI
JIeBasi BEPXHSIS npaBast BEpXHsIs BEPXHSA
4 3 3
Y neBas | 4 2 | mpasas
1 2 1
JICBas1 HIDKHAA npaBast HWWKHAS HWXHAA

X

Puc. 3. Cucrema KOOpAUHAT. HaummenoBanue u HyMepanus CTOPOH U BEPIINH IJINTHI

YcnoBus 3aKPCIUICHUA BBOAATCA AJIA Ka)KI[OfI CTOPOHBI IIJIMTHI. MosxHO 3a1aBaThb CBO60I[HOC OIMIMpPaHUC,
3aJIeNIKy, CBOOOHBIH Kpaii, yIIpyroe 3amemMiIeHre. Y Ipyroe 3aieMICHUE TUIMTHI 3a1aETCs B TIPOIICHTAX.
B atoMm cityuae, )keCTKOCTh OyIeT paccuuTaHa CICIyIOUMM 00pa3oM:

C= ﬂ [kHM/M]
(100 - k) ’
rae h - TOJIIMHA [UIATEI [m]
k - CTETCHb 3aIlEeMIICHUS [%]
E - MOZYJIb YIIPYTOCTH MaTepuaja IUIUThI [kH/M2]
I

- PasMEp IUIUTBI B COOTBETCTBYIOICM HAIIPABJIICHUN [M]

Ha orpe3kax conmpukoCHOBEHUS IUIUT (pUC.4) 10 YMOJYaHHUIO NPUHUMAETCS YCIIOBUE 3aKperuieHus V
(puc.5). lanHoe ycioBHE€ MOXET ObITh M3MEHEHO OTBETOM Ha BOMpoc “V3MEHHTH THUI COCTMHEHUS
collpuKacarolmuxcsd MMt . Ecau yka3plBaeTcs, YTO COOTBETCTBYIOUIME IUIMTBHI CBSI3aHbI, U OIOpA
OTCYTCTBYET, TO puHUMaetcs ycinoBue VI (puc.5). Ecnu ke yka3zpiBaeTcsi, 4TO IUIUTHI HE CBSI3aHBI, TO
Ha OTPE3KE CONPUKOCHOBEHUS ISl KaXKA0W U3 IUIUT COXPAHSAIOTCS MCXOIHBIEC YCIOBHS 3aKPEILIICHHS.

Puc. 4.  Orpe3ku CONPUKOCHOBEHUS ILTUT

CTATUKA-2024. Onucanue npoepamm 200 - Cucrema >xene300€TOHHBIX TITUT
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| I Il v \Y VI
cBOGOMHBIN | CBOGOaHOE | Ympyroe | 3anenka KEcTKOE KECTKOC
Kpait ONMpaHue | 3alEMIICHUC COCIMHEHNE COCIMHCHUE
IJINT, OIopa IIJINT
Imura 1 1mata 2| Tlmira 1 Tliara 2
— e |
Tuno —
O0o03HaueHue P o N N AT T
P P P ) \
Ha pUCyHKax P 1) Lrfr) ‘~ )
V4 I L A
Puc. 5. Bo3MOHBIE yCIIOBUS 3aKPEIUICHUS IIJIUT

VY4éT KOJIOHH B pac4ETHOM CXE€Me BO3MOIKEH 110 OJJHOM U3 CIEAYIOLUX MOJIEIEH:

" 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
YIpyroe OCHOBaHHE C, = —
H
ELI
Npy>KHHA B HAIIPABJICHUH TPOruda C, = T
3 3
ElI, ELCIL
NPYKUHBI B HANPaBJeHusx mopoporop  C, = ——— C =
4H 4H
rne H - BBICOTA KOJIOHHBI
E - MOJIyJIb YIPYTOCTH MaTepuaia KOJOHHbI
I ly - 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 ITPUBEJIECHBI HA pUC 3. YUET CTEHHBIX TPOEMOB BO3MOKEH MO OJTHOM M3 JBYX MOJEIEH.
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 COOTBETCTBYIOIIETO OTpPEe3Ka CTOPOHBI IUIUTHI OYAYT OTHENIBHO OIpPENeNeHbl M pacledaTaHsbl

OTIOPHbIE PEAKIINH.

CTATUKA-2024. Onucanue npoecpamm
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a |
—
—
| |
a a
—
a |
2
CHU3Y cripaBa CBEPXY clieBa

Puc. 6.  3apmanue pacnoiioxXeHHs CTEHHOTO MpoéMa

2. Harpyxenue

Harpy3ku noapasnensitorcst, corjiacHo [2], Ha TOCTOSIHHbBIC, JUTUTEIbHBIC, KPATKOBPEMEHHBIE U OCOObIE.
Bosmoxen BBox g0 20 wHarpy3zok. IIpegycMoTpeHbl clieqymooliue Harpy3Kd: pPaBHOMEPHO
pacnpesielieHHble 10 IUIOUIa/JM, PAaBHOMEPHO paclpeiesieHHble II0 OTpe3KaM, COCpPEAOTOUYEHHBIE
Harpy3kH.

JJis TIOJIOCOBBIX U COCPENOTOUYCHHBIX HArpy30K 3aqaéTcsi MpSMOYTrojibHAs 00JIaCTh MX MPHIOKECHHUS.
Pacnionoxxenue 31oit obnactu 3a1aéres Tak ke, Kak U pacloyioKeHUe IUT U KoJoHH (puc.2,3). Broa
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 M3ruba CHCTEMBbl IIMT METOJOM KOHEYHBIX 3JeMeHTOB. [Ipu
nocrpoennn KO-mozenu tonmuHa creH He yuuThiBaeTcs. Onopsl B HampaBiIeHUH Z NPUHUMAIOTCS
KECTKUMU. KOJIOHHBI M CTEHHBIE MPOEMBI YUUTHIBAIOTCS B COOTBETCTBUU C BHIOPAHHBIMH MOJIEIISIMU.
ITonocoBble M COCPEIOTOUEHHBIE HArpy3kKH, B 3aBUCUMOCTH OT Pa3MEpOB 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, PH OTCYTCTBUHM BBOJA, MpHUHUMaeTcs 1o [1], Tabnuna 18. Beenenuem
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. Ecim ske oH paBeH equHHIIe, 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 CYIIECTBEHHO HEPAaBHOMEPHA, WU 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
(HampuMmep, e€ciu pacCTOSHMS MEXIY 3aJaBa€MbIMM JIEMEHTAMHU PacuyE€THOM CXEMBbl CYIIECTBEHHO
MEHBIILIE XapaKTEPHOT'0 pa3Mepa dJIEMEHTA).

CTATUKA-2024. Onucanue npoepamm 200 - Cucrema >xene300€TOHHBIX TITUT
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4. PacyéTHbIe COUYETAHUS YCHIUI

PacuérHble coueTaHusi yCUIIMI OMpENENaiOTCsl aBTOMaTHUECKH, COTJIACHO [2], ¢ y4€TOM BBEAECHHBIX
noJib30BaresieM Ko3(h(GUIHEeHTOB HAJIe)KHOCTH 110 Harpys3Ke.

Jli11 BpeMEeHHBIX Harpy30K BO3MOKEH YUET UX HEOIaronpusTHOro pacupeienenus rno nponéram. Ecin
Takol yd€r TpeOyeTcs, TO COOTBETCTBYIOLIAsh BpEMEHHas Harpy3ka pa30MBaeTcsi Ha HarpyskH,
JeMCTBYIOIME Ha KQX/IbIH MPOJIET, U HAa KAXKAYIO U3 HUX IpoBoauTcs pacuér. [Ipu nocnenyromniem yuére
JTAHHOM BpPEMEHHOW HAarpy3Kd B COUYETAHUSAX YCWIMHA BBIOMpaeTcs HauOojee HeOIarompusTHas
KOMOMHAIMS Harpy>KeHUH POJIETOB.

5. Omnpenesnenne TpedyeMoil MPOA0JIbHOH APMATYPbI

Tpebyemas mpojosbHas apMaTypa OIpenessercs B KaxaoM ysiae KD-ceTku [uig Bcex pacu€THBIX
coyeranuii ycuiuii. [Ipu pacdere Ha OTIENBHOE COYETAHHWE YCHUJIMHA YUUTBIBAIOTCS TPEOOBAHHS II0
BEIOOPY KO3(dummenTa yciaouii paboTel O0eToHa 2 cormacHo [1], Ttabimmma 15, mosumus 2 B
3aBHCHUMOCTH OT COCTaBa JAHHOI'O COYETAHUS YCHIIMN WM aHajoruyHble TpeboBanus [7], [8].

VYeunus Ui pacyeta BEpXHEW apMaTypbl HaJ, ONOPAMH ONPEACNIAIOTCA ¢ Y4ETOM LIMPHUHBI OITUPAHUS
Tt (puc.7). IlporpamMma mo3BossieT MO0 yUUTHIBATh PACCYMTAHHBIE MOMEHTHI HaJl KOJIOHHOM, MO0
[IPUHUMATh UX PaBHBIMU MAKCUMAaJIbHBIM MOMEHTAM I10 TPaHULIE 3TOM KOJIOHHEI. /JlaHHas BO3MOXKHOCTh
0CO0EHHO Ba)KHA IPU MOJEITUPOBAHUU KOJIOHH TOYEUHBIMU OIIOPAMH.

B B

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

BryTpeHHUE yCWIHsI, TIOJy4EHHBIC M3 CTaTUYCCKOro pacuéra, BKIIOYAIOT KPYTAMIHMH 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 HECT aa HET
Y Y Y Y
My, :Mx+| Mxy| My, =0 ) My 6 :Mx'| I\/Ixy| My s =My~ Mx§ /|My|
Hwxnss apmatypa (My 4, My ) Bepxuss apmarypa (Myg , My 8

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 CEUEHHUH Ha JeHCTBUE MOomepeyHod cuiibl. PacuérHas momepeuyHas cujia B
KaXX/IOM Y3JI€ BBIUYUCIISICTCS CIACTYIOIIUM 00pa3oM:

0=./0"+0,’

JInst y370B, HaXOMASIIMXCS HA PACCTOSHUU O OJNMXKAWIICH OMOpbI, MPEBBIMIAOMEM ¢h2-No/@n3, B
Ka4yeCcTBE JITMHBI MPOCKIUU OINACHOTO HAKIIOHHOTO CeYeHUs OepéTcsi pacCTOsSHHE A0 OJIMKauIien
OIIOPBI, B KAUECTBE MONEPEUHOM criIbl Oepércs 3HaueHne Q B TaHHOM y3iie. JlJisl y3710B, pacionoKeHHBIX
BOJIM3H OIIOp, OCYIIECTBISICTCS MOUCK OMTACHOTO HAKJIOHHOTO CEUEHHSI M COOTBETCTBYIOIIETO 3HAUCHUS
Q (mpuHUMaeTcs, YTO ONACHOE HAKJIOHHOE CECUSHHE HAUMHACTCS Y Kpast ormopbl). 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), onpeaenstorcs 061acTy, Te OHa He TpedyeTcs.
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 MaKCHUMalbHOM apMarype Mo rpaHuIle STOi 00IaCcTH.

7. PacyéT Ha npoaaBIMBaHUE

Pacuér Ha mpomaBiIMBaHME MPOBOIUTCA Ui KOJOHH W OOJIACTEH MPUIOKEHHUS COCPEIOTOYCHHOMH
Harpy3Kd B COOTBETCTBUHU C TpeOoBaHusAMH 10 [1], myHKT 3.42. Pacuér Ha mpojaBiIMBaHUE MOXKET
MPOU3BOAUTHECS 0Oe3 yuéTa MM C Y4€TOM MOMEHTOB M SKCHEHTPHCUTETOB TOYKU HPUIIOKEHUS
IIPOIABJIMBAIOLIEN CUIIBI.

Y4€T MOMEHTOB M JKCUEHTPUCUTETOB OCYIIECTBIsETCs coriacHo [4]. B aTtom ciydae, pacuér Ha
MPOJABIMBAHUE MPOBOJUTCS IO YCIOBHOMY BEPTHKAIBHOMY CEUEHHUIO, PACIOJIOKEHHOMY BOKPYT
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 3aKkoHYy. Ha ydacTkax KOHTypa, KOTOpbIE COOTBETCTBYIOT CBOOOJTHOMY
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 mpopaBnuBaHHe 0e3 y4€rTa SKCIEHTPUCHUTETOB, MPEAINONAraeTcs, YTO YCHIINS
PaBHOMEPHO pacIpe/ieNieHbl 0 epHUMETPY Um (Um - cpeHee apu(pMeTHYeCKOe BEINYUH IePUMETPOB
MaJioro M OOJBIIOr0 OCHOBAaHHWW MUPAMHIBI MPOJABIMBAHUSA). Majoe OCHOBaHHE COOTBETCTBYET
IUTONIA/IKE ISHCTBHS MIPOJABIMBAIONICH CHITBI, OOJIBIIOE OCHOBAHUE PACIIONIORKEHO HA PaccTOSTHUU No OT
Hero (puc.96), 4To COOTBETCTBYET YIily HaKJIOHa OOKOBBIX IpaHel, paBHOMY 45°.
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a) Pacuér ¢ yu€TOMI KCIIEHTPUCHTETOB 6) Pacuér Ge3 yuéra 5KCHICHTPUCHTETOB
(ycunust pacmpe fesie HbLITHHE HO 10 (ycunust paBHO MePHO PaCTIpeIeNeHBI IO
YCJIOBHOMY BEPTHUKAJIbHO My 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
NPOJABIMBAHUS M CONPOTHBILIOIIUXCS NMpoAaBiuBaHuo. [Ipy pacuére Ha mpoxaBiIMBaHHE KOJOHH
TaKUMU Harpy3KaMH SBIISIOTCS pactpeiel€HHbIe M0 IINTe Harpy3ku. Ilpu pacuére Ha mpogaBIBaHue
U1l 00JIaCTel TPUIIOKEHUSI COCPEIOTOYCHHBIX CHJI TaKOH HArpy3Koil SBIISETCS Peakiusl YIpyroro
OCHOBaHHS.

[Ipn moctpoeHnn KOHTypa MUpamMHIbl IPOJABINBAHNS BO3MOXKHBI /IBa BapHaHTa €ro MOCTPOCHUS: B
BUJE MPSMOYIOJbHUKA C YyINIaMH WM co ckpyrieHusMu (puc.10a). IlomydeHHBI 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
3aMEeHsIeTCs JIMHUSAMU, NEPIEeHIUKYIISIPHBIMU CBOOOHOMY Kparo IUIMTHL. Takas 3aMeHa MpOU3BOAUTCS
TOT/1a, KOIJa IOJIydeHHBIH KOHTYp (0e3 yuéra cBOOOJHOrO Kpasi) OTBeYaeT MEHbIIeH Hecylein
cnocobHocTH Ha mpojaBiuBanue (puc.100). Ilpu mnocTtpoeHuum nupaMujpl NPOAABIMBAaHUSA HE
YUUTBIBAOTCS peKOMEHAINH [ 1], CBA3aHHBIE CO CTECHEHHBIM MPOaBINBAHUEM.

B pesynbrate pacuéra Ha MpoJaBIMBaHUE OIpEICNsAeTCs TpeOyemas morepeuHas apMmatypa. U3
pacyeToB Ha TMPOJABIMBAHHE C OCHOBAHUSAMHM, PACIOIOKEHHBIMA Ha PACCTOSHUSX, OombImux ho,
orpeziessieTcst 001aCTh, BHYTPH KOTOPOil TpeOyeTcs momnepeyHas apMarypa.

d) BapHAHTHI OCTPOCHIS OOJIBIIETO 6) ydET GIMBKO PACTIONOKEHHOTO
OCHOBaHUS TTUPaM WJIbI TIPOJIABIIHB aHHs CBOGOIHOTO Kpast [LTHTbI

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 aHATOTUYHBIE ITPABHIIA, U3JI0KEHHBIE B ’THX HOPMaX.
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8. KoncrpyupoBanue

KoncTpynpoBanue HIKHEH U BEpXHEl apMaTyphl OCYIIECTBIISETCS OTACIBHO ISl KaXKIAOW TUIUTHI.

[Ipn KOHCTpyHpOBaHHM HIDKHEW apMaTypbl, ONpENeNseTcs OCHOBHas apMarypa (Ha BCIO IUIUTY) U
MPSIMOYTOJIBHBIE 00JaCTH C JOMOJHUTENbHON apmarypoil. O0nacTu ¢ JOMOTHUTEIBLHOW apMaTypou
OTBICKMBAIOTCS M3 YCIOBHS MHHMMyMa CYMMapHOW apMmarypbl. OTH 00]acTH, Kak IpaBUIIo,
OKa3bIBAIOTCS B MECTaX, Ille TpedyeMas apMaTypa CYIIECTBEHHO Ooubliie e€ CpelIHUX 3HAuYeHUH 10
mute. Yaiie Bcero, JOMOJHUTENbHAs apMmarypa IMOJydaeTcs B 00JacTsIX, TJe MPUII0KEHbI
COCPEIOTOUYEHHBIE CHJIBl WJIM PEHICHUE YIPYrol 3agaud MUMEeT OCOOEHHOCTH. JlomoiHHUTENbHAs
apMatrypa BbIUUCIIEeTCS ¢ YU€TOM ee (PaKTUYECKOTO PacIO0KEHUS.

[Ipy KOHCTPYMPOBAHMU BEpPXHEW apMaTypbl OIMpenessieTcs MPsSMOYrojbHas 00JIacTh MaKCUMalbHOU
IJIOIIAIM, B KOTOPOU BEPXHsIsl apMaTypa He TpeOyeTcs. BHe 3Toro mpsiMoyroyibHUKa OCYIIECTBIISIETCS
o00p apMaTyphl.

9. PacuéT mo TpenuHOCTOHKOCTH

Pacuér o TpemmHOCTONKOCTH MPOBOAUTCS AJIs T0100paHHOM apMarypbl. Pacuér npoBoautes ans 3-it
KaTeropuu TpeOOBaHUW K TPEIMHOCTOMKOCTH. lllupuHa pacKkpbITUS TpEUIUH OMpPENeseTcs IS
HanpasiieHud X 1 Y 10 OTAENBHOCTH. YUeT KPYTAILIEro MOMEHTA MPHU pacueTe Mo TPEUMHOCTOMKOCTH
aHAJIOTUYEH Y4eTy Ipu pacuére mo npoyHocty (puc.8). Ecnu ycinoBus 1o MUpPUHE PACKPBITUS TPEIIUH
HE YJIOBJIETBOPSIOTCS, TO MOAOUPACTCS apMaTypa, 00ecIedrBaroias TPEIIMHOCTOMKOCTh CEUCHHUS.

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 JIJIsl CUCTEMBI OPTOTPOITHBIX
T, JKECTKOCTH KOHEYHBIX JJIEMEHTOB (pa3lUyHble MO pa3HbBIM HampaBieHusM u 1o KD)
onpenenstores B cooTBercTBud ¢ [1], (155), (170), wum [7], (7.28), (7.29), mubo [8], (8.19), (8.29).

11. BbIBOa pe3yabTAaTOB

BreiBon pe3ynbTaToB pacu€Ta OCYIIECTBISETCS B TEKCTOBOM (TaOIMYHOM) U B TpadUUYecKOM BHJIE.
B BBIXOJHOM JTIOKyMEHTE MPEAyCMOTPEHO Tpaduyeckoe U300pakKeHHe PacYETHOW CXEMBI, Harpy3oK,
MoJIe ycuinid, TpedyeMoi 1 mogo0paHHOM apMaTypsl. Bo3MOXHO yrpaBiieHHe 00BEMOM BBIBOJIUMOMN
nH(popMaIuy, BUAOM U (OPMATOM PUCYHKOB.

CTATUKA-2024. Onucanue npoepamm 200 - Cucrema >xene300€TOHHBIX TITUT
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201 - Cucrema xene3zobetonasix mint (MSZ EN
1992)
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ITporpamma npenHa3zHaueHa JJis pacuéTa CUCTEMBbI IPSIMOYTOJIbHBIX KEJI€300€TOHHBIX IIUT 10 HOpMam
Benrpuun MSZ EN 1992-1-1.

Bo3moxuo 3aaHuC MMPAMOYTOJIbHBIX KOJIOHH U BBIPC30B.

Harpy3ku Moryt ObITh KaK COCPEIOTOUYEHHBIMH, TaK M PACHPEACIEHHBIMH MO IUIOCKOCTH W/WIX TI0
JIMHUMU.

Crartndeckuii pac4éT MPOBOIUTCS METOJOM KOHEUHBIX AJIEMEHTOB.
Pacuérnble coueranus ycuiunii onpeaenstores cornacHo MSZ EN 1990:2011.

Pacuér TpebOyemoii apmaTypsl W KOHCTPYHPOBAHHE apMaTypbl OCYIIECTBISICTCS TIO YCIOBHSM
npoyHoctu. s momoOpaHHOM apMaTypbl MPOBOIUTCS PACUYET IIUPUHBI PACKPBITUS TPEIIUH U
orpezesnieHue Mporudos.

CTATHUKA-2024. Onucanue npocpamm 201 - Cucrema xenezo6eronHbIx muT (MSZ EN 1992)
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1. Koncrpykuus

Design scheme

Design scheme
M = 1 :40

00

0 w0
N =
P .00 -
Plates N Sizes Thickness Coordinates
13x[m] 1yim] [cm] x [m] y[m]
1 &.00 &.00 20.0 0.00 0.00
Support conditions N Support width [cm] bracing of sides[-,%]
plate B R T L B R T L
1 30.0 30.0 30.0 30.0 0 0 0 0
Designations B - bottom, R - zight,
T - tops L - left
Bracing of plate: -1 — Fres =dge

0 - =imple =suppoct

100 = clamping

CTATHUKA-2024. Onucanue npoecpamm 201 - Cucrema xene3o0etoHHbIx miuT (MSZ EN 1992)
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Columns N 1x 1y x v PV M Stiffness
[cm] [cm] [m] [m]
1 30.0 30.40 3.00 3.00 1 11 5.000=+06

#, ¥ — columm center coordinates raised relative

to the versex (V) of the plate (F)
Model of column (M) -
1 = mlastic base over the entire area of the
column { mtiffness in kN/=2
2 rigid point support in the center columm
2 — point spring in the center column

({stiffness in EH/m and KHim respectively]

Caps of columns N Eind 1= ly h
column [cm] [cm] [cm]
1 smocth 20.0 50.0 30.0

2. Harpy3ku

LDadQ

N Eind Comb. factor v £ Distribution PF[kN]
on fields

1 llocToRHHOS EOS3OEN 1.35 Fixed 180.00

2 Karercpus E: cxma 1.00 0.%0 0.80 1.350 Unfavorab. T20.00

- total load

CTATHUKA-2024. Onucanue npocpamm 201 - Cucrema xenezo6eronHbIx muT (MSZ EN 1992)
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Uniform Toad [kPa]

Uniform load

3.00

201 - Cucrema xene3obetonnbix it (MSZ EN 1992)
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1.00 0.5%0 0.80

N

Load

uUniform load [kPa]

20.00

Uniform load

20.00

201 - Cucrema xene300eTonHbIx miauT (MSZ EN 1992)
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3. Omnpenesnenne BHYTPEHHUX CHIIOBBIX (PAKTOPOB

Internal forces from every 1

t method calculation)

The charact. size of the mesh 1 = 0.230 m
Elastic modulus Eop = 321000 MEa
Polsson's ratio v = 0.20

Factor for torsion 0.5

CTATHUKA-2024. Onucanue npoecpamm 201 - Cucrema xene300eToHHbIX UT (MSZ EN 1992)
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Load N 1
Deflections

M =1 :40

[mm]

ra
A
o

6.00
6.00

A

AlT values are multiplied by 100
0.0 4.0 8.0 12.0

1c.0 20,0 22.8

Deflecticons

CTATHUKA-2024. Onucanue npocpamm 201 - Cucrema xene306eronubix T (MSZ EN 1992)
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Moments Mx [ENm/m]
M = 1 :40
. e 6.00 4"'%
o . —
_-"I A\ ! \
i 1\ ) Y
f i {
I |
| L] { \
I| | || I|
|
f \ f |I
{ | / \
| .- |
|| I'. | | f |
\ o /
I| | |
1 \
o o
= =
o ‘ \ ‘ o
| |
| |
| " !
f | |
| f \
{ \_/ \ |
|I | | |
| | o | II
| | | |
| |
| | \ |
| | |
| ! |
Y _."I 5\ /
\ / AN /
\\\_ o - "'w_____ L __//’
) et Iy
" & .00 +
-9.41 —-&.00 -4 .00 0 .00 4.32

CTATHUKA-2024. Onucanue npoecpamm 201 - Cucrema xene300eToHHbIX UT (MSZ EN 1992)
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Mcments My [ENm/m]
M =1 :40
;;V — &.00
/ AN
¢ ™
| |
| |
! |
'.. /
N !
'\\\ /.f
e “—-.,_\___O____,..-o—""'_--‘-

oo

oo

. (@)

al sl
” 5.00 A
-9.41 -8.00

-4 .00 .00

CTATUKA-2024. Onucanue npoecpamm
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Moments Mxy [ENm/m]
M = 1 :40

-1.46 -1.00 -0.50 .00 0.50 1.00 1.46

CTATHUKA-2024. Onucanue npoecpamm 201 - Cucrema xene300eToHHbIX UT (MSZ EN 1992)
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[N /m]

6.00

.00

-19.4

-10.0

0.

o]

CTATUKA-2024. Onucanue npoecpamm
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Shesar forces Qy [N /m]
M = 1 ::40
l" G .00 ¥
}1‘4 - ﬂLt
— . ___pr__f,,
e 0O— 0_____\'""'-\-._
- o
o < S
f \
/ )
/ \
=) | | =
= I Q ! =)
o | { o
N e
o |
|
; ,-
\ L=
i
0 -
\‘\"“-—-\.\_\___ ___,__-—'-"D
— e o
| P T al
” 5.00 A
-19.4 -10.0 0.0 10.0 19.4
Support reactions m Sids = 1 q
plate [m] [m] [EN/m]
1 Bottom 0.00 6.00 5.05
Eight g.00 6.00 5.05
Top a.00 6.00 5.05
Left g.o0 6.00 5.05

CTATHUKA-2024. Onucanue npoecpamm 201 - Cucrema xene300eToHHbIX UT (MSZ EN 1992)
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Support resactions
at columns

1 58.83 0.00 -0.00
The sum of all support reactions Qo = 180.40 kN
Load N 2 1.00 0.50 0.80

Deflections [mm]
M = 1 =:40

& .00 ¥

ELEN
o

8 8
fe] fe]

hf = UEE
A 6 .00

A17 values are multiplied by 100
.0 20.0 40.0 G0.0 80.0 95.1

CTATHUKA-2024. Onucanue npocpamm 201 - Cucrema xene300eTonHbIx miauT (MSZ EN 1992)
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Deflections I plate w [mm]
1 0.85
Moments Mx [ENm/m]
M = 1 :40
K It
A 6.00 +,

<

j
\U II:} |

0
__Fﬂ__#__.ﬂ_——m\
ot
5
— ________.f
ot o
10-.____—__._.-01)
&.00

, - S '
}"-«T },{
¥ & .00 +
-37.6 -20.0 -20.0 -10.0 0.0 10.0 17.2

CTATHUKA-2024. Onucanue npoecpamm 201 - Cucrema xene3oderonHbix Ut (MSZ EN 1992)
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Moments My [kNm/m]
M = 1 :40

] =]

(=] (]

o {1s]

=l sl

E 6.00 +
-37.6 -30.0 -20.0 -10.0 0.0 10.0 17.3

CTATHUKA-2024. Onucanue npocpamm 201 - Cucrema xenezo6eronHbIx muT (MSZ EN 1992)



Moments Mxy [kNm/m]
M = 1 :40

Y
A

.
v

CTATHUKA-2024. Onucanue npoecpamm 201 - Cucrema xene300eToHHbIX UT (MSZ EN 1992)



Shear forces QOx [kN/m]
M = 1 40
| Fa
3‘4 (alw]
T
_—"--Fr'-_ U
D'//_
\
\ .
| /
=]
||
1
|
|
=] =]
= o
=] ‘ Ts]
|
]
| 1
' =1
! |
\
!
.'. D l\
o\
~ |
o
L{ =
p 6.00 4
-77.5 -40.,0 0.0 40, Fr.6
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Shear forces Qy [kN/m]
M = 1 :40
ra IS
}":A - & .00 Ah,{
— =
— I
___ra-"—"']___ 00—
A, e T,
{ \
¢ )
/ \
=] | =]
] I 0 — G.
o | o
N ¢
=] |
|
; ;
\ =
f
] -
\“““-a__ s
— e R
o . - al
K .00 ¥
-77.5 -40.0 0.0 40.0 7F7.6
Support reactions I Side a 1 q
plate [m] [m] [kN/m]
1 Bottom Q.00 6.00 20.195
Right 0.00 .00 20.1%
Top 0.00 .00 20.1%
Left Q.00 6.00 20.195

CTATUKA-2024. Onucanue npoepamm

201 - Cucrema xene3obetonnbix it (MSZ EN 1992)
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Support reactions

at columns

Combinat. of loads

Factor
Combination

1 235.32 0.00 -0.00

The sum of all support resactions Q = T20.0 kN

according to p. 6.4.3 M3Z EN 19%0:2011.
for reliability differentiation Err= 1.00
of actions by formula (&£.10) EN 1950

Deflections ({ maximal walues ) [mm]
M = 1 :40
f &.00 ¥
A A
hf 3(
o ©
o 3
= x
A 6 .00 -+
0,00 0.40 .50 1.20 1.60 1.75

CTATHUKA-2024. Onucanue npocpamm 201 - Cucrema xene300eTonHbIx miauT (MSZ EN 1992)
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Deflections ({ minimal walues ) [mm]
M = 1 :40
3{r 6.00 Alt

o =]
=] =]
o (1+]
al =
= "
e G .00 +

A11 walues are multiplied by 100

16.0 20.0 23.8

0.0 4.0 8.0 1z.0

Deflections

CTATHUKA-2024. Onucanue npoecpamm 201 - Cucrema xene300eToHHbIX UT (MSZ EN 1992)
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Moments Mx ({ maximal wvalues ) [kNm/m]
M = 1 =40

ye 6.00 ¥
I~

6.00
6.00

CTATHUKA-2024. Onucanue npocpamm 201 - Cucrema xene3o6eronubix mwmT (MSZ EN 1992)
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Moments Mx ({ minimal walues ) [kNm/m]
M = 1 :40

2 =]

=] (=]

] o

) i I

T &.00 +
-69.1 -60.0 -40.0 -20.0 4.3

CTATHUKA-2024. Onucanue npoecpamm 201 - Cucrema xene300eToHHbIX UT (MSZ EN 1992)
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Moments My ({ maximal walues ) [kNm/m]
M = 1 :40
3{4',

.00

CTATHUKA-2024. Onucanue npocpamm 201 - Cucrema xene300eTonHbIx miauT (MSZ EN 1992)
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Moments My ({ minimal walues ) [kNm/m]
M = 1 :40
¥
h;r 6.00 A,

=] =]

(=] Q

(=] =]

al =l

“E 6.00 +
-69.1 -&60.0 -40.0 -20.0 4.3

CTATHUKA-2024. Onucanue npoecpamm 201 - Cucrema xene300eToHHbIX UT (MSZ EN 1992)
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Moments Mxy ({ maximal walues ) [kNm/m]
M = 1 :40

CTATHUKA-2024. Onucanue npocpamm 201 - Cucrema xenezo6eronHbIx muT (MSZ EN 1992)
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Moments Mxy ({ minimal walues ) [kNm/m]
M = 1 :40

CTATHUKA-2024. Onucanue npoecpamm 201 - Cucrema xene300eToHHbIX UT (MSZ EN 1992)
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Shear forces QOx ({ maximal wvalues ) [EN/m]
M = 1 :40

.00

ATl wvalues are multiplied by 0.1
-1.9 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.3

CTATHUKA-2024. Onucanue npocpamm 201 - Cucrema xenezo6eronHbIx muT (MSZ EN 1992)
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Zhear forces 0Ox ({ minimal wvalues ) [EN/m]
M = 1 :40

},EAV

o T

3 i

o qm

ATl wvalues are multiplied by 0.1
-14.2 -1z2.0 -10.0 -8.0 -6.0 -4.0 -2.0 0.0 1.9

CTATHUKA-2024. Onucanue npoecpamm 201 - Cucrema xene3o0eTonHbIx Ut (MSZ EN 1992)



Shear forces Qy ({ maximal wvalues ) [EKN/m]
M = 1 :40

.00
.00

AlT1 walues are multiplied by o.1
-1.9 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.3
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=W
= H

forces Qy { minimal walues
40

) [kN/m]

.00

A1l values are multiplied by 0.1

-14.2 -1z.0 -10.0 -8.0 -6.0 -4.0 -2.0 1.
Support reactions I Side a 1 max oq min g
(by s=gments) plate [m] [m] [kN/m] [kN/m]
1 Bottom 0.00 6.00 37.11 5.05
Right Q.00 6.00 37.11 5.05
Top 0.00 6.00 37.11 5.05
Left .00 6.00 37.11 5.05

CTATUKA-2024. Onucanue npoepamm
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Support reactions
at columns

1 432.42 58.83 0.00 0.00 -0.00 -0.00
Calculated moments
1 1 1.35 +
2 1.350 +
Moments to determine
bottom reinforcement
1 X 1 32.13 31.75 T.89 0.38
¥ 1 32.13 7.8%9 31.75 0.38

Moments to determine
top reinforcement
on =s=ides of plates

1 Bottom X 1 -10.70 0.00 0.00 1a.740
¥ 1 -10.70 0.00 0.00 10.740

Right X 1 -10.70 0.00 0.00 -10.70

¥ 1 -10.70 0.00 0.00 -10.70

Top X 1 -10.70 0.00 0.00 -10.70

¥ 1 -10.70 0.00 0.00 -10.70

Left X 1 -10.70 0.00 0.00 10.740

¥ 1 -10.70 0.00 0.00 10.740

Moments to determine
top reinforcement
above the columns

X 1 -72.54 -69%.13 -65.13
e 1 -72.54 -69.13 -69.13 3.40
Strength design by MSZ EN 19%9%2-1-1: Design of concrete structures.
Hard concrets class c 25/30

4. Onpeaesienue TpedyeMoii Npoa0IbHOH apMaTypPbl

Definition of longitudinal reinforcement

Longitudinal reinforcement class 5 500
Distance toc gr.c.
longitud. reinforc.
1 3.5 3.5 3.5 3.5

CTATHUKA-2024. Onucanue npocpamm 201 - Cucrema xene300eTonHbIx miauT (MSZ EN 1992)
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Bottom reinfore. Rsx[cm? /m]
M = 1 =40

Al.nl"
3 a

6.00

CTATHUKA-2024. Onucanue npoecpamm 201 - Cucrema xene300eToHHbIX UT (MSZ EN 1992)



Bottom reinforec. Rsy[cm? /m]
M = 1 :40

CTATHUKA-2024. Onucanue npocpamm 201 - Cucrema xene300eTonHbIx miauT (MSZ EN 1992)
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Top reinforec. Asx [cm? /m]
M = 1 =40

.00

o -

\

\

s Yars

A \ - ﬂ_\/,’\"/\*’\‘-\

o

#

——

.00

L’

.0 &

0
o

,.-H'/‘\'”—_ W : a
10.0

|
=2
Q
6 .00
.0 10.9

CTATUKA-2024. Onucanue npoepamm
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Top reinforc. Rsy [cm? /m]
M = 1 :40
5{.,“ 6.00 ¥

- A~
7
/

[

.00

o
\
!.,{V
1
0.0 .0 2.0 4.0 6.0 2.0 10.0 10.9
Bottom reinforcement n M Lsx My Ay
plate [ENm/m] [em? /m] [ENm/m] [em? /m]
1 32.13 4.4¢6 32.13 4.46

CTATUKA-2024. Onucanue npoecpamm
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Top reinforcement n Side Mx hsx My Lsy
on sides of plates plate [kNm/m] [cm2 /m] [ENm/m] [cmZ /m]
1 Bottom -10.70 1.45 -10.70 1.45

Right -10.70 1.45 -10.70 1.45

-10.70 1.45 -10.70 1.4%

-10.70 1.45 -10.70 1.45

Top reinforcement m M Lsx My Lsy
above the columns column [kNm/m] [cm? /m] [kNm/m] [cm? fm]
1 -TZ2.54 10.87 -72.54 10.87

CTATUKA-2024. Onucanue npoepamm
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5. Ompenenenne TpedyeMoii monepevHoO apMaTypbl

Definition of shear reinforcement

Ghear reinforcement class

5 400
Shear reinforcement Rsw [cm? /m2]
M = 1 :40
K & .00 ¥
Syl Ta
o o
=) =)
o o
] Al
“E &.00 ¥
0.0 8.7 9.5 10.0 10.5 11.0 11.5 12.0 12.5 V=vrd,max

CTATHUKA-2024. Onucanue npocpamm 201 - Cucrema xenezo6eronHbIx muT (MSZ EN 1992)
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Shear reinforcement on the sides of plates

m Side a 1 Vsd Vrd,ct Vrd,max Lsw
plate [m] [m] [EN/m] [kN/m] [EN/m] [cm? /m? ]
1 Bottom 0.00 6.00 14.1 B1.7 742 .5 0.00
Right 0.00 6.00 14.1 81.7 T4Z2.5 0.00
Top 0.00 6.00 15.%5 81.7 T42.5 0.00
Left 0.00 6.00 14.1 81.7 T42 .5 0.00
Shear reinforcement ] Vad Vvrd, ct Vrd, max Lsw
above ths coclumns [kN/m] [EN/m] [kN/m] [cm? /mZ ]
1 137.8 1oo.7 451 .9 12.52
6. KoncrpyupoBanue
Reinforc. designing|
8elected kbottom reinforcement
M = 1 :40
3--:4” €.00 4"%
ze/ 20 (0
Be/ 30 (Y)
o o
= =
o o
'A.T Lq

[ .00 +

CTATHUKA-2024. Onucanue npoecpamm 201 - Cucrema xene300eToHHbIX UT (MSZ EN 1992)
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Zones of additional reinforcement

Selected top reinforcement
M =1 40
} & .00 ¥
A A
B'C LT
~ -
&& &
== @B/ 30 (XD =
o SE/ 30 YD -
© © w
& B
o o
=] =]
o o
. .
¥ > T
(=3 =] (= =]
m m "
& & &
R R
a8/ 30 (XD B/ 30 (XD BES 30 (X2
FBS 30 (Y2 GBS 30 (YD BES 30 (YD
* P
ke 6.00 A
Reinforcement
Main bottom m D Required Selected
reinforcement plate iAs Diameter Step Ls
[cmZ /m] [mm] [mm] [cmZ /m]
1 b4 4.4¢ g 30 l6.7¢&
Y 4.4¢ g 30 l1e.7¢6

D - direction

CTATUKA-2024. Onucanue npoecpamm
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Top reinforcement 1] Location D Required Selected
plate 1 As Diameter Step Ls
[m] [cm? /m] [mm] [mm] [cm®/m]
1 Bottom 0.3 b4 1.00 a 30 le6.76
Y 1.04 a8 30 16.76
Right 0.5 b4 1.37 a 30 16.76
Y 1.35 8 30 16.76
Top 4,3 b4 10.87 a 30 1e6.76
Y 10.87 a8 30 16.76
Left 0.9 b4 1.37 a 30 16.76
Y 1.353 8 30 16.76
Corner B L X 1.453 a8 30 le.7¢€
Y 1.45 a 30 1e6.76
Corner B R b4 1.45 8 30 1e.76
Y 1.45 8 30 1e.76
Corner T L X 1.453 a8 30 le.7¢€
Y 1.45 a 30 1e6.76
Corner T R b4 1.45 8 30 16.76
Y 1.45 8 30 1e.76
0 - dirscsion
Designations:
B L - bottom left, B R - bottom right
TL - top lefs, T B — top right

CTATHUKA-2024. Onucanue npoecpamm 201 - Cucrema xene300eToHHbIX UT (MSZ EN 1992)
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7. Pac4éT mo TpemMHOCTOHKOCTH

Cracks verification|
Maximum permissible width of the cracks 0.40
Width of the bottom cracks in ¥ direction [mm]
M = 1 :40
|
._\“_'/1 (=g la] +
© @
bf 2l
pa & .00 A
Al1T walues are multiplied by 1000
0.0 0.0 20.0 40.0 &0, 0 80.0 97 .3

CTATHUKA-2024. Onucanue npocpamm 201 - Cucrema xenezo6eronHbIx muT (MSZ EN 1992)
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Width of the bottom cr

acks 1in ¥ directilion [mm]
M = 1 :40
E & .00 ¥

A A
h'{ b(
o o
] o
o o
i .
=

K &.00 ¥

Al1T1 values are multiplied by 1000

0.0 0.0 20.0 40,0 &60.0 80.0 a7.3
Bottom cracks width m Direction M Mcrc acrc
plate [ENm/m] [kNm/m] [mm]
1 3 -41.4 18.7 0.087
i -41.4 18.7 0.087

CTATUKA-2024. Onucanue npoepamm

201 - Cucrema xene3oberonnbix it (MSZ EN 1992)
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Top cracks width

1 H 9.3 0.0 0.000
g 10.3 0.0 0.000
The maximum width of the cracks 0.097 mm

Fracture toughness is secured

8. Pacuér no nedpopmanusam

Maximal deflecticns [mnm ]
M = 1 =240

.20 1.60 2.00 2.40 2.72

CTATHUKA-2024. Onucanue npocpamm 201 - Cucrema xene300eTonHbIx miauT (MSZ EN 1992)
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Deflecticons » Rllowakle deflecticn Maximal deflection
plate [mm ] [mm ]
1 Z0.00 2.72
Check for deformation is satisfied
Pacuer =umommer wonopmew t20] cporpawwes CTATHER 2021 @ OO0 Temcodr

CTATHUKA-2024. Onucanue npoecpamm 201 - Cucrema xene300eToHHbIX UT (MSZ EN 1992)
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270 — IIpoexkTupoBaHue KanuTeiaed 1 OAHKETOK
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[Iporpamma mpepHa3HadeHa Ui MOAOOpa pa3MepoOB KaNUTENd WM OaHKETKH IO pacuery Ha
NpOoJIaBJIMBaHKE TUIMTHI coryiacHo cieayrommm 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 ydeT BiHMsSHUS CBOOOIHBIX KpacB
Tkl JlomycKaeTcst 3aianue 6eToHa ¢ HCHOPMHPOBAHHOW MPOYHOCTHIO.

1. PacyeTHas cxeMa M HArpy3Ka

PaccmaTtpuBaercs mTpoJaBIMBAHHWE IUIUTHI TEPEKPBITUS WM (DYHIAMEHTHOW IIIUTHl KOJIOHHON
MPSIMOYTOJIBHOTO WJIM KPYTJIOTO CeueHHs. B MIOCKOCTH TJIMTHI BBOJUTCS CHCTeMa KoopauHat X,Y ,
Hayajio KOTOPOM HaXOAMTCS B LIEHTPE CE€YEHUs KOJIOHHBI. KOJMOHHBI MOapa3fensioTcs Ha CpelHue,
KpaeBble W YIIIOBBIC. B cilydae cpemHel KOJOHHBI, BIUSHUE CBOOOJHBIX (HE3aKpPEIJICHHBIX) KpacB
IUTUTHI HE YUUThIBaeTcs. B ciyyae kpaeBoil KOJIOHHBI, yYUTHIBAETCS BIMSHUE CBOOOTHOTO Kpas IJIUTHI,
MapajuiebHOTO OCH X WIIM OCH Y , a B Cllydae YIJIOBOM KOJIOHHBI, YUUTHIBACTCS BIMSHUE CBOOOIHBIX
KpaeB IUIUTHI, MapajljieNbHbIX ocsiM X U Y (puc.l).

"~

Kpan

Kpast Kpai
Puc. 1. KpaeBas u yrioBas KOJIOHHBI

Jlns obecniedyeHus Hecyled COCOOHOCTH TUIMTHI 0€3 MOMEepPEYHOr0 apMUPOBAHUS MPOEKTUPYETCS
kanurtenb (6aHKeTKa) MHpPUHON D oT moBepxHOCTH KONOHHBI M BEICOTOH N . BO3MOXHEI /1Ba BUIA
KanuTtesel (0aHKeTOK): B BUJIE IPU3MBI U B BUJE MUPAMHUIbI (pHC.2).

L____ ] L]

Puc. 2. Bugs! kanmrenei

Harpy3ka Ha miury, nelcTByromias B IPENENax CEYEHUs KOJIOHHBI, XapaKTEpU3YeTCs 3HAYCHUEM
pesynbTupyromen cuisl F . HepaBHOMEpHOCTBH pacnpenesieHnusl Harpy3Ku 10 TPy30BOW IUIOLIAAM U,
CJICAOBATCIIbHO, HCPABHOMCPHOCTL PACTIPCACIICHU A HaHpH)KCHI/Iﬁ B paCuCTHOM HOMNCPCUYHOM CCUCHUHN
IUTUTHI IPY TIPOJIaBIMBAHUU B pacueTe 1o [3] He yUUThIBAeTCS.

B pacuere mo [1] u [2] mpexycmotpeno 3amanume momentoB M,, M, orHOCHTENBHO OCEl X,V .

Cornacuo [1], 8.1.46 u [2], 6.2.46, pu pacueTe Ha NPOJABIMBAHUE CIEAYET YYUTHIBATH TOJBKO
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MTOJIOBUHBI COCPEIOTOYCHHBIX MOMEHTOB, JICHCTBYIOIIMX Ha IJTUTY. B pacuere no [4] HepaBHOMEPHOCTh
pacupCaCIICHUA HaHpH)KeHI/IfI YUYUTBIBACTCA IIYTEM YBCIUYCHHUA pvaeTHOfI HpOHaBJII/IBaIOL[Ief/’I CHJIBI B
3aBUCUMOCTH OT PACHOJIOKEHUSI KOJJOHHBI OTHOCUTEIBLHO KPAeB IUIUTHI.

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

Pacder nnuThl Ha NpoIaBIMBaHKE MPOBOAUTCS coryacHo [1], 8.1.46, 8.1.47,8.1.49 u [2], 6.2.46, 6.2.47,
6.2.49. YcnoBue npoYyHOCTH IJIUTHI 0€3 ONEPEeYHOTr0 apMUPOBAHUS UMEET BHUI:
F M M,
+ +

X

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

<1

Four =Ry -U-hy

M = Rbt 'be ) ho

bx,ult

M = Ry W,y -y

by,ult
Cornacho ykazanusm [1], 8.1.46, yuuTsiBacTCsi OrpaHUYCHUE:

M
M, + Y _<05 F
M bx,ult M by,ult I:b,ult

CornacHo ykazanusm [2], 6.2.46, yunTbIBaeTCsa OrpaHUYCHUE:
M M, F
+

X <
M M F

bx,ult by,ult b,ult

3necs R, - pacueTHOe cONpoOTUBIEHHE OETOHA NPH PACTSHKEHUU (C y4eTOM Kod(duuneHTa ycinoBui
pa6otsl Gerona y,), hy=(h, +hy)/2 - cpennsas pabGouas Bbicota ceuenms muthl (Mg, hy,

3HaYeHHUs paboueil BBICOTHI JUIS TMPOJOJIBHON apMmarypbl, PacloJIOKEHHOW BIOAL oOceit X, Y),
U - mepuMeTp pacyeTHOro KOHTYpPa, PAacIIoIOKEHHOT0 Ha paccTosTHUK N, /2 OT rutoma gy npuioKeHns
Harpysku, Wy, ,W,, - MOMEHTBI CONPOTHBIIEHNS PACUETHOTO KOHTYPA, COOTBETCTBYIOIINE H3THOAIOIIIM
MOMEHTaM M, M, U HWMEIOIIME  pa3MEepPHOCTh  KBajpara  €IWHHUIBLI  JUTAHBL.

[Tpumep pacueTHOTo KOHTYpa B Cilydae YrJIOBOM KOJIOHHBI ITPUBEJIEH HA pUC. 3.

B cnydae xpaeBol WM YIJIOBOM KOJIOHHBI ONPENENAIOTCA KOOPAMHATHI X, Y. LEHTPa THKECTH
pacyeTHOro KOHTYpa M BBOIATCS LIEHTPAJIbHBIE OCH X, Y, . MOMEHTBI CONPOTUBIIEHHS BBIYHACIIIOTCS
OTHOCHTENFHO IIGHTPAIBHBIX OCel pacueTHoro KkoHTypa. K 3amanmeiM Mmomentam M, M,
NpUOaBIAIOTCS a0COMIOTHBIE 3HaUeHHsd MOMeHTOB Fy, m FX, cuiel F oTHOCHTENBHO LEHTpaIbHBIX
OCEH PacyeTHOro KOHTYpA.

B cnydae KOJMOHHBI TPSMOYTOJBHOTO CEUECHHS M TUITMTHI TEPEKPBHITHS, BO3MOXKEH YyUYeT BIIUSHUSA
OTBepCTHs psIMOYrosibHOM (opMmbl. CormacHo [1], 8.1.46, ydeT mpoU3BOAUTCS, €CIIA PACCTOSTHUE OT
KOJIOHHBI J10 OTBepcTHsi He mpesbimaer 6h, (h, - Tommmna rumiter). [Ipu 3TOM YacTe pacdyeTHOro

KOHTYpa, 3aKJIIOYeHHAas: MEX/1y KacaTeJIbHbIMHU K OTBEPCTHIO, HE yuuThIBaeTcs (puc.4).
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Puc. 3. IIpumep pacueTHOro KOHTypa

et 9~
£

| -

! ’

| 2 5 N

\ et Bl HiEhs

| |

| |

| |

O O e 4

Puc. 4. [Ipumep pacyeTHOro KOHTypa P y4eTe OTBEPCTHS

IIpu pacuere Ha mnpoxaaBiuBaHuEe (YHIAMEHTHOW IUIMTHI, cWiIa F yMeHbIIaeTcs Ha BEIUYUHY
paBHOACUCTBYIOLIEH P peakTHBHOTrO aBJIE€HUs IPYHTA B IIpeieax 00IacTH, OrPaHUYEHHON KOHTYPOM,
KOTOPBII pacroyioxeH Ha paccTostHuM N, /2 oT pacyeTHOro KOHTypa. B cirydae kpaeBoii nim yriioBoi

KOJIOHHBI, OIIPCACIAOTCA KOOPANHATHI Xp, Yp TOUYKH MMPUITOKCHUSA CUJIbI P orHOCHUTENBHO OCEHl X, y.
Tak kak pu pacdyeTe NPUMCHAIOTCA LCHTPAJIIBHBIC OCHU XO' yO , TO K 3aJaHHBIM MOMCHTaM Mx’ My

puOaBIsAOTCA A0COTIOTHBIE 3HAYEHHUSI MOMEHTOB:
ch + P(yP - yc) u Fxc + P(XP _Xc) :

Eciu ycloBHE NMPOYHOCTH HE BBINOIHSAETCS, TO IPOU3BOAMTCS MOAOOp MIMpHHBI O m BBICOTH N
kanutenu (Oanketku). [Iporpamma ompenenser kamnuTelb (0aHKETKY) MUHUMAJIBHOTO oObeMa U3
MHOXecTBa KamuTeneil (0aHKeTOK), 00eClneuMBaloOlUIMX MPOYHOCTh IUIUTHI 0€3 MONEepeYyHOro
apMHPOBAHHS.

CornacHo ykazaHusM pasgena 8 [6], mpoBepka HMpPOYHOCTH NPOBOAMTCS JUISL OJHOTO WM JIBYX
pacuetHpIx KOHTypoB. IIpu D <1.5h paccmarpupaercs koHTYp, pacrmonoxeHHBIi Ha pacCTOSHHU
b+h,/2 or moBepxHoctTn KonoHHEL Jlns Hero mpenembHble ycmmust Fyu, My, 1 My

onpenensitores mpu paboueit Beicote h, . Ipu b>1.5(h+h,) paccmarpusarorcst nBa koutypa. [lepBbiii

KOHTYp pacnonoxeH Ha paccrosiauu (N+h;)/2 or moBepxHOCTH KOMOHHBL [Ijsi HErO mpenebHbIC
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YCHITHSI OIIPENISIISIFOTCSI pH pabodyeit Beicote h + h,, eciu kamuTenns nMeeT BUJ] IPU3MBL, U IIPU pabouei
h+h,

soicore h(l— )+h,, ecnmu kamuTens uMmeer BuI nmUpamuabl. BTOpPOil KOHTYp pacroioXeH Ha

paccrosaum b+h,/2 or noBepxHocTH KONOHHBI. J{J1s HEro MpeneNbHbIe YCHINS ONPECISIOTCS IPH
paboueit Beicote h,. Ilpm 1.5h<b<1.5(h+h,) paccmarpuBaercst KOHTYp, pacHONOXEHHBIN Ha

paccrossHuu 1.5h +h, /2 . JIns Hero npenenbHble yCUIIUs ONIPeAeNAoTCs pyu padboueit BoicoTe N .

3. Pacuer mo CHull 2.03.01-84*

Pacuer mumThel Ha MpoJaBIMBaHUE MPOBOAMUTCS coriacHo [3], 3.42. YcinoBue MpOYHOCTH IUIUTHI Oe3
MONEPEYHOr0 ApMUPOBAHMSI UMEET BUJL:

F<F,

3necy F, =oR, U h,, & - ko3 durment, 3aBucsumii or Buaa 0eTona, R,, - pacueTHOE CONPOTHBICHHE
OeToHa TpH pacTskeHMH (€ yderoM Koddduimenta ycnoBuii  paboTel  OetoHa ¥y ),

U, - cpegHee 3HAYCHHE NEPHMETPOB OCHOBAaHMI mupamuibl npopasmusanus, N, = (N, +hy )/2 -

cpexusisi pabodast BeicoTa cedenust wmthl (Ny,,Ny, - 3HaueHms paGoueil BHICOTHI WIS HPOAOIBHON

apMaTypbl, pacIoI0KEeHHOW BJOJb Ocei X, Y ).

Ilpu pacuere Ha npopaBiauBaHME (YHIAMEHTHOW IUIMTHI, cujia F  yMeHbIIAeTcs Ha BEIMYUHY
paBHOJEHCTBYIOIIEH P peakTHBHOIO JaBl€HUS TPyHTa B Ipejienax OoNbIIEero OCHOBaHMS MHUPaMU/IbI
IPOJAaBIUBAHHUS.

Eciu ycIoBHE NMPOYHOCTH HE BBIIOJHAETCS, TO MPOM3BOAMTCA MOAOOP MIMPUHBI D 1 BBICOTHI N
kanurenn (Oankerku). [Iporpamma ompenenser kanurtenab (OaHKETKY) MUHHUMAaJIbHOTO oObeMa U3
MHOKECTBa Kanuteiaed (0aHKETOK), OOecCHeunBalOmMX MPOYHOCTh IUIMTHI ©O€3 IONEepEevyHOro
apMHUpOBaHMS.

ITpu pacuere, B KadecTBe IJIOLAAEH MPWIOKEHHUS HArpy3kd, MOTYT pacCMaTpUBATHCA CEUYCHHE
KOJIOHHBI (IJI01aAb 1) U cedeHne KanuTelln Ha CThIKE ¢ IUIMTOM (tuiomaas 2). Ilnomans npunoxeHus
Harpy3KH sBJISETCS MEHBIIMM OCHOBAHMEM IIMPaMHIbI Tpoasueanus. [pu D <h pacuer npoBomutcs
st momaan 2. Ilpu 3ToM Gosbliee OCHOBaHME NUPAMUJBI MPOJABIMBAHMS PACIOJOKEHO Ha
paccrosaum h; ot mromamm 2. [IpexensHoe ycmme F, ompenensiercs mpu padoueii Beicote hy . [Ipu

b>h+h, pacder npoBoautcst i wromany 1 u mwiomaay 2. B nmepBom ciydae, OoJbliee OCHOBaHUE
HUPaMUJIBI TIPOIABIMBAHUS PACIIONIOKEHO Ha paccTostHu h+h, ot rurommany 1, a Bo BTopom cirydae —

Ha paccrossHHM h, oT momanu 2. B nmepBom cirydae, penenbHOE YCHIIHE ONPEeIesieTCs TP padbouei
h+h,

Boicote h+h,, ecnu kanurens nmeer BU MpuU3Mbl, U Tpu paboueit Boicote h(1-— )+h,, ecim

KaluTeIb HMEET BUJ MUpaMuIbl. Bo BTOpOM ciiydae, MpeeibHOe YCHIIHE OMPEASIAeTCs Py padboueii
Boicote h,. Ilpu h<b<h+h, pacuer npoBoaurcs taxxke s mwiomaan 1 u mionaan 2. B nepBom

cilyyae, MPUHHUMAETCs, 4YTO OOJblllee OCHOBAaHME MUPAMUABI IMPOJABIMBAHUS PACIIONOXKEHO Ha
paccrosiunu b ot mnonramu 1. lpenensHoe ycunue onpenensercs npu paboueii Beicore h, =b .

4. Pacuer mo CHB 5.03.01-02

PacueT mmThl Ha IpOaaBIMBaHKE MPOBOAUTCS coryacHo [4], 7.4.3.1 - 7.4.3.9 ¢ yuerom [5]. YcnoBue
IPOYHOCTH IUTUTHI 0€3 MOMEePEYHOr0 apMUPOBAHUS UMEET BUL:
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Vag o =0.15-k-(100p, f, )? -d >05- f,, -d

3nece B - koddduuMeHT, yuyuThIBaoUMi neiictBue MomeHToB (1< <1.5), U - nepumerp

KPUBOIIMHEHHOTO pacyetHoro Kourypa, d =(d, +d )/2 - cpenmsist pabodast BHICOTA CEUCHHUSI ILINTHL,
k=1++20/d <2 ([d]=cm), p =,p o, <002 - cpenuee 3HaueHue KodddHULHECHTA

f
th
TIPOJIOJIGHOTO apMUpoBanus, f, - HOPMaTHBHOE CONMPOTHBJICHHE OETOHA NP CKATUH, gy =—— -

Ve
PaCYCTHOC COIIPOTHBIICHUC OeToHa IIpH PaCTAKCHUU, fctk - HOPMATHUBHOC COIIPOTHUBIICHUC OeToHa IIpu

pacTshkeHuH, ¥, - KodpuuueHT 6e3omacHOCTH i 6eToHa. [Ipumep pacueTHOro KOHTypa B Cilydae

er'IOBOI71 KOJIOHHBI IPUBCICH Ha pI/ICS

Puc.5. TIpumep pacueTHOTO KOHTYpa

[Ipu pacuere Ha mnpoaaBiuBaHue (YHIAMEHTHOW IIUTHI, CWiIa F yMeHbIIaeTCs Ha BEIUYUHY
paBHOACHCTBYIOIIEH P peakTHMBHOrO JaBlIeHHs TpPyHTa B TIpejaenax o0JacTd, OTrpaHWYEeHHOU
pacueTHbIM KOHTYPOM.

Eciu ycloBHE NMPOYHOCTH HE BBHINOIHSAETCS, TO MPOU3BOAMTCS MOAOOp MIMpHHBI O m BBICOTH N
kanutenu (Oanketku). [Iporpamma ompenenser kamuTenb (OaHKETKY) MHUHUMAJIBHOTO oObeMa M3
MHOKeCTBa Kamuteneil (0aHKeTOK), OoOecrneuMBaloIIUX MPOYHOCTh IUIMTHI 0€3 MONepeyHoro
apMUPOBAHMUSI.

[IpoBepka MPOYHOCTH IMPOBOAMTCSA Ui OAHOTO WJIM [BYX pacueTHbIX KoHTypoB. IIpm D <1.5h
paccMaTpUBaeTCs KOHTYP, PaclosioKeHHbIN Ha paccTtosauu b+1.5d ot moBepxHOCTH KOMOHHBL. J{iist

HETO MpelenbHOe ycuinne Vg, ompenensercs npu pabouei Boicore O . Tlpu b>1.5(h+d)

paccMaTpMBalOTCsA IBa KOHTypa. IlepBblii KOHTYp pacmonoxen Ha paccrosauu 1.5(h+d) or
IOBEPXHOCTH KOJIOHHBI. J[JIsl HETO MpeIeIbHOE YCUIINE ONpeenseTcs npu paboueii Beicore h+d | ecom
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. 1.5(h+d)
KaIMTelb UMEET BUI IIPU3MBIL, ¥ IIPU paboueii BLICOTE h(l—T) +d , eciu KamuTeNL UMEET BU

nupaMuIbl. BTopoii KoHTYp pacnonoxeH Ha paccTosauu D+1.5d ot mosepxnocTy kononusl. {jis Hero
NPENEIbHOE  yCHIIME ompenensercs mnpu  paboueit Boicore O . Ilpm  1.5h<b<1.5(h+d)
paccMaTpuBaeTCs KOHTYP, pacmoiokenHbiii Ha paccrosiaun 1.5(h+d) ot moBepxuoctu komonusl. J{is

HETO IIPeeIbHOE YCUIIME ONpeenseTcs npu paboueii Beicote d |
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271 — Pacdet Ha Npo1aBIMBaHUE CTCHOM
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[Tporpamma mpenHa3zHaveHa Uil pacyéra Ha MPOJABIMBAHUE TUIUTHI MEPEKPBITUS KPAeM HIIH YIIIOM
crenbl cornacHo CIT 63.13330.2018 [1] u Ortuery I'VII «<HUWXby [2]. Eciiu mpoYHOCTH TUIMTHI O€3
MOTICPEYHON apMaTypbl HE oOecreyeHa, TO TPOU3BOIWTCS KOHCTPyHMpOBaHHME apmarypbl. llo
pe3yabTaTaM KOHCTPYHMPOBAHUS, BBIBOJUTCS KapTHHA pa3MeElIeHHs XOMYTOB. JlomyckaeTcs 3aqaHue
0eToHa W/WIIM apMaTypbl ¢ HEHOPMHUPOBAHHOH MPOYHOCTHIO.

1. PacueTHas cxema U Harpy3ka

PaccmaTpuBaercs xene300eTOHHAs IIINTA, ONMUPAIOIIasca Ha Kpail UIu yrojl CTeHbl. B nmepBom citydae
MOJKET YYUTHIBATHCS BIUSHUE CBOOOIHOTO (HE3aKPETJIEHHOTO) Kpasi TUIUTHI.

KoHTyp pacdeTHOro nornepeuyHoro CeueHus IUINTHI, NPU pacdyeTe Ha MpPOJABIMBAHUE KPAaeM CTEHBI,
1oKa3aH Ha puc.l. OH COCTOUT U3 TPEX OTPE3KOB paBHOU AJIUHBI. PaccTosiHME OT pacueTHOro KOHTypa
1o crensl paBHo /2 (h, - cpennsist pabovast BBICOTa ceueHus IIHTHI). [lITiHA OTPE3KOB KOHTYpa paBHa

d+h, (d - Tommumua crensr).

Puc.1. PacdyeTHbli KOHTYp NpH ITPOABIMBAHNH KpaeM CTEHbI Oe3 ydeTa Kpast IUTUTHI

[Ipu pacuere c yyeToM Kpasl CTEHbI, TAaKXK€ pacCMaTpUBAaeTCsl KOHTYp, MoKa3zaHHBIA Ha puc.2. OH
COCTOMT W3 JIBYX OTPE3KOB, JUIMHA KOTOphIX paBHa a+d (@ - paccrosHMe OT Kpasi CTEHBI JO Kpas
wnThl). Y3 IByX MpencTaBiIeHHBIX KOHTYpOB BbIOMpaeTcs TOT, JUIsl KOTOPOTO YCJIOBHE MPOYHOCTU
IPUHUMAET OoJIblee 3HaYCHHUE.

Rpast

Puc.2. PacueTHBIN KOHTYp TpH MPOJABIMBAHIH KPAeM CTEHBI C YI€TOM Kpasi IITHTHI

Kontyp pacueTHOro momepeyHOro Ce4eHHs IUIMTHI, IPU pacyeTe Ha MPOAABIMBAHUE YTJIOM CTEHBI,
mokasaH Ha puc.3. OH COCTOUT U3 TpeX OTPE3KOB. J{JI1Ha OTPE3KOB, NapauIeIbHBIX JTUIEBBIM CTOPOHAM

crensl, pasHa d, +d, +h, /2 (d;,d, - Tommune yuacTkoB cTeHsI). KOHIBI TPETHETO OTPE3Ka HAXOAATCS
Ha paccTosHuM h,/2 OT BHYyTpEeHHHX CTOPOH cTeHBI U Ha paccrosuuu 0, +d, oT BHemHHX cTOpOH

crenbl. Ecim d; <h, /2 wmm d, <h,/2, To TpeTnii oTpe3ok He paccMaTPHBACTCSL.
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Puc.3. PacueTHslif KOHTYp IpU NPOJABIUBAHUU YTJIOM CTEHBI

[IpomasnuBaromas cwiia F npruHEMaeTcs paBHOM CyMMe NOIIEPEYHBIX CUIL, IEUCTBYIOIINX B PACYUETHOM
IIONIEPEYHOM CedyeHMM InThl. [Ipyn pacuere Ha NpPOJABIMBAHMUE IIUTHI KPaeM CTEHBI, YYUTBHIBACTCS
COCPENOTOYEHHBI MOMEHT M , KOTOpBIN onpenensercs Kak pa3HOCTb CyMMAapHBIX MOMEHTOB Ha TeX
Y4acTKax pPACYETHOIO IIONEPEYHOIO0 CEYEHHs IUIMTHI, KOTOpPbIEC IMapajuleibHbl JIMLEBBIM CTOPOHAM
CTEHBI.

2. Pacuer

PacyeT mumThl Ha nipoAaBaMBaHuEe poBoAUTCS coryacHo [1], 8.1.46 — 8.1.52 u [2], pa3n. 9. YcnoBue
MPOYHOCTH TUIMTHI, APMUPOBAHHON XOMYTaMH B MIpE/eiiax pacueTHON 00JacTH, UMEET BUJL:

F M
+ <1
I:b,ult + st,ult M b,ult + M sw,ult
st : Asw
3I[CCL I:b,ult = Rbt ‘u- h0 ) st,ult =0.8- qsw u, M bult — Rbt 'Wb ’ hO ) M swult — 0.8- qsw 'WSW! qsw =

w
, Ry - pacueTHOE CONPOTHBIIEHUE OETOHA P PACTSKEHUH (C y4eTOM K03((PUIIUEHTA YCIOBHIA paOOThI
Oetona y,), h, - cpenuss pabodas BBICOTAa CeYeHHs IUTHTHI, U - JUIMHA PacyeTHOrO KOHTYpA,

pacroyioKeHHOTo Ha paccrosHuHM N, /2 ot creHel, R, - pacueTHOe CONPOTHBICHHE ITONEPEUHOM

SW

apMaTypsl, S, - IIAr XOMYTOB BJOJb PACYETHOIO KOHTypa, Ay, - CyMMapHas IUIOLaJb CEYEHUN
XOMYTOB, PacIiOJI0KEHHBIX 10 00€ CTOPOHBI OT PACUETHOTO KOHTYpa Ha paccTosHUH He Oonee h, /2 B
npezesnax MoJIochl MIMPUHOM S, BJIOJIb pACUETHOTO KOHTYpa (Kak paBuiIo, A, ONpenensercs i IByX
xoMyToB), W, - MOMEHT CONpPOTUBJIEHUS PACUETHOIO KOHTYpa, COOTBETCTBYIOIIMNH MOMeHTY M u

UMEIOLINI pa3MepHOCTh KBaJpaTa eAUMHUIIbI JIUHBL. [Ipu paBHOMEPHOM PAcONOKEHUH MONepedHON
apMatypsl npuHumaercss W, =W, .

[IpoyHoCcTh IUIMTHI Oe€3 momepeyHoit apMarypsl mposepsiercst npu Fg, . =0 u M, =0. Ecmu
IPOYHOCTh HE O0ECreveHa, TO OMPEACNIAeTCsl MOTOHHAS IUIONIAAb MOMepeyHoi apmatypsl A, /S, ,
TpeOyemast TSl BHIOJHEH S YCIOBHSI IPOYHOCTHU U JIOMOIHUTENBHOTO yenoBus Fg, . = 0.25F, . TIpu

3TOM 3HaMEHaTeNH ApoOei B yCIOBUH MPOYHOCTH OrpaHUYnBatoTCs 3HayeHusimu 2F, . u 2M, .. Eciin

YIIOBJIETBOPEHUE YCIIOBUS MPOYHOCTU IUIUTHI MpPH YKa3aHHBIX OTPAHUYEHHUSAX HEBO3MOXHO, TO
HEO0OXOAMMO YBEITMYUTH TONIUHY MIUTHL. CorslacHo ykazanusM [ 1], 8.1.46 yauTeIBaeTCsl OrpaHUUCHHUE

M F

<05
Mb,ult+M F +F

b,ult

sw,ult sw,ult
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3. KoncrpyupoBanue apMaTypbl

[Ipy KOHCTPYHpPOBAaHUU MONEPEYHONW apMaTyphl, YUYUTHIBAIOTCS KOHCTPYKTHBHBIC TPEOOBAHUS HOPM,
OTHOCALIMECA K LIary XOMYTOB S, , PACCTOSIHMIO MEXIY CTEHOW M OMMKalIIMMHU K HEW XOMyTamu,

pa3Mepy 30HbI apMupoBaHus. [llaru XoMyTOB BI0JIb paCY€THOTO KOHTYpa U MEPIEHAUKYIISIPHO K HEMY
MIPUHUMAIOTCS] OJTMHAKOBBIMU.

Cornacho [1], 10.3.17, mar XoMyTOB TOJDKEH YIAOBIETBOPSATD CICAYIOIIMM yCIOBUSM:

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

Jomyckaercst yBenuuenue mara 10 h, /2. PaccrosHue Mexay CTEHOH 1 ONMKaHIIMMK K Hell XOMyTaMH
noJbkHO ObITh He MeHblie h, /3 u He Gonbmie h,/2 . Pa3mep 30HBI apMUPOBaHHS JOJDKEH OBITH HE
mensine 1.5h;. Kpome toro, yunteiBaercs ykazanue [1], 10.3.17 o Tom, 4T0 1miar XoMyToB IpUHEMAETCS

He 0oJiee /4 CTOPOHBI pacYeTHOIO KOHTYpa. DTO yKa3aHHUE HE YUUTHIBAECTCS MPU Pa3MEILIEHUU XOMYTOB
BHYTpH yria cteHbl. [Ipu yuere cBOOOIHOTO Kpast IUTMTHI XOMYThI pa3MEIIA0TCs TaK, YTOOBI TOJIIINHA
3al[ATHOTO CJI0s OeToHa Obuia He MeHee 20 MM.

[To pe3ynpTaTam KOHCTpYHPOBAHUS apMaTypbl, BBIBOJUTCS KapTUHA pa3MelieHus xomyroB. Ha puc 4,
5, 6 1oKa3aHbl IPUMEPHI Pa3MELLEHUS XOMYTOB.

Puc.4. Pazmenienrie XoMyTOB NPH MTPOJIABIMBAHUH KPaeM CTEHbI Oe3 ydeTa Kpast IUTUTHI
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Puc.6. Pa3MCIIIeHI/I€ XOMYTOB IIpU MMPOJAABJIMBAHUN YI'JIOM CTCHbBI
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Jluteparypa

1. CI163.13330.2018 «CHull 52-01-2003 BeTtoHHBIE U XKEn€300€TOHHBIE
KOHCTPYKIIUU.OCHOBHBIE TTOTOXKCHUS.

2. Pa3paboTka METOIMKH pacueTa U KOHCTPYUPOBAHHS MOHOJIUTHBIX
XKene300eTOHHBIX 0€30aI0YHBIX MEePEKPBITHH, (DYHIAMEHTHBIX IIJTUT U
pPOCTBEpKOB Ha npojaBauBanne/Hayuno-texanueckuit oruet I'YIT «HUMXKby»
1o goroopy Ne 709 ot 01.10.2002.
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272 — IIpoexkTupoBaHue KanuTeae 1 OAHKETOK
(MSZ EN 1992)
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[Tporpamma mpemHa3HadeHa A moAdopa pa3MepoB KamWTeNd WM OaHKETKH IO pacdyeTy Ha
npoaaBnuBanue miMThl cormacio MSZ EN 1992-1-1 [1]. [IpenycMoTpeH ydeT BIMSIHHUS CBOOOIHBIX
KpaeB IUIUTHI.

1. PacyeTHas cxeMa M Harpy3Ka

PaccmaTpuBaercs mnpojaBiIMBaHHE IUIUTHI MEPEKPHITUS WM (PYHAAMEHTHON IUTUTHI KOJOHHOU
MPSIMOYTOJIBHOTO HJIM KPYTJIOTO CEYeHUs. B MIOCKOCTH MIMTHI BBOAMUTCA CHCTeMa KoopauHat X, Y,
HAYyaji0o KOTOPOM HAXOAMUTCA B LIEHTpPE CeUeHHUs KOJOHHBL. KONOHHBI MmoapasnenstoTcss Ha CpedHHe,
KpaeBble W YIJIOBBIC. B ciydae cpemHel KOJOHHBI, BIUSHUE CBOOOJHBIX (HE3aKpPEIJICHHBIX) KpacB
IUTUTHI HE yUUThIBaeTCs. B ciiydyae kpaeBoil KOJIOHHBI, YYUTHIBACTCS BIUSHUE CBOOOIHOTO Kpas IJIUTHI,
napajieabHoro ocu X Wi ocu Y, a B Cilydae yrioBOM KOJIOHHBI, YYMTHIBAETCH BIUSHUE CBOOOIHBIX

KpaeB IUINTHI, Tapaieabbix ocsim X u Y (puc.1).

Kpai

Epan Kpasi

Puc. 1. KpaeBas u yriioBast KOJIOHHBI

s oOecnieyeHus Hecylled CroCOOHOCTH IUIMTHI 0€3 MOMEepPevYHOro apMUPOBAHUS MPOEKTUPYETCS
KanuTenab (OaHKeTKa) IMUPUHONW D OT MOBEpXHOCTH KOJOHHBI M BbICOTON h. BO3MOXHBI 1Ba BHIA
KanuTteser (0aHKETOK): B BUJIE TIPU3MBI U B BUJI€ TUPaMHUIbI (pHcC.2).

L] L

Puc. 2. Buasl kanurenei

Harpyska Ha Ty BKitodaet nonepeunyio cuny Vo u momentsr M, , M y OTHOCHUTENBLHO ocei X, Y .

ITpu pacyere NIUTHI NEPEKPHITUSA, TONEpeUHas cruia V aBTOMATUYECKH IPUHUMAETCS TTOJI0KUTEIIBHOM,
a mpu pacyere (QpyHIaMEHTHOH IUIMTHI - OTpuatenbHOi. [lomoxuTenbHble HANpaBICHUsS MOMEHTOB
NPUHUMAIOTCS B COOTBETCTBHH C MPABWJIOM IpaBoro BuHTa (puc. 2). [Ipu pacuere QpyHmaMeHTHOMH
IUTUTHI 337a€TCA PEAKTUBHOE JaBJIICHHE TpyHTa [ .
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My y
r 3
‘u
Hx-}lx

Puc. 2. ITonoxxurenbHeIe HalpaBJICHUA CWJIblI U MOMCHTOB

2. Pacuer

Pacuer nmiuThl Ha NpoAaBIMBaHUE MPOBOAUTCA coryacHo 6.4. YcioBue NPOYHOCTH IUIUTHI 0e3
IIONIEPEYHOM apMaTypbl UMEET BU!

Vs =Vps,
x
L I
Vs =5
wd

min

v, =0035177 17
31mecn VEd - pacueTHas IomepeyHas cuna, 3 - Kod(QQUIMEHT ydyeTa MOMEHTOB, u, - HEPHMETP
0CHOBHOTO KOHTpOJBHOTO KOHTYpa, Cpy . =0.18/y,, 7. - xosddumment 6ezonacnoctn mis Gerona,
3aBUCAIIMNA OT THUIAa KOMOWHAIIMKM BO3AEUCTBUH ()¢ =15 JUTS OCHOBHOM KOMOUWHAIuu, )¢ =12 IS

ocoboii kombumammn), K=1+v20/d <2 ([d1=cm), p, =./p, - oy <0.02 - cpenxee 3HaueHue

KOB(l)CI)I/II_II/IeHTa NpoaOJIBHOTO apMHPOBAHUA, ka - XapaKTCpUCTUUYCCKasA MPOYHOCTb OeToHa npu

okatun. Ilpu  pacdere dyngamentHod mmiThl, cuna  Vgg  yMCHBIIAGTCS Ha  BENHUHMHY

paBHOzeiicTBytomeii P cpeamero peakTwBHOro maBieHHs TpyHTa [), YYUTHIBAEMOTO B TIpesiefiax
OCHOBHOTI'O KOHTPOJIBHOT'O KOHTYpa.

B nporpamme mpenycMoTpeHa BO3MOKHOCTh BBOJA 3HaUeHUU ko3dduumenta £, paBHbIX 1.15 mis
cpenHell KOoJoHHBI, 1.4 1 KpaeBoil KonoHHBI, 1.5 nis yrioBo#t kojoHHbl. CoriacHo 6.4.3 (6), aTH
3HAUEHUS MOTYT IPHUMEHSATHCS IPU pacdyeTe KOHCTPYKLIMH, B KOTOPBIX IPHUMBIKAIOIINE IPOJIETHI
pasznnJaroTces 1o JnuHe He Oornee, yeM Ha 25%.

I[J'I}I OMpCACIICHUA KOB(I)(I)I/II_II/ICHTa ﬁ , YUYUTBIBAOIICTO JeiicTBHE MOMCHTOB, OCHOBHOC KOHTPOJIbHOC

ceueHue pa30OMBaeTcsi Ha JBE YaCTU: 4YacTb C MOJOXKUTEIbHBIMH 3HadeHMssMH [ U 4YacTb C
OTPUIIATEIILHBIMU 3HAaYeHUsMH — T TIomepedHbIx ycuiauil. [Ipumep pacrpesneneHusi MonepeyHbIX
YCWIHH B Clly4ae cpeHel KOJOHHBI, TpUBEACHHBIN B [ 1] Ha puc. 6.19, mokaszan Ha puc.3.
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Puc. 3. IIpumep pacnpeneneHus NONEPEeYHbIX YCUIHN

®opmyna as onpeneneHus koapdunuenta S umeer Bug (6.39):
B2 M

B=1+k

3xech k - koapdunuent o Tadnuue 6.1, W, - MOMEHT COIPOTHBIICHHUS], COOTBETCTBYIOILHUH IPHHITOMY
pacIpeneseHnIO MONEePEYHbIX YCUIINMI.

B caydae cpenaeit KOJIOHHBI IPAMOYTOJILHOTO CEYEHHs CO CTOPOHAMH ¢, , C, NIPH JIEHCTBUM MOMEHTA B
IUIOCKOCTH, NapalIeNIbHOI CTOPOHE ¢, , MOMEHT COIPOTHBIIEHUS BbIYUCIIETCS 0 hopmyie (6.41):

W, =c;/2+cie; +4e,d +16d4° + 2imde,
3aMeHOM ¢, Ha ¢, ¥ HA00OpOT moiayyaercs GopMysa A cilydas JEHCTBHS MOMEHTA B IIOCKOCTH,
napajuleNlbHON CTOPOHE c, .

[Ipu neficTBUM IBYX MOMEHTOB, JOITYCKAeTCsl MpUMEHEeHue NpuonrxeHHon popMyiibl (6.43):

|r i d
p=1+18 | S| 4| 2|
|k .1'_,-" |k .

o

3nech bx =C, +2d by =C, +2d - pasmepsl OCHOBHOrO KOHTPOIBHOTO KOHTYpA; Cy,Cy - mmnbI
CTOPOH Ce4eHNs KOJOHHBI BJI0JIb oceil X, Y ; €, =M y IV, e, = M IV

B cnyuae cpenHeli KOJOHHBI KPYyTrjiaoro cedeHus KOd(D@PHUIIMEHT ydeTa MOMEHTOB BBIYHMCISAETCS IO
bopmyne (6.42):

e
=1+0.60——
o D +4d

Bennunna monepeuHbIx ycwinid 7, BOSHUKAOMIMX B KOHTPOJBHOM TOTIEPEYHOM CEUEHUHU TUTUTHI TIPH
JEHCTBUM MOMEHTOB, OTPEIEISAETCS YUCICHHBIM METOJOM ITyTEeM OTBICKAHUS TaKOTO PACIIPECICHHS
MOTIEPEYHBIX YCHINN, AJI1 KOTOPOTO BBINOJHSIOTCS YCIOBUS PaBHOBECHs NMPU ACHCTBUM MOMEHTOB

kxMxO " kyMyO OTHOCHTEJIBHO ILIEHTPAJBHBIX ocell Xy, Yy OCHOBHOrO KOHTPOJBHOTO KOHTYpA,
napauenbHeIx ocsam X, Y. Koaddumments kx,ky npuHuUMaroTes o tabnuie 6.1. B obmewm cimyuyae,

MX0=MX+MX\, +Mxp, MyOZMy+MW +Myp. MomeHTBI MX\,,MW - MOMEHTHI IOIEPEYHOU
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cunel V' otHocutensHO ocell Xg; Yy. MoMeHThI Mxp,Myp - MOMeHTHI paBHOfeiicTByromeit P

JaBJICHUS TPYHTA OTHOCHUTEIBHO oceit Xy, Yo. TlonoxkuTeabHble 3HaYCHNUSI MOMEHTOB TPUHUMAIOTCS B
COOTBETCTBUH C MPABWJIOM MPABOTO BUHTA. B mporpaMme mnpenycMoTpeHa BO3MOKHOCTh pacueTa 6e3

y4€Ta 3HaKa 3aJaHHBIX MOMCHTOB M X1 M y - B aTtoMm CJIy4dac, BbIYUCICHUA ITPOBOJATCA JJIA KOM6I/IHaI_[I/H\/Jl

momentos TM, +M,, +M +M vt M wt M yp U M3 BBIYUCICHHBIX 3HAYECHHH (3 BbIOMpaeTCs
HauOoJIbIlIee 3HAYCHHE.

Ecau ycioBre MpPOYHOCTH HE BBIMOJIHSETCS, TO MPOU3BOJMTCSA MOAOOpP IIUPUHBI D W BBICOTHI N
kanutenu (Oanketku). [IporpamMmma ompenenseT KanuTeidb (0aHKETKY) MHUHHUMAJIbLHOTO O0beMa W3
MHOKECTBa KamuTener (OaHKeTOK), 0O0ecneunBaronuX MPOYHOCTh IUIUTHI 0€3 IOINEepPEeYHOro
aApMHUPOBAHMSI.

[TpoBepka MPOYHOCTH MPOBOIUTCS JUIS OJHOTO HIIM JBYX KOHTpPOJBHBIX KOHTYypoB. IIpu b <2h,
paccMarpuBaeTCs KOHTYpP, PacIONOKEHHBIA Ha paccTosHur D+ 2d oT moBepXHOCTH KOJOHHBI. J[iist

HEro pacyeTHoe compoTuBieHue Vpy. ompenensiercst mpu paboueit Beicore d . Ilpu b>2(h+d),

paccMaTpuBarOTCs ABa KOHTypa. IlepBbli KOHTyp pacnosiokeH Ha paccrosHun 2(h+d) oOr
IIOBEPXHOCTU KOJIOHHBI. JlJI1 HEro pacdyeTHOE CONPOTUBIIEHUE OIpPENEIAeTCs NpU padodeil BbICOTE

2(h+d)

h+d, eciu kanuTenas UMeeT BUI IIPU3MBI, ¥ IIpH padoueii Beicote h| 1— +d , ecrtu xanuTens

MMeeT BUJI TUpaMuIbl. BTOpoil KOHTYp pacmonoxeH Ha paccTostHud D+ 2d 0T MOBEepXHOCTH KOJIIOHHBI.
JI1st Hero pacueTHOe COMPOTUBIICHHE ompeneseTcs npu padoueit Beicote d . [Ipu 2h <b < 2(h+d),

paccMaTpuBaeTcs KOHTYP, PACIOIOKEHHBINA Ha pacCcTOsIHUM 2(h+d) OT MOBEPXHOCTH KOJIOHHBIL. JlJIs
HEro pacueTHOE COMPOTUBJICHUE ONpPeaeIsieTCs pH paboueii Boicote d .
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Jluteparypa

1. MSZ EN 1992-1-1:2010 Espoxon 2: IIpoexkTupoBaHHE KeIe300€TOHHBIX
KoHCTpyKuui — Yacte 1-1: OO1me npaBuia v npaBuiia AJis 31aHUH.
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273 — IIpoexkTupoBaHue KanuTeiae 1 OAHKETOK
(TKIT EN 1992)
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[Tporpamma mpemHa3HadeHa A moAdopa pa3MepoB KamWTeNd WM OaHKETKH IO pacdyeTy Ha
npoxasnuBanue mauTel cornmacao TKIT EN 1992-1-1 [1]. [IpenycMoTpeH ydeT BIUSHHS CBOOOIHBIX
KpaeB IUIUTHI.

1. PacyeTHas cxeMa M Harpy3Ka

PaccmaTpuBaercs mnpojaBiIMBaHHE IUIMTHI MEPEKPBITUA WIM (DYHIAMEHTHOM IJIUTHI KOJIOHHON
MPSIMOYTOJIBHOTO HJIM KPYTJIOTO CEYeHUs. B MIOCKOCTH MIMTHI BBOAMUTCA CHCTeMa KoopauHat X, Y,
HAYyajo KOTOPOM HAXOAMUTCA B LIEHTpPE CeUeHHUs KOJIOHHBL. KONOHHBI MoApa3fensioTcss Ha CpeaHue,
KpaeBble W YIIIOBBIC. B cilydae cpemHel KOJOHHBI, BIUSHUE CBOOOMHBIX (HE3aKpPEIJICHHBIX) KpacB
IUTUTHI HE yUUThIBaeTCs. B ciiydyae kpaeBoil KOJIOHHBI, YYUTHIBACTCS BIUSHUE CBOOOIHOTO Kpas IJIUTHI,
napajieabHoro ocu X Wi ocu Y, a B Cilydae yrioBOM KOJIOHHBI, YYMTHIBAETCH BIUSHUE CBOOOIHBIX

KpaeB IUINTHI, Tapaieabbix ocsim X u Y (puc.1).

Kpan

Epasi Kpait
Puc. 1. KpaeBas u yriioBast KOJIOHHBI

s obecrnieueHusi Hecylled CIOCOOHOCTH IUIMTHI 0€3 MOMEPEeYHOro apMUPOBAHMSI, MPOEKTUPYETCS
KanuTeab (OaHKeTKa) IMUPHUHONW D OT MOBEpXHOCTH KOJOHHBI M BbIcOTON h. BO3MOXHBI 1Ba BHIa
Kanuresel (0aHKeTOK): B BUJIE IPU3MbI U B BUJI€ TUPaMUJIbI (pUc.2).

Lo L]

Puc. 2. Buasl kannrenei

Harpyska Ha muTy BKjTIOYaeT nomnepeunyio cuny V. u momentsr M, M y OTHOCHTENBHO ocer X, Y .

IIpu pacuere MINTHI NEPEKPHITHS, TONEpedHast cuiaa V aBTOMaTUYECKN IPUHUMAETCS TTOJI0XKHUTEIBHOM,
a mmpu pacdere (QpyHIaMEHTHOH IJIMTHI - oTpuuarenbHoi. [lomoxkurenbHble HanpaBiIeHUs MOMEHTOB
NPUHUMAIOTCS B COOTBETCTBUH C MPABWIJIOM IpaBoro BuHTa (puc. 2). Ilpu pacuere ¢yHIamMeHTHOU
IIJIUTHI 331A€TCS PEaKTUBHOE JaBJICHUE IPyHTa [ .
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Puc. 2. ITonoxxurenbHEIe HampaBJICHUA CWJIblI U MOMCHTOB

2. Pacuer

Pacuer nnuThl Ha mNpoAaBIMBaHUE NPOBOAUTCA cornacHo 6.4. YcioBue NPOYHOCTH IUIUTHI 0e€3
HONIEPEYHON apMaTypbl UMEET BUL:

Ves =V,

o

Ed

ud

Ves =

Veie = CR;-'_._» k- (lﬂﬂﬁﬂ‘)% =

min

v, =0035177 - £1°

31ech VEd - pacueTHas IomepeyHas cuna, S - Kod(QOUIMEHT ydyeTa MOMEHTOB, u, - HEPHUMETP
OCHOBHOT'O KOHTPOJBHOTO KOHTYpa, CRd c = 0.18/ Ve, Ve - KodpdumeHT 6€30MacHOCTH JTsl OeToHa,
3aBUCAIIMNA OT THUIMAa KOMOWHAIIMKM BO3AEUCTBUM ()¢ =15 JUTS OCHOBHOM KOMOUWHAIuu, )¢ =12 IS

ocoboii kombumammn), K=1+v20/d <2 ([d1=cm), p, =./p, - oy <0.02 - cpenxee 3HayeHue

Kod(uimenTa MpoaoILHOTO apMUPOBAHMUS, fck - XapaKTEepPUCTHYECKasi MPOYHOCTh O€TOHA Mpu

CXXaTuu. HpI/I pacucTe (I)YH,I[aMeHTHOI\/’I IJIMThI, CHJIA VEd YMCHBIIACTCA Ha  BCIIMYUHY

paBHOzeiicTBytomeii P cpenmero peakTwBHOro jmaBieHHs TpyHTa [), YYUTHIBAEMOTO B TIpesenax
OCHOBHOTI'O KOHTPOJIBHOT'O KOHTYpa.

B nporpamme npeaycMoTpeHa BO3MOXKHOCTh BBOJA 3HaYEHHUH Kod(pduuueHTa /3, paBHbIX 1.15 mid

CpenHew KOJOHHBI, 1.4 mis KpaeBOil KOJOHHBI, 1.5 mns yrioBoi konoHHbI. CormacHo 6.4.3 (6), atn
3HAUEHUS MOTYT TPHUMEHSTHCS TPU pacdyeTe KOHCTPYKIHM, B KOTOPBIX MPHUMBIKAIOIIAE TMPOJIETHI
pasnuyaroTcs 1o JUInHe He Oosee, yem Ha 25%.

I[J'I}I OIIpCACIICHUA KOB(I)(I)I/II_II/ICHTa ﬁ , YUYUTBIBAOIICTO JeiicTBHE MOMCHTOB, OCHOBHOC KOHTPOJIbHOC

ceueHue pa30OuBaeTcsi Ha JBE YaCTU: 4YacTb C IOJOXKUTEIbHBIMH 3HadeHHsIMH [ U dYacTb C
OTPULIATENIbHBIMU 3HaueHUssMMU — T monepeuHblx ycuiauil. [lpumep pacrnpeneneHusi MonepevyHbIx
YCWIHH B Clly4ae cpeHel KOJOHHBI, TpUBEACHHBIN B [ 1] Ha puc. 6.19, mokaszan Ha puc.3.

Puc. 3. [Ipumep pacrpeneneHust MONEPEUHBIX YCHUITHHA
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®opmyna a1 onpeneneHus koapdunuenta S umeer Bug (6.39):

Mg 1
g r
e M

B=1+k

3nmech k - koaddunuent o Tadnumne 6.1, W, - MOMEHT COTIPOTHBIICHHUS, COOTBETCTBYIOIIUI IPHHATOMY
pacrpeeieHUIO TIONEPEYHBIX YCUITHN.

B caydae cpenHeit KOJIOHHBI IPAMOYTOJILHOTO CEYEHUs CO CTOPOHAMH ¢, , C, IIPH JIEHCTBHMM MOMEHTA B
IUIOCKOCTH, NapaJlIeNIbHOM CTOPOHE ¢, , MOMEHT CONPOTHBIICHUS BBIYMCIsAETC 110 popmyte (6.41):

W, =c¢] /2+c,c, +4c,d +16d° + 2me,

3aMeHOM ¢, Ha ¢, ¥ HA00OpOT moiayyaercs GopMysa A Cilydas JEHCTBHS MOMEHTA B IIOCKOCTH,
napajieabHON CTOPOHE c, .

[Ipu neficTBUU ABYX MOMEHTOB JIOIYCKaeTCsl MIPUMEHEHNE TpUOImKeHHOoM hopmysl (6.43):

3nech bx =C, +2d by =C, +2d - pasmepsl OCHOBHOrO KOHTPOIBHOTO KOHTYpA; Cx,Cy - mmmnbI

CTOPOH CEYEHUS KOJIOHHBI BIOJb oceil X,Y; €, = M y NV , &= M X IV .

B cnyuae cpenHeill KOJOHHBI KPYyIJioro cedeHus, KOdPQGUIMEHT y4yeTa MOMEHTOB BBIYHCISETCS IO
dbopmye (6.42):

e
=1+0.60——
o D+4d

B o0uem ciydae, koaQhuiueHT yuera MOMEHTOB OllpesieNisieTcs no Gopmylie:
m
pf=1+-
.
Ed

Bennuuna TONCPCUHBIX YCI/IJII/Iﬁ T , BOBHHUKAIOMIUX B KOHTPOJIbHOM IIONICPEYHOM CCUCHUH IIUTHI IIPpH
JIeNCTBUH MOMCHTOB, OIPECACIACTCA YUCIICHHBIM MCTOAOM IIYTCM OTBICKAHUA TAKOI'0 PAaCHpCACICHUA
MOMNCPCUHBIX YCHHHﬁ, AJIE KOTOPOTO BBITMIOJIHAKOTCA YCJIOBUA PAaBHOBECHUA IIPU JIEICTBUH MOMEHTOB

kXM x0 H kyM yo OTHOCHTENHHO LEHTpalnbHbIX ocell Xj, Yy OCHOBHOTO KOHTPONBLHOTO KOHTYpA,
napauenbHeix ocsam X, Y. Koaddunments: kx,ky npuHuUMaroTes o tabnuie 6.1. B obmewm ciyuyae,
Mxo = MX "'Mxv -l-MXp, MyO = My +My\, +Myp. MomeHTHI MX\,,MW - MOMEHTHI IONEPEYHON
cunst V' otHOCHTenbHO oceir Xg, Yp. Momentst Mo, M yp - MOMEHTBI PaBHOJEUCTBYIOIIECH P

JaBJICHUs TPYHTa OTHOCHUTENBHO ocell X, Yo. [TonoxuTensHple 3HaUCHUsI MOMEHTOB MIPUHUMAIOTCS B
COOTBETCTBHUH C MPaBWJIOM IPAaBOT0 BUHTA. B mporpaMme npemycMoTpeHa BO3MOXKHOCThH pacuyera 6e3

y4€eTa 3HaKa 3aJJaHHbIX MOMEHTOB M X! M y - B 9TOM city4ae, BBIYUCIICHUSI TPOBOJISITCS TSI KOMOHMHAIAI

momentos T M T M W T M », T™M y T M w T M yp M W3 BBIYMCICHHBIX 3HAY€HMH /3 BBIOMpaeTCs

HanOOJIbIIIEE 3HAUCHUE.
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Eciau yciioBHe TPOYHOCTH HE BBIMOJIHSIETCS, TO MPOM3BOIMTCS MOAOOpP IIUPUHBI D W BBICOTHI N
karnurenn (Oankerkw). [Iporpamma ompenenser kamutenb (OaHKETKYy) MHHHMAIbHOTO OOBbeMa U3
MHOKECTBA KamuTener (OaHKeTOK), 0O0ecneunBaromuX IPOYHOCTh IUIUTHI 0€3 IOINEepPEeYHOro
apMHUPOBAHMSI.

[TpoBepka MPOYHOCTH MPOBOIUTCS JUIS OJHOTO WM JBYX KOHTpPOJBHBIX KOHTypoB. IIpun b <2h,

paccMaTpUBaeTCsi KOHTYP, PAcIoNOXKEHHBIA Ha paccTosHuM D+2d OT moBepxHOCTH KOJOHHBI. J[iis

HEro pacueTHoe compoTHBieHHE Vpy. ompenensercs mpu paboueit Beicore d . Ilpu b>2(h+d),

paccMaTpuBarOTCs ABa KOHTypa. IlepBbli KOHTyp pacnosiokeH Ha paccrosHun 2(h+d) oOr

MOBEPXHOCTH KOJIOHHBI. [[JIsi HETO pacyeTHOE COMPOTHBIICHUE OMPENENIeTCs MpU padouell BBICOTE

2(h+d)
b

UMeeT BUJI MUPaMujibl. BTopoii KOHTYp pacnosiokeH Ha paccTossHuU D+ 2d oT moBEepXHOCTH KOJIOHHBI.
JIJist HEero pacueTHOE COMPOTHBICHUE onpeesseTcs npu paboueii Beicote d . [lpu 2h<b<2(h+d),

h+d, eciu kanuTens UMeeT BUJ IIPU3MBI, ¥ IIpH padoueii Boicote h| 1— +d , ecrtu kanuTeNH

paccMaTpuBaeTcs KOHTYP, PACIOIOKEHHBINA Ha paccTOsIHUU 2(h+d) OT MOBEPXHOCTH KOJIOHHBIL. JlJis
HEro pacueTHOE COMPOTUBIICHUE ONpPEaeIseTCs MpH padoyueii Boicote d .
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Jluteparypa

1. TKII EN 1992-1-1-2009: Eppokon 2. IIpoekTupoBaHue Keae300€TOHHBIX
KOHCTpyKUui — Yactp 1-1. O0uue npaBuiia u npaBuiIa s 30aHAN.
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[Tporpamma npeiHa3HA4YECHA TSl POSKTUPOBAHUS M pacu€éTa MHOTOIpOJIeTHOM Oanku, cormacHo CHull
2.03.01-84* “beronnple u kene300eToHHbIE KOHCTpyKimu~ [1], mubo mo CII 52-101-03
“XKenesoberonnsie u Oeronnsle u KoHCTpyKuuu” [2], mu6o mo CII 63.13330.2018 “beronnsie u
Kene300eToHHbIe KOHCTPYKIMH. OcHoBHBIE mojioxkenus.” [7], mu6o CHB 5.03.01-02 “Beronnsic u
xKene300eToHHbIe KOHCTpYKIMK [5]. Bo3MoskHO 3a1aHue MIapHUPOB, BYTOB, KOHcoJel. [IpenycMoTpen
pacuéT OayKM Kak 4acTu peOpucToi mIuThl. MOTyT 3a/1aBaThCs paclpeIeIEHHBIE U COCPEIOTOUCHHBIC
Harpy3Kky, a TakKe TeMIlepaTypHble BO3JCUCTBUS U OCaAKu omnop. PacuérHbie coueTaHus yCHIHii
omnpenaenstorcs aTomatudecku, corniacio CHull 2.01.07-85 “Harpy3ku u Bo3aeiictust” [3], iu6o CHB
5.03.01-02 “beronnsie u xene3zoberonnpie kKoHCTpyKuuu~ [5]. IIpu pacuere mo CII 63.13330.2018,
pacuétHble coueranus ycwimi onpenenstorcs mo CIT 20.13330.2016 “Harpy3ku u Bo3aerncTBus’ [8].
Bo3smoxeHn pacuer ¢ mnepepacnpeneineHueM ycwinil. [IpogosibHas W monepevyHas apMmarypa
ONPENENAIOTCS Ha OCHOBE pPAacyeTOB IO INMPEACIIbHBIM COCTOSHHUAM IEPBOM M BTOpoW rpymi. Ilpu
KOHCTPYHPOBAaHUU TMPOAOJIBHONH apMaTyphl, MOAOUPAIOTCS TUAMETPHI MPOJOJIBHBIX CTEpXKHEH H
OTIPENIENIAIOTCS MecTa MX OOpbhIBa ¢ y4€TOM JJIMH aHKEPOBKU. Ipym KOHCTPpYMpPOBAaHWHU TONEPEUHOM
apMaTypbl, OIPEIENISIEeTCs PacloI0KEHUE XOMYTOB.

1. PacuérHas cxema

PacuétHast cxema mnpezacTaBiseT co00il MHOTONPOJIETHYIO HEpa3pe3Hyl Oallky C KOHCOJISIMHU.
MaxkcuMmanbHoe KonuuecTBo MpodeéToB paBHO 10. CeueHue Gaku MOXKET OBbITh MPSIMOYTOJIBHBIM HIIN
TaBpOBBIM. BO3MO)XHO Hanu4ue ByTOB /WM CKAUKOB pa3MEpPOB CEUEHUS 110 MIUPHUHE U 10 BIicoTe. s
KOHIIEBBIX OIOP MOXHO 3aJlaBaTh yYINpyroe 3amiemieHue. B omnopax CHU3y W/MIM CBEpXY MOTYT
YUUTBHIBATHCSl IPUMBIKAIOLIUE CTOWKH, NMPEAYCMOTPEH BBOJ BEPTUKAIBHBIX HpPYXHH B omnopax. B
IIPOJETaX MOKHO 3a/1aBaTh LIAPHUPBI.

Ecnu Oanka siBnsieTcst 4acThlo peOPUCTOM TUTUTHI, TO SKBUBAJICHTHAS IIHPUHA MOJIKA PACCUUTHIBACTCS
cornacHo myHKTy 3.16 [1] wim 3.2.2.2.2.4 [2] v 7.1.2.7 [5]. Moaynaps ynpyroctu NpUHMMAETCs
cornacHo Tabnuie 18 [1] unm paccunutsiBaetes mo Gopmyse (2.1-5) [2] B cooTBeTCTBHM C 33aHHBIM
KJ1accoM OETOHa MO MPOYHOCTH.

Puc. 1.  IIpumep pacuéTHOil CXEMBI

2. Harpyxenmue

PaznuuaioTcsi mOCTOSIHHBIC, JTUTENbHbIC, KPATKOBPEMEHHBIE U OCOOBIe Harpy3ku. Bo3moxkeH yder
CIIEYIOIMX Harpy3oK: paBHOMEPHO pacIpeleleHHbIX, OJOYHBIX, TpalelueBUIHBIX, Harpy3ok Ha
MIEPEKPBITHE, COCPETOTOUEHHBIX CHJI, COCPENOTOYEHHBIX MOMEHTOB, CKauKa TEMIIEPATYpPhl U CMEILIECHMS
orop. JlmuTenbHbIE M KPAaTKOBPEMEHHBIE HArpy3KH MOTYT OOBEIUHSTHCS B TPYIIY HECOYETAEMBIX
Harpy3ok (Harpy3ku He MOTYT JI€CTBOBaTh OJIHOBPEMEHHO). BpeMeHHas Harpy3ka MOXeT 3aJ1aBaThCs
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KAaK 3HAKONEpEeMEHHas Harpy3ka. B 3Tom ciydae, B pacd€re y4duThIBAETCs 3aJaHHAs Harpy3ka M
Harpy3ka MpPOTUBOIIOJIOKHOTO 3Haka. /[ BpeMEHHBIX Harpy3oK, IEHCTBYIOIIMX Ha HECKOJIBKUX
IIPOJIETaX BO3MOXKEH yUET HEOIAronpusTHOIO paclpeiesIeHUsl Harpy3KHu IO MIPOJIETaM.

Pi P
R o NN :
ETTE TR TR i

L L L
1T 3 1 S 7

Puc.2.  Buasl Harpy3ok

3. OnpeneseHne BHYTPEHHUX CHJIOBBIX (PAKTOPOB

Yeunus onpenensroTcss METOJOM HadajdbHBIX IMMapaMeTPOB OTIEIBHO JIA KaXAoW Harpy3ku. [lms
BPEMEHHBIX HAarpy30K ONpPeNessioTCs MaKCUMaJIbHble U MUHUMAJIbHBIE YCHIIMS B KQKJIOM CEYCHHH U
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OIOpPHBIE PEAKIIMK C Y4ETOM HEOJIAroMpHUsITHOTO paclpeieieHnuss HArPy3KH 10 IposiéTaM (€Clid ydeT
HEO0O0XO0UM ).

[Tpu 0OBIYHOM JIMHEHHOM pacdére Hepa3pe3HbIX 0AJOK, HE YUUTHIBACTCS MEpepacipeesieHue yCuInn
BCJIEJCTBHE HEyNpyrux aedopmaiuii 6eroHa M apmarypbl U oOpa3oBaHus TpewuH. [Iporpamma
MI03BOJISIET NMPOU3BOAUTE IEpepaclpeesieHue YCWINH BO BHYTPEHHHUX OIOPax Hepa3pe3HbIX Oajok
COIJIACHO METOJY IpelesbHOro paBHoBecus. Ilepepacnpenenenue NpoucXOAUT IyTEM HOOABIICHUS
TPEYrOJbHBIX DJIIOP MOMEHTOB C IPUBJIEYEHHEM JIBYX COCEIHUX C omnopoil mnponéros. llpu
nepepacipeeseHu OIOPHbBIM MOMEHT MOXET ObITh YMEHbIIEH He Oosee yeM Ha 30%.

4. KoHcTpynpoBaHue MPOI0JIbHOI apMaTyphl

[Tporpamma noaep:KuBaeT TpH pa3IuyHble (POPMBI KOHCTPYHPOBAHUS apMATYPHhI:

— Iloxbop apmaTypsl 6e3 cTynmeH4YaTol packiaaku. B aTom ciydae, Afig KaXIOTo MpojeTa U JUis
KaKIOW OMOpBI MPOBOAMUTCS MOAOOp apMaTypbl B COOTBETCTBUU C MaKCHMAalbHO TpeOyemoi
IUIONIA/IbIO apMaTYPBHI.

— Iloxbop apmarypbl ¢ MONPOJIETHON CTYNEHYATOW pacKiIaakou. JITMHBI apMaTypHBIX CTEPXKHEH H
UX DPACIIOJIOKEHHE B IPOJIETE U HAJl ONOPOM MOAOMPAIOTCA TaKUM OOpa3oM, YTOOBI IUIOIIAIb
apMaTypbl BO BceX CeueHHsIX Oblla Kak MOXKHO OJinmoke K Tpedyemoii o pacuery. [Ipu onpenenenuu
JUINH MPOJIOJIbHBIX CTEP’KHEH yUUThIBAeTCA AJIMHA aHKepOBKHU. CTyleH4aras packiiajKa apMarypsl
HaJl OTIOpaMH WM B TPOJIETaX MPOUCXOAUT He3aBucuMo. Eciin B pe3ynbTare pacuera Ha onopax
TpedyeTcst apMaTrypa CXaTus, TO BMECTO I0J0Opa apMaTypbl € IONPOJIETHOM CTYIEHYaToM
packKiIaIKoM ciaeyeT HCIOIb30BaTh 10A00p apMaTyphl CO CKBO3HOU CTYIEHYATON pacKIa KoM, Tak
KaK B OTOM CJIy4ac HMUXKXHAA apMaTypa NnepexoJuT I'paHUIbI ITPOJICTOB.

— TlombGop apmaTypbl CO CKBO3HOM CTYNMEHYAaTOW pacKIaaKkoW. AHAJIOTHYEH MPEIbIAYIIEMY C TOM
JUIIH Pa3HUIIEH, YTO TPAHUIIBI TTPOJIETOB HE SABJSIOTCS TOUYKAMH OOPBIBA apMaTypPHBIX CTEPIKHEH.

B mecrax oOpbIBa cTepHEW M MPUOMOPHBIX 30HAX JJIMHA apMaTyPHBIX CTEP)KHEH yBeIMuuBaeTcs Ha
BEIMYMHY, OOECIEeUYMBAIOIIYI0 HPOYHOCTh Ha JeiCTBHE H3TrMOAOIIEr0 MOMEHTa [0 HAKJIOHHOMN
TpeIlUHE.

[Tpu moGope MpoI0ABHBIX CTEPIKHEH, YIUTHIBAIOTCS BCE CTaHAApTHBIC AuameTpsl (6, 8, 10, 12, 14, 16,
18, 20, 22, 25, 28, 32, 36, 40). [IpenycMoTpeHa BO3MOKHOCTH 33/1aTh COOCTBEHHBIN CIIUCOK IUAMETPOB.
JIist kakIoro TmpoJieTa MOXKHO 3a7aTh OTIEIBHO JUIsl BEpXHEH M HIDKHEW apMaTypbl MaKCHUMAaJbHOE
KOJIMYECTBO CTEp)KHEW, MHUHUMAJIbHBI M MakcUMaibHbIM auaMerpsl. llpu monbope apmaTypsl
yUUTHIBAtOTCS TpeboBanus [ 1], [2] unu [3] Mo MUHHUMAIBEHBIM PACCTOSHUSAM MEX]Y CTEPIKHIMH.

5. KoHcTpyupoBaHue nomnepe4Hoii apMaTypsbl

KoHncTpynpoBanue nomnepeqHoil apMaTypbl OCYIIECTBIISIETCSl HA OCHOBE pacyeTa HaKJIOHHBIX CEYEHU,
I10 MPEAEIBHOMY COCTOSIHUIO IIEPBOM TPYIIIBI HA JEMCTBHE TONEPEYHON CHIIBI 10 HAKJIOHHOM TpeInHE
U 110 TIPENIeTbHOMY COCTOSIHUIO BTOPOM IPYMIIBI 10 00Pa30BaHUIO M PACKPHITHIO TPEIIMH, HAKIIOHHBIX K
MpOJOJBHOM ocu Oanku. Omnpeaensercs IIOMaAb MONepedHoONl apMaTyphl, Tpedyemasi 1Mo YCIOBUIM
IIPOYHOCTH U TpeIMHOCTOMKOCTH. [lo 3ajaHHBIM JaMaMeTpaM XOMYTOB, MAaKCUMaJbHBIM U
MUHHMAaJIbHBIM PACCTOSIHUAM MEKIY HUIMU MOOUPAETCs pacloI0kKEeHNE U 1Iar XOMYTOB.

6. Pacuyernl o npeaeJbHbIM COCTOSIHUSIM BTOPO# IPyNIbI

[Tporpamma BBITOJHSAET pacdyeTs! MO 00Pa30BaHUIO M PACKPHITHIO HOPMAIBHBIX W HAKJIOHHBIX K OCH
OaJKu TpemMH, a TaKXe pacyeT MpPOoruOoB, OOYCIOBIEHHBIX AepOpMalUsSIMU HM3THOa U CIOBUTA.
K TpemmHOCTOMKOCTH OaaKku MOXXKET OBITh NMPEeNbsBICHO TpeOOBaHUE HemomylueHus TpeumwH (1-s
kareropus mo CHull 2.03.01-84*), nu6o TpeOGoBaHMS 1O OTPAHUYCHHUIO ITMPUHBI PACKPBHITHS TPEIIHH.
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B nocnennem ciydae, nomyctuMasi IIMpUHA PaCKPHITUS TPEIIMH OTpaHUYMBAETCs MO0 TpeboBaHHEM
coorBercTByronx CHull (3-1 xateropuss mo CHull 2.03.01-84*, coxpaHHOCTH apMaTypbl HIU
nponunaemMocts KoHcTpykuuu 1o CIT 52-101-03 u CI1 63.13330.2018), 1160 3a1aeTcst HOIB30BATEIEM.
ITpu pacuere mo CII 63.13330.2018, ecnum 3amaHo yclIOBHE HEIOMYCTUMOCTH OOpa30BaHUs TPEIIUH,
pacueTHbIe COUYETaHUs YCUIIUI OIPENENsIIOTCS KaK Ul pacueTa o npo4HocTty. Ilpu koHCTpyrpoBanumn
IPOJOJIBHOM apMarypbl, IPOUCXOJUT HapalllMBaHWE KOJMYECTBA U JUIMH CTEp)KHEH, IIoKa
peIbsBICHHbIE TPeOOBaHUSI HE OYyAyT YAOBIETBOPEHBI BO BCEX CEUEHUAX OalKH, 32 UCKIIOYEHHEM
Y4acTKOB HEINOCPEACTBEHHO HaJ OIOpaMH, KOTOpble HE INPUHUMAIOTCS B pacder. Ecau 3adano
nepepacnpeoeneHue YCuiull, Mo HAO ONOPAMU YCMAHABIUBAEMCS YMEHbUIEHHOe KOIUYeCmeo
apmamypbl, NO3MOMY, 8 IMOM Clydae, mpebo8aHUs NO 02PAHULEHUIO WUPUHBL PACKPLIMUS MPEUUH 8
NPUONOPHBIX 30HAX YACMO He MO2Ym OblMb GbINOIHEHDI.

/. BbIBOj pe3yJibTaTOB

BBIBOJ COCTOMT U3 CIENYIOIINX YaCTEH: pacyeTHas CXeMa, Harpy3KHu, pe3yJIbTaThl pacyeTa BHYTPEHHUX
CHJIOBBIX (DAaKTOPOB, PAaCUCTHBIC COYCTAHMS YCHIIMH, Pe3yJbTaThl pacyera TpeOyeMoil apMmarypbl U
KOHCTPYHPOBaHUE apMaTyphl. BeIBOI JIF0O0H M3 3TUX MIECTH YaCTEH MOXKHO pa3peniaTth Uil OTMEHSATh
(uraxkkamMu ynpaBieHHsS BBIBOJOM. [IOMHMO BBIBOJA YHCIIOBBIX 3HAYCHUH, MPETYCMOTPEH BBIBOJ
rpadukH.

PacueTHas 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 0.z
Fasmepn Mpomér 1 ¥ bf hf b h I
[m] [m] [em] [em] [em] [em] [emd]
1 &.00 0.00 24.0 50.0 250000
4.15 24.0 50.0 250000
6.00 24.0 T0.0 s 5000
2 S.00 0.00 224.0 Z20.0 24.0 TO0.0 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 Z20.0 24.0 TO0.0 15583770
3 6.00 0.00 24.0 T0.0 s 5000
1.85 24.0 50.0 250000
6.00 24.0 50.0 250000
OnopH boopa t [em] Omopa t [ecm]
A 30.0 B 30.0
C 30.0 ] 30.0

311ech BHIBOJSTCS OCHOBHBIE F€OMETPUUECKHE MTapaMeTphl CUCTEMBI: pa3Mephl BCEX MPOJIETOB U CTOEK,
XapaKTepUCTUKU CEYEHMH BCeX MPOJIETOB, T.e. mupuHa “b” u BeicoTa “h” ceuenus, mmpuna “bf” u
tommuuHa “hf” muTel, mmpuna onop “t”.

CTATUKA-2024. Onucanue npoecpamm 300 - XKenezoberonHas 6anka



99

Harpy3ku:

Harpymenne 2 NOCTOAHHHE HalpySEH

£

-5 i i
-1z E_00 Fz.o00~ 700 } £_00 |

N. Npomnér a = prnsP posM
[r] [:] [KH/M, ®kH, kHM]
PaEHOMEDH. 1 1-3 25.00
CocpemoT. 1 2 Z2.00 125.00
BHYTpeHHI/IC CHUJIOBBIC (1)aKTOpI)I:
Hanpy#weHHe 1 MOMEHTH Myop [rHmM]
-119.46 -119 .45
-10%
-5l
-54
-z7
o H H
z z0.98 ; i z0.98
5a H H
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

JI71st KayKI0TO Harpy»KEHHsI BEIBOISTCS XapaKTePUCTUIECKHE MaKCUMAITbHBIE 1 MUHIMAJIbHBIE YCUITHS B
ceueHn Mynp u Qymp. Paznuune Mexay MakCUMaJIbHBIMA M MUHUMAJIbHBIMH 3HAYEHUSMH BO3HUKAET
TONBKO Ul JUIMTENBHBIX W KPAaTKOBPEMEHHBIX HArpy30K UM CBS3aHO C OJIaTONpPUSATHBIM U
HeOJIaronpusATHBIM paclpeeseHUEM ITHX Harpy30K M0 MposieTaM. Pe3ynbTaThl BRIBOASTCS Ha TpaHUIaX
IIPOJIETOB, HA cpe3e Onop (TOYKU MOMEUYEHHI “0”), Ha PAaCCTOSHUU paboyeil BBICOTHI CEUEHHs OT cpes3a
ornop (Touku momedeHsl “ho”) W B TOUKaX C MaKCHMaJIbHBIMH 3HAYEHUSMH BHYTPEHHHX CHJIOBBIX
(dakTopoB (TOYKM ToMedeHbl “*”’). OObeM BBIBOJAa MOXET OBbITh YBEJIWYEH TOJb30BaTEIIEM IyTEM
3aJJaHUs JOTIOJTHUTEIBHBIX TOYCK.

BbIBO pacyeTHBIX COYETAHMM YCHJIMK AHAJIOTMYEH BBIBOJAY pE3YJbTATOB YIPYroro pacyera
BHYTPEHHUX CUJIOBBIX (DAKTOPOB.
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Pesynbrath pacuera TpeOyeMoil apMaTyphl.

SamuTHHE cHOR Mpoxar as H as B az @ 2 H a B
[rm1] [rrm1] [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
Opoxgr 1 x max M min M Tpef.AsH Tpef.ASE
[#1] [mHM] [mHM] [cmZ2 ] [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 Qh o] Asw/S=
[M] [cm] [cm] [rH] [rH] [RH] [cMZ M)
0.00 66 .3
0.54 hao 35.3 35.3 410.7 1%5.6 42 .5
4,13 171.7 l1l2&8.5 3g?.5 117.8 115.5 4.11
4,17 151.1 358.5 385.2 6d .0 56.7 4.11
5.21 ho 1%z2.8 113.4 4596 .4 gl.6 103 .3 4.11
6.00 157.7

BrIBOASATCS TONMIIMHBI 3aIIMTHBIX CJIOEB “a3” CHU3Y, CBEPXY U COOKY U paCCTOSIHUS 10 IIEHTPOB TSKECTH

apMaTypHBbIX clioeB. B Tabiuiie pacuera nmpoaoiabHON apMaTyphl BEIBOASTCS 3HAYCHUS] MAKCUMAIIBHBIX

MOMEHTOB M pacyeTHbIE 3HAYEHUS IUIOLIAAM apMaTypbl. B Tabmuie pacuera HAaKIOHHBIX CEYEHHU

BBIBOJSTCS JUIMHA MPOEKIIMH HAKJIOHHOTO CEUeHHUs ~C”, JUIMHA MPOEKIMH OMacHOW TpemmHbl ~c(0”,

MpeesIbHOE 3HAUCHHUE YCUIIUS CKATHS TI0 HAKJIOHHOM TOJIOCe MEXIy TperiuHaMu “Qcxk’”, monepeuyHoe
(13 2

ycuiue, BOCIpuHUMaemMoe OeToHOM “Qb”, MakcMManbHOE 3HAUYEHUE MOMEPEYHOUW CHITBI u
pacueTHoOe 3HaueHue TpedyeMoil apMaTypBhl.
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KoncTpyupoBanue apmatypsi:

Eonerp. apmarypx
A= [emi] IpogoREHaA ApMaTYDa

M= 1 :170

3 el

Aaw/a [eMz /1] [lonepedHada apMaTypa
M= 1 :170

1a

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

M= 1 :25

[]

. Bebinet BMITEED SR, cees
Xomyr 0§
l [ | [ ]
0_20—
MoHTamHaA apMaTyVha HHHRHAA n = 2 dz = 12 MM
IpomoOnBEH. &pM.
MpoOJIET THI KOJ. ds pPAD Azl a 1
hnopa [rMm] [eM2] [m] [m]
1 H 2 12 1 Z2.26 0.00 21.00
1 H 1 12 1 3.39 0.63 1.65
1 H 4 12 1 7T.92 -0.33 6.53
2 H 2 25 i 12 .08 -0.37 S9.75
2 H 1: 25 1 l16.559 1.33 5.29
3 H 1 12 1 3.3%9 3.28 Z2.18
B E 2 25 1 S.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 Z2.70
C E z 5 1 S5.82 -2.14 5.26
C E Z Z5 1 19,63 -1.17 3.01
OMMHE OPHMEEIEHH ¢ VUETOM AHKREPOBRH
EoMy TH
MponéT Eom. cpes. ds = LAaw/= a 1
[pm] [eomM] [cmi /M) [m] [m]
1 24 2 g 25 4,02 0.00 5.75
2 24 2 g 10 l0.05 -0.25 2.40
Z 15 z i 25 4.0z Z2.15 3.75
z 15 z g z0 5.03 5.50 .00
3 25 2 i 25 4.0z -0.10 6.10
THII ApHMaTypH d ONMHS KOJ. BEC
[rm] M [rRH]
CTEpXHEERAA aApMaTypa 25 60.45 2.29
CTEPHHERAA aApMaTyia 12 25.593 0.z286
OMY TH g 104

Ha rpadukax moka3aHbl pacmpeleneHus] pacueTHBIX 3HaUYeHUH TpeOyemMol apMaTypbl B pe3yabTaThl
KoHCTpyHpoBaHusi. OcHOBHas (Oojiee CBETNasi) 4acTh AMIOPHI TpeOyeMol apMaTrypbl COOTBETCTBYET
pacueTy 1o mpeeabHbIM COCTOSHUSAM NEPBOM IpyMIbl, a 60ee TeMHbIe T00aBKH — pe3ysbTaT pacueTa
Mo 00pa30BaHUIO U PACKPBHITHIO TpemuH. CXeMbl apMUPOBaHUs CEUYCHUU BBIBOIATCS Jisi Hamboliee
Harpy»€HHbIX CEYEHHI B IMpoJieTax M HaJ OMOpPaMH, a TAKXKE B TOUKAX, 3a/IaHHBIX IOJIb30BATEIIEM.

CTATUKA-2024. Onucanue npoepamm 300 - XKenezobeTonHas 6anka



102

B Tabnune mnpononbHON apmarypbl NPUBENEHO KOJMYECTBO, AMAMETPBI, JUIMHBI M IOJIOKEHHE
apMaTypHBIX cTep>kHeW. B Tabnuie nonepeuyHoil apMaTypbl NPUBEAEHBI TUAMETP U LIAr XOMYTOB, a
TaK)K€ HayaJlbHas KOOPAMHATA U MPOTSHKEHHOCTh YYAacCTKOB € IOCTOSIHHBIM IIaromM XOMyToB. Taxxke
MPUBOJUTCS CBOJHAS TaOJIMIIA pacXo/a apMaTyphl.

Pacuer 1o 00pa3oBaHUIO U PACKPHITHIO TPEIIHH:

TpeMEC o ToHESS TE Karteropma TpefoBaHEME - 3 acrel=0.40MM acrcZ=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© -100.7 1&.8 -1i00.7 o.27 o.z27
2.31 * 150.1 1&.7 150.1 0.1& 0O.1&
4.85 © -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-- Z0%9.0
0.52ho 1e4.3 210.8
4.12cr -170.1 105.4 -170.1 0.30 0o.30
4.48h0 -201.8 210.8
5.00-- -24%.5
2 0.00-- Z46.5
0.52h0 zZol1.8 210.8
0.88ck 170.1 105.4 i170.1 0.30 0o.30
4.483h0 -164.3 210.8

B Ttabnumax npuBeneHbl 3HAYEHHs] BHYTPEHHUX CUJIOBBIX (DAKTOPOB, BBIUMCIEHHBIE JI1 pacuera
IIPOJIOJKATEIIBHOTO M HENPOJOJDKUTEIBHOTO PACKPBITUS TPEUIMH, COOTBETCTBYIOIIME YCHIIMSA,
HeoOXouMble Juid 00pa3oBaHMs TPEIIMH U pacyeTHas LIMPUHA MX PACKPBITUS B T€X CEUEHMSX, IJe
JEMCTBYIOIME YCUIIHS PEBOCXOAST 3HAUEHUS Hauaia TPeInHOOOpa30BaHMUsL.

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 npuBeACHBI pacueTHHIE 3HAYCHHS MPOTHOOB, 00YCIOBIECHHBIX Ae(h OpMaIusIMu
H3FI/I6a U caBura. KpOMe TOro, B TaGJII/ILle MPUBCACHLI paCYCTHBIC 3HAYCHUS MOMCHTOB U KPUBU3H.
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301 - >K€H6306€TOHH3H 6aJ'IKa (c y4E€TOM IMPOJAOJIBLHON CHJIIBI
U KPYTSAIIEr0 MOMEHTA)

Ay
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[Iporpamma npeaHa3zHaueHa JJI1 MPOSKTUPOBAHUS U pacuéTa MHOTOIpoJieTHOM O6anku cormacHo CHull
2.03.01-84* “Bberonnsle u xene3o0eToHHbIe KOHCTpYKUUK™ [1], mu6o mo CII 52-101-03 “betoHHbIE U
XKene300eTOHHBIE KOHCTPYKIMU O€3 IMpeIBapuTeNbHOrO HampspkeHus apmatypsl” [2], mubo CHB
5.03.01-02 “betonHbIe 1 kel1e300€TOHHBIC KOHCTPYKIUK [5]. BO3MOXHO 3a/laHKe IIapHUPOB, BYTOB,
koHconel. IlpemycMoTpeH pacuér Oajku Kak dYacTd peOpucTod TuMThL. MOTYT 3aJaBaThCs
pacripesieIéHHbIC U COCPEIOTOUEHHBIE HATPY3KH, a TAK)KE TEMIIEpaTypHbIE BO3CHCTBUS U OCAIKHU OTIOP.
Jlis BETpOBBIX HArpy3oK 3alaloTcs CcTaThdeckas W IyJIbCAllMOHHBIE COCTaBISAOIIWE, a JJIs
CEMCMUYECKUX — HArpy3KH OT pa3iuyHbIX (OpM KoeOaHWN. YUHUTHIBAIOTCS MPOJOJIbHBIC YCUIHA H
KpYTSIIME MOMEHTBI, KOTOpBIE 3aJal0TCi B BHUJAE BHYTPEHHHUX CHIIOBBIX (akTOpoB. PacuérHble
coueTaHus yCWIui omnpeaenstorcss aBTomatuuecku corsacho CHull 2.01.07-85 “Harpy3ku wu
BozneiicTBus” [3], mu6o CHB 5.03.01-02 “beronnbie u >xene300€TOHHBIE KOHCTPYKIMH X [5].
[TpomonbHas 1 momnepeyHasi apMaTypa OIpeaesisiioTCsl Ha OCHOBE PACYETOB 110 MPEACTbHBIM COCTOSTHUSM
nepBoi U BTOpoil rpymni. [lpu KOHCTpyHpoOBaHUU MPOAOIBHONH apMaTypbl MOAOUPAIOTCS AMAMETPHI
MPOJOJIBHBIX CTEP)KHEH M OIPENENsIOTCS MecTa UX OOphiBa ¢ y4€TOM JUIMH aHKEpOBKHU. [lpum
KOHCTPYMPOBAHHH MOTIEPEYHON apMaTypbl ONPEIEIISETCS PACIIONOKEHHE XOMYTOB.

1. PacuérHas cxema

PacuétHast cxema mnpezacTaBiseT co00il MHOTONPOJIETHYIO HEpa3pe3Hyl Oallky C KOHCOJISIMHU.
MaxkcumanbHOoe KomudecTBO nposiéToB paBHO 10. Cedenue Oaku MOXKET OBITh MPSMOYTOJIBHBIM HITH
TaBpOBBIM. BO3MO)XHO Hanu4ue ByTOB /WM CKAUKOB pa3MEpPOB CEUEHUS 110 MIUPHUHE U 10 BIicoTe. s
KOHIIEBBIX OIIOpP MOXHO 33JlaBaTh yIpyroe 3aliemieHue. B omopax cHU3y W/WiIM CBEPXY MOIYT
YUUTBHIBATHCSl MPUMBIKAIOUIUE CTOMKH, MPEAYCMOTPEH BBOJ BEPTHKAIbHBIX IPYKUH B OIOpax.
B nponérax MOKHO 3a7aBaTh IIAPHUPHL.

Ecnu Ganka siBisieTcst 4acThio peOpPUCTOM IUIUTHI, TO SKBUBAJIEHTHAs IMIMPHHA MOJKH PACCUUTHIBAETCS
cormacHo NyHKTy 3.16 [1] wum 3.2.2.2.2.4 [2] wiu 7.1.2.7 [5]. Moaynp ynpyroctd npHUHUMAETCS
cornacHo Tabnuue 18 [1] unu paccuurtsiBaercs no gpopmyne (2.1-5) [2] B COOTBETCTBUM € 3aJaHHBIM
KJIacCOM O€TOHa 110 MPOYHOCTH.

TT777 i T

i L L

ﬂb /Il/ /II/ o 1 1
b- n [ 12 I= '

Puc. 1.  IIpumep pacuéTHOil CXEMBI

2. Harpyxenmue

Pa3znuyaroTcs moCTOSIHHBIE, UTUTETIbHBIC, KPATKOBPEMEHHBIE U 0cOObIe Harpy3ku. KparkoBpeMeHHBIC
Harpy3Ku MOJpa3JeistoTCs Ha BETPOBBIE M INPOYME, IIPU 3TOM Uil BETPOBBIX HArPY30K BBOJSATCS
CTaTUYeCKas ¥ MyJibCallMOHHbIE cocTaBisomue. Ocodble Harpy3KH MOAPa3IeNIAIOTCs Ha CeiCMUYEeCKre
U TOpoyue, MpU STOM ISl CEUCMHMUYECKHX HArpy30K BBOJSATCS KOMIIOHEHTBI, COOTBETCTBYIOIINE
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paznuuHbIM  QopmaM  KosieOaHWH. Bo3MOkeH y4er  CleQylomuMX ~Harpy3ok:  paBHOMEPHO
pacnpeneNieHHbIX, OOYHBIX, TPANCIUEBUIHBIX, HArpy30K Ha TEPEKPBITHE, COCPEIOTOYCHHBIX CHI,
COCPEIOTOYEHHBIX MOMEHTOB, CKauka TeMIleparypbl U cMmerieHus omop. [Ipomonbubie cuibl (N) u
KpyTsire MOMEHTHI (MK) BBOASTCS KaK BHYTPEHHHE CUIIOBBIC (pakTopsl oTpeskamu (10 40) Tpanenuii.
JlirenpHBIe B KPAaTKOBPEMEHHBIC HArPY3KH MOTYT OOBEIUHATHCS B TPYIIITY HECOUYETAEMBIX HATPY30K
(Harpy3ku HE MOTYT JeHCTBOBAaTH OJHOBPEMEHHO). BpemMeHHas Harpy3ka MOXET 3aJaBaThCsl Kak
3HaKOIIEpEMEHHAsl Harpy3ka. B aToM ciydae B pacuére y4nmThIBaeTCs 3aJlaHHasi Harpy3Ka M Harpyska
MPOTUBOIMOJIOKHOTO 3HaKa. JlJis BpEMEHHBIX HArpy3o0K, JCHCTBYIONIMX HAa HECKOJBKUX IPOJIeTax,
BO3MOXEH y4eT HeOJaronpusTHOTO pacHpeAeseHus Harpy3ku 1o mposneram. Kpome Toro, BO3MOXHO
3aJ]aHie TOTOBBIX KOMOMHAIIMI HArPY30K.
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Pi
R - T 5
B E TR PR R R
% % %
T 4 1 S 1

Puc. 2.  Bwuasl Harpy3ok

3. OmnpeneseHne BHYTPEHHUX CHIIOBBIX (PAKTOPOB

Yeunus - nzrubarommii MoMeHT (M) u monepevnas cuia (Q) - ompenensoTcss METOIOM HadalbHBIX
mapaMeTpoB OTHCNBHO Ui KaXIOoW Harpy3kd. J[ms BpeMEHHBIX HArpy3oK ONpPEIeIstOTCs
MAaKCUMAJIbHBIC W MHUHHUMAJIbHBIC YCHIIMA B KaXKAOM CCUYCHHMU U OINOPHBIC PCAKIUHU C y‘-IéTOM
HEOIaronpusTHOTO pacIpeaesieHuss Harpy3Ku mo mpojéram (ecau ydeT Heooxoaum). s BeTpoBoi
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Harpy3Kd B K&XKIOM CEUYEHHHM CYMMHPYIOTCS YCHJIUS OT CTaTHYECKOH COCTABISIOIICH M BEKTOPHOM
CYMMBI MyJbCAIMOHHBIX. J[J1s1 ceficMMuecKol Harpy3Ku YCHJIUS B Ka)KJJOM CEUCHHH IOJy4aroTcs Kak
BEKTOpHAsi CyMMa yCHJIMH OT PAa3JIMYHBIX (POPM KOJIEOaAHHIA.

4. Pacuer TpedyeMoii apMaTypbl

[Ipu pacuere TpeOyemoil MPO10JILHOM apMaTyphl JUIsl KaXA0I0 CEYEHHUS B KOOPAMHATHOM INIOCKOCTH M,
N cTpouTcs BBIIYKIIBIM MHOTIOYTOJIBHHK, OXBAaTBIBAIOIIMN BCE BO3MOKHBIE DPACYETHBIC COYETAHMS
yeunuid (PCY), u U1 BepIIMH 3TOr0 MHOTOYTrOJIbHUKA IIPOBOAATCS pacyeThl TpeOyeMoil apMaTypsl 11O
BbIOpaHHBIM HOpMaM. 3aTe€M aHAJOIMYHBI MHOIOYTOJIBHUK CTpOUTCA B mpocTpaHctBe M, MK,
IIPOBOAMTCS IIPOBEPKA MPOYHOCTH IIPOCTPAHCTBEHHOI'O CEYECHHUS Ul CXEM C PACIIOIOKEHUEM CKATON
30HBl y CKaTOr0 M PACTAHYTOro OT M3ruba KpaeB CEYEHus, W IUIOMAJb TpeOyeMoH Hpoa0JIbHON
apMaTypbl YBEIUYUBAETCS JJO HEOOXOIMMOM BETMUHHBI.

[Ipu pacuere Tpedyemoii monepeyHon apMaTyphbl AJIs KaXk/10I0 CEUYEHUSI B KOOPAMHATHOM IIIOCKOCTH Q,
N crpoutcss BBIIYKJIBIM MHOTIOYTOJIBHHUK, OXBAaTbIBAIOIIMN BCE BO3MOXKHBIE PAaCUYETHBIE COUYETAHMS
yeunuit (PCY), u a1 BepIIMH 3TOr0 MHOTOYTOJIbHUKA IPOBOASITCS pacyeThl TpeOyeMoil apMaTyphbl 110
BbIOpaHHBIM HOpMaM. 3aTeéM AaHaJOTMYHBIH MHOTOYrOJBHUK CTpoUTCA B mpocTpaHcTBe Q, MK,
IIPOBOAMTCSA IIPOBEPKA IPOYHOCTH IIPOCTPAHCTBEHHOI'O CEUYEHUS JJIsL CXEMBI C PACIIONIOKEHUEM CKATOU
30HBI Y OOKOBOTO Kpasi C€4eHUs, ¥ IUIOMaAb TpeOyeMoil MOomepeyHol apMaTyphl YBETUYUBACTCS 10
HE0OXOIMMON BETUYHHBI.

5. KoncTpyupoBaHue nmpoaoJibHOil apMaTypbl

[Tporpamma nojiepkuBaeT TpH pasindHble HOPMbI KOHCTPYUPOBAHUS apMaTyphl:

e 1ox00p apMaTypsl 0e3 CTyneHYaTOM pacKiIagku. B aToM cityuae Ui KaXaoro mnpojera u Juis
KaKJOW OIMOpbI MPOBOJUTCS MOAOOP apMaTypbl B COOTBETCTBHHM C MaKCHUMAalbHO TpeOyeMoit
IJIOIIA/IBI0 apMaTypBI.

e 1oAOOp apMaTyphl ¢ MOMPOJIETHON CTYNEHYaTON pacKIaaKoi. JIIMHBI apMaTypHBIX CTEpKHEN U
UX PAacIONIOKEHHE B MPOJIETE U HaJ OMOPON MOAOUPAIOTCS TaKUM 00pa3oM, 4TOOBI TIIOIIATh
apMaTypbl BO BCEX CEYEHMsIX ObUla Kak MOXKHO Ommke kK TpeOyemoit mo pacuery. [lpu
OMNpeaACIICHNU JIMH ITPOJOJIbHBIX CTep)KHCI\/JI YUYUTBIBACTCA JJIMHA AHKCPOBKH. CTYHCH‘IaTaSI
packiiaka apMaTypbl HajJ OMNOpaMU WM B IMpoOJIeTax MPOUCXOAMT He3aBucuMo. Ecinu B
pe3ynbTaTe pacueTa Ha onopax TpeOyercs apMaTypa CKaTHsl, TO BMECTO MOJ00pa apMaTyphl €
MOTIPOJICTHOM CTYIEHYATON PACKIIaIKON CIIETYET UCIIOIh30BaTh TTOI00p apMaTyphl CO CKBO3HOM
CTYNEHYAaTOM pacKIaJKOM, TaK Kak B ATOM CJIy4yae HIKHSS apMmaTypa MEepexXOAUT TPaHMIIbI
MIPOJIETOB.

e T10100p apMaTyphl CO CKBO3HOM CTYNEHYATON PACKIaJKOW. AHATOTUYEH MPEIbIIYIIEMY C TOU
JIUTIH PA3HULIEH, YTO TPAHUIIBI TPOJIETOB HE SIBJISIOTCS TOYKaMH 0OOpPBIBA apMaTypPHBIX CTEPIKHEH.

B MecTtax oOpbiBa cTepxHEH U IPUOMOPHBIX 30HAX JUIMHA apMaTypHBIX CTEP)KHEW yBEIMUYMBAETCS Ha
BEJIMYMHY, OOECIEeUYMBAIOIIYI0 MPOYHOCTh HA JEeHCTBHE H3TMOAIOUIET0 MOMEHTa 110 HaKJIOHHOH
TPEIUHE.

[Tpu momxOope MPOAOTBHBIX CTEPKHEN YUHUTHIBAIOTCS BCE CTaHIApTHBIC quaMeTpsl (6, 8, 10, 12, 14, 16,
18, 20, 22, 25, 28, 32, 36, 40). [IpenycMOoTpeHa BO3MOKHOCTb 33/1aTh COOCTBEHHBIN CIIMCOK TUAMETPOB.
Jns kazaoro mpoJiera MOKHO 3a1aTh OTIEIBHO JUIsl BEPXHEH W HWKHEHW apMaTypbl MaKCUMAaJIbHOE
KOJIMYECTBO CTEpXKHEH, MHUHHUMAJIBHBIH M MaKCUMaJbHBIA auameTpsl. [lpum mombope apmaTyphl
yUUTHIBAtOTCS TpeboBanus [ 1], [2] umu [3] Mo MUHUMATBHBIM PACCTOSTHUSM MEXKIY cTepKHsAMU. [locie
noxbopa apMaTyphl, BO BCEX CEUYCHMSIX MPOBOJMUTCS MOBTOPHAS MPOBEPKA HA ACHCTBHE KPYTSIIETO
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MOMEHTA I10 CXEME C PaCIIOI0KEHUEM C)KATON 30HBI y OOKOBOTO Kpasi CEUEHHS H, TP HEOOXOAUMOCTH,
BBIBOAMTCS HMH(OpMAIs O JAONOJHUTEIBHOM NPOMOJIBHOM apMaType, pacloioKeHHOW Yy OOKOBBIX
rpaHei Oanku.

6. KoHcTpyupoBaHue nonepeyHoii apMaTypbl

KoHcTpynpoBanue nonepedyHoi apmMaTypbl OCYIIECTBIIIETCSI HA OCHOBE pacueTa HAKJIIOHHBIX CEYEHUI
10 MIPEAEIBHOMY COCTOSIHUIO IIEPBOM IPYIIIBI HA IEMCTBUE NONEPEYHOM CHIIBI [0 HAKIIOHHOM TPEUIMHE
U TI0 TIPEeJIeIbHOMY COCTOSIHUIO BTOPOM TPYIIIIBI [0 00pa30BaHUIO U PACKPHITHIO TPEIIUH, HAKIOHHBIX K
MPOJOJBLHOM ocu Oanku. Omnpeaensercs MIOaAb MOMEPEYHON apMaTyphl, Tpedyemas Mo yCIOBUSIM
MPOYHOCTH M TPEIIMHOCTOMKOCTH. [lo 3agaHHBIM jauameTrpaM XOMYTOB, MAaKCHMAaJbHbIM U
MUHUMAaJIbHBIM PACCTOSIHUSIM MEXKAY HUMH MOJOUPACTCS PACIIOI0KEHUE U 1Al XOMYTOB.

7. PacueTnl 10 npeAebHBIM COCTOSSHUSIM BTOPO# I'PYIIIbI

[IporpaMMa BBITIOJIHAET pacueThl MO 0O0Pa30BaHUIO M PACKPHITHIO HOPMAIbHBIX M HAKJIOHHBIX K OCH
0aJKu TpemMH, a TaKXKe pacdeT NpPOTrhOOB, OOYCIOBJICHHBIX epOopMalUsIMU HM3THOa W CIBUTA.
K TpemunocroiikoctT Oanku MOKeT ObITh MpeabsBICHO TpeOoBaHHWe HeAomymieHus TtpemmH (1-1
kareropus mo CHull 2.03.01-84*), n1u0o TpeGoBaHMs 1O OTPAaHUYEHHUIO IIUPUHBI PACKPBITHS TPEIIHH.
B nocnennem ciydae, pomyctumasi IIMPUHA PACKPBITHS TPEUIMH OTpaHUYMBAETCS OO TpeOoBaHUEM
cootBeTcTBytomux CHull (3-1 kateropus mo CHull 2.03.01-84*, coxpaHHOCTH apMmarypbl HIU
npoHunaemMocts KoHCTpyKuuu no CIT 52-101-03), 1100 3agaercs moIb30BaTENIEM.

[Ipn KOHCTpyHpOBaHMH MPOJOJIBHOM AapMaTypsl IPOMCXOAUT HapallMBaHUE KOJIMYECTBA W JUIMH
CTEpXHEH, oKa NMpeabsaBIeHHbIE TPeOOBaHUs HE OyIyT yIOBJIETBOPEHBI BO BCEX CEUEHMSIX OalKH, 3a
HCKIIFOYEHHEM YYaCTKOB HEIIOCPEACTBEHHO HAJl OIIOPAMHU, KOTOPBIE HE IPUHUMAIOTCS B pacyer.

8. BbIBOI pe3yJibTaToB

BEIBOJT COCTOHT M3 CIEMYIOIINX YaCTeH: pacyeTHas cCXeMa, Harpy3KHd, pe3yJIbTaThl pacyeTa BHYTPEHHUX
CHJIOBBIX (PaKTOPOB, pAacUeTHbIE COUETAHMs YCHIIMH, pe3ylbTaThl pacdyeTra TpeOyeMoil apmarypbl U
KOHCTpYUpPOBaHHE apMaTyphl. BbIBOJ J1t000# 13 3THX MIECTH YacTe MOXKHO pa3peliaTrb WiH OTMEHATh
(maxxkaM# yrmpaBieHHs BHIBOAOM. [IoMHMO BBIBOAA YHCIIOBBIX 3HAYEHHWH, NMPETYCMOTPEH 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,
XapaKTEepUCTUKN CEYEHUH BCEX MPOJIETOB, T.€. mUpUHA “b” M BbIcoTa “h” ceuenus, mmpuHa “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

JUist KayKI0Tr0 Harpy>KeHHsl BEIBOASTCS XapaKTePUCTUUECKHE MaKCHMAlIbHbIE 1 MUHUMAJIbHbBIE YCUIIHS B
ceueHnn Mynp u Qymp. Paznuune Mex a1y MakCUMaJlbHBIMA M1 MUHUMAJIbHBIMH 3HAYEHHUSMH BO3HUKAET
TOJNBKO Ul JUIMTENBHBIX W KPAaTKOBPEMEHHBIX HArpy30K U CBS3aHO C OJIarONpUSATHBIM U
HeOJIaronpusATHBIM paclpeieIeHUeM 3TUX Harpy30K Mo MposieTtaM. Pe3ynbTaThl BEIBOJASTCS Ha FPaHUIAX
IIPOJIETOB, HA cpe3e onop (TOYKU MOMEUYEHBI “‘0”’), HAa pacCTOSHUU pabouell BBICOTHI CEUYEHUs OT cpe3a
ornop (Touku nomeueHsl “ho”) M B TOUKax ¢ MaKCHMaJbHBIMU 3HAUEHUSMHU BHYTPEHHUX CHIIOBBIX
¢dakTopoB (TOUkKM momeueHbl “*”). OObeM BBIBOJA MOXKET OBITh YBEJIUYEH I10JIb30BaTENIeM IyTeM
3aJJaHUs JOTIOJTHUTEIbHBIX TOYEK.

Ecmu 3aaHbl IPOJOJIBHBIC CUJIbI /1 KpyTAIIUE MOMCHTBI, TO OHU BBIBOAATCSA aHAJIOTHYHO.

BriBog pacyeTHBIX COYETAaHWM YCWIMH AaHAJOTMYEH BBIBOAY PE3YJIbTATOB YIOPYroro pacdera
BHYTPEHHUX CHUJIOBBIX (DAKTOPOB.
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Pesynbrate pacuera TpeOyemMoii apMaTypshl.

SRIMTHRHE ©Ja0H

MpoméT as H as b az @ = H a B
[rr1] [rr] [mm] [em] [en]
1 15 z0 20 3.1 5.8
Z 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
[1] [mHM] [®mHmM] [cmz ] [em2 ]
o.oo o.oo O.00 O.568 O.00
0.15 o S.45 9,45 o.57 o.oo
1.51 * 45,95 45,59 3.11 o.0oo0
4,13 -101.74 -101.74 o.oo 7.06
4,17 -1l05.689 -105%.69 o.oo 7T.31
5.85 o -364.89 -364.89 o.oo lad.8z2
6.00 -354.05 -394.05 oO.0o0 20.68
x c ol Qo oh Q Aawsz
[1] [em] [cm] [rH] [®H] [KH] [eM2 /1]
o.00 66A.3
0.54 ho 39.3 39.3 410.7 195.6 4z .5
4,13 171.7 1l28.5 387.5 117.8 115.5 4.11
4,17 151.1 &8.9 3g9.2 4.0 g&.7 4.11
5.21 ho 1%2.58 113.4 456.4 8l.6 103.3 4.11
6.00 1527.7

BoIBoASITCS TONIIKMHBI 3aIIUTHBIX CI0EB “‘a3”’ CHU3Y, CBEPXY U COOKY M PACCTOSHUS 10 IICHTPOB TAKECTU
apMaTypHBIX cloeB. B Tabnuie pacuera mpoaoiabHONU apMaTypbl BEIBOAATCS 3HAYEHUS MaKCHUMAalIbHBIX
MOMEHTOB M pacueTHbIE 3HAYCHHS IUIOIIA[A apMarypbl. B Tabnuie pacyera HaKJIOHHBIX CEYCHHI
, JNIMHA TIPOEKLMHU OnacHoM TpeuuHbl ~c0”,

pacuyeTHOe 3HaYeHHE TpeOyeMOoi apMaTyphbl.

29 .9

BBIBOJATCS JUIMHA MPOEKIMH HAKJIOHHOTO CEYEHHUs ~°C
NpeaesibHOE 3HAUCHHUE YCUIIHS CKATHUs IO HAKJIOHHOM MOJIOCE MEXAY TpeuuHaMu “Qcx”, monepeuyHoe
ycwine, BOCHpHHUMaeMoe OeToHOM “Qb”, MakcHMMallbHOE 3HAa4Y€HUE IMOMepedyHor Cuibl “Q” u
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KoncTpyupoBanue apmatypsi:

EoscTp. apmaTypsd
A= [emi]
M 170

1

Azwsaz
™ 1

[eme /1]
1170

10

2
H=

IponeT
M 1

[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 pacmpeleneHusl pacueTHBIX 3HaUeHUH TpeOyemMol apMaTypsl B pe3yabTaThl
KoHCTpyHpoBaHusi. OcHOBHas (OoJiee CBETNAasi) 4acTh SMIOPHI TpeOyeMoW apMaTypbl COOTBETCTBYET
pacueTy 1o mpeeabHbIM COCTOSHUSAM MEPBOU IPyMIbL, a 60j1ee TeMHbIe 100aBKH — pe3ysbTaT pacueTa
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.
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B Tabnune mnpoaonbHON apMmarypbl NPUBENEHO KOJWYECTBO, AUAMETPBI, [UIMHBI M IOJIOKEHHE
apMaTypHBIX cTep>kHeW. B Tabnuie nonepeuyHoil apMaTypbl NPUBEAEHBI TUAMETP U LIAr XOMYTOB, a
TaK)K€ HadallbHas KOOPAMHATa U MPOTSHKEHHOCTh YYaCTKOB C ITOCTOSIHHBIM IIaroM XOMYTOB. Takike
MPUBOJUTCS CBOJHAS TaOJIMIla pacXxoaa apMaTyphl.

Pacuer nmo 06pa3oBaHMIO U PACKPBITHIO TPEIUH:

TpemMHoC TCHESS TE Karteropma TpefBoBpaHMH - 3 acrcl=0.40MM acrcZ=0.30MM

HopManlbHEE TP EeUNMHE

OfpascBaHME

MpodoNEHMTEITEBHELE 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'DKI/ITeJ'IBHOFO n HerO,I[OJ'DKI/ITeJ'IBHOFO paCKpBITI/ISI TpeI_I_[I/IH, COOTBeTCTBYI-OH_II/IC yCI/IHI/IH,

HeoOXoauMble JUIsi 00pa30BaHUsl TPEIIMH U pacyeTHas IIMpPUHA UX PACKPBITHUS B TE€X CEUEHHUSX, Ie
JEMCTBYIONIME YCUIIHS PEBOCXOAST 3HAUEHUS Hayaia TPeInHOOOpa30BaHMUsL.

Pacuet nporu6os:

MporuBer [MM]
M =1 :115

-1l4.0. -1l4_ Z8&
-3
a
a
1g
27
Ze._.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 -80.0 -80.0 -0.82 o.00
2.33 % 150.1 150.1 0.%5 28.04
5.00 -1&4.0 -1&4.0 -0.54 0o.00
2 o.00 -1&a4.0 -1&a4.0 -0.5%4 o.00
2.87 % 150.1 150.1 0.%5 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%
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Ha rpaduxe u B Tabnuiie mpuBeAeHBI pacueTHBIE 3HAYCHHS MPOTHO0B, 00YCIOBIECHHBIX Ae(OpMaIHSIMHU
H3FH6a U caBura. KpOMe TOro, B Ta6JII/II_I€ MPUBCACHBI PACYCTHBIC 3HAYCHHUA MOMCHTOB U KPHUBU3H.
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Mumnctpoitapxutextypsl Pecriyonuku benapycs. — Munck: 2004. — 22 c.
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IIporpamMa mnpeaHa3HadeHa A NMPOEKTUPOBAHUS M pacdyéTa MHOTONPOJETHOM Oallku COrJIacHO
tpeboBanusim TKIT EN 1992-1-1: EBpokox 2 [1]. Bo3amoxxHO 3aaHue MIapHUPOB, BYTOB, KOHCOJICH.
[Ipenycmorpen pacu€r Oanku MNPSAMOYroJbHOTO UM TaBPOBOTO ceueHWid. MoryT 3aaaBaThCs
pacnpenes€éHHbIe U COCPENOTOYCHHBIE HAIPY3KH, a TAK)KE TEMIIEPATyPHbIE BO3IEHCTBUS U OCAIKH OIIOP.
Pacu€rHbie coueranusi ycwiuii onpeneisirorcsi aBromarndecku corimacio CTB EN 1990-2007 [2].
Bo3moxen pacuer ¢ mnepepacnpeneneHueM ycwiuid. IIpomonsHas W momepedHas apMarypa
ONPEACIAIOTCA HAa OCHOBE PAacyeTOB IO NPEICIIBHBIM COCTOSHMAM IIEpBOM W BTOpod rpymm. llpnm
KOHCTPYHUPOBAaHMM MPOAOJIBHON apMaTyphl MOAOHPAIOTCS AUAMETPBI MPOAOIBHBIX CTEpKHEH U
OTIpeNeNAI0TC MecTa UX OOphIBa C Y4€TOM JJIUH aHKEPOBKH. IIpM KOHCTPYHMpOBaHHMM MOIMEPEUHOMN
apMarypbl  OIpPENENsIeTCs  PAcIONOXKEHUE XOMYTOB UM CTEpXKHEM IIONEPEYHOM  apMaTyphl,
IPENATCTBYIOLIEH CPE3y MEXKIY CTCHKOM U ITOJIKAMU TaBPOBBIX CEYCHUM.

1. PacuérHas cxema

PacuérHas cxema mpencTaBiseT CcOOOW MHOTOMPOJIETHYIO HEPa3pe3Hylo Oallky ¢ KOHCOJSIMH.
MakcumanbHOe KoinuuecTBO mpoiéToB paBHO 10. CeueHne Oanku MOXET OBITH MPSMOYTOJIBHBIM HIIN
TaBPOBBIM. BO3MOXHO HaJIMYUE BYTOB W/MJIH CKAYKOB pa3MEPOB CEUCHHSI IO IIMPUHE U 110 BhIcoTe. [Jis
KOHIIEBBIX OMNOp MOXKHO 3aJaBaTh YIPYyroe 3aiiemiieHue. B omopax CHU3Y W/WIH CBEPXy MOTYT
YUYUTBIBATHCS IIPUMBIKAIOIIME CTOMKH, MPEAYCMOTPEH BBOJ BEPTUKAJIBHBIX IIPY)KMH B OIOpAax.
B nposiérax MOHO 3a7aBaTh IIAPHUPBHIL.

Jiist TaBpOBBIX CEYCHMI paccUMThIBaeTCs A((GEKTUBHAS MMPUHA TOJKU cornacHo nmyHKty 5.3.2.1 [1].
Monynb ynpyroctu npuHuMaetcs coriaacuo tabmune 3.1 [1].

Puc. 1. TIpumep pacu€THOil cXE€MBI

2. Harpy:xenue

Paznuyatorcs moctosiHHBIE, IEpEMEHHbIE U 0COOBIE BO3/IeHcTBUA. B mocneaHeM ciydae mpe1ycMoTpeHo
JOTIOTHUTEIFHOE TIOJIpa3/iefieHue Ha ceiicMHuecKkue U nmpouue ocoOble Bo3neicTBUA. Bo3MoxkeH yuet
CJIEAYIOIIMX HArpy30K: PaBHOMEPHO pacHpeAeseHHbIX, OJIOUHBIX, TparelUueBUIHBIX, HArpy30K Ha
MEPEKPBITHE, COCPEIOTOUEHHBIX CUJI, COCPEAOTOUEHHBIX MOMEHTOB, CKauKa TEMIIEpaTyphl U CMELLEHUS
ornop. JnuTenbHble U KpaTKOBPEMEHHBIE HATPY3KH MOTYT OOBEIMHATHCA B IPYNIYy HECOUYETaeMbIX
Harpy3oK (Harpy3Ku He MOTYT JI€CTBOBaTh OJIHOBPEMEHHO). BpeMeHHas Harpy3ka MOXET 3a1aBaThCs
KAaK 3HAKONEpEeMEHHas Harpy3ka. B sTom ciydae, B pacy€re yduThIBAETCs 3aJaHHAs Harpy3ka M
Harpy3ka MpPOTUBOIIOJIOKHOTO 3Haka. /[ BpeMEHHBIX Harpy3oK, IEHCTBYIOIIMX Ha HECKOJBKHX
npoJieTax, BO3MOXKEH y4eT HeOJaronpusaTHOTO paclpeieeHusl Harpy3Ky 1o MpoJIeTaM.
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Puc. 2. Bunel Harpy3ok

3. OmnpeneseHne BHYTPEHHUX CHIIOBBIX (PAKTOPOB

Yeunus onpenensroTcss METOIOM HadalbHBIX IapaMEeTpPOB OTIAEIBHO I KaXAOoW Harpysku. Jlis
BPEMEHHBIX HArPy30K OMPEAEISIOTCS MaKCHUMAIbHbIE U MHHUMAJIbHBIC YCHJIMS B KaKIOM CEUCHHH U
OIOpPHBIEC PEAKIMU C Y4ETOM HeOJIaromnpHsITHOTO paclpeieeHuss Harpy3KH 1Mo mposéraM (eciu ydeT
HEO00XO0 UM ).

[Tpu 0OBIYHOM JTMHEWHOM pacdéTe Hepa3pe3HbIX 0ANIOK HE YUMTHIBACTCS TepepactpeesieHIe yCUITHNA
BCIICJICTBHE HEynpyrux aedopmamuii 6eToHa W apMaTypbl W oOpa3oBaHus TpemuH. [Iporpamma
MO3BOJISICT MPOU3BOANUTH NEpepaclpeiesieHe YCHINH BO BHYTPEHHHX OIOpax HEpa3pe3HbIX Oaslok
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COTJIACHO METOJTy MPEeNebHOTO paBHOBecHs. [Ipy 3TOM yUHTBHIBatOTCS OrpaHHyYeHHs Ha KodddurmeHt
nepepacnpesenenus cormacHo 1. 5.5 [1]. IlepepacnpeneneHue NPOUCXOAUT MYyTEM T0OABICHUS
TPEYTOJIBHBIX MIOP MOMEHTOB C MPUBJICYCHUEM JIBYX COCETHUX C OMOPOU MPOJIETOB.

4. Pacuer TpedyeMoil apMaTypbl

Pacuer TpeOyemoii mponoNbHON apMaTypbl MPOBOAUTCS Ha OCHOBE MapabOIMYecKOW Juarpammbl
nehOpMUPOBAHUS CKATOTO O€TOHA. ApMaTypHasi CTallb MOXKET ObITh BEIOpaHa pa3iuyHast IJIsl BEpXHEH,
HIOKHEHW U nonepeyHoi apmartypsl. Kak g cranu, Tak U Juist O€TOHA MPelycMOTPEeHa BO3MOKHOCTh
pacueta C HCIOJb30BAaHHEM HECTAaHAAPTHBIX MaTepUaIOB, B ATOM Ciydae I0JIb30BaTelb 3aJaeT
MPOYHOCTHBIC XAPAKTEPUCTUKH MAaTEPHAIOB CAMOCTOSATENbHO. B Hamboliee HArpyKCHHBIX CEUCHHSIX
MPOU3BOJUTCS KOHCTPYMPOBAHHME apMaTypbl, MPOBEpKAa Ha IIUPUHY PACKPBITUS TPEUIMH U, MpU
HEOOXOJUMOCTH, 3aIyCKaeTCsd HUTEPAllMOHHBIA MpoIlecC yBENWYEHUs TpeOdyeMoil apmarypsl A
obecrieueHus BBIOTHEHUS 3TOU MPOBEpKU. Kpome TOro, yuuThIBatOTCS TpeOOBAHUS 110 MUHUMATILHBIM
IUTOMIAIM TPOAOJILHON apmatypbl, coracHo m.a. 7.2.3 u 9.2.1.1 [1]. Tlonepeunas apmarypa B
OpSIMOYTOJIBHOM ~ CEYEHHH U CTEHKE  TaBpPOBOTO  CEUYEHHsS]  PACCUMTHIBAETCS  COTJIACHO
m. 6.2.3 [1] ¢ yuetom TpebOBaHMI M0 MUHUMANLHOU apMarype 1. 9.2.2 [1]. na 6anok ¢ TaBpOBBIMHU
CCUCHHUSAMHU JOMOIHUTEIILHO MPOU3BOJUTCS pacueT MONEpeyHOU apMaTyphbl, MPENsSTCTBYIOMIEH cpe3y
MEXIy CTEHKOU U MOJKaMu corjacHo 1. 6.2.4 [1].

5. KoncTpyupoBaHue npoaoJibHOI apMaTyphbl

[Iporpamma noaaepkuBaeT Tpu pasinuyHble (OPMbI KOHCTPYUPOBAHUS apMaTyphbl:

* oa0op apMarypbl 6€3 CTyIeHYaToN packiagku. B aToM ciayyae ais Kaykoro npoJiera u Juist Kax 101
OTIOPBI MIPOBOAMTCS MOAOOP apMaTypbl B COOTBETCTBUU C MAKCHMAJIbHO TpeOyeMoM IIIOMIaIbI0
apMartyphl,

" [Oa00p apMaTyphl C MOMPOJIETHON CTYNEHYATON pacKIaakon. [[TMHBI apMaTypHBIX CTEp>KHEH U HX
pacrosoKeHue B POJIeTe U HaJl OMOPOI MOAOUPAIOTCS TAKMM 00pa3oM, YTOOBI TIIOIIAlb apMaTyphl
BO BCEX CEUEHMSIX Obla Kak MOXKHO Onmke K TpeOyeMoil mo pacuery. [lpu ompenenenun nmuH
MIPOJIOJIBHBIX CTEP)KHEH YUUTHIBAETCS JUTMHA aHKepoBKH. CTymeHdYaras packiaaka apMaTypbl Haj
OnopamMu WJIA B IPOJIETaX IPOUMCXOAUT He3aBUCHMO. Eciu B pe3ylbTaTe pacuera Ha omnopax
TpeOyeTcs apMaTypa CXaTHs, TO BMECTO MOJa0Opa apMarypbl C MOMPOJIETHOW CTyMEeHYaToi
pacKiaiKou cielyeT UCI0JIb30BaTh MoAOOp apMaTyphbl CO CKBO3HOM CTYNEHYATON PACKIIaKOM, TaKk
Kak B 3TOM CJIy4ae HUKHSS apMarypa NepexoauT IPaHULbl IIPOJIETOB;

* 10700p apMaTyphl CO CKBO3HOM CTYMEHYATON pacKiIagKoi. AHaJOrHYEH MpeAbIAyIeMy C TON JTUIIb
pa3HuLEel, YTO IPAaHULIbI IPOJIETOB HE SBJSIOTCA TOUYKaMU 0OpBIBA apMaTyPHBIX CTEPIKHEH.

B mectax oOpbIBa cTep)KHEH M MPHOTIOPHBIX 30HAX JJTMHA apMaTYPHBIX CTEP)KHEH yBeTMYHMBaeTCs Ha
BEJIMYHMHY, 00€CIIeUNBAIOIIYI0 IPOYHOCTh HAKJIIOHHBIX CeYeHMH coryiacHo 1. 9.2.1.3 [1].

[Tpu monbGope MpoAOIBbHBIX CTEPKHEN YUUTHIBAIOTCS Bce CTaHIapTHBIE auameTpsl (6, 8, 10, 12, 14, 16,
18,20, 22, 25, 28, 32, 36, 40). [IpenycmoTpeHa BO3MOXHOCTH 3a1aTh COOCTBEHHBIH CITMCOK THaMETPOB.
Jlisg kaXxaoro mposieTa MOXHO 3aJaTh OTAEIBHO AJIsi BEpXHEH M HIDKHEH apMaTypbl MaKCHMalbHOE
KOJINYECTBO CTEpXKHEW, MHUHUMAJIbHBIA M MaKCUMalbHBIA auamerpsl. [Ipu mombope apmaTypbl
YUUTHIBAOTCS TpeboBaHus [ 1] Mo MUHUMAIBHBIM PACCTOSIHUSIM MEXKIY CTEPKHSAMHU.

6. KoHcTpyupoBaHue nonepeyHoi apMaTyphbl

[To 3amaHHBIM TUAMETpaM XOMYTOB, MAaKCHMAJIbHBIM M MHUHUMAILHBIM PACCTOSHHUSIM MEXIYy HUMHU
noI0MpPaeTCs PACIIOIOKEHHE U TIIar XOMYTOB.
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7. PacueTnl 10 npeAebHBIM COCTOSTHUSAM 10 IKCILTYATAIMOHHOMN
NPUTOJIHOCTH

[IporpaMMa BBINIOJNIHSET pacyeThl IO PACKPBITUIO TPEUIMH, a Takxke pacueT mnporudos. Ilpu
KOHCTPYHPOBAHUU MIPOJOJIBHON apMaTyphl IPOUCXOAUT HapallMBaHHE KOJIMYECTBA U JUIMH CTEpPXKHEH,
MoKa NpeabsBICHHbIE TpeOoBaHUS HE OyayT YIAOBIETBOPEHBI BO BCEX CEUCHHSX Oanku, 3a
UCKITIOYEHHEM YYaCTKOB HEMOCPEACTBEHHO HaJl OMIOPaMH, KOTOpbIe He TPUHUMAIOTCS B pacuer.

Ecnu 3a0ano nepepacnpedenenue ycunuii, mo HAO OnNOpamMu YCMAHAGIUBAEMCA YMEHbUIEHHOE
KOIUYeCme0 apmamypbl, NOIMOMY 8 JMOM Cyuae mpebo8aHusi N0 02PAHUYEHUIO WUPUHBL PACKDLIMUS
Mpewjur 8 NPUONOPHBIX 30HAX YACMO He MOo2ym Oblmb GblnonHeHbl. PacueT mporuboB MPOBOIUTCS
cornacHo . 7.4.3 [1].

8. BbIBOI pe3yJibTaToB

BBIBOJI COCTOUT M3 CIEIYIOIIMX YaCTEH: pacueTHas CXeMa, Harpy3KH, pe3yJbTaThl pacueTa BHYTPEHHUX
CHJIOBBIX (DaKTOPOB, PACUCTHBIC COUCTAHMS YCHIIMH, pe3ylibTaThl pacdyera TpeOyeMoil apMmarypbl U
KOHCTPYUPOBAHKE apMaTypbl. BbIBOI JIt000# U3 3THX MIECTH YacTe MOKHO pa3peniath Wik OTMEHATh
(draxxkaMu ynpaBlieHUs BBIBOJOM. [IoMUMO BBIBOJa YMCIIOBBIX 3HAUEHHUH, MPETyCMOTPEH W BBIBOJ
rpadukH.

Pacuernas cxema:

& f = . = : 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 Mpomé&r 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

311ech BBIBOJIATCSI OCHOBHBIE T€OMETPHUYECKHE ITAPaMETPhI CHCTEMBI: pPa3Mephl BCEX MPOJIETOB U CTOEK,
XapaKTepUCTHKH CEYCHUH BCEX MPOJIETOB, T.e. mupuHa “b” m Bbicota “h” ceuenus, mmpuna “bf” u
tommuAa “hf” mmTel, mmpuHa omop “t”.
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Harpy3ku:

Hanpy#weHHe 2

]
1s
1z

-6
-1lE

NOoOCTOAHHRE HADPYSHKH

.00

BuyTtpennue cunoBblie pakTOphI:

Hanpy#weHHe 1

-10d
—E1l
-53
-7

7

&1

Harpy®eHHEe 1

TE

-Ed
-43
-7z

Hanpy#weHHe 1

J1s KaXa0ro Harpy KeHHs BBIBOASTCS XapaKTepUCTUYECKHE MaKCUMaJIbHbIE 1 MUHUMAaJIbHbIE YCHIIUS B
ceuennr Mynp u Qymnp. Paznuune Mexay MakCUMaJIbHBIMA M1 MUHUMAJIbHBIMU 3HAUYEHUSIMUA BO3HUKAET
TOJNBKO JUISi JUIMTENIBHBIX W KPAaTKOBPEMEHHBIX HAarpy30K M CBSI3aHO C OJaronpusiTHBIM U
HEeOJIaronpHusATHBIM paclpeielIeHneM 3TUX Harpy30K 1o IposieraM. Pe3ynbTaTsl BHIBOAATCS HAa FPaHULAX
IIPOJIETOB, Ha cpe3e onop (TOYKU IMOMEUYEHHI “0”), Ha pacCTOSHUU paboueil BHICOTHI CEUYEHUs OT cpe3a
ornop (TOYKM moMedeHbl “ho”) M B TOYKaX ¢ MAaKCUMaJIbHBIMU 3HAYECHUSMH BHYTPEHHUX CHIIOBBIX
dakTopoB (TOYKKM TOMedeHBI “*”’). OOBbeM BbIBOJAA MOXKET OBITh YBEIWYEH IOJH30BATElIEM ITyTeM

N. Npomnér a = prnsP po/sM
[] [] [mH /™, kH, rHM]
PaEHOMEDH. 1 1-3 25.00
CocpemoT. 1 2 Z2.00 125.00
MOMEHTH Myop [rHmM]
-119.46 -119 .45
E0.95 E0.95
g7.02
OmonepeuwHHe CHIH Qyvop [wrH]
90._00
4191
z5.09
-z5.09
-E%. 91
' -q0._00
MpoméT X max Myop min Mynop max Q¥Oop 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

3aJaHus JOIMOJIHUTCIBHBIX TOUYCK.
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BbIBoJ pacueTHBIX COYETaHMH YCHIMHM aHAJOTMYEH BBIBOAY PpE3yJIbTaTOB YIPYroro pacdera
BHYTPEHHUX CHJIOBBIX (pakTOpoB. IIpu 3amanuum mepepacnpeneneHns OMOPHBIX MOMEHTOB BBIBOAATCS
PCY kak 1o nepepacnpezenesus, TaKk 1 1oclie.

Pesynbratel pacuera TpeOyemMoi apMaTyphbl:

PacuéT no npoYHocTM CormacHo THKI EN 199%92-1-1: NpoexkT. ®/60 KOHCTPYKIUMH
Eerow C30/37, crane (Bepx/HM3/xoM.) S500/5500/5400

SAMMTHHEHI chool Iponér B, = 8, = R E E
[mm] [mmM] [ mm ] [cm] [cm]
1 38 38 30 4.6 4.5
2 38 38 30 4.6 4.5
Iponé&m 1 X max M min M A.. (I) A.. (I) D, A, .
[M] [kHM] [®HM] [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] [RH] [kH] [cm2/M]
0.00
0.15 o 250.8 64.5 250.8 582.2 3.9¢6
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 6d.6 308.8 560.1 6.69
4.85 o 383.7 64.6 383.7 541.3 6.66
5.00

BBIBOISTCS TONIIMHBI 3aIUTHBIX CI0EB “a3” CHU3Y, CBEPXY U COOKY U PACCTOSIHUS JI0 IICHTPOB TSHKECTH
apMaTypHbIX ci0eB. B Tabauie pacuera nmpoAoiabHON apMaTypbl BBIBOAATCS 3HAYEHUS MAaKCUMAJIbHBIX
MOMEHTOB W pacyeTHbIE 3HAUEHHs IUIOUIaIM apMaTyphl, TOJYYEHHBIE W3 pacyera 10 Hecylei
cnocobHoctu (I), U okoHuUaTenbHBIE, C y4eTOM TpeOOBaHMM IO LIMPUHE PACKPBITHUS TPEUIUH U
MUHHMAaJIBLHON apMaTyphl.
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KoncTpyupoBanue apmatypsi:

EoHcTp . apMaTypH
Az [emz] IpomonbHaA apMaTyViha

M= 1 :170

Azw/a [eMz /m] [lonepedEad apMaTvVpa
M= 1 :170

1a

Nponer 2 CXEMAa APMHPOBAHMA CEHEHMA ¢ KOOPOMHEHATON X = 7.23

M= 1 :25
To
Lol
K

. Babinat IMITNED BIES. ases
Tomyr A5
l L I ]
—0_20-4
MoHTaMHaA apMaTvha HHRHAA n = 2 dz = 12 HM
MpomoneH. apM.
mpomET THI RO d= pAag A=zl a 1
hoopa [r1m1] [cmi] [m] [m]
1 H 2 12 1 2.26 o.0oo0 21.00
1 H 1 12 1 3.35 0.63 l.&65
1 H 4 1z 1 7.52 -0.33 6.53
2 H 2 25 1 12.08 -0.37 9,75
2 H 1 25 1 l16.595 Lowid 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 14.73 i 3.52
E B 2 25 1 Z24.54 -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
ONMHH NpHEEISHH ¢ YUETOM AHKEDOEBRH
ZoMy TH
MpoméT KoOXI. cpes. ds =3 Azwss a I
[me] [emM] [cmZ/m] [m] [1]
1 24 2 g 25 4.02 o.00 5.75
2 24 2 g 1o l1o.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 ROJ. BEC
[rm] M [rH]
CTEpXHEEAA ApMaTypa 25 60.45 Z2.29
CTeEpHHEEAA ApPMAaTYDa 12 259,53 0D.286
OMY TH i 104
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[lomepedHasa apMaTypa ODpPpeNATCTBYRIAaA Cpesy MeXIy OONKOM M CTEeHKOM

Vedae = 0.53MIOa, Vedman = 5.28MI0&, d = 10mMMm
Opo- X Ve a A../S S n A../S
neT [Mm] [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 2%2 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 mokazaHbl pacrpe/iejieHUs pacueTHBIX 3HAUYCHHUH TpeOyeMoW apMaTypbl U pe3yJbTaThl
KoHCTpyHpoBaHusi. OcHOBHas (Oojiee CBETasi) 4acTh SIMIOPHI TPEOYeMOW apMaTypbl COOTBETCTBYET
pacyery o mpeaesibHbIM COCTOSHUSM HECYIIEeH CIIOCOOHOCTH, a 0oJiee TEMHBIE JOOABKU — Pe3yJbTaT
pacuera o KCIUTyaTallMOHHOM mpurogHocTi. CXeMbl apMUPOBAHUSI CEUCHUH BHIBOATCS JIJIsl Haubosee
Harpy’»k€HHbIX C€YCHUH B IIPOJIETAX U HAJ OIOpaMH, a TAKKE B TOYKAX, 3aJIaHHBIX I10Jb30BareneM. B
TaOJMUIC TPOJOJBHOM apMaTypbl MPHBEICHO KOJHYECTBO, JAMAMETPBI, [UIMHBI M TIOJOXKCHHUE
apMaTypHBIX CTepxHeW. B Tabmuie monepevHoi apMatypbl MPUBEACHBI TUAMETP M IIAl XOMYTOB, a
TAK)XC Ha4daJIbHad KOOpAWHATa U NPOTAKCHHOCTb YYAaCTKOB C IMOCTOAHHBIM IIaroM XOMYTOB. Taxxe
MIPUBOMTCS CBOJHAS TaOJIMIIA PacXoa apMaTypBhl.

Pacuer mmpuHBI paCKpBITHS TPELIUH:

TpPEemMMHOCTOMKOCTE OOoNyCcTHMaA MIUPHHEA PaAacCKpPHTHUA TpEemUH Wi:=0.20 MM
HopMalnbHEHE TpemUMHH Ipo- bid M M. ;. Ts Ac, e W
aeT [M] [®HM] [kHM] [MITa] [cm2] [MM]
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 38¢.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 38¢.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 Ta6J'II/IIIaX MIPUBCACHBI 3HAYCHHUA MOMCHTOB, BBIYMCJICHHBIC I IMTOYTH ITOCTOAHHBIX PCY, MOMCHTOB
Hadalia O6pa30BaHI/IH TPCIIMH U paCuUCTHasA MIMPUHA UX PACKPBITHA B TEX CCUCHUAX, 1€ HeﬁCTByIOHlHC

yCuins MpEeBOCXOAAT 3HAUCHU A HavYalla TpeH_II/IHOO6pa30BaHI/IH.
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Pacuet nporu6os:

NporuGe [MM]

M =1 :80
0 :
5.68 5 5.68
DporubHu 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 -0.56 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 0.214 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 Tabmuue mpuBEIeHbI pacueTHble 3HaueHUs nporuOoB. Kpome Toro, B Tabnuue
IPUBEIEHBl pAacUYETHbIE 3HAUEHHUS MOMEHTOB M KPHUBHU3H HETpecHyBIIMX ceueHud (I), moiaHocThiO
TpecHyBIIMX ceueHui (I1) u pe3ynbTUpyIONX 3HAUYCHUH.
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Jluteparypa
1. TKIT EN 1992-1-1: EBpokon 2. IIpoekTrpoBaHue Ke1e300€TOHHBIX
KOHCTpyKUui — Yactp 1-1. O0uue npaBuiia u npaBuiIa s 30aHAN.

2. CTb EN 1990-2007: EBpokoa. OCHOBBI TPOCKTUPOBAHUS HECYIITUX
KOHCTPYKIIUH.
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[Iporpamma npemHa3HavYeHA A1 TPOCKTUPOBAHMS U pacu€Ta MHOTOTIPOJICTHOM KeJIe300€TOHHOM OaJIKu
cornacHo TpeboBanusM Benrepckux Hopm MSZ EN 1992-1-1.

Bo3MOXHO 3amaHue mapHUPOB, BYTOB, KOHCOJIEH, CTOEK, YIPYTUX ONOpP, YACTUYHOTO WJIM IMOJHOTO
3aimemiieHus Kpaiaux omnop. Ilpenycmorpen pacuér G6anku NpsSMOYTroJbHOTO U TaBPOBOTO CEUYEHHUHU.
Moryr 3amaBaTbCsi pacHpeles€HHbIE M COCPEJOTOYEHHBIE HArpy3Ku, a TakKe TeMIlepaTypHbIe
BO3JEHUCTBUS U OCAJKH OIIOP.

PacuérHble coueTanus ycuini onpeaesnsoTcs apromaruyecku, corsiacio MSZ EN 1990:2011.

Bo3Moxken pacueT C nepepacupeaciCHuemM YCHJIHI;'I 3a CUCT O6pa30BaHI/I5I YaCTUYHBIX HIAPpHHUPOB Ha
IIPOMEKYTOYHBIX OIIOpax.

[IpononbpHas u nonepeyHas apMarypa OIpeIesss0TCs Ha OCHOBE PacyeTOB I10 MPEIEIbHBIM COCTOSHUAM
IIEpBOM U BTOPOH I'PYIIIL.

[Ipy KOHCTPYHpPOBAaHUU MPOJOIBHONM apMaTyphl, MOJOUPAIOTCS JTUAMETPHI MPOJOIBHBIX CTEPKHEH U
OTIpEICTSAIOTCA MECTa UX OOphIBa C Y4ETOM JUIMH aHKEPOBKHU. M MECTa MX OOpbIBa JJIsl ONTUMHU3ALUN
KOJIMYECTBA apMaryphl. [mnHa cTepHel onpenesieTcs: ¢ yuéToM aHKEPOBKH.

[Ipn KOHCTpyHpOBaHUM MONEPEUHON apMaTypbl ONpPEIEISIETCS PACHOIOKEHUE XOMYTOB U CTEp)KHEN
MIOTIEPEYHO apMaTyphbl, IPEMATCTBYIOIIEH Cpe3y MEX1y CTEHKOM U MOJIKaMU TaBPOBBIX CEUEHUH.

HpI/I KOHCTPYUPOBaHHUU nonepequﬁ apMaTtyphbl, OIIPEACIIACTCA KOJIUICCTBO U PACIIOJIOKCHUC XOMYTOB.

ITo pe3ynbpraTaM KOHCTPYHPOBAHUS apMaTyphl IPOU3BOAUTCS pacueT MIMPUHBI PACKPBITHS TPEUIMH U
IIPOruooB.

1. PacuérHas cxema

Design scheme

M =1 ::1Z20
o N = 2 = 3 =
A B [ = (5]
A 5 .00 — 4.00 - 5.00 'd
M = 1 ::120
L T oI L]
A= A
1.00 1.00 1.00 1.00
e 4 .70 F 3.70 F 4.70 ++
0. 30 0.30 0.30 0.30
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2. Harpy:xkenne
Actions

FPermanent NDocToAHHOS BEOSOSHMCTEME
OOCTOAHHOE —
2 Variakble Kareropua C: sSoHH gna cobpanamni
nepemMmensnoe KaTeropma—-C

1.35 0.85

1.50 o.70 a.70 0.&g0 adverss
Factor fcr reliability differentiation Frz= 1.00
Combination of actions by formula (€.10) EN 1950
Loads
Aection 1 OoOCTORHHOES — Y= = 1.35

M =1 :115

Uniform 1 1-3 40.00

Lction 2 nepemMenHos Hareropms-C y=s = 1.50
M =1 :115

A 3.00 H—2.00—K 4,00 H—2.00—F 3.00 A

Uniform 1 1-3 15.00
Force 1 1 3.00 100.00
2 3 2.00 20.00
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3. Omnpenesnenne BHYTPEHHUX CHIIOBBIX (PAKTOPOB

Internal forces by linear slastic method
BRcticn 1 moments M., [kNm]

—90.5 -90.97
-7z
-48
-24
o T T
ag § §
72 . | : : g
83.65 ' ' 83.65
Zctiocn 1 shear forces Q=1 [EN]
M = 1 :115
118.19
26 [81.80 s0.o0
64
32\ [\
- < | ~q
G4 T~ \\RJ ij
-96 -8d.o0 -81.80
BRctiocn 1 Field x max M. min M., max Q. min Qg1
[m] [ ENm] [ENm] [kN] [EN]
1 0.00 0.00 0.00 1.81 B1.81
.15 = 11.82 11.82 75.81 75.81
0.62 ho 42.93 42.53 57.05 57.05
1.00 6l1.74 6l.74 41.81 41 .81
2.00 B3.57 83.3537 1.81 1.81
Z.05 * B3.&5 B3.65 -0.00 -0.00
32.00 65.40 65.40 -383.1% -38.1%
4 .00 7.17 T.17 -78.1% -78.18
4 .28 ho -16.37 -1le.37 -589.432 —-85.43
4,85 = -73.659 -73.69 -112.1% -112.1%5
5.00 -50.97 -50.97 -118.15% -118.15
2 0.00 -590.97 -50.97 80.00 80.00
0.15 = -759.42 -759.42 74 .00 T74.00
0.72 ho -43 .54 -43 .84 51.24 51.24
1.00 -31.00 -31.00 40 .00 40.00
2.00 -10.%7 -10.97 0.00 0.00
3.00 -31.00 -31.00 —-40.00 —-40.00
3.28 ho -43.834 -43.84 —-51.24 -51.24
3.85 s -T75.42 -75.42 -74.00 -74.00
4 .00 -50.97 -50.97 —-80.00 —-80.00
3 0.00 -590.597 -590.97 113.1% 118.15
0.15 = -73.69 -73.69 112.1%9 112.19
0.72 ho -16.3 -16.37 89 .43 89 .43
1.00 7.17 7.17 78.1% T8.19
Z2.00 65.40 65.40 38.1%9 38.19
Z2.95 * B3.&5 B3.65 -0.00 -0.00
3.00 83.57 83.57 -1.81 -1.81
4 .00 61.74 61.74 -41 .81 -41 .81
4 .38 ho 42 .93 42 .93 -57.05 -57.05
4,835 = 11.82 11.82 -75.81 -75.81
5.00 0.ao0 0.00 -81.81 -81.81
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Lction 2 envelope of moments M.; [kNm]
M =1 :115
-87
-58
-29
o -
29 - -
58 ) -
87 T
116
116.93
Loadung 2 envelope of shear forces Qe1 [kN]
M =1 :115
61.47 5&8.07 60.19
48 28.0
24 2.0 e
[} —
—24 [72-35 -12.97 T ‘_4'40 T ‘I
-48 B -31.56
-72
-96 =il
Letion 2 Field H max M. min M., max Qa1 min Qg3
[m] [RNm] [kNm] [kN] [kN]
1 0.00 0.00 -0.00 61.48 -2.35
0.15 = 9.05 -0.35 55.23 -2.35
0.682 ho 35.1¢ -1.4¢ 52.1%9 -2.35
1.00 53.5853 -2.35 46.48 -2.35
2.00 52.54 -4.70 31.48 -2.35
3.00 + 116.93 -7.05 16.48 -2.35
4.00 25.88 -5.41 2.03 -1l02.9%1
4_.28 ho 8.70 -21.1¢ 2.03 -1l07.12
4.85 = 9.86 -84.53 2.03 -115.¢66
5.00 10.1% -102.05 2.03 -117.9%1
2 0.00 10.1% -102.05 58.07 -12.5%7
0.15 = 8.22 -53.50 55.82 -12.597
0.72 ho £.78 -70.10 47.2%9 -12.97
1.00 10.73 -65.02 43.07 -12.97
2.00 * 18.24 -45,91 Z2g.0 -12.97
3.00 10.73 -24 .81 28.0 -27.597
3.28 ho T.74 -32.38 28.0 -32.18
3.85 = 17.7%9 -47 .19 28.07 -40.7Z2
4.00 22.00 -53.46 28.07 -42.,97
3 0.00 22.00 -53.46 60.1%9 -4.40
0.15 = 21.34 44,60 537.594 -4.40
0.72 ho 18.84 -14.08 459 .41 -4 .40
1.00 26.22 -59.41 45.15 -4 .40
2.00 57.18 -7.053 30.1%9 -4.40
2.23 * 57.57 -6.52 6.75 -4.40
3.00 53.10 -4 .70 2.35 -11.5¢
4 .00 34 .03 -2.35 2.35 26.56
4.38 ho 22.84 -1.4¢ Z2.35 -32.27
4.85 = 6.07 -0.35 2.35 -39.31
5.00 0.00 —-0.00 2.35 -41.56
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Support reactions Action support max min
[kN] [kN]
1 E 81.81 §1.81
B 1%8.19 198.19
C 1%58.1% 198.1%
D 81.81 £1.81
2 B £1.48 -2.35
B 175.98 -15.00
C 103.1¢6 —32.47
D 41.5¢ -2.35
Load combinations Combinations of loads by p. €.4.3 M3Z EN 1990:2011
Basis of structural design.
Moment M [kNm] fundamental comkinations

M =1 :115

-216
-144
-72

72
144
216

Shear force 2 [kN] fundamental comkinations

M =1 :115
234 |202.64 195.10
J.EE\ \ &
78

--“--?11‘11‘“““‘11_1_ — ——
-78 l ) -

-156

o34 — —i;?.44 —L?z.;}

-312 | :
-336.42

Field x max Mgy min Mg 4 max Qg min Qg4

[m] [ ENm] [ E¥Nm] [EN] [EN]

1 0.00 g.ao g.oo0 202.65 T8.28

.15 = 29.54 11.2%9 191.18 T2.28

0.62 hi 1140 8 40 .79 155.30 53.52

1.00 1le4 .27 58. 2] 126.15 B.28

2.00 252 .23 T&e.52 459 .65 -1.72

2.65 * Zeg.41 €7.01 5.45 -36.14

3.00 Z263.70 24 .83 -13.48 -535.0%

4 .00 48.51 -6.594 -75.15 -259.93

4.28 hi -3.28 -53.76 -86.39 -281.42

4.85 s -58.90 -226.28 ~109.15 -324.95

3.00 -T75.73 -275.88 -115.15 -336.43

2 0.00 -T75.73 -275.88 1935.11 60.55

.15 = -67.09 -247 .48 183.63 54.55

0.72 ho -33.63 -1le4 .27 140.11 31.7%9

1.00 -14.51 -135.38 118.¢61 20.55

2.00 * 16.359 -89%.68 42 .11 -15.45

3.00 -14.51 -%4 .07 2.11 -95.85

3.28 ho -32.1¢ -107.69 -9.13 -117.45

3.85 = -22.73 -178.00 -31.8% -160.98

4.00 -37.97 -203.01 -37.8%9 -172.45
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Combinations of
support reactions

Moments redistribut.

0.00 -537.97 -203.01 249 .85 111.5%
0.15 s -41.68 -166.39 238.38 105.5%9
0.72 ho 11.53 -43.14 154.85 82.83
1.00 49 .01 -6.94 173.35 71.59
2.00 174.08 54.83 96.85 31.5%9
2.74 * 155.11 T74.77 15.05 -2.99
3.00 152 .48 T76.52 1.72 -15.78
4.00 134.40 58.2] —-38.28 -96.28
4.38 ho 92.29 40.79 —-533.52 -125.42
4.85 s 25.06 11.29 -72.28 -1&1.30
5.00 0.00 0.00 -78.28 -172.78
Combination support max min
[EN] [EN]
fundamental comk z 202.65 TB.28
B 531.54 175.659
c 422.30 l49.48
D 172.78 TB.28
E c
1 0% 12.0%

Results after moments redistrikuticon.

Moment M [kNm] fundamental comkinations
M = 1 :115
-204
-136
-68
o
68
136
204 | 95.11
268.53 ' '
Shear force 0Q [kN] fundamental combkinaticons
M = 1 :1153
zzg [202.69 185.832
76
0 M
-76 - ‘--\'“"\-._
-152
-228
-304 )
-329.80
Field bls max Mea min Mea max Qea min Qrad
[m] [ ENm] [ENm] [EN] [kN]
1 0.00 0.00 0.00 202.69 T8.28
0.15 = 29.54 11.25 1%1.22 2.28
0.56 ho 101.%9¢ 37.72 159.¢62 55.786
1.00 led4.21 58.21 126.1%9 2.28
2.00 252.31 Te.52 49 .69 -1.72
2.65 + 268.53 67 .00 2.42 -36.17
3.00 263.83 S54.83 -13.48 -55.0%9
4.00 48.68 -6.594 -73.15 -253.32
4.28 ho -3.54 -47 .72 -86.51 -275.02
4.835 = -58.%50 -15%%9.2 -10%9.15 -318.29
2.00 -75.73 -242 .78 -115.15 -329.81
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2 o.00 -75.73 -242 .78 186.83 E0.55
0.15 = -&£7.0%9 —-223.80 175.3¢ 34.55

0.72 ho -33.82 -163.12 1322.03 31.%91

1.00 -14.91 -13%.22 110.30 20.55

2.00 * le.35% -8%.537 4z2.11 -1%.45

3.00 -14.91 -54.01 Z.11 -89.84

3.28 ho -32.06 —-105.13 -—9.25 -111.357

3.85 = -52.73 —-160.39 -31.85 -154 .86

4.00 -37.97 -178.65 -3T7.8%9 -166.36

3 0.00 -37.97 -178.65 244 .98 111.59
0D.15 = -41.68 -142 .77 233.351 105.59

0.72 ho 11.€68 -37.52 1%0.20 82.95

1.400 459,01 —-&.594 leg .48 71.59

2.00 174.08 54.83 951.58 31.59

2.74 % 155.11 T4.77 15.05 -2.5%9

3.00 152.48 T&.52 1.72 -15.78

4.00 134.40 =28.2 -38.28 -96.28

4.44 ho B5.25 37.77 -33.72 —129.63

4.85 = 25.086 11.25 -72.28 -—1&£1.30

5.00 .00 0g.00 -78.28 -172.78
Combinations of Combination support max min
support reactions [kN] [EN]
fundamental comk E 202.69 78.28

B 51e.64 175.6%8

C 411.34 145.48

D 172.78 T8.28

Strength design

Protective layer

Field 1

By MSZ EN 19%%2-1-1:
Concrete C25/30, 1inks400

Design of

concrete structures
fyk=400MPa

top S5500 fyk=500MPa ftk=525MPa
bottom S500 fyk=500MPa ftk=5Z25MPa

Field ap b ap t ap 1 a b a t

[mm] [mm] [mm] [cm] [cm]

1 28 28 15 3.7 3.4

2 28 28 15 3.4 3.4

3 28 28 15 3.6 3.4
® max M min M Z.p (I) Z.. (I} B.p B_ .
[m] [kNm] [kNm] [cm2 ] [em? ] [em? ] [em? ]
0.00 0.1 0.0 2.82 Q.00 2.82 0.00
.15 = 29.5 11.3 2.82 a.00 2.82 0.00
1.00 le4.3 58.2 T.98 0.00 7.98 0D.oo
2.00 252.3 76.5 12.34 Q.00 12.34 0.00
2.65 * 268.5 &7.0 13.15 0.00 13.15 0.00
2.00 263.8 54.8 12.91 Q.00 12.91 o.ao
.84 88.3 3.7 4.2¢ 0.00 4.2¢6 0.00
2.8¢6 83.5 4.2 4,04 0.00 4,04 0.00
3.81 T0.4 0.0 3.36 0.00 3.3¢ 53.24
4,00 48.7 -6.9 Z2.82 3.28 2.82 3.28
4.85 s -58.9 -199.3 o.o0 8.41 g.ao .41
5.00 -75.7 —-242.8 o.o0 10.52 g.ao 10.52
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4 VEa Vede Veds Vedmansn Asw.l'fs
[m] [EN] [kN] [kN] [EN] [cm? /m]
0.00
0.15 o 191.2 T72.8 191.2 406.8 4.20
0.5 ho 159.6 T72.8 15%9.¢& 406. 6 4.20
1.00 126.2 22.4 126.2 401.7 3.3¢6
2.00 49,7 22.4 3.00
3.00 55.1 22.4 3.00
3.84 241.1 22.4 241.1 402.2 .42
3.8¢6 z42.8 22.4 42 .6 403.¢6 6.44
3.91 246.7 77.1 24¢6.8 411.0 .43
4 .00 253.3 732.9 253.3 420.4 .45
4.28 ho 275.0 T6.2 275.0 432.1 6.81
4.85 o 318.3 80.1 318.3 474 .4 .43
5.00

Field 2 bre max M min M R,y (I) B.. (I) B,y T o

[m] [ENm] [ENm] [em? ] [em? ] [em? ] [cm2 ]
0.00 -75.7 —-242.8 0.00 10.52 0.00 10.52
.15 = -67.1 —-22 8 0.0a0 9.59 a.00 9.5%9
1.00 -14.% -129_.2Z2 0.ao0 &.88 a.ao 6.88
1.14 -6.8 —-129.0 0.00 £.58 0.00 6.5¢
1.16 -5.7 —-127.6 0.0a0 6.459 a.00 6.4%9
2.00 * 1g.4 -89.¢ 2.38 4.4%5 2.38 4.4%
2.84 -5.7 -89.7 0.0a0 4.4%5 g.ao 4.4%9
2.86 -6.8 -50.1 0.ao0 4.45 a.ao 4.449
3.00 -14.% -94.0 0.00 4.55 0.00 4.55
3.8 ] -52. -1l€0.4 0.00 6€.60 0.00 6.€0
4._.00 -538.0 -178&8.7 0.00 7.44 0.00 7.44

= VEa Vede Veds Vedmaszn Asw:‘fs

[m] [kN] [kN] [kN] [kN] [em? /m]
0.00
0.15 o 175.4 80.1 175.4 477.3 4.6%9
] 2 hO 122.0 T7E.2 122.0 425 .4 3.30
1.00 110.3 71.3 113.7 405.7 3.00
1.14 99.6 70.3 110.3 35%3.5 3.00
1.1¢ g8.1 70.2 110.0 3%2.¢ 3.00
2.00 42 .1 58.0 3.00
2.8 77.6 62.8 110.7 385.2 3.00
2.86 759.1 63.49 111.0 3%6.0 3.00
2.00 85.8 64 .8 114.5 408.5 3.00
3.28 hO 111.¢ 73.2 120.2 42%9.0 3.00
3.85 o 154.59 77 .0 154.%5 478 .6 3.67
4.00

Fisld 3 = max M min M R.p (I) BE.. (I) B.p o

[m] [ ENm] [ kNm] [emZ ] [em? ] [cm? ] [cm? ]
0.00 -58.0 —-178.7 o.ao 7.44 a.ao T.44
0.15 = -41.7 -142.%8 0.00 5.84 0.00 6.08
1.00 459.0 -6.9 2.76 5.28 2.76 5.28
1.0%9 62.7 -0.1 2.99 5.24 2.99 5.24
1.0% 63.0 0.1 3.00 .00 3.00 0.00
1.14 71.2 4.2 3.43 0.00 2.43 0.00
1.16 74 .2 5.7 3.57 ag.00 3.57 0.00
2.00 174.1 54.8 5.44 0.00 5.44 0.00
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4. KoHcTpynpoBaHHe apMaTypbl

Reinforc. designing

L
M

=

=

on

[La}

i
1

R

tud.
:115

reinfaorg.

reinforcement

:115

]
=

on

L= T VI VI R I 1 |

2.7 * 125.1 T74.8 9.48 0.00 9.48 0.00
3.00 132.5 76.5 9.35 0.00 9.35 0.00D
4.00 134.4 538.2 6.30 0.00 &€.30 0.00
4.8 s 25.1 11.3 2.82 0.00 2.82 0.00D
5.00 0.a 0.0 2.82 0.00 2.82 0.00
x VE g Vrde Vrds Vrdmax Asu:"’s
[m] [kN] [EN] [kN] [kN] [cm? /m]
0.00
0.15 o 233.5 77.0 233.5 4759 .2 4.02
0.72 hoO 150.2 66.5 1%0.2 434 .7 4.68
1.00 leg.5 64.8 1e8.5 412.6 4.37
1.09 lez.0 7.4 l1ez2.0 408.1 4.25
1.0% lel. 8 67.6 lel.g 408.1 4.25
1.14 157.8 TZ.0 157.8 408.0 4.14
l1.1¢6 156.2 T7Z.9 156.2 408.0 4.10
2.00 S2.0 T2.9 114.2 407. 4 3.00
3.00 12.8 TZ2.59 3.00
4.00 96.3 TZ.9 114.40 0&e.9 3.00
4.44 ho 129.¢ T72.9 123.¢ 407.2 3.41
4.85 o l1e1.3 57.9 161.3 414.3 3.41
3.00
B. cm? ]
\ | — \ /T—‘
B.. /= [cm? /m]
\H e
7 K\\ A
reinforcement arrangement crosssction at == 0.00

4030

Bottom reinforc. 4@18
Link @8
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d 1 reinforcement arrangement crossection at == 1.
M =1 25
To
[ ]
oo
g Bottom reinforc. 6gls
=] Link @8
A0.204
Fiesld 1 reinforcement arrangement crossection at == 2.0
M =1 25
To
~d
(= 1=
Ly -
. Bottom_ reinforc. 6g18
o L1nE @8 -
A0, 30
Fi=ld 1 reinforcement arrangement crossesection at ®x= 2.65
M =1 25
Tc
i
=
“ Bottom reinforc. G618
o Link
40204
Fisld 1 reinforcement arrangement crosssction at %= 3.00
M =1 25
To
(o]
[=1=]
B Bottom reinforc. G@ls
a Link @8
J-0.30
Field 1 reinforcement arrangement crossection at == 3.84
M =1 25
Tc . . — : .
(o]
o9
w -
. Tn_@ reinforcementagl2
a Bottom reinforc. &@18
i Link
Fo.304
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|
¥
i
l_l
i

I
.
i
¥
=]
I
Q
e
%]
i
=
i
=)
o

arrangement crossection at ==

.20
b

Tn% reinforcementagiliz2
BQ Eom reinforc. @18
Lin [}

A—0.50—F

A-0.304
Field 1 reinforcement arrangement crosssction at x=
M = 1 :25
i
O
w Tn% reinforcementagiz
= Bottom reinforc. 6018
Link 8
i ELE R
A-0.30-
Fisld 1 reinforcement arrangement crossection at ==
M =1 25
(o]
N -
n Top reinforcementag@lz
o Bottom reinforc. &@18
Link 8
J( puasrn
Ao.304
Field 2 reinforcement arrangement crossection at ==
M =1 :15
B %
o L} L T W ¥ L L]
(o]
=
8 Top reinforcementag@lz
o Bottom reinforc. 2g18
Link @8

f—o.30—F

3.86
3.91
4.00
0.15

CTATUKA-2024. Onucanue npoepamm 305 - XKenezobetonnas 6anka (MSZ EN)



Fisld 2 reinforcement arrangement crossection at x= 1.00
M o= 1 0
ae
=] [ L] T F a ]
i~
o
i
. Top reinforcementsglz
=] Bottom reinforc. 2@1s
Link @8
J L
=
A—0.30—f
Fisld 2 reinforcement arrangement crossection at == 1.14
M =1 0
*r
=] - ¥ L L] .
-
=
A
. Top reinforcementa@l2
o Bottom reinforc. 218
Link @8
=
H—0.30—F
Fisld 2 reinforcement arrangement crosssction at x= 1.16
M =1 0
°r
o L] L] B L] ]
3]
[
=]
N Top reinforcementi@dl2
o Bottom reinforc. 2@i1s
Link @&
=
H—0. 30—
Fielc 2 reinforcement arrangement crossection at x= 2.00
M = o
Lﬁ
=} - - L w - "
(3]
o
R
. Top reinforcementsglz
=] Bottom reinforc. 2018
Link @8
=
A—0.30—
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Field 2 reinforcement arrangement crossection at x= Z2.84
M = 1 0
}'ﬂ
[ - - T L - "
o
a
R
. Top reinforcementsglz
o Bottom reinforc. 2@1s8
Link @8
=5
A—0.z0—=
Field 2 reinforcement arrangement crossection at x= 2.86
M =1 0
B
[ ] » - T T a n
5]
o
a
. Top reinforcementsglz
=] Bottom reinforc. 2@1s8
Link @8
L'E
A—o.z0-F
Fielc 2 reinforcement arrangement crossection at x= 3.00
M = o
a e
(=] » L] T Ly a n
o
o
[ |
u Top reinforcementsglz
[=} Bottom reinforc. 2@is
Link @8
J L
%
f—0. 30—
Fisld 3 reinforcement arrangement crossection at x= 1.00
M =1 :25
T8 e
Ao
9 Tu% reinforcement8@l2
a Bottom_ reinforc. 4318
Link @8
J( L] LA
A o0.30H
Fisld 3 reinforcement arrangement crossection at x= 1.0%9
M = 1 :25
To . . : .
(o]
_o
u Tu% reinforcementsglz
= Bottom reinforc. 4@18
Link @8
i L L
0. 30
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Field 3 reinforcement arrangement crossection at x= 1.14
M = 25
To L] L] w L L] L]
i
o0
9 % reinforcementdglz
o Eom reinforc. 4@18
A0.204
Fi=ld 3 reinforcement arrangement crossection at x= 1.16
M =1 25
TO L] L] L T L ] L]
(o]
OGI
9 Tu% reinfor ementa 12
a Bottom reinforc.
i Link
40,20
Fielcd 3 reinforcement arrangement crossection at x= 2.00
M = 25
To
~
o0
n Bottom reinforc. 4@1s8
=] Link @8
A0.z04
Fi=ld 3 reinforcement arrangement crossection at x= 2.00
M =1 235
Tc
(o]
[=1=]
@ Bottom reinforc. 4918
o Link @s
J-0.30-F
Field 3 reinforcement arrangement crossection at == 4.00
M =1 25
To
-
f= L=
i Bottom reinforc. 4g1s
o Link
A0.30+4
Longitud. reinf. field typ numb ds row Z.a a 1
supp [mm] [emZ ] [m] [m]
1 b 2 18 1 5.09 -0.35 14.70
1 b 2 18 1 10.18 -0.32 5.36
1 b 2 18 1 15.27 0.48 3.73
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3 b 2 18 1 10.18 0.47 4.69
Longitud. reinf. field typ numb d, row BDoa a 1
supp [mm] [cm? ] [m] [m]
B t 2 12 1 6.79 3.10 T.77
B t 4 12 1 4.52 3.10 T.77
B t 2 12 1 9.05 3.61 3.44
B t 1 12 1 10.18 3.78 2.60
C t 2 12 1 9.05 2.78 2.38
Lengths are given with the anchoring
Links Field numb n ds s Bew /s a 1
[mm] [cm] [cm?/m] [m] [m]
1 14 2 8 23 4.47 0.00 2.93
1 3 2 8 18 5.74 2.93 0.52
1 & 2 8 15 6.70 3.45 0.90
1 3 2 8 15 6.70 4.34 0.45
1 2 2 8 18 5.T74 4.79 0.35
2 2 2 = 20 5E.03 0.14 0.40
2 17 2 = 23 4.47 0.54 3.83
3 4 2 8 20 5.03 0.50 0.60
3 18 2 8 23 4.47 1.10 4.05
Typ of reinforcement d length numb weight
[mm] [m] [kN]
longitud. reinforco. 12 60 .88 0.53
longitud. reinforco. 18 56,95 1.12
links a8 T0
Shear between wek and flanges
Veae = 0.48MPa, Vedeasx = 4 . 50MFa, d = Smm
Field x® VEd BDowlS 3 n Bow /S
[m] [MPa] [ecm? /m] [cm] [cm? /m]
1 0.00 0.91 5.24 18 1=x2 3.589
0.18 0.85 4.89 20 1x2 3.03
0D.38 0.66 3.78 24 1x2 4.15
D.62 0.62 3.56 28 1x2 3.59
0.%90 0.33 3.03 32 1x2 3.14
2.86 0.0g 0.00 24 1=x2 4.1%
2.10 0.71 4.06 22 1x2 4.357
3.32 0.7¢ 4,38 20 2x2 53.03
3.72 0.8¢ 4.4897 18 1x2 3.589
3.%20 0.84 4.83 14 Zxn2 7.18
4.18 0.89 4.41 18 3xZ2 3.59
4.85 0.48 0.00 28 1x2 3.585
2 4.00 0.27 0.00 22 1=x2 4.357
3 0.22 .70 4.02 24 1x2 4.185
0.65 0.32 0.00 22 2x2 4.357
1.08 0.62 3.59 28 1=x2 3.58
1.37 0.54 3.0%9 32 Zxn2 3.14
4.67 0.31 0.80 22 1x2 4.57
4.89 0.74 4.25 11 1x2 .14
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5. PacyéT mo TpemmHOCTOHKOCTH

Cracks verification Maximum permissible width of the cracks wk=0.30 mm
Normal cracks Field x M M. .- T= DL, ecx Wi
[m] [kNm] [kNm] [MPa] [cm?® ] [mm]
1 0.00 0.0 49.2
0.15 o 17.3 44,2
1.00 94.1 49 .2 14.5 277.50 D.1lg¢
2.00 129.3 51.8 14.%9 277.350 0.14
2.65 * 142.5 31.8 14.9 277.50 0.14
3.00 135.6 31.8 14.59 277.50 0D.13
.84 44 .1 48.5
3.8¢6 41 .5 49.¢
3.91 34.4 30.6
4.00 22.7 48.5
4.85 o -124.4 -97.5 14.0 T14.00 0.22
3.00 -152.2 -58.0 14.0 714.00 0.25
2 0.00 -152.2 -98.0 14.0 T14.00 D.25
0.15 o -135.5 -98.0 14.0 T14.00 D.21
1.00 -70.40 -52.3 0.0 0.00 0.00
1.14 -63.5 -86.7 0.0 0.00 D.00D
1.1¢6 -62.7 -B&.3 0.0 0.00 0.00
2.00 # -40.% -B&.3 0.0 0.00 0.00
2.84 -47 .4 -86.3 0.0 0.00 D.00D
2.8¢6 -47.% -Bg.7 0.0 0.00 0.00
2.00 -31.%9 -91.7 0.0 0.00 D.00
31.85 o -107.7 -97.5 14.0 T14.00 D.18
4.00 -123.1 -97.5 14.0 714.00 0.22
3 0.00 -123.1 -97.5 14.0 T14.00 0.22
0.15 o -100.5 -9¢6.6 14.0 T14.00 0.26
1.00 22.9 49 .5
1.0%9 31.6 47.5%
1.14 36.6 47 .0
1.16 38.5 45.8
2.00 99.7 49,2 14.9 277.350 0.17
2.74 * l116.1 49 .2 14.5 277.50 D.20
3.00 115.4 49.2 14.5 277.50 0D.20
4.00 g2.2 44,2 14.%9 277.50 0.13
4.85 o 15.5 49.2
.00 0.a 44,2
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6. Pacuér nmo nedpopmanusam

Eefl&::icnsl[m:]
M =1 :115

[=/ 0 O (< = I

Deflections Field = M 100/p: 100/pz: 100/p w
[m] [kNm] [1/m] [1/m] [1/m] [mm]

1 0.00 0.0 0.00 0.00 0.00 0.a0
1.00 94.1 0.19 0.26 0.24 4.61
2.00 138.2 0.28 0.27 0.27 T.04
2.33 ~« 143.6 0.29 0.z28 0.28 T.23
3.00 135.6& 0.27 0D.27 0.27 6.63
4.00 22.7 0.04 0.00 0.04 3.57
5.00 -139.0 -0.20 0.00 -0.20 0.30

2 0.00 -139.0 -0.20 0.00 -0.20 -0.00
1.00 -70.0 -0.14 0.00 -0.14 -1.76
2.00 = -40.% -0.0%5 0.00 -0.0% -2.15
3.00 -51.59 -0 U] 0.00 -0.10 -1.589
4.00 -10Z2.8 -0.15 0.00 -0.13 -0.00

3 0.00 -10z.8 -0.15 0.00 -0.13 0.0a0
1.00 22.9 0.04 0.00 0.04 3.28
2.00 g9.7 0.20 0.28 0.26 6.13
2.6 * 115.7 0.23 0.32 0.30 6.81
3.00 115. 4 0.23 0.32 0.30 6.63
4.00 8z2.1 0.16 0.23 0.20 4.25
3.00 0.0 0.00 0.00 0.00 0.0a0

FPacusr mymomes wogynew %205 oporpassnes CTATHER 2021 @ OO0 Temcodr
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309 - KoHCcTpyupoBaHHUE apMaTyphbl
KeJIe300€TOHHOU OaTKu

S —
Ealys B —
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[Iporpamma mpemHasHaueHa JJIsi KOHCTPYMPOBAHHS apMaTypbl MHOTOIPOJIETHOHN Kene300€TOHHOM
Oanku, 111 KOTOPOU KaKUM-JIMOO METOIOM paHee Obliia onpesienieHa TpedyemMast apMarypa.

[IpenycMOTpeHBI BapHAHTHI MPSMOYTOJIBLHOTO W TABPOBOTO CEUCHUN OAITKH.

[Tpy KOHCTPYHPOBAaHUU MPOJOILHONW apMaTyphl, MOJOUPAIOTCS TUAMETPHI MPOJAOIBHBIX CTEPKHEH U
OTIpEICTISAIOTCA MeCcTa UX OOpbIBa C y4ETOM JUIMH aHKEPOBKHM M MECTa MX OOpbIBA Ui ONTUMH3ALUU
KOJINYECTBA apMaTyphl. [[uHa cTepKHEN onpeneseTcss ¢ y4ETOM aHKEPOBKH.

IIpu KOHCTPYHMPOBAaHUU MONEPEUHOM apMATYPBbI, OIPEIEIIAETCS KOJIMYECTBO U PACIIOI0KEHUE XOMYTOB.

1. KoncTpyupoBaHue apMatypbl

KOHCTp. apMaTyphl

s [cmZ ] OIpoJoneHaAR apMaTypa
M = 1 :104

— L ] T
-g — - A \..\_H\ 'f_.-' : - __/f
-18 ~. ~
\»\‘ 7 st /
- -~ o
27 e
z cmZ /] NonepeuYsHad apMaTypa

NpomeT 1 CXeMa APMMPOEAHMSE CeYSeHMAE C KOOPOMHATOHM X = .00
M = 1 :12

HHUXHAA apdaTypa 2@32

XoMyT @8

J—0.20——F
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MpoxeT 1
M =1 :12
DpoJxeT 2
M =1 12
DpoxeT 2
M = 1 =12
HpomeT 2
M =1 :12

ApPMHMpCOEAHMA

cedYoHMA O K-IIC::,JI"IHEL'I‘CZE x =

=
".—."\ BEEpPXHAA ApPMATYpa 2@32
HUXHAA apdaTypa 2@32
& XoMyT @8
w
o
\ NN
=
e 0.30 +
cXxeMa ApMHpOEBEAHMSA CeYeHMSE © KOOpOMHATOM X = 0.00
=
fn_._.'\ BEEepXHAA ApPMATypa 4@32
HUXHAA apwmaTypa 2§32
o XoMyT @8
el
o
e @
=
A 0.30 =+
cXxeMa ApMHpOEAHMA CeYSeHMAE C© KOOPOMHATOM X = 0.15
=
._._n‘ BepXHAA apmaTypa 4@32
HUMXHAA apumaTypa 2§32
o XoMmyT @8
Ly
o
| I
=
& 0.30 A
CHEeMA APMHMPCEAHMAE CSYSHMA © KOOpOMHATOH X = 2.350
*=
TP ® & BepXHAA apmaTypa 4§32
HuXHAA apMmaTypa 4§32
& XoMyT @8
u
o
- ® 8 @
=
A 0.30 =
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IpoJieT 2 cxeMa apMHMpOBaHMAE CeYSHME © KOoopAMHAaTOR X = .85
IE A I L L 4.85
M = 1 12
A
"N B B B | BepXHAA apMaTypa S@20
HU%HAA apMaTypa 2@32
& XoMyT @2
Pyl
=Y
e @
=
e 0.30 +
NpoasT 3 CHEMA APMMPOBAHMSE CSYSHMA C KOCPpOMHATOH X = 0.00
M =1 :12
A
W& & § B EepxHAA apMaTypa 5@20
HMXHAA apmaTypa 2§32
o XomyT @8
Tl
o
h—'#_)
=
A 0.30 +
NpoasT 3 CHEMA APMMPOBAHMSE CSYSHMA C KOCPpOMHATOH X = 2.00
M = 1 :12
A
] [ ] L] BEepxXHAA apmaTypa 3§20
HMXHARA apumaTypa 4§32
o XomyT @8
w
o
L B B O )
=
pa 0.30 .y
DpoaeT 3 CHEMA APMMPOBAHMA CSYSHMAE C© HKOCSCPpOMHATOH X = 4,00
M =1 ::12

HUXHAA apWaTypa 2@32

XoMyT @8

50
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DpomgodbH. apM. OpoXET THIO KOJ . ds PEDO Asl a 1
oncpa [para] [cm2] [ra] [r]
2 H 2 32 1 16.08 -4.48 13.96
2 H 2 32 1 32.17 0.65 3.70
3 H 2 32 1 32.17 0.54 2.91
B B 2 32 1 16.08 1.52 5.46
B B 2 32 1 32.17 2.40 3.45
C B 3 20 1 9.42 2.20 5.10
cC B 2 20 1 15.71 3.52 2.76
OIMHE OpMBSOSHH © VHEEeTOM AHKSPOBKM
XoMyTH NponéTr xKom. cpe=. ds = Lsw/s a 1
[rara] [em] [emZ/m] [r] [r1]
1 35 2 8 12 8.38B 0.00 4.08
2 42 2 8 12 8.38 0.08 5.04
3 33 2 8 12 8.38 0.12 3.96
THO apMaType d OAMHEA KOM. HEE
[ram] [m] [xH]
CcTepXHeBad apMaTypa 32 58.96 3.65
oTepEHeBad apMaTypa 20 20.81 0.50
XOMY TH 8 111
Pacuer =xmomnes wogynew 205 moporpownes CTATHMER Z02Z1 @ 000 Texcodw
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315 — MHoromycToTHas miuTa
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[Iporpamma npeaHasHayeHa s pacuéra MHOronyctoTHou miauthl corsacHo CIT 63.13330.2018 [1] Ha
OCHOBE Auarpamm JehopmupoBaHus OeTOHA U apMarypbl. Pacduér BKIIFOYaeT MPOBEPKY MPOYHOCTH U
IIPOBEPKY TPELIMHOCTOMKOCTH IIJIUTHI.

1. PacuérHas cxema U HATPY3KH

PaccmaTpuBaercs MHOrOIYCTOTHasl IUIMTa C MPOM3BOJIBHBIM YHCIOM KPYIUbIX mojocted (puc.l).
3aal0TCs YUCIO U JUAMETP MOJIOCTEH, a TAK)XKE CMEIIEHUE LIEHTPOB I10JIOCTEH OTHOCUTEIBHO LIEHTpa
IPSIMOYTOJIBHOTO ceueHus. [loJoKuTenbHOe CMEUIeHHE OTCUMTHIBACTCS BBEPX, a OTPHUIIATEIHHOE

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, YUCJIO CTEPKHEN apMaTypbl M TOJIIMHA 3aIUTHOIO CJI0sl OETOHA.

Pacuernas cxema npezacraBiisieT coO0M CTEPKHEBOM 3JEMEHT, Kpast KOTOPOro UMEIOT IIAPHUPHOE UITU
KECTKOE 3aKpeIlICHHUE.

Bo3MOXXHO 3amaHue paBHOMEPHO pAacIpeIeIéHHONM Harpy3Kd U HECKOJIBKMX COCPEIOTOYECHHBIX
Harpy3o0K, IIOJIOKUTENbHbIE HAIpaBJIEHUs KOTOPBIX IMOKa3aHbl Ha puc.2. Hapsay c pacu€rHbIM
3HA4YEHHEM HArpy3KH, 3aa€Tcsl HOpPMAaTUBHOE 3HAYEHHE U €€ IIMTEeNbHAsA 4acTh. TOYKa MPUIIOKEHUS
COCPEIOTOYEHHOMN HArpy3KH OINPEAEISIETCS 10 PACCTOSIHUIO X OT JIEBOT'O Kpasi IUIMTBHI.

TR 1 2 ict 4 51 T x [m]

Puc. 2. [TonoxutenapHbIe HAIIPABICHUS HATPY30K HA TUTUTY

Hsr 146a}01u1/11”4 MOMCHT B CCUHCHHU IINIUTBI HNPUHUMACTCA ITOJIOKUTCIbHBIM, C€CJIW IIpU Cro JIeNCTBUHI
c)Xarasd 30Ha BO3HHMKACT B BerHeﬁ yactu cedeHusa. Ecim Kpaﬁ IUIUTBI KECTKO 3aKPCIJICH WM €CIIN
3alaHa OTpulaTeJibHad Harpy3ka, BOSBHUKACT TAKKC OTpPIL[aTCHLHLIﬁ I/I3FI/I6aIOH_II/II71 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 TPOBOJUTCA HA OCHOBE HEJNWHEHHON ae(OopMaIMOHHONW MOJETH COTJIAaCHO
[1], 8.1.20. B xauecTBe pacyeTHOW [aUArpaMMbl COCTOSHHS C)Karoro O€TOHA IPHHUMACTCS
TpexjuHeHass auarpamma corjacHo [1], 6.1.20. Jlns apmaTypbl, B 3aBUCHUMOCTH OT €€ KJjacca,
pUMEHSeTCA ABYXJIMHEHHas WM TpeXJIMHEHHas [uarpaMma coriacto [1], 6.2.14, 6.2.15.

[Ipu npoBepke MPOYHOCTU IIUTHI, B Cllydae 3HAKONEPEMEHHOM J3IMIOpbl M3rMOAIOIIEro MOMEHTA,
ONIPEACIAIOTCA TPEACIbHbIE MOMEHTBI IIOJIOKHUTEIBHOTO M OTpULATENbHOro 3Haka. [Ipuy sToMm
BBIBOJITCSI PUCYHOK CEUCHUS C M300pAKEHUEM CKATOH 30HBI, a TAKXKE BBIBOJATCS AeopMariy 6eToHa
U apMaTyphl.

HpOBepKa 10 TPCMHHOCTOﬁKOCTH BKJIFOYACT OIIPpCACIICHUC MOMCHTA O6p330BaHI/I${ TPCIIHUH M

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 XapaKTepU3yeTCsl PaBEHCTBOM  HAMOOIBIIEr0  HANPSDKECHUS
conporusieHuto R, [1], 6.1.24.

HanpsikeHnus B pacTsHyTOH apMaTrype nocjie o0pa3oBaHUs TPELIMH Os U Oscrc, BXOAAIINE 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
CIICAYIOIINX OTPAaHUYEHHUSAX Ha BBICOTY PACTSIHYTOM 30HBI: Xt > 2a, Xt < h/2, rae a — paccTosHue or
apMatypsl 10 OJVOKafIeit CTOPOHBI CeueHHs, N - BBICOTA CeYEHUS.

CTATUKA-2024. Onucanue npoepamm 315 — MHoromycToTHas TINTa



154

Jluteparypa

1. CIT 63.13330.2018 «CHulIl 52-01-2003 bBeroHHble Uu XKeJI€300€TOHHBIE
KOHCTPYKIUU.OCHOBHBIE TIOJIOKEHUS.
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351 — PacueTt KOpOTKOM kKeJ1€300€TOHHOM KOHCOJIU
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[Iporpamma npenHa3HadeHa ISl TO100pa apMaTyphl U pacdéTa NPOYHOCTH KOPOTKOH KeJIe300eTOHHON
koHcosu coryacHo CIT 63.13330.2018 [1]. IIpenenbHble ycuiins BBIUUCISIOTCS HA OCHOBE JUarpaMm
neOopMHUPOBaHUS CKATOrO OETOHA M ApPMATYPBHI.

1. PacuérHas cxemMa KOHCOJIHU

—_————_—_— —_— — —

111

h

Puc. 1. Cxema KOHCOJIM C HAKJIOHHOH MOIIEpedHON 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 cXxeMbl IPUBEIEHBI 11 000MX THIIOB apMaTyphl Ha puc. 1 u puc. 2.
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isup

Puc. 2. Cxema KOHCONM € TOPU3OHTAJIBLHON MONEPEUHON apMaTypoil

2. Pacuyér u noadop nNpoaobHON apMaTyphl

Pacuer mpoaonbHOI apMaTypbl MPOM3BOAMTCS HA OCHOBE HENMHEHHOH aedopMaiMoHHONW MOjeIH B
cootBeTcTBUM ¢ 1. 8.1.20 [1]. B kauecTBe pacyeTHONl IuarpaMMbl COCTOSHUSI C)KaTOro OeToHa
MIPUHUMAETCS TPEXJIMHENWHAs AUarpaMma.

Hcxons u3 paccuuTaHHOM MIJIOMIAAN apMAaTYPhI, TOAOUPAETCS KOJIMYECTBO U IUAMETP CTEPIKHEH, OCIie
YEero OnpeaensieTcss MHUPUHA PacKpbITUs TpewuH no nm. 8.2.14, 8.2.15 [1]. Pacuer mpoBoauTcsa Ha

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

o0pa30BaHUM TPEILMH, a TAKXKE HAMPSKEHUsI B paCTSIHYTOM apMarype mociie 00pa3oBaHUsI TPEIIUH 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 noabdopa, ecnu pacy€THas MIMPHUHA PACKPBITHS TPELIUH MPEBbIIIaeT 3aJaHHYI0, IporpaMMa
ITOIIArOBO HApaIIMBAET KOJINYECTBO aPMATyPHBIX CTEPIKHEN, TTOKA 3TO BO3MOKHO, a 3aTEM YBEINYMBAECT
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, =l,,SIin0O,

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

Koadounuent ¢, yduThIBalOMIMNA BIUSHUE XOMYTOB, PACIOJOXEHHBIX IO BBICOTE KOHCOJH,
omnpezensercs no Gopmye:

o=1+5a u ,

E, A
e o =—>; =4
E, # ™ bs

w

&w - IJIiomaab MonepeyHoro CEYCHud xoMmyTa, a Sw - paCCTOAHUC MCKAY XOMYTaMU, USMEPCHHOC I10

HOpMaJIM K HUM.

B pexume mombopa, HaumHas ¢ mara B 15cM, MOmaroBo, moka 3TO BO3MOXHO, YMEHBIIACTCS
PacCTOSIHUE MEXKIY XOMYyTaMH [0 BBIIOJIHEHHS YCIOBUS IMPOYHOCTH IO HAKJIOHHOW moJioce. A eciau
JlalbHENIIee YMEHbIIEHHE 111ara HEBO3MOXKHO, IPOrpaMMa YBEJIMYUBAET JUAMETP XOMYTOB, U IIPOLIECC
MTOBTOPSIETCS.
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Jluteparypa

1. CI163.13330.2018 «CHull 52-01-2003 BetoHHBIE U *XeI1e300€TOHHBIE
KOHCTPYKIIUU. OCHOBHBIC MTOJIOKCHHUS.
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400 — Pacuer Ha casur mojku taBpa (MSZ EN 1992)
LU
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[Iporpamma npenHa3Ha4YeHA Ul pacyeTa Ha CIIBUT MOJIKK TaBpOBOTO ceueHus corsiacio MSZ EN 1992-
1-1 [1]. Onpenensiercst Tpedyemast IIIOIAIb ApMATYPhI IONEPEUYHOTO HATIPABICHUS.

1. OnpenesieHne HANPSIKEHUsI CIBUTA

PaccMaTpuBaeTCs TaBPOBOE CEUEHHE, B KOTOPOM JAeicTByeT 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 H3rudaroiiue
MOMEHTBI M, M, .

|M1_M2|

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

[Ipu MOCTOSHHOM TonepeyHol cuiie V  BBINOJNHIETCS PaBEHCTBO [V|= . IIpu nepemMeHHOMI

BO3MOXCH BBI60p OIHOT'O U3 ABYX BAPUAHTOB 3alaHU YCHHHﬁ.
B IEpBOM CJjIydac, 3aJaroTcCd I/I3I‘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 . 3HadueHue M , Ha

JIPYrOM KOHIIE PACUETHOTO y4acTKa ONPeNeNsieTcs Kak M, = M — AM , mpudem 3Hak AM coBmagaer co

smakoM M . 3mauerne AM ompenensercs mo popmyime |A|\/||=AX[V| npu ycrnousx AM >0.05M u

0.05<AXx <1.0(AXx B merpax). 3HaueHue AX MOXKET OBITh OTPAaHHYCHO TOYKOH, B KOTOPOW M3THOAIOIIUI
MOMEHT PaBeH HYIIIO.
Bo BTOpOM ciy4ae, 3afaroTcsi JUIMHA PAcyETHOrO ydacTka AX M m3rubaromye MOMEHTHI M, ,M,,

JNEUCTBYIOLIME B CEUEHHUAX Ha KOHLIAX pacyeTHOro ydactka. lIpenmonaraercs, 4ro 3HaKM MOMEHTOB
COBITAJAIOT.

Jnas u3rubarommx MOMEHTOB M,,M, BBIYUCISIOTCS PAaBHOAEHCTBYIOILHUE Fdl'FdZ HOPMAaJIbHBIX

HaNpsDKEHUH B cBece MOJKU. HampshkeHHOE COCTOSTHUE B CEUEHUU OTHICKMBAETCS HA OCHOBE UArpaMm
nedhopMHUpPOBaHKS CXKATOTO OeTOHA M apMaTyphbl 0e3 ydera paboThl pacTsHyToro O6erona. [lpu sTom
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b —b
TIpe/IIoNaraeTcs, 4To B CBECE IOJIKU pa3MelleHa apMaTypa, IIomaas KOTopoii paBHa ————+ A, Tzie

2b,
A, - oA IPOIOIBHOM 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

IMpu BeimonHeHHn ycmoBust Vg <04 fctd apmarypa IIOIIEpEYHOr0 HaIpaBJICHUSA Uil BOCIPHUATHS
HanpspKeHUM caBura He Tpebyercsa. Ecnm ykazaHHOE YCIOBHE HE BBINOJIHSIETCA, TO OTBHICKUBAETCS

f 9] .
MOTOHHA IJIOMIAlb apMaTypbl —— , JJII KOTOPOM BBINIONIHsIETCS yenoBue [1],(6.21):
S
f

J‘i..,- v ,..-h o
5 - VEa'l

0

-
5.0 cot& .

rae 0; - yron HakmoHa cxaToro packoca (pepMEHHOI MOJIGIIM 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 9f , ISl KOTOPOTO JOCTUTAETCsl HAMMEHbIIIEE BOZMOKHOE

f o
3HAYCHHUEC —— IIPU YAOBJICTBOPCHHUU BCCX YKA3aHHBIX YCJIIOBUH.
S
f
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Jluteparypa

1. MSZ EN 1992-1-1-2009: EBpokon 2. IIpoekTupoBaHue ejie300eTOHHBIX
KOHCTpyKUui — Yactp 1-1. O0uue npaBuiia u mpaBuia AJis 3JaHUAN.
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401 — ITog6op nomnepeunoii apmarypel (MSZ EN 1992)

CTATUKA-2024. Onucanue npoecpamm 401 — IMon6op nomnepeunoit apmatypsl (MSZ EN 1992)



165

[Iporpamma npegHa3HaueHa JyIsl pacueTa MPUOMOPHON YacTH OaJIKu Ha JEHCTBUE MOMEPEYHOU CHITBI
npu u3rude U JUIs pacyera ceueHus Ha IeHCTBUE KPyTsIero MoMenTa cornmacio MSZ EN 1992-1-1 [1].
IIpu pacuyere Ha M3rUO MPOU3BOAUTCS KOHCTPYHPOBAHUE IIOMEPEYHOM apMaTypbl U BBIBOJUTCS
n300pakeHUe TMPHUOMOPHON YacTH C MoAoOpaHHBIMU XoMyTamu. I[lpu pacuere Ha KpyueHue
OINpEeAEIATCA IUIOUIAM IONEPEYHOM M MPOJIOJIBHOM apMaTyphl, TpeOyemble sl BOCHPUATHUS
KpYTAILEro MOMEHTA.

1. Pacyer Ha u3ruod

1.1 PacuerHasi cxeMa U HArpy3Ku

PaccmaTtpuBaercs u3ru0 Oankyd OpsIMOYTOJIBHOIO WJIM TaBpPOBOIO (ABYTaBPOBOI'O) CEUEHUS B
BEPTUKAJIBHOM IUIOCKOCTH. B KadecTBe KOOpAMHATHI IPOU3BOJIBHOIO IONEPEYHOr0 CEUEHUs
HPUMEHSETCS PAcCTOSIHUE K OT rpaHu OMOpsI. 3a1ar0Tcst n3rubarominii MoMeHT Mo 1 morepeuHast cua
Vo, IeHCTByIOIIME B CEYCHHHM OalKW Hax 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 IIOIAJIbI0 IPOJOJIBHON apMaTyphl.

1.2 Pacuer

[TpoBepka Hecymiel cnocodHocTH Oanku 0e3 yueTa momepeyHoi apMaTypsl MPOBOAUTCS 1O opMyam
(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
ceuenus, d - pabodvas BbICOTa CEUCHU, fck - XapaKTepUCTUYECKOE 3HAUCHHE NMPOYHOCTH OETOHA NP

cxatun (B MIa), Cgg c = 0.18/y., 7. - kod¢pdunmeHT 6e30macHOCTH A OETOHA, 3aBUCSIIUNA OT BUA

200
pacueTHOM KoMOuHanuu BosaeiicTuit, K =1+ o <2 (d BMmm), p, = :S—('j <0.02, AS| - IUIOIAb

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

N
paccrosmme |y +d; Kk =015, o :KSO'Z fy, N - pacueTHoe 3HayeHME NPOAONBHON CHIIBI

(IONOXKUTENIbHOE TIPU CHKATHUH), AC - IJIOmAAh OCTOHHOTO CEueHUS, fcd - pacyeTHOE 3HA4YCHUE

npousocty Gerona ( foy = Ty /7¢), v, =0.035k*? ka1/2 :

Ha yuacTkax Galky, Ha KOTOPHIX BHIIONHSETCS yciaosue V SVRd'C , TIONIEpeYHas apMarypa Io pacuery

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:

WA
Puwmin = 0-08f—°k >0.001 mpu b, <h
ywk

f .
o 0.0007 +006000103 N/bu 5 0.0007+0.0003-h/b, mpu b, >h

in =0.08
pw,mln f

ywk

MunnmalnbHas MOroOHHAs IJIOLAAb MONEPEYHON apMaTyphl orpenessiercs no popmyie:

A

a :min_wzpwminbw
S )

sw,min

2 . . .
3necs A, = nﬂdsw/ 4 - nnomamp ceyeHHs BEPTHKAILHOMN IOIepedHoi apmatypsl, /| - umcio BeTBeit
MONEPEUHOM apMaTyphl, d sw - JMaMETp MOIEPEYHO apMaTyphl, S - IIAr MONEPEYHON apMaTyphl, fywk
- XapaKTEepPHCTHYECKOE 3HAUCHMUE Tpenesia TeKydecTu mnomepeuHoil apmatypsl (B MIla). [Toronnas

nnomanp 8, ONpenenseTcs B CM%/M.

[lar BepTHUKAIBHOW IOMEPEYHON apMaTypbl OTPAHMYMBACTCS CBEPXY 3HAUCHUCM  Sppy =0.75d .
Coruacuo [1], NA 8.4.3, 10JOKHBI BBITTIOIHATHCS YCIOBHS Sy 31-5bw, Sy < 300 mm.

CornacHo 6.2.1 (8), mpoBepka MPOYHOCTH HPOBOAUTCSA IJSI CEUCHMI, YAaJNEHHBIX OT OMOPHI Ha
paccrosinue, Oosbiiiee paboueit BbICOThI cedeHuss d . B omopHOM cedeHHH MPOBOAMTCS MPOBEPKA
yenosus V SVRd’maX ,rae Veg max -~ MAKCHMMaJIbHOE 3HAYEHHUE MONIEPEYHON CHIIBI.

[IpoBepka Hecyiel CIOCOOHOCTH OATTKU C YyU4ETOM BEPTUKATLHOU MONIEPEIHON apMaTyphl IPOBOJIUTCS
coriacuHo 6.2.3:

V<V

Rd,s

Vv
_ A

Vigs = < zf,, 4 cot o

Rd ,max

V =a,b,zv, f /(cot 8 +tanb)

Rd ,max
1<cot@d <25

3neck €@ - yron HakJIOHA CKATOro packoca GepMEHHO# MOJIENN OTHOCUTEIBHO OCH OAJIKH, z - IUIEYO
BHYTPEHHUX CHJI, ONpEAEsieMOe KaK pacCTOSHUE MEXIY CXKAaThIM M PACTSHYThIM HosicaMH (hepMBbl,

f

LS
e Vs

0e30ImacHOCTH AJid  apMarTyphl, 3aBUCAIIMNA OT BHIA pacquHoﬁ KOM6I/IHaI_[I/II/I BO3ACHUCTBUH. HpI/I

- pacdyeTHOe 3HaueHHue Mpejeia TeKyuyeCcTH MOMEePEeUyHOl apMarypbl, )s - KO3(PGUIUEHT

OTCYTCTBUH CXKUMAIOIIEH MPOIOIbHON CHIIBI, KO3pPHuIUeHT &, NpUHUMAETCs paBHbIM 1, a mpu ee

HaJIMYHUH BBIYUCIIACTCA 110 (1)0pMyJ1aM:

(0% :1+O-cp/fcd npu 0<O'Cp SO.ZSfcd

oy =125 npu 025de <O <0.5de

cp —

Aoy :2.5(1—O'cp/ fcd) npu 0.5de < ch < fcd
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rne o Kosbduiuent ymeHblleHHs OPOYHOCTH O€TOHa v, IPUHUMAETCA PaBHBIM

_N
cp Ac .
0.6(L— f, /250).

[l1e40 BHYTPEHHHX CHJI z ONPEIENACTCS KaK pacCTOSHHE MEXILy yCWieM [y B pactsmyToif

POZIONBHON apMaType M ycwnueM [ B CKaroil 30HE mo dopmyie z2=12,+2,, TN€ z,, 2, -

_|M |_Ftdzl

pacCTOsAHUSL OT YCUJIMU Ftd u ch JI0 IIEHTpa THKECTH OETOHHOTO CEYCHHS, Z, = NiF.
+
td

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

HaNPsHKCHHO-E(POPMHUPOBAHHOTO cOCTOSIHUS cedenus mo ycwmmsMm N,M . VYkazanueii pacuer
MIPOBOJIUTCSI HA OCHOBE JUarpaMm Je(pOpMHUPOBAHUS CKATOrO OETOHA M apMaTypbl 0e3 ydera paboTh
pacTsiHyTOro 0eToHa.

MakcumainbHash BeIMYMHA MOMEPEYHON CHJIBI, BOCIPUHUMAEMOM 0e3 pas3pylieHHs C)Karoro OETOHa,
paBHa Vpg . 3Hauenne Viy o yMeHblaetcs npu ysenudenun cotd . Ecim nonepeunas cuna V
npesbimaer 3HaueHue Vpg o 1pu COtO=1, To Hecymas crnocoGHOCTL GalKu HE MOXKET ObITh
obecrieueHa Py MOMOIIH [TOTIEPEYHOTO aPMHUPOBAHHSI.

B nporpamme mnpenycMOTpeHsI JiBa BapuaHTa pacyera. B mepBoM BapuaHTe pacyera, B ciydae, eCcliu
nonepeynas cuina V  MEHbIIE 3HAYEHMS VRd’maX npu Cot@=2.5, mpunumaercs Coté=25. B

NPOTHBHOM ClTydae, ompesensercs 3Hadenue Cot@, mpu kotopom V =V . Tpebyemas mmomtanp

TorepeyHoit apMaTypsl onpesensercs u3 pasenctsa V =Vp, o 1o hopmyue:

Aw__ Vv

s zf, cotd

B nepBom BapuanTe pacuera, TpeOyemas IIIOIIa b NONEPEYHON apMaTypbl IPUHUMAET MUHUMAIbHO
BO3MO>KHOE 3HAYCHHUE.

Bo BTOpoM BapuaHTe pacuera, 3HaueHHe COt 6 3amaercs MpH BBOJC UCXOIHBIX JaHHBIX.
B nporpamme ompenensiercss npupamenne AA; momanm npononsHO# apmatypsl, TpeGyemoe s
BOCIpUsATHS foronHuTesHoro yerms ARy, BosHukaromero BeecTBre AefCTBIS MOIEPEUHOI CHITL.

3nauenne ARy onpenensiercst mo popmyie (6.18):

AR, =0.5V cot &

Ipupamenne AA, onpenensiercs myrem pacdera TpeGyeMmoil IUIOMAAM MPOXONBHOM apMaTyphl TpH

neiictBuy nponoabHoi cuabl N 1 usrubarormero momenta M +AM | rae AM = AFtd .

1.3 KoncTpynpoBaHue

IIpu KOHCTpYyHPOBaHUH XOMYTOB, IPUMEHSIOTCSI CJIEAYIOIINE JaHHbIE: TUAMETP XOMYTOB, YUCJIO BETBEN
XOMYTOB, MaKCUMAaJIbHBI IlIar XOMYTOB, IPUPALCHUE [Iara XOMYTOB, a TAK)KE PACCTOSIHUE OT I'PAHU
OTIOPBI 10 OCH NIEPBOTO XOMYTA.
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[TonGop XOMyTOB 3aKJII0YAETCS B OMPECIICHUN [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 Or'paHH4YHMBacTCAd MaKCHMAJIbHbBIM 3HAUYCHHWEM LIara, IMpUHATBIM COIJIaCHO YKa3aHHWSIM
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. HpHpameHHe
rara XoMyToB MOXET OIIPEACTIATECA aBTOMATHYCCKN KaK TaKOEC IMpUpalICHUEC, ITPHU KOTOPOM CYMMApPHO€
YUCJIIO XOMYTOB ABJIACTCA MUHHUMAJIBHO BO3MOKHBIM.

s ompeseneHus yucia XOMYTOB, TpeOyeTcsl 3aJaTh pPacCTOSHHE OT TPaHM OMOPHI IO OCH IEPBOTO
XOMyTa. JTO pacCTOsTHME MOXKET OBbITh 3a/laHO PAaBHBIM I10JIOBHHE 1Iara WM MOJHOMY IIary XOMYTOB.
WNHoe cMmelieHne JOJKHO 3a/1aBaTbCs  BBOJOM  COOTBETCTBYIOLIETO  IOJIOKUTENBHOIO WM
OTpULATENIbHOTO  3HaueHus. I[lpu 3agaHuM  OTPULIATEIBLHOTO  CMEILEHUsS, [EpPBbIM  XOMYT
yCTaHaBJIMBAaeTCsI B HAJONOPHOW wyacTu Oanku. AOCONIOTHAs BEJIMYMHA 33JaHHOTO CMELICHHs
npuHEMaeTcs He Gonbiiei, uem h/2 (h - BeicoTa ceueHus).

[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
3aMeHsIeTCsl SKBHBAICHTHBIM TOHKOCTEHHBIM CEUEHHEM. 3aJaloTci KPYTANMHA MOMEHT | W
HOTIEPEYHBIE CUIIBI Vy \V, , neiictByromue B HanpapieHnn oceil Y,Z. YCIOBHE NPOYHOCTH HMEET BUJ
(6.29):

TEd VEd

+ <1
V

T

Rd ,max Rd ,max

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

Teg me = 2V At cot@/(1+cot” 0)

Rd ,max

3IleCL V= 06(1_ ka /250) ) fck - XapaKTCPUCTUUCCKOC 3HAUCHUC TTPOYHOCTH OcToHa IIpu CXKaTNuun (B

MIIa), fcd =, fck / Yc - pacueTHOe 3HaUYeHHE MPOYHOCTH OETOHA, )¢ - KOOPPUIIUEHT OE30MaCHOCTH
bh
2(b+h)

CTEHOK PKBHBAJICHTHOI'O CEYEHMs C yueToM ycioBHs by <28 (8 - paccrosHMe 10 HEHTpa TAKECTH

JU1si OeTOHa, 3aBUCSIIMN OT BHJIa PAacUETHOW KOMOWHAIIUK BO3JEHCTBUU, tef = - TOJIIIMHA

TIPOJIONBHOM apmatypsl), A Z(b—tef)(h—tef) - IUIOLIAJlb, OTPAHUYEHHAS LEHTPAIBbHBIMU JIMHUAMHU

CTEHOK, @ - yroim HakJIOHAa CXKAaTroro packoca (h)EpMEHHOW MOJETN OTHOCHUTEIBHO OCH Oanku (
1<cotf<25).
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IIpenenpHOE 3HaYEHNE NOMNEPEUHOM CUIIBL V, OIpesielseTcs o Gpopmyie:

\Y =hzv, f, /(cot 8 +tan6)

z,Rd, max
TJIe 7 - IUIeY0 BHYTPEHHUX CIUI, OIpeIeNieMOe KaK PACCTOSHHE MEYKTY CKATBIM M PACTSHYTHIM OSCAMH
depwmbl, v, =v . [IpenenbHoe 3HaueHME IONEPEUHO Crtbl V, ONpenersieTes o npuBeneH oIt Gopmyie
C 3aMeHOH IIMPUHBI ceueHHs D Ha BBICOTY cedeHus N. B ycioBHe HPOYHOCTH MOJCTABJIAETCS
nanGombee u3 snavernit V, IV, g e 1V IV, oy o

[Tnoraau monepeyHoil ¥ MPOJONBHOI apMaTyphl, TpeOyeMble UIsi BOCHPUSITHS KPYTAIIEI0O MOMEHTA,
OTIPENIeNIAI0TCS TI0 (hopMyTIam:

An_ T
s 2Af,,cotd
A = Tu, cotd
2Ak fyd

f o
3necy U = 2(b +h- Ztef ) - INEepUMETp ILIOLIaau Ak ) fywd =—— - pacyeTHO€ 3HAYECHHE Ipelaeaa

Vs

o fyk 9]
TEKYYCCTH ITOIICPECYHOU apMATYPBhI, fyd =—— - PaCUYCTHOC 3HAYCHUC IIpcAciia TCKYUCCTHU ITPOAOJIbHOU
Vs

apMatypel, Js - Kod(pduuueHT O0e30macHOCTH A apMarypbl, 3aBUCAIIMI OT BHUJA PACUETHOU
KOMOMHAIINY BO3IEHCTBUIA.
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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 m3rubarommii moment M y 3aIal0TCs OTHOCHUTENIBHO IIABHBIX [CHTPAIbHbIX

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

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

2. Onpenenenue ycujmii npu 00pa3oBaHuu TPeUIUH

Veunus npu o6pazosannu tpemma N, M yc OTIPENENAIOTCS KaK yCHIIHS, TIPU KOTOPBIX Ae(opmariust
pacTsIHyTOro O€TOHA JOCTUTaeT 3HA4YeHUs &y = fctm/ E.n. 3uauenns Nc,MyC OTIpEeAEISAIOTCS 110

3amanHbIM yeuausaM 6o npu N =CONst, nmGo npu My/ N =const. Eciu mpononsHas cuma n

U3TrUOAIOIIUKA MOMEHT BO3HHUKAIOT OT ACHCTBUS Pa3HBIX HCTOYHUKOB HArpy30K, TO CJIEIyeT MOJOXKUTh
N =Const, a eciu OHM BO3HMKAIOT OT AEHCTBHUS OJHOTO MCTOYHHMKA HATPY30K, TO CJIEMYET MOJNOKHUTE

e:My/N:const.

Veumus 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 (‘C"sm - gcm)
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Esm ~Eem = [O-s - kt fctm (1+ aepp,eff )/pp,eff ]/ Es 2 0'665 / Es

3aech kt =04, a, = ES / Ecm, Pt = Al Aheﬁ , Oy - HampshbKeHUE B pacTAHYTOM apmaTrype 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,

Acyeff - 3(hpexTBHAS TUIOIIA/L PACTAHYTOTO OETOHA.

Hanpsokenue O onpenenseTcs 1Mo 3aaHHBIM YCHIIASM MIPH pacueTe HAMPSKEHHO-IePOPMUPOBAHHOTO

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'eﬂ OTIpeIeIIsIeTCs KaK YacTh PACTSHYTOM 30HBI CEUEHUS IIPU BHICOTE hc,ef . 3HaueHue hcyef
orpenensercs 1o Gopmyie hcyef =2.5(h—d), rae h - BoicoTa ceuenmst, d - paGouast BBICOTA CEUCHHSL.

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

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

Sr,max = kSC + klk2k4ds /pp,eff

3nech k, =0.8, kK, =(&,+¢,)2¢, , k; =34, k, =0.425, ( - TommuHa 3ammTHOrO crnost 6eToHa, d, -
pacdyeTHBId JUaMETp pacTAHYTOM apMarypsl, pPaBHbBIM JHAMETPY CTEp)KHEH IIPU OJHOPSIHOM

pasmMerieHiH apMatypsI i pasasiii d, ., = (n,d 2 +n,d2)/(n,d, +n,d,) npu xByxpsimHOM pasmewmernn
apmarypsl, rae [, ,dsi - YHCJIO ¥ TMAaMETP CTepikHel | -ro paza, i=12.

Koadpdunuent k, ompenensercs Mo 3HA4eHUAM HamOousblied neopmalnu g, ¥ HaMMEHbIIEH
neopMallui g, B PaCTAHYTOH 30HE NpH JAEHCTBHHU 3aJaHHBIX ycunui. IIpy Hanuuum ckaToil 30HBI,
&, =0 H, CIEAOBATENBHO, k, =0.5.

Ecnu miar apMaTypbl IpeBbIIIAET 5(c+d,/2), maxcumansroe paccTosiHHE MEX]y TpeIluHaAMU
omnpenensercs no Gopmye (7.14):

S, 1 =1.3(N=X)

ITpu W, > W, mpeaycMOTpeHO yBeInYeHHE YUCIIa CTEPIKHEN PACTAHYTOM apMaTyphl 10 3HAYCHHUS, TIPH
kotopoM W, SW_ . Ha kaJ0M Inare IUKIa YUCIO CTEp)KHEH yBENMUMBAETCA HAa eIUHHILY. L[uKm

oKaHuMBaeTcsa b0 Tpu BemonHeHnH yciaosus W, W nmbo B coydae, Koraa IpH JanbHeHRIIEM
YBEJIMUEHUU YHCIIa CTEP)KHEHW pacCTOSHUE B CBETY MEXAY CTEpXKHSIMHU OyleT MEHblIe JuameTpa
crepxHel. [Ipyn Hanuuum ABYX psIIOB pacTSIHYTOW apMaTyphl YBEIMYHUBAETCS TOJIBKO YUCIIO CTEPIKHEN
B IIEPBOM DsILLy.
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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. PacyeTHasi cxeMa 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,
NeiCTByIOIMX Ha BepxHed rpanu Oanku. [Ipenmonaraercs, yto Harpy3ku ( ¥ Q HalpaBJICHbI

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 <V,

VRd .c = [CRd ck(loopl fck )1/3 + klo-cp ]bwd

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

3neck V - pacyeTHOE 3HAYEHME TONEPEYHOM CHIIbI, bW - HAaUMEHbIIAs MIHPUHA PACTIHYTOU 30HBI
ceuennsi, d - paboyas BHICOTA CEUEHMS, fck - XapaKTEePUCTUUYECKOE 3HAYCHHUE MPOYHOCTH OETOHA MPU
cxatnu (B MIIa), Cp, = 0.18/y ¢, Ve - koapdunment 6e3omacHoOCTH It OETOHA, 3aBUCAIINMA OT BHIa

pacueTHOM KoMOWHauuu  BosneiicTBuii, K :l+1/% <2 (d B ™M), p= t;b‘s—é <0.02,

w

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

N
KaKk MUHUMYM, Ha PacCTOSHUE |bd +d, k,=0.15, Oy =——<0.2 fo, N - pacuernoe 3mauenme

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

sHauenue npouanoctu 6etona ( 1oy = Ty 17¢), v, =0.035k*? ka1/2 .

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

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

a

Sw,min

= minﬁ =0.08,/f, /b,
S
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3necy A, = n:zdfwl 4 - nnomans ceyeHns BepTHKAILHOH momepeunoii apmatypsl, I - uncio BeTBeit
IIONIEPEYHON apMaTyphl, dsw - MaMeTp TIONEPEYHON apMaTypbl, S - IIar MONEPEeYHON apMarypsl,
fywk - XapaKTepUCTHUECKOE 3HAYE€HHUE Mpejiena TeKydecTu nonepedHoii apmarypsl (B MIla). Iloronnas
mwiomans Ay, ompenenserca B cm?/M. lllar BepTHKAILHON MOMEPEYHON apMaTyphl OrpaHUYMBAETCS
CBEpXY 3HAYCHUEM S, = 0.75d . Paccrosinne S;{ MeXIy BETBAMHU MOIEPEYHOMH apMaTypbl B CCUCHHN

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 BBICOTHI cedenuss d . B OmOpHOM cedeHMH MPOBOIMTCS IPOBEPKa

yenosust V Vg o, tie Vg max - MaKcHMasibHOE 3HAYEHUE TIOMEPEYHOM CHITBL.

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

V <V
V<V
_Aw

Vids = . zf 4 COt O

Rd ,max

V =a,b,z2v, f, /(cot&+tanb)

Rd ,max

1<cotf<25

3,[[60]: 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 o
f e =2 - pacueTHOE 3HaueHHE TIpesela TEKy4eCTH IONEPEYHON apMaTyphl, Vs - KO3(QOHUIUEHT

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

OTCYTCTBHM CXHMAIOILIEH MPOIOIbHON cuilbl, Ko3dduuueHnt &, npUHUMAETCs paBHBIM 1, a mpu ee

HaJIMYUH, BBIYUCISIETCS 10 popMysaMm:

Ay, =1+0, 1y mpu  0<o,, <0.25f,

a,, =1.25 mpn 0.25f, <o <05,

op =

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

rae o, =—. Kon HUIIUCHT CHBIIICHUA IIPOYHOCTHU 6eTOHa Vv IIPUHUMACTCA ABHBIM
cp 1

A
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,,

e z,, z, - PacCTOSHMSA OT YCHJIMM Ftd u ch J0 LEHTPAa TSAKECTH OETOHHOIO CEYEHHS,
— M |_Ftd Z

NiE. Ftd = 0tAS| . Hanpsbxenne Oy B pacTsAHYTOM apMaTrype ONpEACIAeTCs IPU OMOILHU
td

2
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pacdera HanpsKeHHO-IehOPMUPOBAHHOTO cocTostHuS ceueHus mo yeunusm N, M . Ykazannsiii 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 o - 3Hauenne Vey o yMeHbinaercs npu ysenuuenuu Cotd . Ecin nonepeunas cuna V
MIPEBBINIAECT 3HAYCHUE VRd'maX npu COt@d =1, To Hecymas CrnocOOHOCTh OalKh HE MOXKET OBITh
o0ecrieyeHa Ipy NOMOIIY TONEPEYHOTO aPMHUPOBAHUSI.

B mporpamme mpeaycMOTpeHBI /1Ba BapuaHTa pacuera. B mepBoM BapuaHTe pacdera, B cliydyae, ecliu
nonepeunast cuia V  MeHbine 3HaueHusi Vg npu COtO=25, npunnmaercs cotd=2.5. B

IIPOTMBHOM CIydae, Ompeensercss 3HaueHne Cot@, mpu kotopom V =VRd’max. Tpebyemas muiomans

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

A, V

s zf, cotd

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

Bo BTOpOM BapuaHTe pacdera, 3HaueHHe COtH 3amaercs NMpH BBOJE UCXOIHBIX JTaHHBIX.
B nporpamme omnpeznensercs InpupalieHue AA.S IUIOIIAZAN PACTSIHYTOM IPOJOJIBHOM apMaryphbl,
TpeOyemMoe AJisi BOCHIPUATHUS JOMOJHUTEIBHOTO YCUIIHS AFtd , BO3HHMKAIOUIETO BCIIECICTBUE JCHCTBUSA

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

AR, =0.5V cot &

Ipupamenne AA, onpenensercs myrem pacdera TpeGyemoil IUIOMAAM TPOXONBHOM apMATypBI TpH

neiictBuy nponoabHoi cuabl N 1 nsrubaromero 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 HauOOJbIIEeMy 3HAYCHUIO TpeOyemoll moroHHo rurormanu apMatypbl (A, /S) ., - LLlar xomyToB

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
npunuMaetcs 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]
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Jluteparypa
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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. Pacyer IIMPHHBI PACKPBITUS TPELIUH
[HupunHa packpbITUS TPEUIUH onpenensercs mo gopmyse (7.8):
W, =S, o (En =€)
npu &gy — &gy =05 =K Fon L+ @0, 6 ) 0 e 11 Eg 2 0.60 E

3nece K =04, a,=EJE, p,i =A/Ag, O, - manpskenne B pacTsiHyTOl apmatype B
TPECHYBIIEM CEUCHHH, |qn - CpE/HEe 3HAYGHHE NPOYHOCTH GETOHA NPH PACTSKCHWH, Eg - MOyMb

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

- 3¢ peKTUBHAS IJIOIIAIb PACTAHYTOTO OETOHA.

Hanpspxenue O onpezaensiercs 10 33AaHHBIM YCHIIUSM TIPU pacueTe HalpsKeHHO-1e(OPMHUPOBAHHOTO

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

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

TPECHYBIICTO CCUCHUS.

Ecnu mar apMarypbl HE MPEBBIMIACT 5(C+d3/ 2), MakcUMaIbHOE paccTosiHue MEXAY TpeIlnHAMU
onpenensercs mo ¢opmyne (7.11):

Sr,max = kSC + klk2k4ds /pp,eff

3neck k, =0.8, k2 :(51"'52)/251, k3 =34, k, =0.425, O - TommmHa 3aumTHOrO Crnosi GEeToHa,
ds - pacyeTHBIM AMAMETP PACTAHYTOM apMarypsl, PaBHBIA AUAMETPY CTEP>KHEM, IIPU OJHOPSIAHOM
pa3MEIeHNH apMarypbl, U PaBHBII (I’lldsz1 +n2d322)/(n1d51 +n2d52), IIpA OBYXPAIHOM pa3sMeElleHUU
apmarypsl, rae [, ,dsi - YMCJIO ¥ IMAMETP CTepskHel | -ro paza, i=12.

Koaddunment k, ONIpEHeNseTCS IO 3HAYCHUSIM HauOobIIeH AeopMaIiu g H 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+d5/ 2), MAaKCUMAaJIbHOE PACCTOSIHUE MEKIY TpeIMHaAMU
onpenensiercst o Gpopmyse (7.14):

S, mx =1.3(N—X)

Pacyer mmpuHBI pacKpbeITHS TPEIIWH MPOU3BOAUTCS, €CIAM MPU 33aJaHHBIX YCHIMSX, HanOoJbIlIas

nedopmalusi pacTIHYTOTO OETOHa MPEBBIMIACT 3HAUYCHUE &y = fctm/ E.,. Vewms, npu xoropsix
nocturaerca aedopmanust €y, SBISIOTCS YCHIUSMHU TPEHIMHOOOpa30BaHUS Nc,Myc. 3HavyeHUs

N.,M yc OTIPEIENSIOTCSA 10 3a1aHHbIM ycumusam 6o mpu N = Const , nu6o npu M y /N =const . Ecin

MPOOJIbHAS CHJIA U U3rHOArOIMii MOMEHT BO3HHMKAIOT OT JIEHCTBHSI pa3HBIX MICTOUHUKOB HAarpy3ok, TO
ciemyer nonoxuts N =CONSt, a ecin 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
KoHCTpYyKuui — 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 ISl T0A00pa apMaTyphl pa3IMYHON TUIOMIAIN WK PA3IMYHOTO JHAMETpa
Ha PA3JIMYHBIX YacTAX KOJIOHHBI. YacTh HyMepyloTcsi B HampaBlieHHMH CHU3Y BBepX. [lpum pacuere
HMpPUMEHSIETCS TiI00aibHas cucTeMa KoopauHaT XYZ , Hadajao KOTOPOW COBIAJACT C IIEHTPOM TSIKECTH

HIKHETO ceyeHust Konouubl. Och X HampasieHa cHu3y BBepX. Ha ka0l 4acTH KOJOHHBI BBOJUTCS
JIOKaJbHasl CUCTEMA KOOPJMHAT, BEPTUKAIBbHAS OChb KOTOPOM COBIIAJNACT C JIMHUEW LEHTPOB TSHKECTH
CCUEHUI JTaHHOM 4acTH, a TOPU3OHTAJIbHBIE OCU NApaJICNIBbHBI OCSIM Y, Z. YUHUTBIBAcTCS CMEILECHUE

BepTHKaHBHOﬁ OCH 4aCTH KOJIOHHBI 110 OTHOIICHHIO K OCHU HH)KepaCHOHO)KCHHOﬁ qaCTu (pI/ICZ)

YacTtu

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).

CTATUKA-2024. Onucanue npoepamm 405 — XKenezoberonnas kononHa (EBpokon 2)



188

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,W. Jonst cios paccUMThIBAaeTCs MO 3aJaHHBIM OTHOCUTEJIbHBIM
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IUIOIIAAAM Kak ki ZA /(A1 +A2 +) i=1,2,... [nomane 1-ro cnos 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
71
b 1 b
A=0 A=1
iagv o
h h
iaﬁv -
; + P
b a a
1 b
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 0c0OBbIe. YacTHbIE KOO()(DUIMEHTHI O€30MIaCHOCTH y. A7 BO3AEHCTBHI NPUHUMAIOTCS

o tabmure Al.2(B). KomOunanmonnsie kodddunuentsr Vo, ¥, ¥/, nns nepeMeHHBIX BO3ACHCTBUIN

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

Qys Uz

Oyu y Ozu 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 YEPE3 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 samenoit fo, na oy usamenoit Ey wa Ey =Eg /7o npu ye =1.2.

[IpenenbHble ycUIUs BRIPAXKAIOTCS Yepe3 NeHCTBYOIINE yCUus o Gpopmynam:

N,=7,N, M =yM, M, =yM,

[Ipounocts ceueHus obecredena mpu J, 2 1. Owmbky npu pacuere TpeGyeMoil apMaTyphl BEIBOISTCS

TOrJa, Korjaa oHu npesbiatoT 1%. [losBnenne nndopmannu 06 ommnbdKkax BO3MOKHO, B YaCTHOCTH, TPU
pacdere TpedyemMoii apMaTyphl B MPOM3BOJIBHOM MMOJIMTOHATTLHOM CEUYEHUH, €CITH CXeMa apMUPOBAHHUS
3a7laHa HEKOPPEKTHO.

[IpenycMoTpeH aBTOMAaTUYECKUN y4yeT MUHUMAaIbHOrO Ko3(dduurenta apmupoBanus. MuHuMaibHas
IUIOMIA/Ib apMaTyphl onpeaensercs mo popmyite [1], (9.12N):

0.10N,
As,min = f

yd
rac fyd = fyk /75 - paCuY€THOC 3HAYCHHUE MPEALCIIa TEKYYECTH apMaTyphl. KOS(i)(I)I/ILII/IeHT 0e30MacHOCTH

JUTSL apMaTyphbl /s MpUHUMAETCs paBHBIM 1.15, mpu pacyere i1t OCHOBHOM KOMOMHAIIMHM BO3JICHCTBUMA,
u paBHbIM 1.0, ipu pacuere 111 0c000i KOMOMHAIIMK BO3/IEHCTBUH.

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. PacyeTHble MOMEHTBHI ONpPEIENAIOTCS MyTEeM YBEJIWYEHUs H3TUOAIoOUIMX MOMEHTOB I10
dopmyie (5.30):
_ Mg

1-Ng /Ng

Ed

rjae MOEd - u3rularolMii MOMEHT, OINpeAeieHHbIH 0e3 yuera 3(¢peKTOB BTOPOTO MOpPSIKA, NEd -
NpOJOIbHAsA CUNa, N, - KpUTHYECKas CUJIa, KOTOpas OIpPEJENseTcs Ha OCHOBE HOMMHAJILHON
xecTtkocT. DopMyna st KpUTHUECKOU CHITBI MOXKET OBITh 3amKcaHa B BUJE!

_7z2D

2

NB

I0

rac D - HOMHHaJIbHaA KECTKOCTh KOJIOHHBI, IO - pacucTHasA JJINHA. 3HadueHne D BBIYUCIISICTCA 110
dopmyie (5.21)
D=K.E,I +KE,I,

3nece Eg = Ecm/ Jce - pacdyeTHOe 3HaueHHe MOJYJs yNpyroctu OeToHa, ) cg =12, E, - MOJTyJTb
YIOPYTOCTH apMaTyphl; |C, |S - MOMEHTBI HHEPLMU OETOHHOTO CEYEHUS U IUIOIIAAN CEYEHUS apMaTyphl

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 /(Acfcd)

3nech fy - xapaxrepucriueckoe sHauenme npounoct Gerona npu cxarun B MITa, T =a Ty /7. -
acyeTHOE 3Hau€HUE NPOYHOCTU OETOHa, - momanp ceuenns, 4 =lo/1 - rubkocts, i - paguyc
0

uHepuuu ceyeHus. Koapduuument 6e3onacHocTn i 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 (Do MNPUHUMAECTCS PABHBIM IMPEACILHOMY

3HAUEHUIO0 KO3(PPUIMEHTa MOI3Y4eCTH (0(00,t0). 3HaueHue (0(00,t0) onpenensiercs coriacHo [1],
[punoxenne B mo smavenmio RH oTHOCHMTEnsHON BrakHOCTH BO3MyXa OKpYysKaromell 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
A in = f—Ed

yd
rje fyd = fyk / Vs - pacdeTHOe 3HAa4YeHHE Tpeena TeKkyuyectu apMarypbl. Koadduiment 6e3omacunoctu

JUISL apMaTyphl )/ TIpUHUMAaeTCs 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

CTATUKA-2024. Onucanue npoecpamm 405 — XKenezobetonnas kononHa (EBpokon 2)



193

crepskesiMa. HOMMHAIbHASL TOMIMHA 3aIIUTHOTO CII0S OmpeaenseTcs kak Con = Crin +AC, e 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 3a1aHHOI'O 3HA4YCHUA M OIPCACIIACTCA C YICTOM

cneyronmx yenosuit: Cpjp 2 Uy, Crin +0g, 2 g, 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 E., /(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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E

C, =ab?——
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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406 — MHorosipycHasi KOJIOHHa OO0IIIero Buaa
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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 uacteit. Ilpu pacyeTe KOJIOHHBI MPUMEHSIETCS rio0adbHas CUCTEMa KOOpPAMHAT XyZ , Hayayio

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).

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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Puc. 3. CxembI apMHPOBaHUS NIPSMOYTOJIBHOTO CEUCHUS

JUIs TIONMIOHAJIBHOTO CEYEHUS BO3MOXKHBI CIEAYIOIIME CXEMBbl ApPMUPOBAHHUA: CX€Ma C PABHBIMU
IJIOUIAIIMU 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. [pu A = 0 uckiIr09aroTcst U3 pacCCMOTPEHUS BXOISALINE 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 TUIONIAN APMATYPHBIX CJIOEB C BAPHUPYEMOI TLIOIIAIBIO.
[Inowazp | -ro cios onpenensiercs mo Gopmyine A; =K; - A o, rme A, — 00wIas IOINIa1s apMaTyphl

(6e3 yuera moctossHHOH momiaau). Ilpu momomum pacdera OTHICKUBAETCs 00Iasi MJIOUIa b apMaTyphl
A 1, @ 3aTeM 110 K03 dunHeHTaM 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%

M, My

>\ )

Oy dz

Oys Oz
qu y Oz 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
JunTenbHol 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€30MaCHOCTH Y s
Harpy3ok mnpuHuMarorcss no Tabmuue A.2. KoMmOuHanmoHHbBIE KOI(GGUUMEHTHl 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 kaxpgoit KOOpI[PIH&THOﬁ IIJIOCKOCTHU BJIMAHHUC HpOFI/I6a Ha BCJIMYUHY PpaCcdY€THOIO0O MOMCHTa
YUYUTBIBACTCA IMYTEM YMHOXKCHUSA H3rn6ammero MoMmeHTa M Ha MOBBIIIAIOIINH KOB(I)CI)I/II_[I/ICHT n.

Takoii momxox HazeBaetces B [9] (ctp.106) cmocodbom kputndeckux cuit. KoadduumeHT 77 Beraucisercs
o ¢opmyre:
- 1
-
1-
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:
_ 7°D
- 2

N

cr
IO

rnie D - xecrkocts komouuel, |, - pacuernas mnmuHa. 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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4 E,l, 0.
- 84El, 011

72" @ 01+0,

+0.1)+E(I]

3necs E,E; - Monynu ynpyroctu 6eroHa u apmarypsl, |,,l, - MOMEHTH MHepuMH OGETOHHOIO
CeYeHHs M IUIOIIAMU CEYCHHs apMaTypbl OTHOCHTENIBHO LEHTPAIBHON ocH cedeHus, O, =€,/h -
OTHOCHUTEJIBHBIA SKCLEHTPUCUTET MpononbHoi cuibl (N - BbICOTa cedyeHMs B MIIOCKOCTH U3ruba),
¢, =1+ f-M,; /M, - napamerp, y4YHTBHIBAIOIIMI IIMTEIbHOE MACHCTBHE Harpys3ku (B =const).

CornacHo [4], )KeCTKOCTb BBIYMCIIACTCS aHAIOTUYHBIM 0o0pazom. B [1] u [2] ¢popmyna mis sxecTKocTH
UMEET BUJI:

0.15E, 1
D=——""2"% L07EUI,
¢I (03 + 5e)
3KCH€HTpI/ICI/ITGT eo OMpeacCICTCA OTHOCHUTCIBHO LCHTpPA TAXKCCTH HNPHUBCACHHOI'O CCUCHHA (HpI/I

HECHMMETPUYHOM APMHPOBAHUHM LEHTPHI THKECTH OETOHHOIO M IPHUBEIEHHOIO CEYEHHH He
coBmazaaroT). [Ipu onpeeneHnn €, , yauTbIBaeTCs ciydaiinblii sxcuentpucurer 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, SBJISIOIICHCS AJIEMEHTOM
CTAaTUYECKH ONPEAETMMON KOHCTPYKIHH, SKCUEHTPUCUTET €, IPUHUMAETCS PaBHBIM N +€,, anpu

M
PACUCTC KOJIOHHBI, ABJIAOIICUCA JIEMCHTOM CTAaTUYCCKH HEOIIPCACIIMMOU KOHCTPYKIIUH, — PABHBIM W

M M
, €CIIn N > €, , U PaBHBIM €, , €CIId N <e, . CoryacHo [4], 5KCLEHTPUCHUTET €, BCETHA IPUHUMAETCA
paBHBIM — + €, .
N

MowmenTsl M, M|, BBIYHCISIOTCS OTHOCUTENIBHO OCH TSDKECTH HanOoJiee pacTsHYyTON (WM HauMeHee
cxkatoil) apmatypsl mo ycuwiusMm N, M ot monHoii Harpysku u mo ycwiusm N, M, oT mmuresnsHo
neicTByromieit 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
kodpduimenram  K,. CormacHo [4], N,,M, paccuuThBalOTCS OT TNPAKTUYECKA MMOCTOSHHBIX

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 mapaMeTpbl ¢ U
€,,B O6IJ.I€M CJIydac U3MCHSACTCA 110 BBICOTC KOJIOHHBI. Tak xak D BeIUHCIHsICTCS C Y4€TOM apMaTyphl,

pa3MEIIeHHOW B CEUEHWH, TO 3HAYECHHS PacYeTHOro MoMmeHTa 77M Takke 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
1M, W 1],, 3aTeM ONPEJENAIOTCA pacyeTHble MOMeHTHl 77,M n 1,M, , nelicTByronue B mIockocTsax Z
u Y, a 3areM BBIUMCISAETCA TpeOyemasl IUIONaab apMaryphl. Jlamee BBIMOTHSAETCS CIEAYOIast
utepanus. TepalinoHHBIN MPOIIECC OKAaHYUBAETCS TOT1a, KOT1a OTHOCUTEIIbHOE pUpAaIleHUe TUI0IaIn
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, KOTOPBIA OIpenenseTcss Kak MpPOM3BENEHHE OTIENbHBIX KO3()(UIMEHTOB hi COTJIACHO
tabmume 15. Ilpu sToM KOA(POUIMEHT 2, 3aBUCIIIUN OT JUIMTENBHOCTH JACUCTBUS HArpy3KH,
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OTIpENIeNIICTCS ISl KXKI0M KOMOMHAIIMY HArpy30K IO OTACTBHOCTH. Pe3ynbTupyromuii KodppuimueHT
YCIIOBHH pabOTHI ¢ yueToM KoddpuimenTa y, He MoKeT 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’Myu:yu'My’Mzu:yu'M

z

[Tpounocts ceuenus obecneueHa npu y, > 1. Omubku npu pacuere TpeOyeMoil 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 aBTOMATHYECKHH y4eT MHHUMAJIBHOTO Ko3(dduimenra apMupoBaHuUs, KOTOPBIH
IPUHAMACTCS B 3aBHCHMOCTH 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

IUIOCKOCTH BBIaucisiercst o gopmyne 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 ONPENENAIOTCS pacyeTHble MOMEHThl 7M B KaX10il 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:

2

2
o + Q. <1
Qb,y +st,y Qb,z +st,z

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 ypaBHEHHIH NpPOIOIBHO-TIONEPEYHOrO H3rHOa

SABIIAETCSA TUHEHHOM.

B nenuneiHOM pacyere KpPHMBHM3HBI K, U 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

onpenemnstorcst kak R(aAfy /1y, T, /y,), a npu nenuneitnom pacuere - xak R(fg, fr)/7gs, roe
fo=aMfy, fr=11f,, r,=135

[IpenensHble ycunus BeIpaXkaroTcs yepe3 AeUCTBYIOIINE YCUIIUS 0 popMysiam:

Nu:yu'N’Myu :7U'My’Mzu:7u'M

z

IIpouHocTs ceuenus 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 aBTOMATHYECKUH y4e€T MHUHUMAJIBHOTO Kod(hdHIMeHTa apMUpOBaHUsS, KOTOPBII
NPHHAMACTCS B 3aBUCHMOCTH OT HAMOOJBILICTO 3HAYCHUs IMOKOCTH KONOHHBI A, =Max(1,,4,).

['nOKOCTh KOJIOHHBI B K&)KI0H KOOPAWHATHOMH IUTOCKOCTH Bhraucisiercst mo ¢popmyne A=1,/A /1, ,B

KOTOpO¥i pacyeTHas JutHA |, ompemensiercs aust ciyvasi NPUIIOKEHHS 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 MPOYHOCTH MO HAKIOHHOH IMOJOce. YCIOBHE MPOYHOCTH MPU KOCOM M3THOE MPUHUMACTCS
cornacho [11], 3.39 B Buze:

2 2

Q |9

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 MPUHUMAETCS PAaBHBIM CIy4ailHOMY 3KciieHTpucutery €,. Bo3mokeH 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

3aJ]aHHOM BJIQKHOCTH BO3JyXa OKpykKaromieil cpenbl. CHauaaa NPOBOAUTCS JIMHEHHBIM pacyer 110
nedopmupoBanHoli cxeme ¢ MmoxyineMm gaedopmaruu Oetona E, =E /(1+¢, ), orseuaroumm

MIPOJIOJDKUTEIIEHOMY JIEHCTBUIO HATrPy30K, a 3aT€M MPOBOJUTCS aHAJIOTHYHBIA pacueT C HadajdbHbIM
MojayieM ymnpyroctd E, . B aTux pacderax yyuTHIBarOTCsS 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
koa¢¢umenTa mnoi3zydectd omnpexaensercs cornacHo [4], Ilpunoxenue b mno 3nauenuro RH
OTHOCHTEJIbHOM BIaXKHOCTH BO3/yXa OKpY>KaroIlel cpesibl U 3HaueHHIo t, Bo3pacta 6eTOHA 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 npeaHa3zHaueHa Il TPOSKTHPOBAHMS OJTHOSIPYCHOM MM MHOTOSIPYCHOM KeJie300€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

PacueTHast cxema KOJIOHHBI MpPEICTABISET COOOH MMOCIENOBATEIBHOCTh CTEP)KHEBBIX DIIEMEHTOB
(gacTeit) mpousBoabHOTO ceueHus (puc.l). Pazdouenne KOJIOHHBI HA YaCTH HEOOXOIUMO MIPH HATHMYUU
Pa3IMYHBIX CEYCHHH, a TAKXKE JUIsI TOA00pa apMaTyphl pa3IHYHON TUIOMIAAN HITH PA3JIMYHOTO AHAMETPa
Ha Pa3JIMYHBIX YacTAX KOJIOHHBI. YacTW HyMepylTCs B HampaBlIeHUM CHHM3Y BBepX. [Ipu pacuere
MPUMEHsIETCS TiI00aabHas cUucTeMa KoopauHaT XYZ , Hadajao KOTOPOW COBIAJACT C IIEHTPOM TSHKECTH

HIDKHETO ceyeHus: KooHHbl. Och X HampasieHa cHH3Y BBepX. Ha Kamol 4acTH KOJOHHBI BBOIUTCS
JIOKaJbHasl CUCTEMa KOOPJMHAT, BEPTUKAIbHAs OCh KOTOPOW COBMANAET C JIMHUEH LEHTPOB TAKECTH
CCYCHMI JaHHOM 4YaCTH, & TOPU3OHTAIBHBIC OCU MAPAUICIBHBI OCAM Y,Z. YUUTBIBAETCA CMELICHUE

BepTHKaﬂbHOﬁ OCH 49aCTH KOJIOHHBI I1I0 OTHOILICHHIO K OCHU HH)KepaCHOHO)KeHHOﬁ 4aCTu (pI/Icz)

Yactu

Puc. 1. Pacuernas cxema

Puc. 2. Cmemnienue ocu

[Ipeanonaraercs, 4To pe3yNbTUPYIOLIAs BEPTUKAIBHAs CUJA BOCIIPUHHMMAETCS B HUKHEH OIIOpE.
VYcnoBust ynpyroro MM aOCOJIOTHO KECTKOTO 3aKperyIeHHs MOTYT 3aJaBaTbCsi B IMPOM3BOJIBHBIX
Toukax. OHM (GOPMYNUPYIOTCS Ul TOPU3OHTAIBHOIO MEPEMEIIEHUS U MOBOPOTA CEYEHUS BOKPYT
TOpPU30HTAIFHON Ocu. B ciyuae ofHOSpYCHOM KOJIOHHBI, BO3MOYKEH BBIOOp YaCTHBIX PACUETHBIX CXEM,
UL KOTOPBIX HE TpeOyeTcs SBHO 3a/aBaTh yCJoOBUs 3akperuieHus. Ha puc.3 manel Gopmynsl amst
ornpenesneHus] KOAQGUIMEHTOB >KECTKOCTU YIPYTUX CBS3€H KOJOHHBI C NPUCOEAMHEHHBIMH K HEMl
3JIEMEHTaMHU KOHCTPYKIMHU. BO3MOXeH ydeT MoJaTIMBOCTH OCHOBaHMS MPH MOMOITH K03 duiimenTo
KECTKOCTH 3aKpEIJICHUS HIIKHETO Kpas KOJOHHBI OTHOCHTEIbHO MOBOPOTOB. KoadduumeHTs
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’KECTKOCTU MPUOIMKEHHO ONpEeNsIeTcs Mo pa3MepaM pyHIaMEHTHON TUTUTHI U MOAYIIO lehopManuu
OCHOBaHUSI.
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Puc. 3. Koo punueHTH KEeCTKOCTH YIIPYTHX CBS3EH

2. Ceuenusi

Ha PA3IUYHBIX YaCTAX KOJIOHHBI MOT'YT 3a1aBaThCA PAa3JIMYHBIC CCUCHUSA, OTIIMYAIOIIECCA 110 (1)opMe 15010%0
o apMatype. CeueHre MOKET 3a/1aBaThCs KaK CTaHJApTHOE ceueHue (MPsIMOYTOJIbHOE, KPYTrOBOE HIIN
KOJIBIIEBOE CEUCHHE) MM KaK TPOU3BOJIBHOE TTOJIMTOHAIBHOE ceueHune (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
pacripeielleHueM IO apMaTyphl BIOJIb KOHTypa cedeHus (A = 1), cxema ¢ paBHbIMHU IUIOIIASIMU
apMaTypbl BOJNM3M BepxHEW M HIDKHEH cTopoH cedeHus (A = 2), cxema ¢ paBHbIMU IUIOLIASIMHU
apMaTypbl BOJIM3H JICBOW U MpaBoii CTOpoH cedenus (A = 3).

JUis KpyroBOro M KOJbBIIEBOIO CEUEHUN paccMaTpUBAETCS CXEMa apMUPOBAaHUS C PABHOMEPHBIM
pacripeieIeHueM IUIO0IIAaI1 apMaTyphl BIOJIb KOHTYpa CEUEHUs.

JUIs TIONMIOHAJBHOIO CEYEHUS BO3MOXKHBI CIEAYIOIIME CXEMBbl APMUPOBAHHUA: CX€Ma C PABHBIMU
IJIOUIAIIMUA apMaTypbl BOJIM3U BEpUIMH BHEUIHET0 KOHTypa ceueHus (A = 0), cxema ¢ paBHOMEPHBIM
pacripeielIeHueM IUIONIA 1M apMaTyphl BI0JIb BHELTHETO KOHTYpa ceueHus (A = 1), mpou3BoibHas 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,
6onpue 180 rpan). Kpome Toro, mpoBepsercss BO3MOXKHOCTh KOPPEKTHOTO Pa3MELIEeHHs apMaTypHBIX
CTepKHEH NMPHU HAIMYUK OJIN3KUX BEPIIMH.

[Tpu BBIOOpPE MPOM3BOJILHON CXEMbI apMUPOBaHUS, TpEOyeTCs 3a7aTh OTPE3KH (apMaTypHBIE CJIOH), Ha
KOTOPBIX pa3Meniaercsi apmatypa. Bo3moxken BBoa g0 S0 apmarypHbix cioeB. CiIou MOTYT UMETh
MPOU3BOJIBHYIO JUIMHY M oOpueHTauuto. llpenamonaraercs, 4To IJIOMIagb apMaTypbl PaBHOMEPHO
pacnpeneneHa no cnoro. Ecnm  gnuuHa cios paBHA HYJKO, TO TaKOM CIIOW  COOTBETCTBYET
«COCPEJIOTOUYEHHOI» IUJIOMAAu apMaTypbl. ApMaTypHblE CIIOM TOJApa3AeNsioTcs Ha CJIOU C
BapbUPYEMOI TIIOIMIAIBIO M CJIOU C MOCTOSIHHOM TUIONIA B0 (He H3MEHSIEMOW MpU pacuere Tpedyemon
apMatypsl). [ kaxaoro apMaTypHOTo CJIOSl ¢ BapbUpPyeMOH IJIOLIAAbI0 OMPEIENIeTCs ero A0 B

obmeit miomanu apMatypbl A, . JloNA CIOS PacCUMTHIBAETCS MO 3aIaHHBIM OTHOCHTETBHBIM
TUIOIIASIM KakK ki =A /(Al +A, +..), i=12,... Mowans i-ro cros omnpenensercs mo ¢gopmyine
A =Kk *A yar- Tlpu mOMOIM pacyeTa OTHICKUBAETCS O6MIAs MUIOMAAL apMaTypsl A ., a 3aTeM 1o

koa¢dunreHTam ki BBIYMCIISIFOTCS JIOIIAIA apMATYPHBIX CIIOEB Asi-
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Puc. 5. Cxemsl apMHpPOBaHUS TPSAMOYTOJIBHOTO CEUCHHS

3. Harpy3ku

Bo3MOoOKHEI CICAYIOUEC HArpy3ku: COCPCAOTOYCHHLIC BEPTUKAJIBHBIC W TOPHU30HTAJIBHBIC CHIIBI,
COCPEAOTOYCHHBIC MOMCHTBI, PACHPCACICHHBIC TOPU30OHTAJIBHBIC W BCPTUKAJIIBHBIC HArpy3KH,
CMCHICHUS U TIOBOPOTHI 2JKECTKUX OIIOP. Bo3MoxeH aBTOMaTUYECKUM Y4eT COOCTBEHHOT'O BECa KOJIOHHBI.
IlonoxuTenpHEBIC HarpaBJICHHA HArpy3o0K IIOKa3aHbl Ha pI/IC6 IlonoxuTeabHbBIC HaIpaBJICHUA
CMEILEHUHN >KECTKUX OIIop COBIAaAAOT C HAIMPAaBJICHUAMU KOOPAWHATHBIX oceii. IlonoxuTennbHBIC
HaITpaBJICHUA ITOBOPOTOB KCCTKHUX OIIOP COBIIAAAIOT C ITOJIOKHUTCIIbHBIMA HAIIPABJICHUSIMU MOMCHTOB.

Knaccudukanuss 1 koMOMHHpOBaHUE BO3JEHCTBUIA TpUHUMAarOTCs corjacHo [2], Ilpumoxxenue Al.
Bo3zaeiicTBus moapa3aensaroTcs Ha MOCTOSTHHBIE, IIEPEMEHHBIE U 0CO0bIe, 2 KOMOMHAITUY BO3/ICHCTBHM -
Ha OCHOBHBIE M 0cOObIe. YacTHbIEe K02()(DUIIMEHTHI 0€30MaCHOCTU y. Ul BO3AEHCTBUI PHUHUMAIOTCS

no tabmune Al.2(B). KomOunanmonusie koapduuuentsr Vo, V1, ¥/, 11 nepeMeHHbIX BO3AEHCTBUI

npunuMarotes no tadmune Al.l. KomOunupoBaHue Bo3IeicTBUI MpeacTaBiseT coO0i reHeparuio
MHOKECTBA OCHOBHBIX U OCOOBIX KOMOWHAIU{ BO3JEHCTBUH C Y4eToM OJaronpusTHOTO U
HeOIaronpusaTHOro 3¢¢exra oT BO3AEHCTBHM, a TaKkKe BO3MOXXHOCTU JOMUHUPOBAHUS KaXAOTO U3
nepeMeHHbIX Bo3jaeicTBuid. [Ipu yuere nedopmanuii momsydecTu OeTOHA A KaKJOW pacueTHON
KOMOHMHAIIUY ONPEeeTCs COOTBETCTBYIONIAs MPAKTHUECKU MTOCTOSIHHAS KOMOUHALIMS BO3ACHCTBHIA.
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Puc. 6. [TonoxxuTenbHble HANPABIEHUS HArPY30K

Bo3MmoxeH BBOJ HeECOYeTaeMbIX BO3AeWCTBUN. Takue BO3NEHCTBUSA BKIIOYAKOTCA B  TPYIILY
HecoYeTaeMbIX Bo3JeicTBui. B KOMOMHAIMIO MOXKET BOWTH TOJIBKO OJHO BO3JCHCTBHE M3 KaKION
rpynnsl. Hymepanus rpynn HauuHaeTcsl ¢ €AMHULBL. [ pynbl MOTyT IPUMEHATHCS, B YACTHOCTH, IIPU
ydeTe BETPOBBIX HArpy3ok (Ipu pacCMOTPEHUHU AEUCTBHUS BETpa MO PA3JIMYHBIM HAINPABICHHUSIM) U
KPaHOBBIX HArpy30K (IIPU PAaCCMOTPEHUH PA3IMYHBIX MTOJIOKEHUH KpaHa).

Bo3moOkeH BBOJ 3HAaKONEPEMEHHBIX BO3JECUCTBHM. B 3TOM ciywyae, B pacyeTe y4HMTHIBAECTCS Kak
3aJJaHHOE BO3JIEHCTBUE, TaK U BO3JECHCTBUE IPOTUBOIOJIOKHOTO 3HAKA.

Jlnis cokpallieHus] BEIYUCICHUN U 00beMa BBIXOAHOTO JOKYMEHTa MPOTrpaMMbl, IPEIyCMOTPEH BHIOOD
KOMOMHAIMI BO3JEHCTBHI, U1 KOTOPBIX MPOBOJIUTCS pacdyeT KOJOHHBL [lo pe3ynpTaTam JUHEHHOTO
pacdera ¢ ydeToMm 3(@PEKTOB BTOPOro TMOpSAJKa JUIsi BCEX BO3MOXHBIX KOMOWHAIIMW BO3JEHCTBUH,
BBIOMpAIOTCS Takhe KOMOWMHALIUU, JUIsi KOTOPBIX BHYTPEHHHE YCHIIMS WA TPOTUOBI MPUHUMAIOT
HauOOJIbIINE TONOKUTEIbHBIE UM OTPUIIATENFHBIC 3HAUSHUSI.

4. HenuHeiiHbIi pacuer

Henunelnpiil pacyet mpoBOAUTCs cornacHo [ 1], 5.8.6. KpuBu3HBL K M x, ONPENENAIOTCS YEPE3 yCHITUS

Ha OCHOBE Juarpamm ae(GopMHpOBaHUS CKATOro OeToHa W apMaryphl. [Ipu pacuere mpumeHseTcs
nuarpamma, npueaeHHas B [1], 3.1.5. M3-3a HenuHeWHOro xapakrepa 3aBUCUMOCTH KPUBU3H OT
YCUITUH, CUCTeMa YPaBHEHHH MPOJOIBHO-TIONEPEUHOT0 U3rubda sIBisieTcs HennHeHou. Hennnelnsrii
pacyer NpOBOJMTCS MPHU MOMOLIM METOAA UTepauuil. TepallMOHHBIN MTPOLIECC OKAHYMBAETCS TOT/A,
KOTJ]a OTHOCUTEbHBIE TIPUPAIIEHUS] MOMEHTOB, TIPOTHOOB M TUIOMIATH apMaTyphl CTAHOBATCS MEHEe
1%. JIns KOHTPOJISI TOYHOCTU PE3YIbTATOB HEIMHEMHOIO pacyeTa YCUIUN BBIBOAUTCS UTEPALIMOHHAS
OIIMOKA.

[IpenycMoTpeH BBIBOJ Harpy3ok Ha Omopbl (OHM MPOTHUBOIIOJIOKHBI MO 3HAKY PEaKIUsIM O1op). ITu
JaHHBIE MOTYT UCIOJIB30BaTHCS MPU pacyeTe NMPUCOSTUHEHHBIX K KOJIOHHE 3JIEMEHTOB KOHCTPYKIUH (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 TpeOyemoi apMaTypsl IPOBOJUTCS Ha OCHOBE JUArpaMMbl, MOJYYEHHOW W3 nuarpammbl [1],

3.1.5 3amenoit Ty, na oy msamenoint Egy ma Eg =B /7 upu yoe =1.2.

[IpenenbHbIE yCUITUS BRIPAXKAIOTCS Yepe3 AEUCTBYIOIIME YCHIIUS M0 (popMynam:

N,=7N, M, =yM, M, =yM,

IIpoYHOCTEL ceueHuss odecrieueHa npu 21 OwmuoKH Npu pacueTe TPeOyeMOH apMaTyphl BBIBOAATCS
u

Torja, Korjaa onu npeBbiatoT 1%. [losBnenne nundopmannu 06 ommnbdKkax BO3MOKHO, B YaCTHOCTH, ITPH
pacdere TpedyeMoil apMaTypbl B IPOU3BOIHHOM IMOJIMTOHAILHOM CEYCHUH, €CIIM CXeMa apMUPOBAHHUS
3aJjaHa HEKOPPEKTHO.

[IpenycMOTpeH aBTOMAaTHYECKHH y4eT MUHUMaIbHOrO Koddduipenta apMupoBanus. MuHUManbHas
IUIOMIA/Ib apMaTYphI onpenensercs mo opmyae [1], (9.12N) ¢ yuerom (NA8.7):

A in = % >0.003A,

yd
rac fyd = fyk /7/5 - paC4Y€THOC 3HAYCHUE IIPEACIa TCKYYECTH apMaTyphl. KOB(I)(i)I/ILII/IeHT 0€e30MacHOCTH

JUISL apMaTyphl /s TpUHUMAETCs paBHBIM 1.15 mpu pacuere ajis OCHOBHOW KOMOHMHAITUU 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):

_ M e
1-Ng, /N,

Ed

rae MOEd - U3ruOarolMil MOMEHT, OlpeaeieHHbI 0e3 yuera 3¢ (EeKTOB BTOPOro MOPSAIKa, NEd -
NpOJOJbHAsA cuia, N, - KpPUTHYECKas CHJa, KOTOpas OIpPEIENsIeTCs Ha OCHOBE HOMMHAJILHOM
xecTkocTH. DopMyna JUIst KpUTHUECKOW CHITBI MOKET OBITh 3aIMCaHa B BUJIE:

_7z2D

2

NB

IO

rac D - HOMHHaJIbHasA XCCTKOCTh KOJIOHHBI, IO - pacucTHasa JJInHa. 3HaueHNE D BBIYHCIIACTCA I10

dopmyne (5.21):
D=K.E I, +KE.I,
3nech Eyq =Egn/Vee - pacueTHOEe 3HAUCHHe MOy ympyroctu Gerona, Veg =1.2, E, - momyms

YIPYTOCTH apMaTyphl; |c, |5 - MOMEHTBI HHEPLIMU OETOHHOTO CEYEHUS U IUIOIIAIN CEUYECHHUS apMaTyphl

OTHOCHUTEJILHO IIeHTpaIbHON ocH ceueHus. KoadduimeHnTo Kc ) KS OTIpEIeNAIOTCS 10 popMyam:
Kc = klkz /(1+ ¢ef )
K, =1
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k, = /T, /20

k, =n-—2—<0.20
170

N=Ng /(A:fcd)

3meck fy - xapakrepucriueckoe sHauenme npounocty Gerona npu cxaruu B MIMa, T =a Ty [y -
pacueTHoe 3HaueHHe npouHoctH 6erona, A, - miomams cevenns, A=ly/1 - ruGkocts, i - pammyc

uHepuuu ceueHus. Koappuuuent 6e3onacHocTu 1uid 0eToHa )¢ pUHKUMAaeTcs paBHbIM 1.5 ipu pacuere
IUIE OCHOBHOM KOMOHMHAIIMM BO3JCHCTBUH M paBHBIM 1.2 mpu pacdere Uit 0COO0H KOMOMHALUHU

Bo3feiCTBUI. D heKTUBHBIN KOIPOUIUEHT MON3YyUeCTH Po 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 OKpyKaromell cpemsl u

3HAa4YCHUIO to BO3pacTa 0OeToHa B MOMEHT HarpyKeHusl.

B ciyuae nuHEWHOro pachpenelieHus HM3rMOalomero MOMEHTA, IMPUMEHSETCS SKBHBAJCHTHBIN
pacyeTHbI MOMEHT corjiacHo [1], 5.8.8.2 (2).

[lo pacueTHbBIM MOMEHTaM ompezensercs TpedyeMas IUIOIIAJb apMaTypbl. Tak Kak HOMHUHaJIbHas
YKECTKOCTb 3aBUCUT OT ILIOLIAAU apMaTyphl, pacyeT IMPOBOAUTCS IIPU IIOMOIIY 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 / Vs - pacdueTHOe 3Ha4YeHHE Tpejena TeKydyectu apMarypbl. Koaddurment 6e3omacunoctu

JUTsL apMaTyphl ) TIpUHUMAETCs paBHBIM 1.15 mpu pacuere ajisi OCHOBHOW KOMOWHAITUN BO3JIEUCTBUI
u paBHbIM 1.0 pu pacyere 1t 0c000i KOMOMHAIIMK BO3/IEHCTBUH.

6. KoncrpyupoBanue

KoHcTpynpoBanue npoAoabHOW apMaTypsl B CEUEHHUSAX KOJIOHHBI IIPOU3BOJUTCS C  YYETOM
HOPMATHBHBIX TPeOOBAaHMI MO 3aIUTHOMY CJIOK0 OETOHA, 32 UCKIIOUEHHEM Cilydasi MOJUTOHAJIHLHOTIO
CEUeHUs ¢ MPOU3BOJILHON cxeMoi apmupoBaHusi. HeoOxonumele /1715 pacueTa pacCTOSHUS OT LIEHTPOB
TSKECTU IUIOIIAJAEH apMaTypbl 10 KOHTYypa CE€YEHUs IMEPBOHAYAIBHO ONPEIEIAIOTCS 10 3aJaHHOMY
HauOOJIbIIIEMY THAMETPY CTEPXKHEH ¢ y4eTOM JuaMeTpa XOMYTa M 3a/JaHHONH MUHUMAJIbHON TOIIIUHBI
3amuTHOro ciosi OetoHa. [lo pe3ynbraTaM MEepBOHAYAIBHOIO pacyeTa KOJIOHHBI MPOU3BOAUTCS
KOHCTPYMPOBAaHHUE apMaTypbl, U KOPPEKTUPYIOTCA PACCTOSHMS OT LIEHTPOB TSHKECTH IIIOLIANEH
apMaTryphbl 10 KOHTypa CE4€HHUs. 3aTeM NIPOBOJUTCS IIOBTOPHBIN PacueT KOJIOHHBI U KOHCTPYUPOBaHUE
apMatypsbl. PaccTosiHuS OT LEHTPOB TSKECTH IIIOMAAECH apMaTyphl 0 KOHTypa CEUYEHUs, A1 KOTOPBIX
orpeseneHa TpedyeMast apMaTypa, yKa3blBalOTCs B BBIXOJHOM JOKYMEHTE IPOTrPAMMBI.

[Tpu nmoxbope apMaTypHBIX CTEpKHEW MPUMEHSETCs CIeAYIOMUN o0UHii psia 1uameTpoB (B MM): 6, 8,
10, 12, 14, 16, 18, 20, 22, 25, 28, 32, 36, 40. ApMaTypHbI€ CTEPKHU PA3MENIAIOTCS B CEYEHUH C YUYETOM
HOMHUHAQJIBHOW TOJIIIMHBI 3alIUTHOTO CJ0d O€TOHAa M HOMMHAIBHOTO PACCTOSIHUS B CBETY MEXAY
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crepxasimMu. HOMUHANBHAS TOJIIMHA 3aIUTHOTO CJIOS ONpexensercs Kak Cpyn = Crin +AC, rre Crrin

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 3aIaHHOI'0 3HAYCHHUS 1 OIIPCACIIACTCS C YUYCTOM

creytoumx yenosuit: Cyy 2 Uy, Crin +0g, 2, rne 0y, — nmamerp monepeunoii apmaryper, d —
JIMAMETP TPOIOIBHON apMaTyphl.

B ceuenuu co cxemoii apmupoBanust A = (0, B K&KIOM yIJle MOXKET Pa3MEIIaTbCs OJIMH apMaTypHBIH
CTepKeHb WM (TIpr HeoOXxoaumMocTH) 6osee (3 wim S apMatypHbIX cTepxkHel ). [Ipu pacuere TpeOyemoit
apMaTypbl, MPUMEHSETCS PACCTOSHUE OT KOHTypa CEYeHHs 10 OOILIero LEHTpa TSHKECTH TPYIIIBI
CTEPKHEH.

/. Yuer HecOBepIIEHCTB

[Ipu nHenuueitHOM pacuere ¢ y4deToM S((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 (hOpMBI HECOBEPILEHCTBA KOJOHHBI, (POPMBI MOTEPH YCTOWYUBOCTH
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 Harpy3ok. Ilo ymomyanwuro,
HauOoJblllee 3HAUEHUE HAYaJbHOrO nporuda B KaXJ0M IUIOCKOCTH HPUHUMAETCS PABHBIM
MUHUMaNbHOMY 3KciieHTpucuteTy ([1], 6.1(4)). Bo3MoxkeH BBOI HAMOOJIBIIET0 3HAUYECHUSI HAYAlIbHOTO
nporuba. BeiOop Hanbonee HeOIaronpusATHONM OpHUEHTAlMHM HayaJbHOro Mporuba (BHIOOp 3HaKa
HanOOJIBIIIET0 3HAYCHH ) OCYIIECTBIIICTCS JIJIs1 KXKI0H KOMOMHAIIMK BO3JIEHCTBUM 1O OTIEITLHOCTH.

OTKJIOHEHHE OCH KOJIOHHBI OT BEPTHUKAJIH MPEJCTABISET COO0N MOBOPOT OCH BOKPYT HUKHEH TOUKH.
Boibop nHamnbosiee HEOMArompusITHOTO HAMpPABIECHUS OTKIOHEHHs] OT BEpTUKAIW (B HaNpaBIEHUU
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

Hedbopmarnuu mon3ydecTd OeTOHA PACCUUTHIBAIOTCS B paMKax JMHEWHON TEOPUHU TMOJI3YYECTH IS
MPAKTUYECKH TMOCTOSHHBIX KOMOWHanui Bo3zaeicTBuil. CHayalla MPOBOIUTCS JTUHEHHBIA pacyer ¢

yaeToM 3((EeKTOB BTOPOro Mopsiaka ¢ MoayiaeMm jaedopManuu OeToHa E., /(1+§0), OTBEYAIOIIUM
MPOJOHKUTETILHOMY JIEWCTBUIO HArpy30K, a 3aTeM IPOBOJUTCS AaHAJOTUYHBIA pacdyeT ¢ MOJyleM
YIPYrOCTH Ecm . B 9Tux pacuerax yuuTBIBArOTCS 3aJaHHBIC HECOBEPIICHCTBA KOJOHHBL [Ipornoer W,

BbI3BaHHBIE TIOJI3Y4ECThI0 OETOHA, OINMPEAENSAIOTCS KaK pa3HOCTh MPOrHOOB, MOJYUYEHHBIX B ABYX
yKa3aHHbIX pacderax. [IporuObl W, y4uTBIBalOTCS B OCHOBHOM HEJIMHEMHOM pacdeTe KOJOHHBI Kak
HayaJlbHbIe TPOTUOBI.

9. Yuer nmoaaTJIMBOCTH OCHOBAHMUA

XKecTkocTb OCHOBaHUSI OTHOCUTENIBHO ITOBOPOTOB HMIKHEIO CEUEHMS] KOJIOHHBI BOKPYT ocel Y U z
omnpenensercs mo Gpopmysie [3], Anhang 111.2:
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E

C, =ab?——
4.64k

3necs a,b - pasmepsl dymmamenta (puc.7), E - momyms ynpyroctu rpynra, k - xosdouument,
MIPUHUMAEMBIH 110 CIIeyoIel TabauIe:

b/a 0 1 2 3 4 5
k 1.00 0.76 0.59 0.50 0.43 0.39

>
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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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1. Ceuenue

CevyeHue

2. JlaHHbIe 1J151 MoA00pa apMaTyphbl

Nanume gns nogbGopa

apMaTypsE

3. BbiOpaHHbIe CTEpP:KHI

BumfSpaHHES

i

OMpHMHEHa CSYSHMSA E = 40.0 oM
BumcoTa CeUSHMA h = 40.0 cM
OPbmas OnAomage apMaTypRH Ba,tosx= 18.00 cm?

e in de oz = Nlm a = 8min

[ papa] [para] [pra]

1z 28 10 20
OmameTp XxoMyTa [= = 8 MM
MMHMMAIEHAA TOJOMHEA SAMMTHODCS CJIOS
ONA NpoJoflbHOME apMaTyVpRH min a- = 20 MM
ONA NoNepedYHoM apMaTYVPRH min &= = 15 B
MecToO n d. [mMmM] A, [cmZ]
Ha wvron 1 25 4,51
OBmee cTepEHESN Ns o s = 4 -
SAMMTHHEN CHOM OO XOMyTAa a. = 20 MM
OBbmas NAOmMAOLEL ApMATYPH Bs,co=™ 19.63 cm?
3+

f@ @'\
CTEp®HM: 4 25
o HOoMyT: (o)
- AWM THBIN CAOM:
a3s = 20 MM
'xEl ']_]f

hr

-|L 40 ,‘I"
rpauness CTATEH 2 000 TexcodT
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410 — OpHosipycHasi KOJIOHHA OOIIEero BUaa
< g
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[Iporpamma mipegHa3HayeHa Uil TPOCKTHUPOBAHUS CTATHUYECKA HEONPEICTUMON OJHOSPYCHOM
XKene300eTOHHOW  KOJIOHHBI  MPOM3BOJIBHOTO CEYEHHs corjacHo cieaytomuM 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 0 METOAY YCIOBHBIX KPUTUYECKHUX CHJI. PaccunThiBaercs Tpebyemas miomnaib
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 KOJIOHHBI IIPEJCTaBISET COOOM CTEP’KHEBOM 3JIEMEHT IMPOU3BOJIBHOTO CEYEHHH,
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 IPUMEHSAETCS CUCTEMA KOOPAUHAT XYZ, Ha4au0 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). [Ipennomnaraercs, 4To pe3ynbTUPYIOIIAs BEpTUKaIbHAs CHJIa BOCIPUHUMAETCS B HIKHEH
ornope. Bo3MoOxeH ydeT NONATIMBOCTM OCHOBAHMUSA IPH IMOMOUIM KO3((UIHMEHTOB >XECTKOCTH
3aKpeIUIeHUs] HIDKHErO Kpash KOJIOHHBI OTHOCUTENBHO TMOBOpPOTOB. KoddduumeHTs xecTkocTH
IpUOJIMKEHHO OIPEAEIISIOTCS M0 pa3MepaM (pyHAaMEHTHOM IUIUThI U MOJTYJIIO JIe(pOpMallii OCHOBAHUS.

2. Ceuenue

CedeHne MOXXET 3a/1aBaThCsl KaK CTaHJApPTHOE ceueHHe (MPSAMOYTOJIbHOE, KPYrOBOE HIIM KOJBIIEBOE
CeueHre) WM Kak MPOM3BOJIFHOE TOJHTOoHaNbHOE cedeHue (puc.l). s mpsMoyroisHOTO CedeHUs
BO3MOXHBI CIEIYIOIME CXeMbl apMHpoBaHUs A (puc.2): cxeMa C PaBHBIMM IUIOINAASIMU apMaTypbl
BOJIM3M BeplMH ceueHus (A = 0), cxemMa ¢ paBHOMEPHBIM pacIipeleIeHUeM IJIOLIa I apMaTyphl BIOJIb
KOHTYpa ceueHus (A = 1), cxema ¢ paBHbIMHU IUIOIIAIIMUA apMaTypbl BOJIM3U BEpXHEW U HUKHEHN CTOPOH
ceuenus (A =2), cxema ¢ paBHBIMH IUIOIIASIMHA apMaTypbl BOJIM3H JIEBOM M ITPaBoil CTOPOH cedeHus (A
= 3). [l KpyroBoro M KOJbLIEBOTO CEYEHUI paccMaTpUBAETCS CXeMa apMHPOBAHUS C PABHOMEPHBIM
pacrpeaerIeHueM IUIOIIa i apMaTyphl BAOJIb KOHTYpa CCUCHHUS.

3ajaHue MPOU3BOJIBHOIO MOJIMIOHAIBHOIO CEUEHMsI OCYLIECTBISETCA IyTEM BBOJA KOOPAMHAT €ro
BepunH. Bo3mosken BBoa 10 50 BepiuH. BpIOOp KOOpAMHATHBIX OCEH EKAapTOBOM CHCTEMBI MOKET
OBITH NMPOU3BOJIBHBIM. BeplInHbl 3a7at0TCS B MOCIEI0BATEIbHOCTH, KOTOpasi COOTBETCTBYET 00XOy
MOJIUTOHA 110 KOHTYpPY B OIpejelieHHOM HampasieHuu. [Ipu 3ToM monuroHaibHas o01acTh J0JKHA
ocTaBaThCs 110 OJJHY CTOPOHY (HampuMmep, clieBa) OT HampasieHus o0xoxa. [Ipu Hanuyuu BHYTpEHHHUX
MOJIOCTEN B C€YEeHUU TpeOyeTcs MPOU3BECTH pa3pesbl, MO3BOJISIIONIME OOONTH TIpaHUYHBIE KOHTYPHI
(BHELIHUH ¥ BHYTPEHHHUE) TaK, YTOOBI 00JIaCTh OCTaBalIACh MO OJHY CTOPOHY OT HampaBieHUs 00Xoa.

Jns moNMroHanbHOTO CEYEHHS BO3MOJKHBI CIEAYIOIIME CXEMbl apMUPOBAHUS: CXEMa C PaBHBIMHU
TUTOMIA/IIMUA apMaTyphl BOJIM3U BEPIIMH BHENTHETO KOHTYypa ceueHus (A = 0), cxemMa ¢ paBHOMEPHBIM
pacrpeieieHleM TUTOIAIN apMaTyphl BJIOJIb BHEIITHET0 KOHTYypa ceuenus (A = 1), mpon3BobHas cxema
apmupoBanus. Jnsg cxem A = 0 m A = | HeoOXoaumble IJIs pacueTa KOOPAWHATBHI apMaTyphbl
onpeaenstoTcs aBToMatudecku. [Ipu A = 0 UCKITIOYAIOTCS U3 paCCMOTPEHUS BXOASIIUE YIITHI (T.€. YTIIbI,
oonpmue 180 rpan). Kpome Toro, mpoBepseTcsi BO3MOXHOCTh KOPPEKTHOTO pa3MEIICHUsT apMaTyPHBIX
CTepXKHEH MPY HATMYNH ONM3KUX BEPIITUH.
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Puc. 1. Ceuenns

[Tpu BBIOOPE TIPOU3BOIBLHON CXEMBbI apMHUPOBaHUS TpeOyeTcs 3aaaTh OTPe3KH (apMaTypHBIE CIIOH), Ha
KOTOPBIX pa3MeniaeTcsi apmatypa. Bo3smoxken BBog a0 50 apmarypsbix cioeB. CiIow MOTYT UMETh
MPOU3BOJIBHYIO JUIMHY M oOpueHTanuto. lIpenamonaraercs, 4To IO apMaTypbl PaBHOMEPHO
pacnpeneneHa 1o cior. Ecnm anMHAa €10 paBHAa HYNIO, TO TaKOM CIOM  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 KaXA0ro apMaTypHOTO CJIOSl C BapbUPYEMOU TUIOIMIAIBIO0 OMPEENIIeTCs €ro A0 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 CJIOEB C BAPHUPYEMOIl TLIOIIAIBIO.
[Inowaze | -ro cnost onpexensiercst mo popmyne A =K; - A, e A, — 0bIIas mwiomab apMaTypbl

(6e3 yuera mocTossHHOU momaan). [Ipyu moMomu pacyeTa OTHICKUBAETCS OOIIasl TIOM[aAb apMaTyphl
A, 1o » @ 3aTeM 110 KO3 GHIMEHTaM K; BBIYUCIAIOTCS IUIOMIAIH apMaTyPHBIX CII0eB A, .
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Puc. 2. Cxembl apMHPOBAHUS NIPSMOYTOJIBHOTO CEUCHHS

3. Harpy3ku

Bo3MoKHEI CICAYIOMIUEC HArpy3ku: COCPCAOTOYCHHLIC BCPTUKAJIBHBIC W TOPU3OHTAJIBLHBIC CHIIBI,
COCPECAOTOYCHHBIC MOMCHTBI, PACHPCACICHHBIC TOPHU30OHTAJIbHBIC W BCPTUKAJIBHBIC HArpys3KH,
CMCHICHUSA U TIOBOPOTHI 2JKECTKUX OIIOP. Bo3MoxeH aBTOMaTHYECKUM Y4eT COOCTBEHHOT'O 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 MOJIOKUTCIIbHBIMU HAIIPpABJICHUAMH 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
HOJPa3IEAIOTCS Ha TOCTOSHHBIC, UTUTEIbHbIE, KpPaTKOBpEMEHHBIE W o0coObie. KomOuHHMpOBaHHE
HArpy30K MpeacTaBisieT co00l TeHepaIluio MHOXKECTBA BO3MOYKHBIX KOMOWHAIIMI HATPY30K C YUETOM

K02 PUITMEHTOB HAIEKHOCTH O HArpy3ke 7 ; M KOA(D(HUIIMEHTOB, CBA3aHHBIX C OJHOBPEMEHHBIM
y4eToM JBYX U Ooyiee BpeMEHHBIX Harpy3ok. [Ipu Hamu4mu 0CcOOBIX HArpy30K, HAPSAY ¢ OCHOBHBIMH
KOMOHMHAIUSIMH, TEHEPUPYIOTCS TaKkKe 0coOble KOMOWHAIUH.

[MIpu pacuere mo [4], xnaccupukaiuss ¥ KOMOMHUPOBAHHME HArpy30K MPUHHMAIOTCS COTJIACHO
[Tpunoxenuto A. Harpy3ku noapa3aensroTcsi Ha MOCTOSTHHBIE, TIEPEMEHHBIC U 0COOBIe, a KOMOMHAITIT
Harpy3ok - Ha ocHOBHbIE (A.4) u ocoObie (A.5). YactHble K03(duLMeHTH 0e30MacHOCTH Y¢ JUIs
HAarpy3ok mnpuHumaroTca no Tabmuue A.2. KoMmOuHannmoHHble KO3(GOUIMEHTH W,,Y,, W, i

NEepEMEHHBIX Harpy30K MpuHUMaroTcs 1o tadmauue A. 1. [IpenycMoTpeH BBOI HeCTaHIAPTHBIX 3HAYCHUI
Ve Wo W1, W, U OTOCNIBHBIX HAarpy30k. KoMOMHUpPOBaHNE HArpy30K MPeACTaBIseT COO0M reHepanuo

MHOXECTBA OCHOBHBIX W OCOOBIX KOMOWHAIIMH HAarpy30K ¢ y4eToM OJarompusTHOTO |
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HeOnaronpusaTHoro 3dd@exkra OT HaArpy3ok, a TaKKe BO3MOXKHOCTH JIOMHUHHMPOBAHHUS KaxJOW U3
MePEMEHHBIX Harpy30K.

Vv Vv
Qy q;
Oys Uz
X X
qu y qZH Z

Puc. 3. [TonoxxurenbHble HaNPaBIEHUs HArPY30K

Bo3mokeH BBOA HecOUYeTaeMbIX HArpy3oK. Takue Harpy3ku BKJIFOUYAKOTCS B IPYIITY HECOYETAEMbIX
Harpy3ok. B komOnHanuio MoXeT BOMTH TOJIBKO O/IHA Harpy3Ka U3 Kakou rpymnmnsl. Hymepanus rpymnmn
HAaYUHAETCSA C €AUHHULBL. [ pynmsl MOIyT PUMEHSATHCSA, B YACTHOCTH, IIPU y4eTe BETPOBBIX HATrPy30K
(mpu paccMOTpeHHM AEMCTBHSI BETpa MO PA3NIUYHBIM HANpaBICHUSIM) U KPaHOBBIX HArpy3ok (Mpu
PacCMOTPEHHMH Pa3IMYHBIX MOJIOKEHUHN KpaHa).

Bo3MoxeH BBOA 3HAKOIICPECMCHHBIX HArpy30K. B sTom cJIydac, B paCcuUC€TC YUUTBIBACTCA KAaK 3aJlaHHAA
Harpys3ka, Tak 1 Harpy3ka InpOoTHUBOIIOJIOKHOI'O 3HAKA.

JUig cokpallleHusl BBIYMCIEHU 1 00beMa BBIXOJHOTO JOKYMEHTa MpOrpamMMmbl MPEeTyCMOTPEH BBIOOP
KoMOMHaMii Harpy3ok. [Ipum momomiu cratuyeckoro pacuera JUisi BCEX BO3MOXKHBIX KOMOMHALUN
Harpy3oK BbIOMparOTCS Takue KOMOWMHAIMM, [UIs KOTOPBIX M3TrHOarolmMe MOMEHTHl (Win
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 pacueT YCHWJIMH M pacueT MPOJOIBHOM apMaryphl, TpeOyeMou st
obecriedyeHrs HeCyllel CIOCOOHOCTH HOpPMalbHBIX cedeHuid. [Ipu pacuere yCHIMN YUHTHIBAETCS
BIIMSHUE BEPTUKAIBHBIX HArpy30K Ha W3THO KOJOHHBL [lpupamieHuss M3rHOAIOMIMX MOMEHTOB,
00yCIIOBJICHHbBIE JEHCTBHEM BEpPTHKAJIbHBIX HArpy3oK, 3aBUCAT OT mnporuOoB. Ecnu B oaHoit u3
KOOPJIWHATHBIX IUIOCKOCTEW TIPOru0O KOJIIOHHBI CTECHEH WM HEBO3MOXKEH (Hampumep, u3-3a
MIPUMBIKAHUS CTEHBI), TO pacyeT B 3TON MIOCKOCTH MPOBOAUTCS O€3 yueTa BIUsSHUS nporuoa.

B kaxnoW KOOpAMHATHOW TIIJIOCKOCTH BIIMSHHE TIPOTHOa Ha BEIMYMHY pAcCueTHOrO MOMEHTA
YYHUTBIBACTCS TyTEM YMHOXKEHHs u3ruOaromero mMmomeHtra M Ha moBblmarommil KodhdumueHT 77 .
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Taxoit moxxoy HazbiBaeTcs B [9] (cTp.106) cnocobom kputndeckux cuil. KoaphuimeHT 77 Beaucisiercs
o popmye:
y= 1
=—
1-
N cr

rae N - mpomonbHas cuna, N, - kpuTHYeckas cuiia, KoTopas onpenensercs coriacHo [1], 8.1.15, [2],
6.2.16, [3], 3.24, [4], 7.1.3.14. ®opmyna Ajiss KPUTHIECKOW CHIIBI MOYKET OBITH 3aIlMCaHa B BHJIC:

B 7°D
T2

cr
IO
rae D - xectkocTs konoHHEL |, - pacuernas mmHa konoHHBI. [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=""
7Z'2[

0.11
(———+0.)+EI]
o, 01+,

3necy E,E; - mMonynu ynpyroctu 6erona u apmarypsl, |,,l, - MOMEHTH MHepuMH OETOHHOIO
CeYeHHs M IUIOIIAMU CEYCHHsI apMaTypbl OTHOCHUTENBHO LCHTPAIBHON ocHu cedeHus, O, =€,/h -

OTHOCHUTENBHBII JKCIEHTPUCHTET MPOIOJIbHON cuibl (N - BBICOTA CeueHMs B TUIOCKOCTH M3ruba),
@, =1+ f-M, /M, - mnapamerp, yYUTBHIBAIOLIMI IJIHTENbHOE aeiicTBue Harpy3ku ([ =const).

CoruacHo [4], )KeCTKOCTh BBIYHCISIETCS] aHATOTHYHBIM 00pazom. B [1] u [2] ¢opmyra uis skecTKOCTH
MUMEET BUJL:

0.15E, I
D=—"""00 LQ7EI,
0,(03+6,)
9KCHCHTpI/ICI/ITeT eo OMPEACIICTCA OTHOCHUTCIBHO HCHTpPA TAXKCCTH HNPUBCACHHOI'O CCUCHUSA (HpI/I

HECHMMETPUYHOM apMHUPOBAHUM IEHTPbI TSHKECTH OETOHHOTO | IPUBEACHHOTO CEYCHHHA He
coBnasaot). [Ipu onpeneneHnn €, yduThIBaeTCs clydaiHbli skcuentpucurer €, ([1],8.1.7, [2], 4.2.6,

[3], 1.21, [4], 7.1.2.11). Cornacuo [1], [2] u [3], mpu pacueTe KOJOHHBI, SBJISIOMICHCS IIEMEHTOM

CTaTUYECKH OMNPEAETMMON KOHCTPYKIUH, SKCUEHTPUCUTET €, NMPUHUMAETCS PaBHBIM N +€,, a npu

pacueTe KOJIOHHBI, SIBIISIOLIEICS 3JIEMEHTOM CTaTUYECKH HEONIPEAECTUMON KOHCTPYKIIMH, — PABHBIM N
S M

, €CIIH I €, , 1 PaBHBIM €, , eclln N <e, . CoryacHo [4], DKCLEHTPUCHUTET €, BCETAA IPUHUMAETCS

paBHBIM N +e,.

MowmenTtsl M, M|, BBMHCISIOTCS OTHOCHUTEIBHO OCH TSDKECTH Hanbosee pacTIHyTOH (WM HanMeHee
cxkaroil) apmarypsl mo yemwmusam N, M or nonuoit Harpysku u mo yewmusm N, M, or mmurensHo
neicTBytomeit yactu Harpysku. Ilpu pacuere N,,M, cormacuo [1], [2] u [3], B pacuer craBsTCcs

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, paccuuthiBatoTCsi OT NPAKTUYECKH TMOCTOSHHBIX
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KOMOMHaIMi Harpy3ok. B pacuere [isi roToBOM KOMOMHALMM HAarpy3oK MPUHUMAETCS, 4YTO
N, =0,M, =0.

N3rubHas sxectkocTs D kak BennmuMHa, 3aBUCSILIAs OT 3HAUCHUH MoMeHTa M depe3 mapamerpsl ¢, U
€, , B OOILLEM Cllyyae U3MEHSETCs 110 BBICOTE KOJIOHHBI. Tak kak D BbIYMCIAETCS ¢ y4ETOM apMaTyphl,
pa3MeIHeHHOﬁ B CCUCHHUH, TO 3HAYCHHUA PACUCTHOIO 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 17, ,3aT€M ONPEICIAOTCS PaCYECTHBIE MOMEHTBI nyM y U1, M, , nelicTByroIIHME B IIOCKOCTAX Z
u Y, a 3areM BBIUMCIACTCS TpeOyemas IUIONIaAb apMmaryphl. Jlanmee BBIMOTHSAETCS CIAEAYOIIas

utepanus. MrepalimoHHbIN NpoLecc OKaHYMBACTCS TOT/1a, KOT/1a OTHOCUTEIBHOE MPUPAIIeHHE IO N
apMatypsbl craHoBuTcst menee 0,1%.

Pacyernas ummHa |, B Kaxmoll KOOPIMHATHOW IUIOCKOCTH OINpeaensercs 1o (Gopmyie

1/2 v o
lo =7[E 1, [(m7.N)]"°, tme 7. — xo3dduIMEHT KPUTHYECKOH HArpY3KH, PaBHBIA OTHOIICHUIO
IPOJIOIBHON CHIIBI TIPU JOCTHKEHHH KPHTHYECKOTO COCTOSHHUSI K JICHCTBYIOIISH MPOIONBHON CHIIE.
Ko GuuueHt 77. OTHICKMBACTCS IyTeM PEIICHUS 3a1a4d 00 YNpyroil yCTOWYMBOCTH KOJOHHBI IPH

3a[JaHHBIX KPAaeBbIX YCIOBHSAX M 3a[JaHHBIX BEPTUKAIBHBIX cuiax. KoadduumeHr 7. sBisiercs
CHCTEMHOM XapaKTepUCTHKOI KOMOHHBI. [IpH AeiiCTBUHM pacipeaeieHHON BePTHKAIBHOM HATPY3KH HIIN
IpH JCHCTBHU COCPEIOTOYCHHON BEPTHKAIBHOW HArpy3KH B IMPOMEXKYTOYHBIX CEUCHUSIX KOJOHHBI
pacyeTHasi JUTMHA SIBISIETCSl [IEPEMEHHOM BEIMYMHOM. B mporpamMme mpemycMOTpeHa BO3MOXKHOCTb
BBOJA |, .

I[Tpu pacuere KOJIOHHBI coriacHo [3], TpeOyeMasi apMarypa OmnpeaessieTcss B COOTBETCTBHU ¢ 1M.3.28%.
PacuerHoe conmpoTuBieHHe OETOHA MPU CHKATUU MPUHUMAETCS ¢ KOAIPPUIUEHTOM YCIOBUH pabOTHI
0eToHa b, KOTOpBIM Ompenensercd Kak MPOU3BEACHHUE OTAEIbHBIX KOA((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 KodhPHIueHTa 2 He MoxkeT ObITh MeHee 0,45.

ITpu pacuere komoHubl cormacuo [1], [2] u [4], TpeOyemass apmarypa ompeaesnsieTcsi Ha OCHOBE
HenmuHelHoH nedopmanmonnoit Momenu. Ilpu pacdere mo [1] u [2], mpumensieTcss TpexTHHEHHAs
JaMarpaMMa COCTOSIHHSI cxaroro OeroHa. Pacuer TpeOyemoii apmarypsl mo [4] mpoBoauTcs mpu
napaboTuYeCKU-TUHEHHON TUuarpaMmMe COCTOSIHUSI C)KaToTro OETOHA.

Hpe,Z[CJ'IBHBIe YCUIIHA BBIPAXKAKOTCA UCPE3 ,Z[CﬁCTByIOH.IPIC ycuiuAa 1o (bopMleaM:

Nu:yu'N’Myuzyu'My’Mzu:yu'M

z

ITpounocTh ceuenus obecneuena npu y, =1 . Omulku npu pacyere TpedyeMoi apMaTypbl BBIBOAATCS

TOTa, Kora oHu npeBblaroT 1%. [TosBienune nundopmarmn 00 ommOkax BOZMOXKHO, B YaCTHOCTH, TIPH
pacdete TpeOyeMoi apMaTypbsl B MPOU3BOJIBHOM MOJUTOHATFHOM CEUEHUH, €CIIA CXeMa apMUPOBAHUS
3aJlaHa HEKOPPEKTHO.

[IpexycMOTpEH aBTOMATHYECKHM Y4ET MHHUMAIBLHOrO KOd(pQUIMEHTa apMUPOBaHMs, KOTOPBIM
IPUHAMACTCS. B 3aBHCHMOCTU OT HAaMOOJbIIEro 3HAYEHHs] MMOKOCTH KOMOHHBI A, =Max(4,,4,)
cornachHo [1], 10.3.6, [2], 8.3.4, [3], 5.16, [4], 11.2.2. TuOKOCTh KOJIOHHBI B KaXJIO0W KOOPIWHATHOMN
II0CKOCTH Bbruncisiercs mo ¢popmymne A=1,,/A /1, , B koTopoii pacuetHas aiuHa |, onpenesnsercs

VIS Cilydasi PUII0KEHHUS BEPTUKAIBHOM CHUJIbI HA BEPXHEM KPatO0 KOJIOHHBI.

Bo3morxkna mpoBepka Hecymeld CrocOOHOCTH KOJIOHHBI TIPH 3aJaHHOM apmatype. st mpoBeneHust
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, mpoOW3BOAMTCS JMHEWHBIH pacueT yCWIWHA MO HeaepopMHUPOBAHHOM
CXEeMe, 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 IIPSIMOYTOJIBHOTO CEYEHUS MPEAYCMOTPEH PacyeT 10 NPOYHOCTH HAKIOHHBIX CEYEHMM C

y4eTOM JCHCTBHSI TMPOAOJILHONH CHJbl. [lOrOHHAsl TMJIOIIAAb IOMEPEYHOW apMaTypbl  Asw/Sw
paccumThiBaeTcs cornmacuo [1],8.11.33, [2], 6.2.34, [3], 3.31*%,3.32,[4],7.2.1.1,7.2.1.2,7.2.15,7.2.2.7-
7.2.2.10. Kpome TOro, mpoBOAUTCS MPOBEPKA MPOUYHOCTH HA JICUCTBUE MONEPEUHON CUIIBI IO HAKIIOHHOM
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
TOT'0, YTOOBI BBIIOJIHSIIOCH YCIIOBUE IPOYHOCTH 10 HAKIIOHHOM 1oJ10ce. Y CII0BHE MPOYHOCTH IIPU KOCOM
n3rube npuHuMaetcs coriacHo [10], 3.39 B Buzue:

Q V. o
Qb,y +st,y Qb,z +st,z

2

5. KoncrpyupoBanue

KoncTtpynpoBanue npoaoapHOM apMarypsl B KOJIOHHE ITPOM3BOAMTCS C YYETOM HOPMATHUBHBIX
TpeOOBaHUI MO 3alIUTHOMY CJIOK0 OETOHA, 3a HCKJIIOYEHHWEM Cilydas IOJIMTOHAJIBHOTO CEYEHUsS C
MIPOU3BOJILHONU cXeMoil apmupoBanus. J[ns ydera 3TUX TpeOOBaHHI pacyeT KOJOHHBI IMPOBOAMUTCS
nBaxapl. HeoOxonuMmble [Uisi pacdera pacCTOSHUS OT IIEHTPOB TSDKECTH IUIOIIAJECH apMmaTypsl A0
KOHTYypa CeueHUs! NEPBOHAYAIILHO OIPEAEISIOTCS MO 33JaHHOMY HauOoJbIIEMY IUAMETPY CTEpKHEHN ¢
y4eTOM JHaMeTpa XOMyTa M 3aJlaHHbIX MHHHUMAJIbHBIX TOJIIMH 3allUTHOTO CjI0osi OeToHa s
IIPOJIOJIBHOW M IOmepedHor apmarypsl. 11o pe3ynapraTaM nepBoro pacuera KOJIOHHBI IIPOU3BOAMTCS
KOHCTPYHPOBAaHUE apMaTypbl, U KOPPEKTHPYIOTCA PACCTOSHHUS OT LEHTPOB TSHKECTH IUIOLIAACH
apMaTrypsbl 10 KOHTypa CE€4YEHHUs. 3aTeM NPOBOJUTCS IOBTOPHBIN PacueT KOJIOHHBI U KOHCTPYUPOBaHUE
apmatypsbl. PacCTOSIHMS OT LIEHTPOB TSKECTH ILIOIIAAEH apMaTyphl 10 KOHTypa CEUYEHHUs], 111 KOTOPBIX
IIpU MOBTOPHOM pacyeTe ompejerneHa Tpedyemasl apMarypa, yKa3bIBalOTCS B BBIXOJHOM JTOKYMEHTE
IIPOrPaMMBI.

[Tpu monbope apMaTypHBIX CTepKHEN MPUMEHSETCs CaelyIoIui o0mui 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 CJI0A OCTOHA M HOMMHAIBHOTO PACCTOSIHUS 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 MOJ00paHHBIX CTepKHEN U AuameTp xoMyTa. [Ipy 3TOM TONIIMHA 3aIIUTHOTO CII0s
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 crepxHeit). Ilpu pacuere TpeGyeMoil apmaTypbl IpUMEHSIETCS PACCTOSHUE OT KOHTYypa
ceueHHst 1o O0IIero eHTpa TAKECTH TPYIIbI CTEPKHEH.

[Tpu mondope apMaTypHBIX CTEp)KHEH YUYUTBHIBAIOTCS 3aJaHHblE MUHUMAJIbHBIA UM MaKCHUMaJbHBIN
JMaMETPhl CTEP)KHEN, MAKCUMAIbHOE KOJMYECTBO CTEPKHEN B CEUYEHUN, MUHUMAJIBHOE PACCTOSIHUE B
CBETY MEXIY CTEep)KHAMHU. OTH MapaMeTphl MO3BOJSIOT YHPABIATH MoaO0opoM apMmaTypsl. [lo
pe3yabTaTaM KOHCTPYMPOBAHHS OCYILECTBISETCS Ipa(UUecKHil BBIBOJ CEUEHHs C MOAOOpaHHBIMU
apMaTypHBIMH CTEP)KHAMH.
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[Iporpamma mpemHa3zHaueHa Ui pacyeTa CTaTUYECKH HEOIPEACIMMON KeIe3006TOHHOW 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 YCUIHH 1Mo 1e()OPMUPOBAHHOM CXEME C YUETOM HEYNPYTUX CBOMCTB OCTOHA U
apMaTyphbl, a TAKKE ¢ YIeTOM Ha4alIbHBIX HECOBEPIICHCTB KOJIOHHBI U JIe(hopMaIiii MOJI3y4ecTy OETOHa.

1. PacuerHas cxema

PacuyerHas cxemMa KOJIOHHBI MPEACTaBISAET COOON IOCIENIOBATENILHOCTh CTEPKHEBBIX 3JIEMEHTOB
(dacreii) mpousBoIbHOTO ceueHus (puc.l). Pa3oueHune KoJIOHHBI Ha YaCTH HEOOXOIMMO MPU HATUYHH
pa3NUYHBIX ceueHHid. YacTh HyMepyroTcs B HallpaBlIeHHH CHH3Y BBepxX. Bo3moxkHO 3amanue mo 50
gacreil. [Ipu pacyere KOJOHHBI, MPUMEHSETCS TI00abHas CCTeMa KOOPAWHAT XyZ , Ha4ajo KOTOPOU
COBIAJIaeT C LEHTPOM TSDKECTH HUXKHEro cedeHusi kKoJoHHbl. Ock X HampaBlieHa cHHM3Y BBepXx. Ha
KaX/0M YacTH KOJOHHBI BBOAMTCS JIOKAJbHAs CHCTEMa KOOPAWHAT, BEPTHUKAIbHAs OCh KOTOPOM
COBIAJIAeT C JTUHUEH HEHTPOB THKECTH CEUCHUN TAHHOM YacTH, a TOPU3OHTAIBHBIE OCH TapasuieIbHbI
oCsSM Y,Z. YUUTBHIBACTCSI CMEUICHHWE BEPTUKAJIHHOH OCH YacTH KOJIOHHBI IO OTHOUICHHIO K OCH
HIKEPACIIOJIOKEHHOM YacTH.

Yactu

4

Puc. 1. Pacuernas cxema

[Ipenmnonaraercs, 4Tto pe3yabTUPYIOLIas BEPTUKAIbHAS CHUJa BOCIPUHHMMAETCSI B HWKHEHW ormope.
VYcnoBust ynpyroro WM aOCOJIOTHO JKECTKOTO 3aKpeIUIeHHs MOTYT 3a7aBaThCs B MPOU3BOJIBHBIX
toukax. OHM (HOpMYNHPYIOTCS Ui TOPU3OHTAILHOTO MEPEMEUIEHUs] U TOBOPOTa CEYEHHUS BOKPYT
rOpPU30HTAIBHON ocH. Bo3MOkeH BBHIOOp YaCTHBIX pacUeTHBIX CXEM, JJIS1 KOTOPBIX He 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.
Bo3MoykeH yueT mojaTIMBOCTH OCHOBAHHUS MPHU MOMOLIM KOA(PQPHUIIMEHTOB >KECTKOCTH 3aKperyIeHUs
HIDKHETO Kpasi KOJOHHBI OTHOCHTEIBHO MOBOPOTOB. Ko3(h(duImeHTsl XecTKOCTH NpUOIMKEHHO
OTIpeIeTIAI0TCA M0 pa3MepaM (pyHIaMEHTHOM TUIUTHI U MOJYJIIO JehopMaliui OCHOBAHHUS.

2. Ceuenusi

Ha PA3JIMYHBIX YACTAX KOJIOHHBI MOTYT 3a1aBAThCA PA3JIMYHLBIC CCUCHU A, OTIIMYAIOIUCCA 110 (bopMe NI
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 IIOLIAIASIMU
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 IUIOIAay apMaTyphl B10JIb KOHTYpa CEUEHUS.

3ajaHue MPOU3BOJBHOIO IOJUTOHAIBHOIO CEYEHHUS! OCYHIECTBIIETCS IyTEM BBOJA KOOPAUHAT €ro
BepiinH. Bo3moxken BBoa 10 50 BeprmH. BeIOOp KOOpAMHATHBIX OCEW NEKapTOBOM CHUCTEMBI MOKET
OBITH NMPOU3BOJIBHBIM. BeplinHbl 3a7at0TCS B TOCIEI0BATEIbHOCTH, KOTOpasi COOTBETCTBYET 00XOIy
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 MPOM3BECTH pa3pe3bl, MO3BOJIAIONINE OOOWTH TpaHUYHBbIE 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 3aJaroTcsl 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 MOMCHTBI, PpPaCIpPCACICHHBIC TOPHU30HTAJIbHBIC W BCPTHUKAJIBHBIC HAIrpy3KH,
CMCHICHUA U ITOBOPOTHI KECTKUX OIIOP. IlonoxutenpHEIE HaIlpaBJICHUA HAIpy30K ITOKA3daHbI HAa pI/IC4
ITonoxuteabHEBIC HaIrpaBJICHUA CMeHleHI/Iﬁ KECTKHUX OIIoOp COBIAJAarOT C  HaAMpPaBJICHUAIMU
KOOPJAWHATHBIX oceit. IlomoxxurenbHBIE HaIpaBJICHHUA IMOBOPOTOB JXCECTKUX OIIOp COBIaAarOT 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 », 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 JnuTenbpHON yact 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 moBblmarommil KodgQuuueHT 7,

KOTOPBIN BhIYUCISAETCS 110 hopMyIie:
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rae N - mpononbHas cuia, N, - KpuTHueckas cuia, KoTopas ompeneisercs cornacHo [1], 8.1.15.
dopMya i1l KPUTUYECKON CUIIBI MOKET OBITh 3alliCaHa B BUJIC!

72D
- 2

N

cr
I0

rie D - sxectkocth 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,1,

D=—"""t% LQ7EUI,
0,(0.3+35,)

3necs Ey, E, - Momynu ynpyroctu 6etona u apmatypsr; |y, | - MOMEHTBI HHEpIMH GETOHHOTO CeYeHHUs
¥ [UTOINAIN CEUCHHS apMaTyphl OTHOCHTEIIBHO LICHTPAIIBHON OCH CedeHus, O, = €, /N - oTHOCHTENBHBIIH
SKCLEHTPUCHTET IPOIOJIBHOMN crutbl (N - BbICOTa cedeHums B IulockocT u3ruba), ¢, =1+ f-M /M, -

napaMeTp, Y4YUTHIBAIOUIMM JJIUTEIbHOE JeiicTBUe Harpy3ku ( f =CONnst). OKCLEHTPUCHUTET €,

OMpeaAciICTCA OTHOCUTCIIBHO HLCHTpa TAXKECTU MNPHUBCACHHOIO CCUCHUA (HpI/I HECUMMCTPUYHOM
ApMHUPOBAaHUKN HCHTPBI TAKECTU OCTOHHOTO H NNPpUBCACHHOT'O CEYCHHH HE COBHaI[aI-OT). HpI/I

OIIpENICJICHUN €, YYUTBIBAETCs CilydaiHblil 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, — PAaBHBIM N eciu N >e,, U paBHBIM €,, €ClU N <e,.

Mowmentbl M, M|, BBIYHCISAIOTCS OTHOCHTEIBHO OCH TSDKECTH HanboJjiee pacTIHyTOH (MM HauMeHee
ckaroit) apmatypsl mo ycmwtusim N, M ot monnoit Harpy3ku u mo ycwiusm N,,M, ot mmurensHo

aeiicTByroeit yactu Harpy3ku. [Ipu pacuere N, M, B pacuer cTaBsTCS MOCTOSHHBIC U JUTUTEIIBHbIC
Harpy3k, BXOJfIIME€ B pacCMaTpUBaeMyl0 KOMOMHAIMIO, a TakXke JJIUTeNbHbIE YacTH
KPaTKOBPEMEHHBIX HATPY30K, BEIYMCIIIEMbIC 110 33aHHBIM TpH 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:yu'N'Myu:yu'My’Mzu:yu'M

z

[TpouHoCTh ceveHus obecnedeHa mpu ¥, >1.

5. Pacuyer no nepopmupoBaHHOM cxeme

B HenuHeWHOM pacyere, KPUBM3HBI k', W K, ONPEHEISIOTCSA 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 =7u 'N’Myu =Vu 'My’Mzuzyu M

z

[IpouHocTb 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(PUIEHTE MOI3Y4YECTH @, ., , COOTBETCTBYIOIIEM KJIacCy OETOHA 10 MPOYHOCTH U 3alaHHON

BJIQKHOCTH BO3JyXa OKpyxkatomeid cpenpl. CHauana MpPOBOAUTCS JUHEHHBIH pacyeT 1o
nedopmupoBanHoii cxeme ¢ Mmonyinem aedopmanuu Oerona E, . =E /(1+¢,,), oTseyaromem
IPOJODKUTEILHOMY JEHCTBUIO HArpy3oK, a 3aT€M IPOBOAMTCS AHAJIOTMUYHBIM pacueT ¢ HayalbHBIM
MojyieM ynpyroctd E,. B 3THX pacderax yYMTHIBAaIOTCS HECOBEPIICHCTBA KOJIOHHBI MO (opMam
NOTEPH 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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415 — KonoHHa (ceicMuKa, yJIbCalliu BETPA)
s
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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], 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
pPAacCCUMTBIBACTCSI 10  3aJlaHHBIM ~ OTHOCHTENbHBIM  IuiomiagsM kKak K, =A /(A + A, +..),

rae i=12,...; A,A,,... — OTHOCUTEIIbHBIE TUIONIAN APMATYPHBIX CJIOEB C BAPHUPYEMOI TLIOIIAIBIO.
[Inowaze | -ro cnost onpexensiercst mo popmyne A =K; - A, 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
K02 PUITMEHTOB HAEKHOCTH TO HArpy3ke ; | KOA()(HUIIMEHTOB, CBA3aHHBIX C OJHOBPEMEHHBIM

Yy4E€TOM JIBYX U 00Jiee BpEeMEHHBIX Harpy3ox.

IMpu pacuere mo [4], knaccudukanus W KOMOWHHPOBAHHE HArPy30K IPHHUMAIOTCS COTJIACHO
[Tpunoxxenuto A. HactHble K03 pULIHeHTH 6€30MaCHOCTU )¢ JUISl HAarpy30K IPUHUMAIOTCSA 10 Tabuie
A.2. KomOuHanmoHHbele KO3(OGUIUEHTBI W, ,¥,,, U1 NEPEMEHHBIX Harpy30K HPUHUMAIOTCS IO
tabmune A.1. IIpegycmMoTpeH BBOJ HECTaHJAPTHBIX 3HAYEHUH ¥, ¥/, W/, , Ul OTAEIbHBIX HArPY30K.

KoMOnHHUpOBaHWE HArpy30K MPECTaBseT COO0N TeHEpalMi0 MHOKECTBA KOMOWHAIIMA HAarpy30K C
y4eToM OJaromnpHusTHOrO W HEONaronmpusTHOro 3¢¢exra OT Harpy3ok, a TaKKe BO3MOXKHOCTH
JOMUHHUPOBAHUS K101 U3 IEPEMEHHBIX Harpy3ox.

CTATUKA-2024. Onucanue npoecpamm 415 — KononHa (celicMuKa, MyabCallii BETPa)



245

\Y \Y
Hy H,
M, My
Qy 0z
qu qZB
X X
qu y qZH Z

Puc. 3. IlonoxutenbHbIe HAPABICHUS HArPY30K

Bo3mokeH BBOA HecOYeTaeMbIX HArpy3oK. Takue Harpy3ky BKJIIOYAKOTCS B IPYIILY HECOYETAEMBIX
Harpy3ok. B komOuHa1Mi0 MOXEeT BOMTH TOJIBKO O/IHA Harpy3Ka U3 Kakoi rpynmnsl. Hymepanus rpymnmn
HAaYUHAETCSA C €AUHHULBL. ['pynmsl MOryT NPUMEHATHCS, B YACTHOCTH, IIPU YYETE BETPOBBIX HArpy30K
(pu paccMOTpEeHUU AEUCTBUS BETPA 10 PA3IMYHBIM HAIPABICHUSM).

Bo3Moxen BBO/I 3HAKOIICPECMCHHBIX HArpy3oK. B stom cJIydac, B paCy€TC YUUTBIBACTCA KAaK 3aJJaHHAA
Harpyska, Tak 1 Harpy3ka npOTHUBOIIOJIOKHOI'O 3HAKaA.

Bo3MokeH BBOJ TOTOBBIX pAacyeTHBIX KOMOMHAIMK 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 JIeHICTBUS BETpa, CHavaja BBOASTCS Harpy3ku, 00yCJIOBIEHHBIE
CPEIHEHN COCTaBJISIONIEH BETPOBOIO JABJIECHMS, a 3aT€M — HArpy3KH, COOTBETCTBYIOLINE Pa3I0KEHUIO
MyJBCAMOHHOMN COCTaBIIsONIEH 0 opMaM KojeOaHUH KOHCTPYKIIMU U OIpe/IeI€HHbIE TPU TTOMOILN
JUHAMHYECKOTO pacyera.

4. Pacuer

Pacyer KOJOHHBI BKJIIOYAeT pacueT yCUJIUN M pacyeT MpOoJOJIbHOM apMaTypbl, TpeOyemon ist
oOecrnieueHuns Hecylleil cnocoOHOCTH HOpMaJIbHBIX ceueHuil. Ha mepBom 3Tarne pacuera onpeneistorces
pacripesieieHus] YCHWJIMH B KOJIOHHE OT OT/AEJbHBIX Harpy3ok. 3aTeM U3 MHOXecTBa KOMOMHaIun
Harpy3oK BBHIOMpAIOTCS TaKue KOMOMHALIMU, JUIsl KOTOPBIX YCHIIMS WM SKCLEHTPUCUTETHI IPUHUMAIOT
HauOoJIbIIME 3HaUeHUs. B BBIXOJJTHOM IOKyMEHTE MPOrpaMMbl TPUBOJIATCS PE3YIbTaThl pacuera i TOH
U3 BBIOpAaHHBIX KOMOWHAIMI HArpy3ok, JJIsi KOTOpO Tpedyemas IUIOIAAb apMaTypbl NMPUHUMAET
HauOoJIblIIee 3HAaUEHUE.

Ycunus B ce4eHUsIX KOJIOHHBI, 00YCIIOBIIEHHBIE MyJIbCALUSIMU BETPA, BHIYUCISAIOTCA 10 PopMyJie BHAA:

CTATUKA-2024. Onucanue npoepamm 415 — KononHa (ceficMuka, myJbCallii BETpa)



246

rae N, - ycunmusi, cooTBeTCTBYIONME | -if popMme KoneGaHuil KOHCTPYKIUH, N — YHUCIIO YYUTHIBAEMbIX
dopm xonebanmii. Berancnennoe 3Hauenne N ) mpunHHMaeTcs ¢ TeM 3HaKOM (+,— ), KOTOPhI UMeeT
HanOosbIIee o MoAymo 3HayeHne N, . BerpoBoe HarpyxeHue npeacTaBiIsieTcsl B BHJIE COBOKYITHOCTH
JBYX Harpy:KeHHH, 1l OHOTO U3 KOTOPBIX ycunus npuauMatores paasiva N + N ) a s gpyroro

—paeubimu N — N, rne N — ycunme oT cpenHeii cocTaBisomieil BETpOBOTO NaBIESHHUS.

Yeunus ot ceicMU4eckoro BosneicTBus, coriacHo [10], BBIUMCISIOTCS aHAIOTHYHBIM 00pa3oM o
Harpy3kam, COOTBETCTBYIOLIMM (opmaM Kosiebanuil. CelicMuyeckas Harpys3ka Bcerjia NpUHUMAETCs
3HAKONEPEMEHHOM.

[Ipu onpeneneHUH pacuETHHIX HM3THOAIOLIMX MOMEHTOB, YYMTBHIBAETCS BiIMsHUE nporun6os. Ecnu B
OJTHOW M3 KOOPJMHATHBIX IJIOCKOCTEH MPOru0 KOJIOHHBI CTECHEH WJIM HEBO3MOXEH (Hampumep, u3-3a
IPUMBIKaHUS CTEHBI), TO pacueT B 3TON IIOCKOCTH MPOBOAUTCS 0€3 ydyeTa BIMSIHUSA Iporuoa.

B kaxnol KOOPAMHATHOW IUIOCKOCTH BIHUSHHE MPOruda Ha BEJIMYMHY PACUYETHOTO MOMEHTA
YUUTBHIBACTCS MYTEM YMHOXEHHS M3rubaromero MmomeHTa M Ha moBslmarommii koddduuuent 7,
KOTOPBI BEIYUCTSETCS 110 opMyIie:

o
- N
N

77:

cr

rae N - npomonbhas cuna, N, - KpuTHYecKas cuia, KoTopas onpenessercs coriacuo [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:

_7r2D
- 2

N

cr
IO
rae D - xectkocTh KONoOHHBL |, - pacuerHas minHa konoHHbl. [Ipu onpenenenuun D 1o 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, I 0.11
D 2[ b'b
T

(

—+0.1)+E(l]
o, 01+,

3necs E,,E, - Mogynu ynpyroctu 6erona u cranu; |, |, - MOMEHTBI HHEpIIMHM OETOHHOTO CEYEHUS U
IUIOIIA/IN CEYEHHS apMaTypbl OTHOCHTENIFHO IEHTPAIBHOM OcH cedeHus, J, =€, /h - oTHOCUTEeBHBIH
SKCHEHTPHUCUTET MPOAOIBHOI cuitbl (N - BeICOTa cevenms B mockocTn m3ruba), ¢, =1+ B-M,, /M,
- mapameTp, YYMTBIBAIOIININ JIMTENbHOE aeiicTBre Harpy3ku (S =const ). Cornacho [4], eCcTKOCTh

BBIYHCIISICTCS aHAJIOTUIHBIM 00pa3zom. B [1] u [2] hopmyra ist ®KECTKOCTH UMEET BH/T:

0.15E, |
D=—"""2 _40.7E,I,
¢ (0.3+6)
OKCLUEHTPUCUTET €, OINpPENeNsIeTCsl OTHOCUTENIBHO LEHTpa TSKECTH IPUBEIEHHOTO cedeHus (mpu

HECHMMETPUYHOM apMHPOBAaHMU IIEHTPHI TSDKECTH OETOHHOTO W TPUBEICHHOTO CEYECHHWH He
coBmaznatot). [Ipu onpeneneHny €, yduThIBaeTCs cirydaiHslil skcuenTpucuter €, ([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

CTAaTUYECKH OIPEAEIMMON KOHCTPYKIUH, SKCLICHTPUCUTET €, INPUHMMAETCSA PaBHBIM N +€,, a npu
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M
pacy€TC KOJIOHHEI, ABJIAIOIICUCA DJIEMECHTOM CTATUYCCKH HEOIIPEACTIMMOU KOHCTPYKIIUH, — paBHBIM W

M
, €CIIn N 2> €, , U PaBHBbIM €, , €Cllu N <e, . CoruacHo [4], 5KCUEHTPUCHUTET €, BCETAa IPUHUMACTCS
paBHBIM — + €.
N

Mowmentsl M, M, BBIUHMCHIAIOTCA OTHOCHTENILHO OCH TSDKECTH HaubOoJiee pacTAHYTOH (MM HauMeHee
cxaroit) apmarypel o yewusm N, M or monnoit narpysku u mo ycuwnmusm 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
ko3ddunmentam K, . CormacHo [4], N,,M, paccuuThiBalOTCS OT TNPAKTHYCCKHA MOCTOSHHBIX

KOMOMHAnMii Harpy3ok. B pacuere s TOTOBOW KOMOMHAIMM HArpy3oK NpPUHUMAETCS, YTO
N, =0,M, =0.

N3rubnas sxectkocte D | kak BenmnuuHa, 3aBHCAIIAs OT 3Ha4eHUE MoMenTa M 4epes mapamerpel ¢, u
€, , B O0IIEM CiTyuae MU3MEHSETCs 10 BBICOTE KOJIOHHBI. Tak kak D BerMmCISIETCS ¢ y4eTOM apMaTyphl,

paSMeIHeHHOﬁ B CCUCHHMH, TO 3HAUCHHA PACYCTHOI'O MOMCHTA UM 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 ONPENENAIOTCA pacyeTHble MOMEHTEI 77,M, 1 77, M, , nelicTByrommue B IIOCKOCTAX Z

u Y, a 3areM BbIUMCIAeTCS TpeOyemas IUIOmIaas 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:yu'N’Myu:yu'My’Mzu:yu'M

z

ITpounocTh ceuenust odbecnedena npu y, >1.

[IpenycMOTpeH aBTOMATHYECKHM y4eT MHHHMAIBHOTO K03(duIlMeHTa apMHpOBaHHUSA, KOTOPBIH
NPUHUMACTCSA B 3aBHCHMOCTH OT HAMOOJBIICTO 3HAYEHUS TMOKOCTH KOJOHHBI A :max(/ly,/iz)
cornachHo [1], 10.3.6, [2], 8.3.4, [3], 5.16, [4], 11.2.2. 'uOKOCTb KOJIOHHBI B Ka)JI0W KOOPAWHATHOMN
I0CKOCTH Bhrumcisiercs 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
CXEeMe, 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:

Q). <
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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[Tporpamma npeHa3HaueHa s TOA00pa pa3MEPOB CEUCHHSI U apMaTyphl TPYIIBI KOJIOHH COTJIACHO
CIT 63.13330.2018 [1]. KoJOHHBI HMMEIOT OIWHAKOBHIC CEUEHUS W OJUHAKOBYIO apMmarypy.
[IpenycmoTpeHo 3ananue OETOHA /WM apMaTypbl C HCHOPMHPOBAHHON TIPOYHOCTHIO.

1. KoJIOHHBI M HATPY3KH

Bce KOJIOHHBI M3 TPYIIIbI XapaKTePU3YIOTCS JUIMHOHN | 1 pacyeTHBIMU [UTHHAMHE |0y u |0z B IIJIOCKOCTSIX

Y u Z, B koTOpBIX exat ocu ceueHus Y u z. Ecaum s Kakoii-1u60 MIOCKOCTH pacdeTHAs IIMHA
|0 HE 3aJ]aHa UIu |0 =0, 1o P pacueTe BCceX KOJOHH MPOTrHObI B 3TOH IMIIOCKOCTH HE YYUTHIBAIOTCS.

KosioHHBI MOTYT HMETH IIPSAMOYTOJIBHBIE WIIM KPYTJIble ce4eHus. B cirydae npsMOyroJbHOrO CeYeHus,
apmarypa pasMeIlaeTcs B yIilax M BJOJb CTOPOH Ce4eHHus. B cilydae Kpyrjioro cedeHus, apmarypa
PaBHOMEPHO pa3MellaeTcs 10 OKPYKHOCTH.

JI1s1 a0l KOJMOHHBI 3a7aeTcsl COBOKYIMHOCTH codetanuit yeumuii N, M v M, or nomnmoii Harpysku u
yeumit N, M yi M, or nmrensHoi yactu Harpysku. ITpogomnsaas cuna N SBjIsSeTCS IOIOKUTENBHOIM

IIpu CKATHH. BLI60p IIOJIOKUTCIIbHBIX HaHpaBHeHI/Iﬁ I/ISFI/I6aIOH_[I/IX MOMCHTOB M y H M , HC HUMECT

3HAa4YCHU.

[Tpu moxbope pa3mMepoB ceueHUs: KOJIOHH pacCMAaTPUBACTCS PsAJl CEUYECHUH TOMyCKaeMbIX pa3MepoB. B
cllydae MpsIMOYTOJIbHOTO CEYEHUS, Psii YHOPSAOYMBACTCS IO BO3PACTaHUIO JMOO0 IUIOMIAU CEUYEHUs,
nub0 TmepuMeTpa cedeHusd. B cilydae Kpyrioro cedeHus, psii yNopsIOYMBAETCA MO BO3PACTAHHIO
auaMeTpa ceueHust. BeiOupaercs To nepBoe ceueHue, JUisi KOTOPOro IUIONaab Mo J00paHHONW apMaTyphl
HE TPEBOCXOAUT IUIOUIAJAM apMarypbl, ONpeNeIsieMOd 10 MaKCUMalbHOMY KOI(PQOUIUEHTY
apMUPOBAHMUS.

2. Pacuer

Pacqu KOJIOHHBI C yquOM HpOFI/I6OB HpOBOI[I/ITCﬂ 10 MeTOHy yCJ‘IOBHLIX KpI/ITI/I[IeCKI/IX CHII. B
TIporpamMMe TIPeTyCMOTPEH pacueT OTAENbHEIX KOJNOHH 0e3 ydeTa Mporu6a B TnockocTd Y  H/HIIH B
wiockocti Z. .

BiusHne mpornba yunmTHIBAaeTCS MyTeM yMHOXEHHs m3rubaromero mMomenta M Ha moBpmmarommii
kodpdunment 7. Koaddunuent 1 Beraucnsercs no Gopmysne:

1
77 =
N
1 _
N cr
Kputnueckas cuna N or BBIUHCTSIETCS 110 hopMyIIe:
7D

YKectkocTs KonorHEl D BBIUmCIAETCS 10 hopmyre:

p- OB 67e
¢(0.3+9,)

3aech Eb, Es - MOJyJIH YIOPYTOCTH OETOHAa W apMaTyphl, lb’ |s - MOMEHTHI WHEpIHH OETOHHOTO

CCUCHUA U IIOHIaAN CCUCHHUA apMaTypbl OTHOCHTCIBHO OCH CCUCHUA, 59 = eo /h - OTHOCHUTEIBHBIN
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9KCIIEHTPUCUTET MPOAOIbHON cuibl (N - BBICOTA CeYeHHs B IUIOCKOCTH M3ruba), ¢, - mapamerp,
YUUTBHIBAIOUIUHI JUIUTEIBHOE JEHCTBUE HATPY3KH.

Okcrentpucurer €, ompenensiercss ¢ yderom ciydaiiHoro skcienrpucurera €, ([1], 8.1.7) u

. M
IIPUHUMAETCA KaK Ul DJIEMEHTOB CTaTHYECKH HEOIPENCIUMBIX KOHCTPYKUUH paBHBIM —— , €CIHU
N
M e M
— >e_,UDpaBHBIM €, ecmm — < e .
a N a

Tak KaK >XKeCTKOCTh D BBIYHCIICTCA C YUCTOM apMaTypbl B CCUCHUU, TO pvaeTHBIﬁ MOMCHT 7]M TaKKC

3aBUCHT OT IUTOMIAIX apMarypel. [loaTomy TpeOyemasi apMaTypa MOKET OBITh pacCuuTaHa TOJIBKO MpU
noMom urepauuii. Ha TekymeM uWTepallMOHHOM IHare, s HAaWJACHHOW IUIOMIAJAM apMaTyphl,

BBIYUCTIAOTCA KOS(b(I)I/II_II/IeHTH 77y H 77,, 3aTCM ONPCIACIIAIOTCA PaCYCTHBIC MOMCHTBI T]yMy 151 772Mz’

neitcTByromue B mnockocTsx Z u Y |, a 3aTeM BelumciseTcs TpeOyeMas IIOmaab apMaTyphl.

3. KoncrpyupoBanue

[Tpu moabope apMaTypHBIX CTEp:KHEN MPUMEHSIETCS CIEAYIOMUN 00Ul psia AMaMeTpoB (B MM): 6, 8,
10, 12, 14, 16, 18, 20, 22, 25, 28, 32, 36, 40.

Apmarypa pa3MeIaercss B CEYeHUH ¢ Y4ETOM HOMUHAIBHOM TOJIIUHBI 3aIIUTHOTO cos 6etoHa. [Tpu
OTpeNeICHNd HOMHHAJIBHOW TOJIIMHBI 3alIMTHOTO CJIOSi OETOHA, YYUTHIBAIOTCS 3a/aHHBIC
MUHHMMAaJIbHbIE TOJIIMHBI 3aIIUTHOTO €105 OETOHA AJIS TPOJI0IbHOM U MONEepeyHOi apMaTyphl, TUaMeTp
0I00paHHBIX CTEPKHEN U AMaMeTp XomyTa. [Ipu 3TOM TOJIIMHA 3alIUTHOTO €105l OETOHA /Il XOMYTa
IIPUHUMAETCSI KPaTHOM 5 MM.

[Ipy KOHCTPYMpPOBAHHMM YUMUTBHIBAIOTCS 3a/laHHbIE MHUHUMAJIBHBIA M MaKCHUMaJbHBIN JHAMETpPbI
CTEPXKHEH, MAaKCUMAJIbHOE KOJMYECTBO CTEPKHEW, MHUHHMAJIbHOE pPACCTOSHUE B CBETY MEXAY
CTEpKHSIMH, MAaKCHUMaJbHOE pACCTOSHUE MEXAY OCSIMHU CTep)KHEH. OTH MapameTpbl MO3BOJISIOT
YIPaBJIATh TOJ00POM apMaTyphl.

B cnywyae nmpsMOyroiapbHOro ce4eHHs, NMEPBOHAYAIBHO pPAacCMaTpUBAETCS pa3MELEHUE apMaTyphl B
yriaax. Ecnu nns 3ToM cXeMbl apMUpPOBaHHS HEBO3MOXHO MOA00paTh TpeOyemyro apMmarypy, TO
paccMmaTpuBaeTcs pa3MeIlleHne apMaTypbl BI0JIb CTOPOH CEYEHHUS.
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[Tporpamma npeaHa3HavYeHa ISl pacyéra OETOHHOTO DIIEMEHTA 110 JIe(h)OPMAIIMOHHON MOJIEIH COTJIACHO
CIT 63.13330.2018 [1].

1. CeueHusi u ycuausi

PaccmaTpuBaroTcst cienyroniye BHIIBI CEYEHHI OETOHHOTO 3JIEMEHTAa: NPSIMOYrOJbHOE CEUYEeHHE,
KpYroBO€ WJIHM KOJIBIIEBOE CEYEHHE U TPOM3BOIBHOE MOJUTOHAIbHOE ceueHue (puc.l).

[TonuronaneHOE ceyeHue 3aa€TCs MYTEM BBOJA KOOPAMHAT BEPIUMH, IIPUYEM II0CIIEIOBATEIBHOCTD
BBOJIa BEPILIMH JIOJDKHA COOTBETCTBOBATH ONPEJCIICHHOMY HAlpaBJICHUIO 00X0Ja CeYeHus (CeueHue
BCEerJa JOJDKHO HAaXOAMTHCS MM TOJBKO CJIE€BA, WM TOJBKO clipaBa). KoopauHAThl BEPLIMH MOTYT
OIPEENIATHCS OTHOCUTEILHO NPOU3BOJIBHON JIEKApTOBOH CHCTEMBI KoopauHaT (Y, Z,).

4 3

\

\
| Vi
i \
/

\
J

1 2

Puc. 1.Bunsl ceuennii

Yeunus N,'\/ly,l\/lZ 3a1al0OTCA OTHOCUTCIIBHO TJIaBHBIX HEHTPAJIBbHBIX ocent V,Z. HpI/IHI/IMaeTCH, 4qTo

mpoaoJjbHasA CHujia N IoJI0KUTENbHA IIpU CXKaTHH. HpI/I I[GI\/'ICTBI/II/I IOJIOXKHUTECIPHOI'O MOMCHTA My cxarasda
30Ha BO3HUKACT B BerHeﬁ YaCTH CCUCHUSA, a ITPU I[CflCTBI/II/I IOJIOKHUTEILHOrO MOMeHTa M; cokaTas 30Ha
BO3HHUKAET B JICBON YaCTHU CEUCHHUS.

[Ipenmonaraercs, 4TO yCUIUS COOTBETCTBYIOT PacueTHHIM KOMOHMHAIHMSM Harpy3oK, 0Opa3oBaHHBIM
coritacHo CIT 20.13330.

2. Pacuer

IIpu pacuére sieMeHTa MO HECYIIEW CMOCOOHOCTH, ompeaensercs Kod(Q(GUIMEHT HaJIeKHOCTU IO
YCHWIIUSIM Yy, uepe3 KOTOpBI MpeaenbHble ycuius Bblpaxatorcss mno ¢opmyram N, =y N,

M, =r.M,, M, =y,M, . IIpounocts ceuenus obecnevena mpu y > 1.

[IpenenbHble ycuiaus ONpENENsIOTCS Ha OCHOBe JedopMaldOHHOW Mojenu coriacHo [1].
[IpenycmoTrper BbIOOp MO0 TPEXIMHEHHON, MO0 ABYXJIMHEHHOW TUarpaMMbl COCTOSIHUS CXKATOTO
6etona cormacuo 6.1.20, 6.1.21. [Ins pacTaHyTOTO OE€TOHA TPUMEHSETCS TUarpaMma TOro e BUJa, Kak
u A cxaroro 6erona. Ha puc.2 npuBenens! auarpamMmsl A1 6etona B25.
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Puc. 2. lmarpammsl coctostHus 6etoHa B25

[lpu pacyere BHELEHTPEHHO C)XXATOTO JJIEMEHTa, MPOrud YUYUTHIBAETCS MYTEM YMHOXKEHUS
usrubaromero MmomeHTa M Ha nossimaromuii ko3gduiuent 7. Koapdunuenr r Beuucisercs mno
dopmyre:

1

N
1-

N

77 =
cr
rae N - npononbHas cuna, N, - KpuTHdeckas cuiia, KOTopas onpeaensercs no Gopmye:

_7r2D

2

N
I0
rae D - kecTkocTh dnemeHTa, |, - pacyetHas mmHa 31eMenTa. JKeCTKOCTh AJIeMEHTa BBIYHCIISETCS 110
bopmyre:
_ 0.15E,1,
?,(0.3+0,)

3nece E, - Mogynp ynpyroctu 6eroHa; |, - MOMeHT MHepIMH GETOHHOTO CEYEeHHS OTHOCHTEIBHO
LEHTpaIbHOW OcH, O, =€,/h - oTHOcHTeNBHBINH dKcueHTpucHTeT mpojosnbHOl cuibl (N - BeicoTa

CEeueHMs B IUIOCKOCTU U3ruda), ¢, - mapaMmeTp, yUYUTHIBAIOIINN JIUTEIbHOE IeHICTBHE HArPY3KH.

3KCH€HTpI/ICI/ITeT eo OnpeaAcCIsICTCA OTHOCUTCIIBHO HCHTPA TSXKCCTH CCUCHUSA . HpI/I OTOM YYHTBHIBACTCA

city4aiiHblil skcieHTpucuret €, . Corsacto [1], 8.1.7, mpu pacuere sneMeHTa CTAaTUYECKH OIPEAeTUMON

a IpU pacueTe 3IIEMEHTa

M
KOHCTPYKLUH, OKCUEHTPUCUTET €, IPHUHUMAETCS DPABHBIM W+ea’
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. M M
CTaTUYCCKHU HCEOIIPCACIMMON KOHCTPYKIUHW — PpaBHBIM W , €CJIIH W > ea , W PaBHbIM ea y
M
cecin W < ea .

[To pesynbraTaM BBIYHCICHUS MPEICTbHBIX YCHJINH, BBIBOJUTCS PHCYHOK CEUCHHS, Ha KOTOPOM
IpeJicTaBieHa cxatas 30Ha (puc. 3,4,5). B ciayuyae npsMOyroabHOro U KpyroBoro C€4eHusl, BbIBOASTCS
HauOOJBIINE MO BEIWYMHE PACTATHBAIONIME M CKUMAIOUIME HANPSDKEHHS W COOTBETCTBYIOIINE MM
nedopmanuu. B ciyyae momuroHanbHOrO ceueHMs, BEIBOAATCS KPUBU3HBI U BBIpaKeHHE Jeopmannn
&(Y,,2,) B TEX KOOpAMHATAX, B KOTOPBIX 331aHO CEUYCHHUE.
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Puc. 3. TIpumep u300paskeHNst CXKATOH 30HBI B IPMOYTOIHHOM CEUCHHUN

z0 [cm]

60

45| -1

30} ‘
15}

| M

—15}+

—30k

HefiTrpaneHasa IMHMSA

—45L

—g0F

-75 1 1 1 1 1 1 1 1 1
-75 —-&0 —-45 -—-320 -135 0 15 30 43 c0 v0 [cm]

Puc. 4. [Ipumep nzo0paskeHHs CKATOW 30HBI B KOJIBLIEBOM CCUCHHUH
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Puc. 5. [Ipumep n300paskeHHs CKaTOW 30HBI B MTOJUTOHATBHOM CEUCHHUN
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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 apMaTypol U 1Moa0op apMaTyphl MO YCIOBUSAM MPOYHOCTH U
TPEIIMHOCTOMKOCTH. st  oueHku dSPPEKTUBHOCTH TPUMEHEHUS KOMIIO3UTHOM apMatryphl,
IIPEyCMOTPEH aJbTEPHATUBHBIN pacueT IpU 3aMEHE KOMIIO3UTHON apMaTypbl Ha CTAJIbHYIO.

1. Ceuenune

PaccmaTpuBaroTcst cieayroniye BHIBI CEUCHMIA: MPSIMOYTOJIbHOE CEUeHHUE, JBYTaBPOBOE CEUYCHHE,
MIPOM3BOJILHOE MOJUroHaIbHOE cedeHue (puc.l). [[ns mpsMOyroapHOro W JBYTaBPOBOTO CEUYEHUMN
BO3MOKHBI BCE MPEyCMOTPEHHBIE BUBI pacueTa, /sl IPOU3BOJILHOIO CEYEHHSI BO3MOXKHBI ITPOBEpPKaA
MIPOYHOCTH U OIpeieiieHne TpeOyeMoH IIIOIIa i apMaTyphl.

. i \ |
L., L, § e ]

Puc. 1. Bugsl ceuennit

Jlis mpsSIMOYTOIBHOTO M JBYTaBPOBOTO CEUEHUM paccMaTpUBAaeTCsl pa3MeElleHHe apMaTypbl BOIU3U
BEPXHEU U HUKHEU CTOPOH CEUYEHUS.

3agaHue NMPOU3BOJIBHOTO IOJIMIOHAIBHOIO CEUEHUS! OCYIIECTBIISETCS IIyTEM BBOJA KOOPAHMHAT €ro
BepIIMH. BbIOOp KOOpAMHATHBIX OCEHl 1€KApTOBOW CHUCTEMBI MOXKET ObITh IMPOU3BOJIBHBIM. BepinHel
3aJjal0Tcsd B IOCJEOBATEIbHOCTH, KOTOpash COOTBETCTBYET 00XOJy IMOJMIOHAa IO KOHTYpY B
OIpeJIeIEeHHOM HanpasieHuu. [1pu 3Tom nonauronansHas 00J1acTh JODKHA OCTaBaThCS 110 OJJTHY CTOPOHY
(Hampumep, cieBa) OT HampaBlieHUs 00Xo/a.

B cnydyae monuMroHalibHOTO ceueHHUs, apMaTypa 3aJaeTcsl Kak COBOKYITHOCTh apMaTypHBIX cioeB. Ciion
MOTYT MMETh NIPOU3BOJIBHYIO JUIMHY W opueHTauuio. [Ipeamonaraercsi, 4To IUIOMIAb apMaTypbl
PaBHOMEPHO pacmpezesieHa no cjiow. Ecnu jiuHa cinosi paBHa HYIIO, TO TaKOW CJIOW COOTBETCTBYET
OTJIEIbHOMY apMaTypPHOMY CTEPKHIO.

[Tpu pacuere TpeOyemoil apmarypbl B HPOHM3BOJBHOM CEUCHHH, IS KaXKJIOTO apMaTypPHOTO CJIOs
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 ci10eB. [Lomans i-ro ciost omnpexnemnsercs mo gopmyne Ay = K; A 1ot » TI€ A, tot

— o01mas MIomaas apMaTyphl.
IIpu mpoBepke MPOYHOCTH U TPU ONpEACTCHUHM TpeOyemoil IIIOIMaa KOMIIO3HTHOW apMaTryphl B

IIPOU3BOJIBHOM CEYECHUHU MPEAYCMOTPEHO pa3sMELICHUE JONOJHUTEIbHOM CTaJIbHOW apMmarypsl, B
YACTHOCTH, 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
HEHTpAIbHBIX Oceil Y,Z. B cinydae npou3BOJBHOTO CEUEHHUs, YCHJIUS 3a/al0TCS OTHOCHUTEIBLHO
HEHTPaJIbHBIX OCEHl Y, Z, KOTOpBIE NapasuieIbHbl KOOPAUHATHBIM OCSIM, BBIOPAHHBIM IPU BBOJIE BEPILUH
U apMaTypHBIX CIIOEB.

[Ipunumaercs, yto npogosapHas cuia N nosoxxurenbHa npu cxatuu. [Ipu nelicTBUM MOI0KUTEIBLHOTO
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 HETMHEHHOW Ae()OpMaIMOHHON MOJIENTH B COOTBETCTBUH
c[1],8.1.20u [2], 6.1.15. B kauecTBe pacueTHOU AMATPAMMEI COCTOSHUS CIKATOT0 OETOHA TPHHUMACTCS
TpexJuHeWHas nuarpaMMa. KommosuTHas apmaTypa, paclioyIOKEHHas B CXKaTOW 30HE CEUEHUs, He
yuuTbiBaeTcs. JUIss KOMIIO3UTHOM apmaTyphl, pPAaclOJOKEHHOW B PpACTAHYTOM 30HE CEUYCHHS,
NpUHUMAETCsl JIMHEHHas amarpamma negopmupoBanus. llpenenbHas apedopmanus pacTIHyTOH

KOMIO3UTHO# 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 obecreyeHa npu y = 1.

[Ipn monbope apmarypbl HpPUMEHSETCS WTEPALMOHHBIA alrOPUTM, IMO3BOJIIOMIMNA TOYHO Y4YECTh
pacroyio’)keHre MoJOOpaHHBIX apMaTypHBIX cTepkHeil. Ha Tekyiiem uTepanvoHHOM Iare pacder
TpeOyeMoil apMaTypbl NPOBOAMTCS HAa OCHOBE pE3yJbTaTOB KOHCTPYWPOBAaHUS 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 ONpeAesstoTCs PacCTOSIHUS OT KOHTypa
CEYEeHMS 10 LEHTPOB TSHKECTH IUIOIIAJECH apMaTypbl, KOTOPBIE Ha CIEAYIOIIEM UTEPALMOHHOM IIare
CTaBsTCS B pacyeT TpedyeMoit apMaTyphl.

[To pe3ynbTaTamM KOHCTPYHPOBAHHUS OCYIIECTBISIETCS TpadUUecKUuil BBIBOJ CEUEHUS C TT0I00paHHBIMU
apMaTypHBIMU CTEPKHIMU.

Pacuer no 06pazoBaHuIO U PACKPBITUIO TPEIIUH MPOBOAUTCS AJISl IPSIMOYTOJIBHOTO WJIH IBYTaBPOBOIO
CeueHHs Ha OCHOBE HEJIMHEHHOM NeopMallnOHHOM MOJIEIH.
WsruGaromuit moment M yore TIPM 00Pa30BaHWU TPELIMH ONPENETSETCS 110 TPEAETBHOMY 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 ecnu OHM BO3ZHUKAIOT OT NAEHCTBUS OJHOIO MCTOYHUKA HATPY30K M

BO3PACTAIOT OJHOBPEMEHHO, TO CIeayeT noaoxuts €=M y IN =const

[Ipu pacdere mo oOpazoBaHMIO TPEUIMH HMPEIYCMOTPEH BBIBOA Ae(opMariuii 1 HanpspKeHUi, a Takke
NIOJIOKEHUS HEUTPaJIbHON JIMHUU HEMIOCPEICTBEHHO Mepel 00pa30BaHUEM TPEIIHH.
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Wsrubaromuit moment M y.crc IPH OOPA30BAHUY TPEIIMH, & TAKKE HATIPSHKCHHS B PACTAHYTOM apMaType

nocie o0pa3oBaHus TPEIMH O¢ U O o, BXoAmHMe B popmyinsl [1], (8.128), (8.137), Beruncasiorcs Ha
OCHOBE JHMarpamMM COCTOSIHHSI O€TOHa W apMaTyphl MPH TOMOINM YHUCJICHHOTO MeTona. [Lmomans

CEUEHUs PaCTAHYTOro 6eToHa Am ¥ IIONIA/Ib CEUCHHs PACTAHYTOH apMarypsl Ay, uepes KOTOpbIE MO
dbopmyne [1], (8.136) Bwruucasiercs 60a30BO€ pacCTOSHUE |f MEXy TpELIMHAMH, ONpPEACISIOTCS
HETOCPEJCTBEHHO IMepe]] 0O0pa3oBaHMEM TPEIIMH. 3HAYCHHE Abt OMpEIEseTC MPU CIEAYIOLUX

OrpaHUYCHUSX HA BBICOTY PACTAHYTOW 30HBL: X; >2a, 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 mpuMeHsieTcss 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
CEUCHHMAX AJIEMEHTA, HOPMAIBHEIX K OCH Y , JeHcTByroT m3rmbaromuii Momenr M y M KpYTSILIUH

MOMCECHT M Xy - I/I3r1/16a}011m171 MOMCHT ABJIACTCA IOJIOXKUTCIIBHBIM, €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 CICAYIOIIUM YCIOBUAM:

M, /M, <1
M, /M, <1

(M, ~M,)M, , —M,)=MZ >0

x,ult y,ult

M, /My <1

M,, /M g <1

fxy,ult

[IpenenbHble K3THOAIONINE MOMEHTHI Mxluh )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 nedopManus pacTIHYTOH KOMIIO3HTHON apMaTypsl ompenensercs mo dpopmyne: Rj lE,,
rne R, E; - pacuernoe conpornrnenue u Moxyns ynpyrocta apmMaTypei.
[IpenenbHble 3HAYEHUS KPYTSILIETO MOMEHTA OIPEEIIAIOTCS IO (opMysIam:

M, =0.17,R,h?

bxy,ult
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M g o = 0.5R, (A + Ay )y

fxy,ult
rie Ag, Afy - IUIOINAM PACTSHYTOH KOMIIO3MUTHOM apMarypsl B HampaBieHud oceit X u Y,
ho = (hOX + hoy)/ 2; hgx, hoy - 3HAYCHHs paboUeii BHICOTHI CEUCHHMN, HOPMAJIbHBIX K ocsiM X 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_'\/Ix)('vly,ult_I\/ly)/l\/lz_Ivliyll\/'2 >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.

WsruGaromue Moments M xore M M y.crc TP 00pa30BaHMK TPEIUMH, & TAKXKE HANPSUKEHUS B PACTAHYTON

apmartype mocie oOpa3oBaHMS TpemmH O u Oy o, Bxomamue B Qopmyns [1], (8.128), (8.137),
BBIUUCIISIIOTCSl HA OCHOBE JIarpaMM COCTOSTHHSI O€TOHA U apMaTypPhI IIPH MOMOIIN YUCICHHOTO METO/IA.

Iliomanp ceueHns pacTsiHyroro Geroma A, W muiomans ceuenus pacTsiHyToil apmarypsl Ay, uepes
kotopele 1o (opmyne [1], (8.136) Beuncnsiercs 0a30BO€ pacCTOSHUE I MEXIy TpeluHaAMU,
OIIPE/ICISIOTCS HEIIOCPSACTBEHHO Nepe] oOpa3soBaHHeM TpelluH. 3Hauenue A, ompexemsercs mpu

CIE/YIOIMX OrPaHMYEHHsX Ha BBICOTY pacTaHyToii 30Hbl: X 22a, X, SN/2 | rpe a — paccrosmue ot

HaunboJiee pacTAHYTOI apMaTyphl 0 ONvKaiIel TpaHu CeUeHUsl.

3. KoncrpyupoBanue

IIpu mondope apmaTypbl NPUMEHSETCS WTEPALMOHHBIA aJrOPUTM, IMO3BOJISIOUIMA TOYHO YYECTh
pacrnoioKeHue TMOoJ0O0paHHBIX apMaTypHBIX cTepxkHed. Ha TekyiieM WTepallMOHHOM Iare, pacuer
TpeOyeMoil apMaTypsl MPOBOJUTCS Ha OCHOBE pE3yJbTaTOB KOHCTPYMPOBAHUS apMaTypbl Ha
npensiaymeM mare. [Ipyn KOHCTpYHMpOBaHUU apMaTyphl, C YIETOM 3a/IaHHOTO 3HAYeHHUs 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 CIEIyIOIEeM UTEpallMOHHOM 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 TUIMTEL. Ha MpuBeIcHHOM PUCYHKE JaHbl CEUEHHUs, HOPMaIbHbIE K OCIM K 1 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 «KoncTpykuuu O€TOHHBIE, apMUPOBAaHHBIC ITOJIUMEPHOM
KOMITO3UTHOU apmatypoii. [IpaBuia npoeKTHpOBaHU.

CTATHUKA-2024. Onucanue npocpamm 431 — Ilnuta ¢ KOMIIO3UTHOM apMaTypoi



269

432 — ITogbop npoxonbHOM apmaTypsl (MSZ EN 1992)

CTATUKA-2024. Onucanue npoepamm 432 — ITon6op npononbHOit apmatypsl (MSZ EN 1992)



270

[Iporpamma mpenHa3HadyeHa I pacu€Ta TpeOyemMou MPOMOIBHOM apMaTypbl U KOHCTPYHPOBaHHS
apMaTypbl B CEYECHHUH, a TAKXKE IJIs1 IPOBEPKH HECYIIEH CIIOCOOHOCTH CEYCHHMS C 3aJaHHON apMaTypoi
cornacHo MSZ EN 1992-1-1 [1]. [1o pe3ynbpraTamM KOHCTPYHPOBAaHUS OCYLIECTBISETCS TpaduuecKuit
BBIBOJI CEUEHHUS C MOJO0OpaHHBIMU apMaTypHBIMU cTep>KHsAMU. [Ipu mpoBepke Hecyliei crnocoOHOCTH
CEUEHUs C 3aJJaHHON apMaTypoil oIpesessieTcsl pacueTHas AJIMHA aHKEPOBKH.

1. Ceuenue

CeueHns mOJPa3AEISIOTCS HAa CTaHAAPTHBIC W MPOU3BONIbHBIE. K CTaHAapPTHBIM CEYEHUSM OTHOCSTCS
IPSMOYTOJIBHOE CEYEHHE, I0JI0€ MNPSMOYrOJbHOE CEYEHHE, KPYroBOE€ WM KOJBLEBOE CCUCHHE,
TaBPOBOE WX JBYTaBPOBOE CEUEHHE, TPANELIUEBUIHOE ceueHue (puc.l).

Az Az
slal 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

JIitst IPSAMOYTOJILHOTO CEUEHHsI pACCMATPUBAIOTCS CIIELYIOIIHME CXeMbl apmupoBanus A (puc.2): cxema
C paBHBIMH IUIOIIAMAMH apMaTypbl BOim3u BepimH cedenuss (A=0), cxema ¢ paBHOMEPHBIM
pacrpe/eieHiHeM IUIOIIAIN apMaTypbl BIoIb KoHTypa ceuenus ( A=1), cxemsi ¢ pausivu (A=2) u ¢
paznuuHbiME ( A = 3) II0IaAsIMU apMaTypbl BOJIM3U BEpXHEW M HU)KHEH CTOPOH cedeHus. s moioro
IPSIMOYTOJILHOTO cedeHusi paccmarpuBarotcs cxembl A=0, A=1, A=2. Jlns taBposoro
(IBYTaBpOBOT0) CEYCHUS U TPATCIUEBUIHOTO ceueHus paccMaTpuBaercs cxema A = 3. [l KpyroBoro
(KONBILIEBOTO) CEYEHMsI paccMaTpPUBAETCSl CXeMa apMUPOBAaHUS C PAaBHOMEPHBIM paclpeiesieHueM
IUTIOINAAM APMaTYpPhl BAOJIb KOHTYpa CEUCHHS.
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Puc. 2. Cxembl apMHpPOBaHUS TPAMOYTOIFHOTO CCUCHUS

3aaHue MPOU3BOJIBHOTO MOJIMTOHAJIBHOIO CEUEHUsSl OCYIIECTBIISIETCA MYTEM BBOJA KOOPJIMHAT €ro
BepiinH (puc.3). Bo3moxken BBoa 10 SO BepurH. BeiOOp KOOpAMHATHBIX OCEHl IEKApTOBOW CHCTEMBI
MOKET OBITh MPOU3BOJIBHBIM. BepuinHbl 3aJal0TCsl B MOCIEI0BATEIBHOCTH, KOTOpas COOTBETCTBYET
00X0ly MOJIUTOHA MO KOHTYPY B OIpeneleHHOM HampaBieHuu. [Ipu sToM monuroHangbHas 00IacTh
JIOJKHA OCTaBaThCA 10 OJIHY CTOPOHY (HaIllpUMep, clieBa) OT HallpaBiieHus 00xoaa. Bo3amMoxHO 3a1aHue
BHYTPEHHUX TOJOCTEH MPSIMOYTOJIbHON, KPYIJIOH U MOAUroHansHoi dopmel. [Ipu 3amanuu momoctu
MPSIMOYTOJIBHON WK KpyTiion (opmbl, TpeOyeTcsi BBECTH KOOPAMHATHI IIEHTPA MOJIOCTU U €€ pa3Mephl,
MIPU 33JJaHUHU TTOJIMTOHAIBHOM MOJIOCTH, TPEOYETCsI BBECTH KOOPAUHATHI BEPILUH MOJIOCTH.

Puc. 3. I[Ipou3BoIbHOE NOJUTOHAIBHOE CEUEHUE

JUis TONMrOHANBHOTO CEYEHUs BO3MOXKHBI CJENYIOIIME CXEMbl apMUPOBAHHUSA: CX€Ma C PABHBIMU
IUIOMIA/IIMKI apMaTypbl BOJIM3M BEPIIMH BHEUIHero KoHtypa ceuenus ( A=0), cxema ¢ paBHOMEPHBIM
pacrpesie/ieHieM IUIOMaM apMarypsl BOJb BHemHero konrtypa cedenus (A=1), npousBonbhas
cxema apmupoBanus. Jis cxem A=0 u A=1 HeobXomuMble 1yis pacyeTa KOOPAMHATHI apMATypPhI
onpenensirorcst apromaruuecku. [Ilpu A=0 wuckimroyarorcss U3 pacCMOTPEHUS BXOJSIIUE YIIIBI (T.€.
yriel, Oonbmie  180°). Kpome Toro, mpoBepsieTcss BO3MOXKHOCTh KOPPEKTHOTO —pa3MEIICHHS
apMaTypHBIX CTEpKHEHN MpU HAIWYUK OJIU3KUX BEPIIUH.

[Tpu BBIOOpE TTPOU3BOIBLHOM CXEMBI APMUPOBAHUS TPEOYyeTCs 3a/1aTh OTPE3KH (apMaTypHBIEC CIIOU), HA
KOTOpPBIX pa3Meltaercss apmatypa. Bo3moxken BBog a0 50 apmarypsbix ciaoeB. Ciaou MOTyT UMETh
MPOU3BOJIBHYIO JUIMHY M opueHTanuio. l[lpenmomaraercs, 4To mJjomaap apMaTrypbl paBHOMEPHO
pacnpeneneHa mno cnoro. Ecnm  giuHa cinos paBHA HYJKO, TO TaKOM CIIOW  COOTBETCTBYET
«COCPEIOTOUYCHHOW» IO apMaTypbl. ApMaTypHbIE CJIOM TOJPA3JENSAI0TCS Ha CJIOH C
BapbUPYEMOU TUTOMIA/IBIO U CIIOM C TIOCTOSTHHOM TUIOIIAIbI0 (HEM3MEHSEMOM MpH pacueTe Tpedyemoii
apMatypsl). [IpeaycMoTpeHs! 1Ba BUIa pacpeeeHus TUIOIAI apMaTyphl IO apMaTypHBIM CIIOSIM C
BapbUPYEMOU TUIOMIA/IBI0: CBOOOIHOE pactpeielieHre U 3aJaHHOE pacipe/eiCHIe.

[Tpu cBOOOJHOM pacmpeneseHUH apMaTyphbl, IUIOMIAAN PAa3JIMYHBIX apMaTYPHBIX CIIO€B 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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JUIsl HEKOTOPOTO apMaTypHOIO CJIOs TpyIa He yKa3aHa, TO aBTOMaTHYecKu oOpa3yercs OTIeibHas
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 CJI0sI C BApbUPYEMOM 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 +..), tae i=12,...; A A,..— oTHOCHTEIBHBIC IUIOMAH APMATYPHBIX CIOCB C

BapbUPYeMOil Mo b0, Ilomas i-ro cios onpenensercs no gopmyne Ay = kiAS’tot, rae A —
oOmias momass apMaTypsl (6€3 ydeTra MOCTOSHHOM IUIOMIAIHN ).

[Ipn paccMOTpeHMM IIPOM3BOJIBHOIO CEYEHMS, NPUMEHSAIOTCSA [BE CUCTEMBI KOOpAuHAT. B onxHou
CUCTEME KOOpJAMHAT 3aJaloTCs BEPIIMHBI W apMaTypHele ciou. /[Ipyras cucrema KOOpIMHAT
IPUMEHSETCS I 3aJlaHUs YCUIIUM.

2. Yeuaus

[Ipu pacyere CTaHAAPTHOrO CEYEHMs], YCWINS 3aJal0TCSI OTHOCHUTEIBHO INIABHBIX LIEHTPAJIBHBIX OCEH
Y, Z. B ciy4ae nmpou3BOIBHOTO CEUCHHSI, YCHITUS 33JaI0TCS JINOO OTHOCHTEIBHO TIIaBHBIX IIEHTPATBHBIX
oceit ceuenus Y Ly, 1UOO0 OTHOCHTEIBHO LEHTPAIbHBIX OCEH Y,Z, KOTOpbIC Mapajuie/bHbI

KOOpJAMHATHBIM  OCSIM,  BbIOpaHHBIM  TNpPU  BBOJE  BEpPUIMH U  apMaTypHBIX  CJIOEB
(cM. puc. 3). IlpunuMaercs, uTo npoaoibHas cuwia N mojoxurenbHa mpu cxatuu. lpu geiicTBum

MOJIOXKHUTCIBHOTO MOMCHTA M yo cXxXartasa 30Ha BOSHHUKACT B BerHefI YaCTHu CCYCHUA, a IIpU JEHCTBUHU

ITIOJIOKUTECIIBHOTO MOMEHTA M ,» C)KaTas 30Ha BO3HUKACT B JIEBOM 9aCTH CCUCHUS.

3. Pacuer

Paznuuarorcs ABa BUIa pacyera: ompeleieHHe IUIOMAAN apMaTypsl, TpeOyemon st oOecrieueHus
HECYIIel CoCOOHOCTH, U TTPOBEPKA HECYIIEH CITOCOOHOCTH CEUYECHHS C 3aJJaHHON apMaTypoi.

[Ipu onpenenenuun tpeOyemol apmMaTyphl, B 3aBUCUMOCTH OT HPUHATON CXE€Mbl apMHpOBaHUS, J1OO0

HEU3BECTHA TOJBbKO O0Ias IUIoUIalb apMarypbl Agm MIPU 3aJ]aHHOM PacTpelIe]ICHUN apMaTyphl MO

CJIOsM, 1100 HEM3BECTHEI IJIomaan apMaTypHbIX CJIOCB Asi IIpu yCJIIOBUH CBO60,[[HOFO pacnpeaciiCHuu

apMarypsl 1o closM. B nmocineaHem ciyvae, IUIomagyd apMaTypHBIX CIIOEB OTHICKHMBAIOTCS HAa OCHOBE
TpeOoBaHUS MUHHUMYMa OOIIeH MI0aan apMaTyphl.

[Ipu poBepke HecyIei CocOOHOCTH CeUeHus, onpenesiercss KO3 PUIMEeHT 3anaca mo yCuiusaM J, ,
yepe3 KOTOPBIK TMpeAeNbHble YCWIMS BbIpaXkaroTcssi 1o ¢dopMyiaM Nu =V 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 HUTEPAIMOHHBIN aJrOpUTM,
MO3BOJISIIOIIMN TOYHO YYECTh PaCIOIOKEHHE MOJOOpPaHHBIX apMaTypHBIX cTepkHed. Ha Tekymem
UTEPAIlMOHHOM IlAre pacdyeT TpeOyeMOoN apMmaTypbl MPOBOAMTCS HAa OCHOBE pE3yJIbTaTOB
KOHCTPYHPOBaHUs apMaTypsl Ha mHpeasiaymeM mare. [Ipy KOHCTpyupOBaHHUM apMarypsl C y4eTOM
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 JUIS BCEX pPACYETHBIX COYETAHUH YCHUJIMHA, W BBIBOAATCS CIEIYIOIIUE PE3YJIbTATHI:

npe/ielbHbIC YCUITHS NU,MW,MZU u KodpUIMEHT 3amaca ), MOJOKEHUE HEUTpaIbHON ITUHUH,

KpUBHM3HBI K, K, nepopmanuu ¢ u Hanpsbkenuss O Oerona u apmarypbl. Ecnu 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 |bd AHKEPOBKH BHUJA «IIPSIMOU CTEPKEeHB» coriacHo [1], 8.4. {nuna |bd JUT KOKIOTO CTEPIKHS
BBIUUCIISIETCS 110 HAMPSOKEHUIO Oy B CTEPIKHE MPU 33JaHHBIX YCWIHSX C YY€TOM THUIa KOMOMHAIIUU
Bo3aercTBUi. [Ipu BbIBOIE pPE3YyNbTATOB, MOJOXKHUTEIBHOE 3HAUYCHHE Oy OTBEYAET PACTSHKEHUIO

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 ycumuil. [ mpsIMOYTOIBHOTO CEYCHHS CO CXeMOit apmupoBanus A =3, TaBpOBOTO
(IBYTaBpOBOI0) CEUEHHUsI U TPANECUUEBUIAHOTO CEUCHUS OMPENCISIIOTCS 3HAYEHUS 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 MEXAY CTEpKHAMU. HOMUHanbHas TOJIIIKMHA 3alUTHOTO

citost onpezensiercs Kak Cpon = Criy +AC . 3HaucHme AC BBOXHTCS IS y4eTa BOSMOXKHBIX OTKIOHCHHUIA

OT MPOEKTHBIX IIOJIOKEHUW apMmaTypbl. TONIIMHA 3aIlUMTHOIO CJIOsl NPUHHUMAETCS KPAaTHOU SMM.
3HaueHue c_, NIPUHMMAETCA HE MEHEE 3aJlaHHOIO 3HAYEHMs M ONPENENAETCA C Y4ETOM CIETyIONIMX

yenosuit: Cpj, 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 TMapaMeTphbl MO3BOJISIOT YNPaBJIATh MOAOOPOM apMmarypbl. [l cxeM apMUpOBaHUs
A=0,1,2 orpaHM4YMBacTCsi KOJMUYECTBO CTEP)KHEH B CEUCHHMH, a JUISI CXeMbl apmMupoBaHus A=3 —
KOJIMYECTBO CTEP>KHEN B OJTHOM PSIY.

B ceuenun co cxemoit apmupoBanusi A=0, B KaXJIOM yrjie MOXET pa3MeNiaTbCs OJUH apMaTypHBIN
cTepkeHb WK (Ipu HeodbxoaumocTh) Oosee (3 wim S apMmatrypHsbix crepxkHei ). [Ipu pacuere Tpedyemoit
apMaTypbl TPUMEHSICTCS PACCTOSIHHE OT KOHTYpa CEUeHHUs 10 OOIIeTr0o IEHTPa TSHKECTH TPYIIIIBI
CTEpP)KHEH.

B ceuenun co cxemoit apmupoBanus A=3, Ha MeCcTe KaXIOr0 apMaTypHOTO CJIOSl CTEP)KHH 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 PACcCTOSHUS B CBETY Mexay crepxkHsamu. [Ipu pacuete 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 pa3MmenieHnu apMaTypbl B CBecax IMOJKH TpeOyeTcsl yKa3aTh OJIMH U3 ABYX BO3MOJXKHBIX CITyuaeB
pasmMenieHus. B mepBoM ciydae, apMaTypHBIE CTEPKHH pa3MEIIalOTCS HAa BCEH IUPUHE MOJIKH. DTOT
BapHaHT INpeIHa3HaueH JJIsl pacueTa Oaku TaBpOBOTO (IBYTaBPOBOTO) ceveHusi. Bo BTopoMm ciryuae,
CTEp)KHU pa3MeNIalTcs B Mpeieiax OTpe3Ka, AJIMHA KOTOPOTO COCTABISET MOJIOBUHY IIMPHHBI MOJIKH.
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 pa3MemiaThcs B Ba psijia.

3ajaya KOHCTPYUPOBAHHUSI apMaTypbl B MPOU3BOJBHOM MOJHUTOHAIBHOM CE€YEHUU C MPOU3BOJBHOMN
cXxeMoH apMHupoOBaHUd HE HMECT CAMHCTBCHHOI'O PCIICHHA, IMO3TOMY IPEAYCMOTPCHBI JBa METOJA
KOHCTPYHPOBAHUS: TOJ00P CTEpP:KHEH OJIMHAKOBOTO JWaMeTpa U MOJ00p MUHUMAJIHLHOTO KOJHYECTBA
CTEPKHEH.

[To pe3ynpTaTaM KOHCTPYHPOBAHUS OCYLIECTBIISIETCS IpaduyecKuil BHIBOJ CEUEHUS C OI00paHHBIMU
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

[IpenycmoTpeHa mpoBepka HeCylled CIOCOOHOCTH CEYeHUsl C MOJ0OpaHHBIMU apMaTypHBIMU
crepxHsaMU. [Ipu mpoBepke, Kaxablii CTEPKEHb YYUTHIBAETCS MO OTACIBbHOCTH, IPU 3TOM B pacuer
CTaBATCS IUIOIIA/Ib €ro MOMEPEYHOI0 CEYEHUsI U KOOPJIMUHATHI IIEHTpa TspKecTu. Jid Bcex pacueTHBIX

CcodeTaHuil yCUIHii BRIauCIsIoTces npenenbasie yermms N, M o M., u ko3 dunmenT 3amaca ¥, 2 1, no

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 mpenHa3HadyeHa I pacu€Ta TpeOyemMou MPOMOIBHOM apMaTypbl U KOHCTPYHPOBaHHS
apMaTyphl B CEUCHHUH, a TAKXKE JIJIS POBEPKH HecyIel criocooHoctu ceuenus corinacao TKIT EN 1992-
1-1-2009 [1]. [To pe3ynbpTaraM KOHCTPYHPOBAHUS OCYIIECTBISIETCS TpadUuecKuil BBIBOJ CEYECHHS C
10JJ00pPaHHBIMU apMATYPHBIMH CTCPKHSIMHU.

1. Ceuyenue

CeueHust OAPa3ACIAIOTCS Ha CTaHIAPTHBIE U MPOU3BOJIbHBIE. K CTaHIApTHBIM CEUEHUSIM OTHOCATCS:
IPSIMOYTOJIBHOE CEYEHHE, II0JI0€ MPSIMOYroJIbHOE CEUYEHHE, KPYrOBO€ WIIM KOJBIEBOE CEUYCHHUE,
TaBPOBOE WU JBYTaBPOBOE CEUCHHE, TparelueBUIHOE ceueHue (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 ceueHUs

JIJIst IPSAMOYTOJTBHOT'O CEYCHHUST PACCMATPHUBAIOTCS CIICYIOIINE CXeMbI apMUpoBaHus A (puc.2): cxema
C paBHBIMH IUIOIIAJAMU apMarypbl BOiu3u BepuH cedenus (A=0), cxema ¢ paBHOMEPHBIM
pacrpesieJIieHueM IO apMaTypbl BI0JIb KOHTypa ceuenus (A =1), cxemsl ¢ paBHbiMu (A=2 ) u
¢ pazimmubiMa (A= 3) mIonaaaMu apMaryphl BOJM3M BEpPXHEH M HWKHEH CTOPOH cedeHus. Jlus
TI0JIOTO MPSAMOYTOJILHOTO ceuenus paccmarpusarorcs cxemsl A=0, A=1, A=2 Jlna taBpoBoOro
(IBYTaBpPOBOIO) CEYEHHMS M TPANEIMEBUIHOTO CeYeHus paccMarpuBaercs cxema A= 3. Jlns Kpyrosoro
(KONBLIEBOTO) CEYEHMsI paccMaTpUBAETCsl CXeMa apMHUpPOBAaHUS C PAaBHOMEPHBIM paclpesielieHueM
IUIONIA/IA apMAaTYypPhl B/I0JIb KOHTYpa CEUEHUSI.
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Puc. 2. Cxembl apMHpPOBaHUS TPAMOYTOIFHOTO CCUCHUS

3ajiaHue MPOU3BOJIBHOTO MOJUIOHAJIBHOI'O CEUEHUsl OCYLIECTBIISIETCA IIyTEM BBOJA KOOPJIMHAT €ro
BepiinH (puc.3). Bosmoxken BBoa 10 S0 BepunH. BeiOop KOOpAMHATHBIX OCEH I€KapTOBOW CHCTEMBI
MOJKET OBITh NMPOU3BOJIBHBIM. BepLIMHBI 3a1al0TCS B MOCIEI0BATEIbHOCTH, KOTOPas COOTBETCTBYET
00XO/y IMOJMTOHA MO KOHTYPY B OIpeNelIeHHOM HamparieHuu. [Ipu 3Tom momuronamsHas 001acTh
JIOJDKHA OCTaBaThCsl 1O OJIHY CTOPOHY (HampuMmep, clieBa) OT HampaBieHus ooxona. Ilpu Hammunum
BHYTPEHHHUX IOJIOCTEH B CEUEHUH TpeOyeTcs MPOU3BECTH Pa3pe3bl, MO3BOJIAIOIINE 000WTH I'paHUYHbIE
KOHTYpHI (BHEITHUI U BHYTPEHHHE) TaK, YTOOBI 00JIACTh OCTABAIACH 110 OJHY CTOPOHY OT HANPaBJICHUS
obxoxa. [IpexycMOTpeH aBTOMAaTHYECKUIA yUYET MOJIOCTH MPSMOYTOIBHON (hOPMBI.

Puc. 3. [Ipou3BoIbHOE NOJUTOHAIBHOE CEUEHUE

JUis TONMrOHANBHOTO CEYEHHUsT BO3MOXKHBI CJIEAYIOIIHME CXEMbl apMHUPOBAHUS: CXE€Ma C PaBHBIMHU
IJIONIAIAMU apMaTypbl BOJIM3U BEpUIMH BHeIHero KoHtypa 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 apromatnuecku. [lpu A=0 uckmrowarorcs M3 paccMOTPEHUs BXOAANIME YIbI (T.€.
yriiel, Oonbimue 180°). Kpome Toro, mposepseTcss BO3MOXHOCTh KOPPEKTHOIO —pasMeLICHUS
apMaTypHBIX CTEpKHEHN MpU HAIWYUK OJIU3KUX BEPIIUH.

[Tpu BEIOOpE IPOU3BOIBLHON CXEMBI apMHUPOBaHUS TpeOyeTcs 3a1aTh OTPE3KH (apMaTypHBIE CJIOU), Ha
KOTOpPBIX pa3Meniaercss apmatypa. Bo3moxken BBog a0 50 apmarypsbix cioeB. CIou MOTYT UMETh
IMPOU3BOJIbHYIO JJIMHY W OPUCHTAIUIO. HpennonaraeTcsf, 4qTO IUIom@anab apMaTtypbl PaBHOMCEPHO
pacnpezneneHa 1o cioro. Ecinum aiMHA C€I0sT paBHA HYNIO, TO TakKOM CIIOH COOTBETCTBYET
«COCPEIOTOUYCHHOW» IJIOIMIAAM apMaTypbl. ApMaTypHbIE CJIOM TOJPA3JEISAI0TCS Ha CJIOH C
BapbUPYEMOM TIJIOMIABI0 U CJIOW C TIOCTOSSHHOW TUIOMIAbI0 (HEM3MEHIEMOM Mpy pacuere Tpedyemoit
apMarypsl). [IpenycMoTpeHs! 1Ba BUAA pacupeleeHts VIO apMaTyphl 10 apMaTypHBIM CJIOSIM C
BapbUPYEMOU TUIOMIA/IBI0: CBOOOIHOE pactpeielieHre U 3aJaHHOE pacipe/eiCHIe.

[Ipu cBOOOIHOM pacnpeneNeHud apMaTyphl, TUIOMIAN Pa3IMYHBIX apMaTYPHBIX CJIOEB MOTYT OBITh
OJIMHAKOBBIMH WJIM Pa3IUYHBIMU. ApPMAaTypHbIE CJIOUW C OJUHAKOBOM IUIOIIAJbI0 OOpa3yloT OAHY
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rpynmy. I'pymimna MoxeT cocToATh U3 oaHOro cios. Hymepanus rpynn HaunHaercs ¢ equHuisl. Ecnu
JUIE HEKOTOPOTO apMaTypHOTO CJOsl TpyNNa He yKa3zaHa, TO aBTOMAaTW4YecKu oOpa3yeTcst OTIeNIbHas
rpyIma, COCTOAIlas M3 OJHOro 3TOoro cios. Ilmomaau apMarypbl, COOTBETCTBYIOIIME PA3JIMUHBIM
rpynmnam, He CBSI3aHbl HUKAKUM YCJIOBHEM U ONPEEIISIIOTCS HE3aBUCUMO JPYT OT Jpyra.

[Tpu 3ajaHHOM pacnpeieIeHny apMaTyphl, IS KaKI0T0 apMaTyPHOTO CJI0S C BaphbUPyeMOU IIIOIIAbI0
OTIpENIeNIAETCS €ro JOoJs OT OOIIeH IUIoIa Ay apMaTyphl (IIPU 3TOM CJIOU C IMOCTOSHHOM TUIOIMIAJIbI0 HE
yuuThiBatoTcs). Jlonst cinos paccuMThIBAaETCS IO 3aJlaHHBIM OTHOCHTENBHBIM IUIOMIAJSAM  Kak

ki=A/I(A+A +..), e i=12,..; A, A, ..— OTHOCUTEIbHbIE IUIOMALH apMATYPHBIX CIIOEB C
BappupyeMoll miomanplo. [lnomans i-ro cios ompexpensercs 1o dopmyie Ay = KA o,

rae A, — o0mmas momaas apMaTypsl (0e3 yuera HOCTOSHHOH IUIOMAAN).

IIpn paccMOTpeHMM NPOM3BOJIBHOIO CEYEHMS NPUMEHSIOTCA JBE CHCTEMBI KOOpAMHAT. B oxHON
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 npou3BOJILHOTO CEYEHMUSI, YCUIIHS 3aJ1al0TCS JINOO OTHOCUTEBHO IIIaBHBIX HEHTPAIbHBIX

ocell cedeHus Y,,Z,, JIMOO OTHOCUTEIbHO LEHTPAIBHBIX OCEH Y,Z, KOTOpble IapajljieibHbl

KOOpJAMHATHBIM  OCSIM,  BBIOpaHHBIM  TNPU  BBOJE  BEPIIMH W  apMAaTypHBIX  CJIOCB
(cm. puc.3). Tlpurnmaercs, uro npoaoibHas cuna N monoxuTensHa npu ckatud. [lpu neicTBum
TIOJI0XKUTETFHOr0 MOMeHTa M, ckaTast 30Ha BO3HMKAeT B BEPXHEH YacTH cedyeHus, a Npu AeHCTBUH

IOJIOKHUTEIBHOro MoMeHTa M ;, CXKaTas 30Ha BO3HUKACT B JIEBOM 4aCTH CEUYCHMUSA.

3. Pacuer

Paznuuarorcst 1Ba BMJa pacueTa: OIpejesieHHe IJIOUIagu apMaTypbl, TpeOyeMol Juis oOecredeHus
HecylIlel ClocOOHOCTH, U MPOBEPKA HECYILEH CTOCOOHOCTH CeueHHs ¢ 3aaHHOM apMaTypo.

ITpu onpenenenun TpeGyeMoil apMmaTypbl, B 3aBUCUMOCTH OT MPHHATOW CXEMbl apMUPOBaHUs, JTHUOO
HEU3BECTHA TOJBKO O0IIas IJIONIaAb apMaTypsl A, MPU 33J@aHHOM PACIPEICICHUH apMaTyphl 10

CJIOSIM, TMOO HEM3BECTHBI IIJIOLIAIU APMATYPHBIX CII0€B A IPU yCIOBUU CBOOOJHOIO pacipeaeIeHun

apMatypsl 1o ciosM. B mocneaHem ciyyae, ImIomaayd apMaTypHBIX CJIOEB OTHICKMBAIOTCS Ha OCHOBE
TpeOOBaHUS MUHIMYMa OOIIEH MJIOMIaAU apMaTypHI.

[Ipu nmpoBepke HecyIel cIoCOOHOCTH cedeHus onperenseTcs KodhdUIueHT 3anaca Mo yCUIIusaM ¥, ,
uepe3 KOTOPHIH MpefeNnbHbIe YyCHIUA Belpaxkatorca mo ¢opmydam: N, =y,N, M, =y M ,

M,, =7,M, . Hecymas cnoco6HOCTb ceueHus obecrnedena npu y, >1.

Pacuer mpoBoauTCS Ha OCHOBE nuarpamMM JeOpMHpPOBAHHS CXKATOrO OETOHA M apMaTypHOHM CTaiH.
[IpexycMoTpeH BBIOOp OJTHOM U3 IBYX IMAarpaMM COCTOSIHUS cxaToro 0etoHa (puc.4). [lapadommueckas
quarpaMma TpHUMEHSETCsS TMpU JUHEHHO-yIpyroMm pacyere ycwiwil. KpuBonuHeiiHas amarpamma
NPUMEHSETCS TPU HEJTMHEHHOM pacyeTe YCUIINii, B KOTOPOM YUYUTBIBAIOTCSl HEYIIPYTHE CBOCTBA OeToHA
Y apMaTypHOU CTaju.

Ilpu onpeneneHun TpeOyeMOW IUIOIIAAM apMaTypbl NPUMEHSIETCS HWTEPALMOHHBIA aAJITOPUTM,
MO3BOJISIIOIIMN TOYHO YYECTh PaCIOIOKEHHE MOJOOpPaHHBIX apMaTypHBIX cTepkHed. Ha Tekymem
UTEPAIlMOHHOM Iare, pacdyeT TpeOyeMod apMmarypsl MNPOBOAMTCS Ha OCHOBE peE3yJbTaTOB
KOHCTPYMPOBaHHUsS apMarypbl Ha mpeapiaymieM mare. 1Ipu KOHCTpyMpOBaHHMHM apMaTypsl € Y4ETOM
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3aJJaHHBIX 3HAUYE€HUN MUHUMAaJIbHOW TOJIIMHBI 3aIIMTHOTO CJ0s OETOHA W TMaMEeTPOB MOAOOPAHHBIX
apMaTypHBIX CTEp)KHEW ompelesieTcs HOMUHAIbHAS TOJIIMHA 3allMTHOTO CJIosS OeToHa. 3areM
OMPEJIEISAIOTCS PACCTOSIHUS OT KOHTYpa CEUEHHUsI JI0 IIEHTPOB TSHKECTH TUIOLIAACH apMaTyphl, KOTOPbIE
Ha CIIEJYIOIIEeM UTePallMOHHOM IlIare CTaBsITCS B pacueT TpeOyeMoi apMaTyphl.

S [MOa]
P D
/
s [%.]
-2.00 -3.50
a)
S [MIa]
fer """““““"“":;_:_'F“;———_\__‘_\b\
// 5 o
If‘
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/
- : e [%.]
-2.00 -3.50

Puc. 4. luarpammsl 1eOopMUpPOBAHUS CKATOTO OETOHA:
a) mapabonmdeckasi, b) KpHBOJIWHEITHAS.

B nporpamme npenycMotpeH pexuM «lIoHbII BBIBOI», IPU KOTOPOM IIPOBOJUTCS ITPOBEPKA HECYILEH
CIIOCOOHOCTH Ul BCEX pPACUYETHBIX COYETAaHWH YCHWIMHA, M BBIBOAATCS CIENYIOIIUE pE3YJIbTaThl:

npenensable yeunus N, M, M, u xoodpduument 3anaca y,, monoxxeHue HeHTPaIbHON JTHHUH,
KpUBM3HBI  K,,K,, JepopManmum & M HaIpsKeHMs O  0OE€TOHA M apMaryphl.

Ecmm HefITpaﬂBHaﬂ JIMHUSA NEPECCKACT CCUYCHUE, TO BBIBOAUTCA H306pa>KeHne C)KaTOM 30HBI CCUCHHUS

(puc.5).

\\‘a’a\\\\\\\\\\\\\‘.\\\‘ﬁ

HelTpancHaa JIMHMA

Puc. 5. [Ipumep n300pakeHHs CKATOH 30HBI CEUCHUS
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4. KoHcTpyupoBaHue

[Tpu moadope apMaTypHBIX CTEPKHEH MPUMEHSETCS CIASAYIOIINN 00U psi TMaMeTpoB (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
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 BBOIMTCS JUIS y4eTa BO3MOXHBIX OTKJIOHCHHH OT MPOEKTHBIX IMOJO0XKEHUN apMaTyphl.
TonmmAa 3aIUTHOTO CIIOSI O0€TOHA MPUHUMAETCS KpaTHOUW SMM. 3HaueHue C,;, MPUHUMACTCS HE MCHEe
>d,, C,, +d,, =d,, roe

3aJIaHHOTO 3HAYCHUS M ONPEAEIAETCSA C YUETOM CIEAYIOMIMX YCIOBMM: C o = d, , w2

d,, — AuaMeTp momepeyHoi apMaTypsl, d, — JUaMeTp NPOAOIbHON apMaTypHI.

[Ipn KOHCTPYMPOBAaHHMH YYUTHIBAIOTCS 3aJlaHHbIE MUHUMAJIbHBIH M MaKCUMAJIbHBIA JIHAMETpPbI
CTEPXKHEH, MAaKCUMAJIbHOE KOJIMYECTBO CTEPXKHEM, MHMHHMAJIBHOE pACCTOSHHUE B CBETY MEXKAY
CTepP)KHAMU. DTH NapaMeTphl MMO3BOJIAIOT YIPABIATh MOAOOpOM apMmarypsbl. J1st cxeM apMuUpOBaHUsS
A=012 orpaHu4mBaeTcs KOJMYECTBO CTEP)KHEN B CEUEHUM, a JUI CXEMbI apMupoBanus A=3 —
KOJIMYECTBO CTEPKHEN B OJTHOM PSLY.

B ceuenun co cxemoii apmupoBanus A=0 B KaxmIOM yrily MOKET pa3MeNIaThCs OAMH apMaTypPHbIN
CTepKeHb WK (Tpu HeobxoauMocTH) 6onee (3 wiu 5 apmatypHbix cTepxHeil). [Ipu pacuere TpeOyemoit
apMaTypbl MPHUMEHSETCS PACCTOSHHE OT KOHTYpa CEYEHHUs JO OOILIEro IICHTpa TSHKECTH TPYIIITBI
CTEPKHEH.

B ceuennn co cxemoii apmMupoBanuss A=3 Ha MecTe KaXI0ro apMaTypHOTO CIIOS CTEPYKHH MOTYT
pasMemarbead B JBa psga. CTepKHHM BTOPOro psja yCTAHABIMBAIOTCA Ha TaKOM PACCTOSTHUU OT
CTEpXKHEIl MepBoro psijia, KOTOpPOe paBHO HAMOOJbLIEMY M3 3HAUEHUM TUaMeTpa CTEp)KHEW NEepBOro
psizia ¥ MUHUMAJIBHOTO PAacCTOSHUS B CBETY Mexay crepxHsaMH. [Ipu pacdyere TpeGyemoit apmaTypbl
HPUMEHSETCS PACCTOSHUE OT KOHTYPA CEUEHUS 10 TMHUU TSHKECTH 000MX PAZOB CTEPIKHEH.

st TaBpOBOTO (IBYTAaBPOBOTO) CEUCHHMS 3a/1a€TCs A0S apMaTyphl B cBecax nmojiku (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 IpelHa3HadeH NI pacueTa OajKu TaBPOBOro (AByTaBpoBOro) ceueHus. Bo Bropom
cllydae, CTEepKHU pa3MeIlaloTcs B Mpesienax 0Tpeska, JUIMHA KOTOPOT0 COCTAaBIISIeT MOJOBUHY IIUPUHBI
HOJKU. DTOT BapuaHT NpeAHa3Ha4YeH A pacyera OalKku MPSMOYTOJIbHOTO CEYEHHUS COBMECTHO C
IUTUTOMN MepeKphITHa. ApMaTypHbIe CTEPKHU Pa3MEIIalOTCs B MOJIKE B OUH Dsill, @ B pedpe 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 CTEP)KHEW OJMHAKOBOTO JAMAaMETpa U MoJ00p MUHMMAJIBLHOTO KOJMYECTBA
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

[IpeagycmoTpeHna mpoBepKa HECYIIEH CIOCOOHOCTH CEUeHUs C TOJAOOpPaHHBIMH apMaTypPHBIMHU
crepxHsaMU. [Ipu mpoBepke, Kaxablii CTEPKEHb YYUTHIBAETCS MO OTACIBbHOCTH, IIPU 3TOM B pacuer
CTaBATCS TUIOMIA/b €T0 MOIEPEYHOr0 CEUSHHsI U KOOPIUHATHI LIEHTpa TshKecTH. [ BceX pacdeTHBIX
coueTaHuil ycunuit Beraucistores npeaenbubie yeunus N,, M, M, u xooddument 3anaca y, >1,
10 KOTOPOMY MOKHO CYIMTbh O KauecTBe nojdopa apmarypsl. Uem Onmke y, K €AMHHULE, TEM JIydlle

peE3yjabTaT KOHCTPYHUPOBAHMUAL.
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[Iporpamma npegHazHaueHa JjIsl pacdyéra TpeOyeMoi mpoI0IbHOM apMaTyphl, JUTsl TPOBEPKH HECYIICH
CIIOCOOHOCTH CEUEHUS C HMMEIOIIEHCS apMaTypodl W IS KOHCTPYMPOBAHHS apMaTypbl B CEUCHUU
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).

L bfs L

42 1 1
; )’ta T~ 42 -
T e i i‘:ag ~
M, B :
M |
y
> | ! > A
y
y My

1 b 1 1 bty 1

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 IUIoniaid apMarypbl BIOJIb KOHTYypa ceueHus (A = 1), cxembl ¢ paBHbIMH (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
KOJIBIIEBOIO CEYEHUN paccMaTpUBAETCAd CXEMa apMHUpOBaHMsS C PAaBHOMEPHBIM pacHpeeIEHUEM
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 pacipeielieHue.
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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)KJIOTO apMaTyPHOTO CJIOS OMPEIENSETCS €ro JOJs OT OOWIeH 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, TII€ Astot — 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
@ @
Ta | Fal
l/a aI/ l/a aI/
1 b 1 1 b 1
A=0 A=1
a as |
T A T
h h
Tal A el
L [ L [
1 b 1 1 b 1
A=2 A=3

Puc. 2. Cxembl apMHUpPOBaHHS HPSMOYTOJIFHOTO CEUEHHS

3ajaHue MPOU3BOJIBHOTO MOJUTOHAIBHOIO CEYEHUS OCYHIECTBIIAECTCS IyTEM BBOJA KOOPAMHAT €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 MOJUTOHAa MO KOHTYpPY B OIpeesieHHOM HarpasieHuH. Ilpu 3ToM monuronanbHas o01acTh
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 OCTABAIACh MO OJJHY CTOPOHY OT HalpaBJICHUS
obxona. [IpenycMoTpeH aBTOMaTHYECKUNA yUYET MOJOCTH MPSMOYTOIbHON (hOPMBI.

JI7si IONMTOHATIPHOTO CEYSHHSI BO3MOXKHBI CJICIYIOIINE CXEMbl apMHPOBAaHUS: CXeMa C PaBHBIMHU
TUTOIIASIMHA apMaTypbl BOJIM3H BEPUIMH BHEITHETO KOHTYpa cedeHus (A = (), 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 paCCMOTPEHMSI BXOSIIUE YIUIBI (T.€. YIJIBL,
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 CIOH), HA
KOTOPBIX pa3Mmelnaercs apmarypa. Boszmoxken BBox 10 50 apmaTypubix cioeB. CIoM MOTYT MUMETh
IPOU3BOJBHYIO JJIUMHY M opueHTauuio. llpenmnonaraercs, 4ro miowm@aab apMaTypbl PaBHOMEPHO
pacnpenesnieHa no chnow. EciM giuuHAa cnos paBHa HYJIO, TO TAaKOW CJIOHM 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 pacipeeeHusl U0 apMaTyphl 10 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 OJUHAKOBOM IUIOIIAJbI0 OOpa3yloT OJHY
rpynmy. I'pymnma MoxeT cocToaTh u3 oaHoro cios. Hymepanus rpynn HaunHaercs ¢ enuHuLbl. Ecin
JUIE HEKOTOPOTO apMaTypHOTO CJOsl TpylNa He yKa3aHa, TO aBTOMaTW4yecku oOpa3yeTcsl OTHesIbHas
rpynmna, cocrosiuiass U3 OJHOro 3toro cios. Ilmomaau apmaTypbl, COOTBETCTBYIOIIKE PAa3IMYHBIM
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 MIOCTOSTHHOW TUTOIIAIBIO 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.
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2. Yeuauda

IIpu pacyeTe CTaHIAPTHOIO CEYECHMS, YCUIIUS 3aJal0TC OTHOCUTEIIBHO IVIaBHBIX LEHTPAJIbHBIX OCEH Y,Z.
B cnydyae npou3BOJIBHOIO CEYEHHs, YCHJIMSA MOTYT 3a7aBarbCsi JMOO OTHOCHTENbHO TJIaBHBIX
LEHTPAIbHBIX OCEeH ceueHus Y, Z,, 1100 OTHOCUTEIIHHO LIEHTPAIbHBIX OCEH Y,Z, KOTOpBIE apauIeIbHbI

KOOPJAMHATHBIM OCSIM, BEIOPaHHBIM TIPU BBOJIE€ BEPIIMH U apMaTypHBIX cioeB. [lpu pacuere KOIOHHBI,
YCHUJINSA 33JJal0TCSL OTHOCUTENBHO oceld Y, Z. [Ipunumaercs, 4o npoaoibHas cuia N MonoxuTensHa npu
cxaruu. Hampasnenus BektopoB msrubaronmx momeHtoB M, M, mnokasansl Ha 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
TpeOyeMoii apMaTypbl NPOBOIMTCS Ha OCHOBE peE3yJIbTaTOB KOHCTPYMPOBAHHS apMaTypbl Ha
npenpiaymeM mare. [Ipu KOHCTpYUpOBaHUU apMaTyphl ¢ YYETOM 3aJaHHbIX 3HAYEHUH MUHHUMaIbHOU
TOJILIUHBI 3alIUTHOTO cJiosi OeTOHa MJii NPOAOJbHOM M MOMNEpEeYHOM apMaTypbl W JHaMETPOB
10I0OOpPaHHBIX apMATYPHBIX CTEPHKHEH OIpeesIIeTCs] HOMMHAIbHAs TOJIMHA 3alIUTHOTO CJIOSl OETOHA.
3aTeM ONpPEeNeAIOTCS pacCTOSTHUSA OT KOHTYypa CE4EeHMs 0 LEHTPOB TSKECTH IUIOIIALEH apMaTyphl,
KOTOpBIE Ha CJIEIYIOIIEM UTEPALIMOHHOM IIIare CTaBsITCs B pacyeT TpeOyeMoi apMaTyphl.

Cornacho [ 1], pacueT mo NpOYHOCTH MPOBOAUTCS HA OCHOBE HEJIMHEHHON Ae(opMalMoOHHON MOJIENU B
coorBercTBHH ¢ 8.1.20. B KauecTBe pacyeTHOI TUarpaMMbl COCTOSIHHSI CKAaTOro 0eToHa, 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 BBICOKOTIPOUYHOM apmarypoit kinaccoB A-1V, A-V, A-VI, A-VII otnuyaercs ot pacuera
aseMeHTOB ¢ apmatypoir kiaccoB A-l, A-Il, A-lll, A500C tem, uyto Hapsny ¢ ¢opmynoit (67)
npumensiercsa popmyna (68). Kpome Toro, cornacuo 3.13*, nmpu pacuere 3J1eMEHTOB ¢ BEICOKOIPOYHON
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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, f 7). KpuBonuueiinas guarpaMma IPUMEHSETCS IPH HEIMHEHHOM pacyeTe yCHIIUA, B

KOTOPOM YYHTHIBAIOTCS HEYNPYIrue CBOWCTBA OCTOHA M apMaTypHOM cranu. [lperenbHble yCHIIUSA
onpenemsitores kak R(fg, f2)/ e, roe i =alfy, fr=11f, ;=135

[Tpu moxgbope apMaTyphl B KOJIOHHE, BIHSIHAE MTPOrHOa yYUTHIBACTCS ITyTEM YMHOKECHHUS U3TUOAFOIIETO
MomeHTa M Ha nosblmaromui ko dunueHt 7 . KoogdunueHt 7 Beraucisercs no Gopmyie:

1

77:—
- N
N

cr
rne N - npoposnbhas cuiaa, N, - KpuTHuYeckas 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
IO

rac D - xecTKoCTb KOJIOHHBI, IO - pacyeTHad JJIMHA KOJIOHHBI.

CorunacHo [1], [2], xecTKOCTb BbIUHCIsieTCs 10 Gopmyoie:

0.15E, |
D=—"—22_+0.7EI,
¢I (03 + 56 )
3necsy E,, E, - Mmogynu ynpyroctu 6erona u cranu; |, |, - MOMEHTBI HHEpIMHY OETOHHOIO CEYEHUS U
IUTOIIA/IN CEYEHHS apMaTypbl OTHOCHTENIFHO IEHTPAIBHOM ocH cedeHus, o, = €,/h - oTHocuTeNbHbIH
SKCLEHTPHUCUTET MPOAONIBHON cuibl (N - BBICOTAa cedyenns B mnockocTw m3ruba), ¢, - mapamerp,

YUHUTBHIBAIOIINM JJIMTEIBHOE IEHCTBUE HATPY3KH.
Cornacho [3], )keCTKOCTb BBIYHCISIETCS IO (hopMyIIe:

6.4 _E.I 0.11
D=5 [—"(
T

—+0.1)+E(l]
o, 01+,

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). [Ipn onpeneneHny €, yduThIBaeTcs CiydaitHbli 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 npH

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], SDKCLIEHTPUCHUTET €, BCErja NPUHUMAETCS
N N

PaBHBIM N +e,.

Tak Kak kecTKocTh D BBIYHCIISETCS C YUYE€TOM apMaTypbl B CCUCHUHU, TO pacquHHﬁ MOMCHT T]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(POUIMEHTR! 77, U 7], , 3aTE€M ONpPEJENIAIOTCA pacueTHble MOMeHThl 77,M, n M, ,

JecTByIoIME B IUIOCKOCTAX Z Y , a 3aTeM BbIYMCIsAeTCs TpeOyemas Iiomaas 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.

J171s TaBpOBOTO (ABYTaBPOBOI0) cEUEHUS TpeOyeTCs yKa3aTh OJJHY U3 IBYX BO3MOKHOCTEH pa3MeIieHus
apMaTryphbl B I0JIKE. ApMaTypHbIE CTEPKHU MOT'YT pa3MeILaThCs Ha BCEH IIMPHUHE MIOJIKNA. DTOT BapUAHT
npeqHa3HaueH [yl pacyera OaJKM TaBpOBOrO (JIByTaBpOBOro) ceueHus. Jlpyras BO3MOYKHOCTh
MO3BOJISIET MPHU MOJ00pE CTEpKHEM YUUTHIBATH JIOJII0 apMaTypbl B CBecax IOJKHU, 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 apMHUpPOBAHMS HE MMEET €AMHCTBEHHOI'O PELIEHHUs, MO3TOMY IPEIyCMOTPEHBI JIBa 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 Pa3MEICHMS
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 YUUTBHIBACTCS IO OTICIBHOCTH, MPH 3TOM B pacyeT CTaBATCS
IUIOINAb €T0 TONEPEYHOT0 CEUSHHSI U KOOPAUHATHI IICHTPa TsHKEeCTH. [ BceX pacueTHBIX COYeTaHUH
ycunuil Beraucistores npeaenbusie yemus 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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ITporpamma npenHa3zHadeHa i 10A0Opa MPOJOJBHONW apMaTyphl B IUIMTaX M CTEHAX, a TaKXkKe I
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 puMeHsieTcst cucremMa KoopauHat XyZ , ocu X
U Y KOTOpOH JIeaT B CPEIUHHON IIIOCKOCTH 3eMeHTa (puc.l). B momepeuHbIx ceueHUsIX dJeMeHTa,

HOPMAJIbHBIX K OCH X, NEHCTBYIOT M3rHOAIONIMI MOMEHT M « » kKpyrsaumii Moment M xy » HOpMasbHast
cuna N, u cnasuraromas cuma ny. B monepeyHbIX CEYEHHsIX DJIEMEHTa, HOPMAJIbHBIX K OCH Y,
neiicTBytoT m3rubarommii Moment M y » KDYTAIMA MOMEHT M xy » HOpMaJibHas cuiia N y U CIBHUTaromas

cuma N xy - SHAK M3ru0aroIero MOMEHTa UMEET 3HAYEHHE NIPU PACYETe 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:

Mx/Mx,ultgl

M, /M, <1
(Mx,ult_Mx)(My,un_My)—Mfy >0

Mxy/bey,ult <1
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M,, /M, <1

sxy,ult <

[TpenenbHble U3rUOAIONIE MOMEHTHI Mxlu“ u Myyun 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 :O-lﬂ)Rth
Msxy,ult = 05Rs (Asx + Asy)hO

rne A, Asy - IIOWIAZH PACTAHYTOH apMaTypsl B Harpasieruu oceit X u Y, hy =(hy, + hoy)/ 2; h0x,
hOy - 3HaYeHUs paboueii BBICOTHI CEYEHUI, HOPMAIBHBIX K OCSIM K U Y .

Tperbe W3 NPUBENECHHBIX YCIOBHM IPOBEPSETCS B TOM CiIydae, KOTJa BBIIOJHSIOTCS IEPBBIE J1BA
ycnoBus. Ilpu 3ToM TpeTbe ycnoBue npeodpasyercs K BUAY:

(Ile,ult_Ile)('\/|y,u|t_'\/Iy)/'vlz_I\/lf),/“/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, = NN, =N,) N2 >0

x,ult y,ult

N,y /Ny <1

Ny /Ny <1

IpenensHbIe HOpManbHbIE CHtbl N xult 1 N yult OTIPENIENIAOTCS HA OCHOBE I€(POPMAIMOHHON 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:

Ny, =037, RN,

bxy,ult
Nsxy,ult = O5Rs (ASX + Asy)

rae ASX, Asy - IUIOLIAJM apMaTyphl B HampasieHun oceii X u Y, ho =(h0X +h0y)/ 2; hgx, hoy -
3Ha4YeHHs paboueii BHICOTHI CCUEHHM, 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)i,/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 MI0CcKOCTH YZ . PacueTHbIi M3rubaronmii MOMEHT

OIpPCACILICTCA IIYTEM YMHOXCHHA 3aJaHHOI'O 1/131"1/16a}0mer0 MOMCHTa My Ha HOBBIIHaIOHII/Iﬁ

koddurment 1. Koaddunment 7 Beraucnsgercs mo Gopmyiie:

1
=N
1— y
Ny,cr
rae Ny,cr - KpUTHUYECKas Ccuiia, KoTopas ompenensercs corjachHo [1], 8.1.15. dopmyna mis
KPUTUYECKOW CUJIbI 3aITUCHIBACTCS B BUJIE:
7°D

rac IO - paCcdC€THas JJIMHA CTCHBI B IINIOCKOCTH yZ . XecTkocTh D BBIYUCIACTCA 110 (l)OpMy.He:

0.15E, |
D=—"""PP L(Q7E R
¢, (0.3+6, e )
3xech 56 =€ Ih - orHOCHTETBHBIH OKCHEHTPUCUTET HOpMaNbHOM cuiabl. Kospduiument @,

npuHAMaeTcss paBHbIM 2. Ilpu onpeneneHuM SKCHeHTpHcuTeTa €, yuuTBIBacTCS —CIydailHbIH

skcuentpucuter €,. Cormacuo [1], 8.1.7, skcuenrpucurer €, npuHMMaercs paBHBIM N—y, eciu

y

y y
N >e,, u paBHbIM €, , ecin N <e,.
y y
Tak Kak %ecTKOCTh D BBIUMCIISETCS C YUETOM apMaTyphl B CEUEHHH, TO PacdeTHBIH MomeHT TM y TaKKe

3aBUCHUT OT IUIOIAAX apMaTypsl. [loaTomy TpeOyemast apmaTypa MOXKET OBbITh pacCUMTaHa TOJBKO IPU
nmomMomy wurepanuii. Ha TekymeM wWTepallMOHHOM IIare i HaWJIEHHOM IUIOIAAU apMaTyphl

BBIYUCISIETCS KOA(DPUIMEHT 1], a 3aTeéM 1O pPacyeTHOMY MOMEHTY ﬂMy BBIYUCIISIETCST TpeOyeMmast

wiomaap apMatypel. Jlajmee BbIMOJHSETCS cienymomas wuTepauus. MrTepanMoHHBIM mpolecce
OKaHYMBAETCA TOT/A, KOT/1a OTHOCUTENBHOE MpUpALEHUE IIJI0IIa I apMaTypbl cranoBUTCS MeHee 0,1%.

[Ipn mombope apmarTypbl HPUMEHSETCS HWTEPAIMOHHBIN aNTOPUTM, MO3BOJIIOIMIMA TOYHO YYECTh
pacrmoJyioKeHue MoJA00paHHBIX apMaTypHBIX cTepxkHed. Ha Tekyiem uTepalmoHHOM Iare pacuer
TpeOyemMoli apMarypbl TPOBOAMUTCS 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 OIpeessieTcsl pacCTOsSIHUE OT TPaHH JIeMEeHTa
710 IIEHTpa TSHKECTH IJIOHIAAN apMaTyphl, KOTOPOE Ha CIEAYIOIIEM UTEPAIlMOHHOM IIare CTaBUTCS B
pacdeT TpedyemMoii apMaTyphI.

Pacuer mo 06pazoBaHuIO M PACKPHITHIO TPEIIUH B TUTHUTE MPOBOAUTCS coryacHo [1], 8.2.14, 8.2.15 Ha
OCHOBE HEIHWHEWHOW nedopManmoHHONW Monenu. W3rubaronme MOMEHTHI M xere H M yere TPH
o0pa30oBaHMUM TPEIIVH, a TAK)KE HAMIPSDKCHUS B PACTSAHYTON apMarype mocjie o0pa3oBaHus TpemmH O

U O, Bxopsamue B popmyinsl [1], (8.128), (8.137), BLIUMCAAIOTCA Ha OCHOBE AMArpaMM COCTOSHMs

0eToHa M apMaTyphl IPU MOMOILM YHUCIEHHOTO METO/A.
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2. KoncrpyupoBanue

KoHCTpyHpoBaHue NpOJOIBHOM apMaTyphl IMPOM3BOJAMTCA MO 3aJaHHBIM MHHMMAIBHBIM M
MaKCMMAaJIbHBIM JIMAMETPaM M IIaraM cTepkHei. Ha puc.2 mpuseneH mpuMep moadopa IpoaosibHOM
apMaTyphbl ISl IUTATEL, @ Ha pUC.3 — I CTeHbL. Ha IpuBeeHHbBIX PUCYHKAX JaHbI CEYEHH S, HOPMAIIbHbIE
kocsim X Y.

l
I

Puc. 2.Ilpumep apMuUpoOBaHUS IIIUTHI

W]

I

I

Puc. 3.IIpumep apMupOBaHUSI 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

CTATHUKA-2024. Onucanue npocpamm 436— ITogOop monepevHoit apmMaTypsl



301

[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 mnpuomopHash 4YacTh IKEJIE300€TOHHOTO 3JIEMEHTa IOCTOSHHOTO IOMEPEYHOro
cedeHus. B kauecTBe KOOPIMHATHI MPOU3BOJIBLHOIO MONIEPEUYHOTO CEUCHHS IIPUMEHSIETCS] pacCTOsTHUE X
ot onopsl. [IpexycMoTpeHsI iBa BUIa pacdera: pacdyeT Ha U3TU0 U pacyeT Ha KpydeHue ¢ u3ruoom. [pu
pacyere Ha U3rKM0, yUUTHIBAETCA JICUCTBHUE MONEPEYHOMN CUIIbI U 00ECIIEYUBAETCS MPOYHOCTD SJIEMEHTA
[0 HAKJIOHHBIM cedyeHusiM. [Ipu pacyere Ha KpydeHUe ¢ U3rHOOM, YUUTHIBACTCS JEHCTBUE KPYTSILETO
MOMEHTA, M3THOAIONIETO MOMEHTA, MOTEPEYHON CHJIBI M OOECIICUMBACTCS MPOYHOCTH 3JIEMEHTA TI0
MIPOCTPAHCTBEHHBIM CEUCHUSIM.

PacueThl MPOBOAATCS JUIS DJIEMEHTA NPSIMOYTOJIBHOTO TOIEPEYHOTO CEYEH s IMPHHOM D 1 BhICOTOMH
h . Ipu pacuere Ha n3rub no [3] u [4] momyckaeTcs 3aaHKe TABPOBOTO (IBYTaBPOBOIO) CEUEHHS JLIS
ydeTa c)KaToi MOJIKH IPU ONpeIeIeHIH HeCyel CIIOCOOHOCTH OETOHA CYKaTOM 30HBI.

3anarTcs pacCTOSHUSA OT CTOPOH CEYEHHMs JJIEMEHTa 10 LEHTPOB TSHKECTH Iulouianed IpoAoabHOU
apmatypsl. [Ipu pacuere Ha KpydeHHE C W3rHOOM, TONOJHMUTENBFHO 3aJal0TCs IUIOMIAN apMaryphl,
pAacIioNIO’KEHHON Y BEpXHEH, HWKHEH M OOKOBOW cTOpoH ceueHHs. Ilimomans OOKOBOW apMaTypbl
ONpeAeNsAeTCs KaK CyMMa IUIOIAAed KpalHMX CTEp)KHEH BEpXHEH U HWXKHEW apMaTypsbl.
[Ipennonaraercs, 4To IIOMAAX OOKOBOM apMaTypsl y JIEBOH U IPABOM CTOPOH CEUEHUS OAMHAKOBBI.

ITpu pacuere Ha n3rub 3amaroTcs nrudaronwii MomeHT M u monepednas cuna Q, , neicTByromme B

CCUCHUHM DJJIEMEHTa HaJ TpaHbl omnopsl. lIpegycMoTpeH BBOJ PaBHOMEPHO pACIpEAEIECHHOU
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 oTpunarenbHoil. Eciu 3agaHHas AIMHA DPUONOPHOM yacTu

aNeMeHTa Ooubllie 3HAYeHUs X,, npu kotopoM Q(X,)=0 mmm Q wu3MeHseT 3HAK, TO pacyer

IIPOBOJUTCA TOJIBKO IJIA X < Xp -

ITpn pacuere Ha KpydeHHE ¢ U3THOOM, JOTOIHUTEIHHO 33JAI0TCS KPYTSIIUH MOMEHT |, B OHOPHOM

CEYCHHUH, PABHOMEPHO DPACIPEAECICHHBIM KPYTAIIUNA MOMEHT MHTEHCUBHOCTU { M COCPENOTOYEHHBIE
KpyTsmue MOMeHTsl | . Eciium 3agaHHas UIMHA IPUONOPHON YacTH 3JeMeHTa OoJIbllle 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 mpounocTu mpoBoauTcs coriacHo [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:  Qp =Q,(C,),Qq, =Q,,(C,). Ilpm >ToM BBOAATCS  OTpaHHYCHUS
Qpmin £Qp £Qp 1 - Apryment dynkimu Qg (C,) orpanmumBaercs HepaBeHcTBamu h, <c, <2h, .

[IpouHocTh  »7ME€MEHTAa MO  HAKIOHHOMY  CEYEHHMIO  OOecreyuBaeTcs  Npu  YCIOBUHU
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Q <min{Q, (c,) +Q,,(c,)}. oronnas momaae nonepeynoit apmarypsl A, /S, ompexpensercs u3
BHp‘a')KeI'H/H\;I st (CO) =05 "Cor Qs = st ' Asw /Sw :

ITpu pacuere mo [3] u [4], paccMaTpuBaeTCS MHOXECTBO HAKJIOHHBIX CCUCHHH, MPOXOIAIINX Yepe3
JIMHUIO TPAHULIBI CKATON 30HBI PACUETHOTO MOMIEPEYHOI0 CEYSHUS U JIMHUIO TIePeceUeHUs TPaHU OMOPBI
U HaJOMOPHOTO IMOMEPEUYHOro ceueHus 3jeMeHTa. HakjaoHHOe ceueHHMe XapaKTepus3yercs IJIUHOMN
npoekiuu C Ha MPoI0IBHYIO OCh 35ieMeHTa ( C = X ). JIJis Ka)k10ro HAaKJIOHHOT'O CEYEHUSI OTHICKUBACTCS
JUIMHA TIPOEKLUU C, ONAcHOM HakJIOHHOW TpemuHbl. OHa ompenensercs U3 YCJIOBUS MHHHUMYyMa

Hecylieil cnocoOHOCTH OeTOHa C)KaToi 30HBI U MOMEPEYHON apMaTyphl, NepeceKarolield HaKIIOHHYIO
TPELIVHY, T.€. OIPEAEIAeTCA KaK TaKoe 3Ha4YeHUe C, , IPU KOTOPOM JOCTUTAE€TCSI MUHUMYM BBIPAXKECHUS

Q, (cy) +Qq,(cy) . [Ipu 3TOM yUHTBIBAIOTCA CIIEYIONINE OTpaHHYeHHs: C, < C, Cy < 2h; u ¢, >h, npu
c>h, (h, - pabouas BeicoTa MOIIEPEYHOTO ceueHMUs). [I[pOUHOCTH 1eMEHTA 110 HAKJIIOHHOMY CEYCHUIO
obecnieunBaercs npu yenosun Q <min{Q, (c,) +Q,,(¢,)}, rre Q - nomepeunas cuia B HOpMaILHOM
CEeYeHHH, Haxo siiieMcst Ha pacctostHuu C ot omopsl ([5], 3.31). [Ipu 9TOM yuHTBIBacTCSl OrpaHUYCHHE

Qp 2 Qy min - IToronnas miomans nomepeyHol apmarypsl A, /S, BBMUCIACTCS IO HaWJICHHOMY

3Ha4YeHHIo C, u3 BpaxkeHul Qg (C,) =0, - Cy, Ug =Ry, - Ay /S, 1pH ycaoBuu gy, = Ugyy i -

BepxHuii ipeaen A mara XOMyTOB S, . OIPEIEIAETCS U3 YCIOBHUs, COIIACHO KOTOPOMY IOIIEpEYHast
CHJIa M@Ky XOMYTaMH JO0JKHA MOJIHOCThIO BOCIIPUHUMATBCSI OETOHOM CkaToii 30HHI ([5].3.29).
Hapsiny ¢ npoBepkoi NPOYHOCTH IO HAKJIOHHOM TpEUIMHE, NMPOBOAUTCS MPOBEPKA IPOYHOCTH IO
HaKJIOHHOH I10JI0CE MEX/Ty HAKJIOHHBIMH TpelIMHaMu Ha ocHoBe ycioBus Q <Q, .. . Eciu 10 ycnosue
HE BBIMOJIHIETCS, TO BBIBOAMTCS COOTBETCTBYIOIIEe coobiienue. [Tpu pacuere mo [3] u [4], miomiaas
apMaTrypbl, HaliJIeHHasl U3 YCIOBUSI MPOYHOCTH IO HAKIOHHOW TpEIIMHE, MOXET OBITh yBEIWYeHa C
LEJIbI0 YAOBJIETBOPEHUS YCIOBHS POYHOCTH 110 HAKIIOHHOM IT0JIOCE.

[TponsBoauTcst TaOMUYHBIA BBIBOA TpeOyeMOW IOTOHHOM Iuiomaand apMarypsl A, /S, , BEpXHEro
npenena S, JUIA IIara XOMYTOB M JJIMHBI INPOEKUUU C, ONACHON HAKJIOHHOW TPEILUHBI.

[TpenycmoTpeH BbIBOJ rpaduka pacnpesaeneHus TpeOyeMoil MOroHHOM IUIOMIagu apMaTypbl Ha
IIPUONIOPHOM 4YacTH 3ieMeHTa. [[ocKonbKy mpu pacuere Mo NMPOYHOCTH apMaTypa YYUTHIBAE€TCS Ha
JUIMHE C;, TO JUId KaXJOro0 pacyeTHOrO CEYCHMsI ¢ KOOPAMHATOW X MPOMU3BOIAUTCA KOPPEKTHPOBKA
pacrpeieneHus IUI0Ia Il apMaTypbl Ha OTpe3Ke [ X — Cy, X | 110 yCI0BHUIO, COIIACHO KOTOPOMY IUIOIIAAb

apMaTypsl Ha 3TOM OTPE3KE JOJI?KHA OBITh HE MEHBbIIIE, 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 pucynke c rpapukom Q, (X) + Q,, (X) momomHuTETHHO
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
CEYEHHUsI Ha MPOIOJIBHYIO OCh OJIEMEHTA, @, - BEJMYMHA, 3aBUCALIAS OT IIomanu A, MpoaOoIbHOM
apMaTyphbl, PACIIOJI0KEHHON Y PACTSAHYTOM IPaHy, a, - BEIMYUHA, 3aBUCSINAs OT IIOTOHHOM MUIOMIAH
A, !S,; momepeUHOI apMaTyphbl, PaCIONOKEHHOMN y pacTsanyToi rpanu, T, =T, =T, T, =T +Qb/2.
[IpaBas 4acTh YCJIOBHMs MPOYHOCTH MPEACTABIAET COO0H QyHKIMIO OT C,. IIpenenbHblii KpyTsiuii
MOMEHT T, paBeH MHHUMAJIHLHOMY 3HAYEHHIO 3TON (yHKuuu. [Ipy OTHICKAHUH JUTMHBI IPOEKIUH C;
I KOTOPOM JOCTUTAETCS MUHUMYM, YUYUTBIBAIOTCS CIIEMYIOIINE OIPAHUYCHUSL:

c, <2h, +b,

b, /(2h, +b;)

3neck b, h, - pa3meps! npoekuyu MPOCTPAaHCTBEHHOTO CEUSHHS HA TIOCKOCTh, TIEPIICHAUKYIISPHYIO K
ocH aneMeHTa. g nepBoii u Tpetbeil cxem b, =b, h, =h, o Bropoii cxemsr 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:

(0 — stAswi . b_l
" Rs Asi Swi
CornacHo [3], 3HaueHHe @,; JODKHO OBITH HE MEHBIIE, YeM
0.5
¢wi,min =
1+M/2p,M ;)
H He OOJIbIIIE, YEM
¢Wi,ma>< =15(1_ M /Mui)

B stux gpopmynax, s BTopoi cXeMsl, ciiaraemoe, cogeprkaiiee M , monaraercsi paBHbIM HYJIIO, a JJIs
TpeTheil cXeMbl 3HaK nepel M u3MeHseTcsl Ha OOpaTHBIN.

I[IpenenbHblii n3rndaronmit MomeHnt M ; ompenensiercs mo popmyne M, =R A (h, —0.5X%;), rre X,
- BBICOTA C)KaTOM 30HBI, BeIpaxkaromasics mo popmyne X, = (R.A; — R, AL)/(R,b;) .
Ecnu BblUMCIIEHHOE 3HAa4YeHHME X, MeEHblIe 28, To mojaraercs X; =2a;. 3gech Aj - IUIOLIA/Ib

apMaTypbI B C)KaTO 30HE, @, - paCCTOSHHE OT TPaHH CEYCHHS 0 EHTPA TSHKECTH CKATOW apMaTypBl.
[Ipu @,; < Py min B PACUETE YUUTBHIBACTCS ILIOMIA/b IIPOIOILHON apMaTypbl, paBHast A - @i [ @i i -
Tpebyemast mo pacdeTy mornepeyHasi apMaTypa J0KHA ObITh pa3MelleHa Ha JITHHE

b.

Coi=5 G
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 cxembl paspymenus (1 =1,2,3). [IpuauMaercs, 9to @ rin = 0.5 U @ 1o =1.5.

[Ipu coBMECTHOM JIEHCTBUU KPYTSILEr0 MOMEHTA T W M3ruOarolero MoMmeHTa M ycioBHe NpOYHOCTH

pu =1 MPEJICTABIISIETCS B BUJIE:
T<T;41-(M /MO)2

ITpenenpHblil m3rubaromuii MoMmeHT M, omnpenensiercs corsachHo [1], 6.2.10 no opmyne (8.4) win
cornacHo [2], 6.2.10 o ¢hopmye (6.14).

I[Ipu cCOBMECTHOM JeHCTBHM KPYTSIIETr0 MOMEHTA | U MONEPeuHoit cuiibl Q ycloBHME NPOYHOCTH TIPH
I =2 npencrasisieTcs B BUJIE

T<T,;1-Q/Q,)

ITpenensHas nonepeunas cuna Q, ompenensercs, coraacHo [1], 8.1.33, B coorBeTcTBHM C (HhOpMYIIOi
(8.60) umu, cornacHo [2], 6.2.34, B cooTBeTcTBUU € hopmyoii (6.70).

Pacuer o mpoYHOCTH MPOCTPAHCTBEHHBIX CEUEHHI coriacHo [4], aHamoruven pacuery 1o [3].

Cornacro [3] u [4], npexycmorpena 3amena ipu T < 0.5Qb pacuera 1o npo4HOCTH 17151 BTOPO#i CXEMBI
pa3pyllieHHsi Ha pacyeT MO MPOYHOCTH HAKJIOHHBIX CCUYCHUH NpPHU PACUETHOW IONEPEUYHON CHIIe

Q+3T/b.

Hapsiny ¢ pacueTrom mo mpoO4YHOCTH NPOCTPAHCTBEHHBIX CEYEHUH, IIPOBOAUTCA PACYET IO IPOYHOCTHU
JIEMEHTa MEXJy NPOCTPAHCTBEHHBIMHU cedeHusMH. Ecnm ycrmoBme mpounoctd Buma T <T . mpu

pacuere 1o [3] u [4] wm ycoBue npounocty Buma 1 <T . (1-Q/Q,,,) mpu pacuere mo [1] u [2] He
BBIIOJTHSIETCSI, TO BBIBOMTCSI COOTBETCTBYIOIIEE COOOMICHHE. 31eCh T = 0.1R,b?h mpu pacuere mo
[11,[2], [3] # T =0.10f ,b?h mpu pacuere no [4], mpuuem b=min{b,h}, Q. =0.3R,bh,. Cornacro
[3], 3.37 pacueTHOe compoTuBieHue R, ans 6eroHa kiacca Bbime B30 npuHumaercs kak 1 6eToHa

kiacca B30. Cornacuo [4], 7.3.1.4, pacuetHoe conporusnenue f mis Gerona kimacca Beie C25/30

npuHUMaeTcs Kak s 0etona kimacca C25/30. Koaddunment & npunumaercs cormacto [4], 6.1.5.4.

Pacuer no mpouHOCTH MPOCTPAHCTBEHHBIX CEYCHUI MPOBOIUTCS MIPH 3aJaHHBIX TUTOIIAIIX TPOOTBHON
apmarypbl. Ecim 3amaHHas MpoJoJIbHAs apMaTrypa SBJISETCS HEAOCTATOYHOW IS 0OecredeHUs
MIPOYHOCTH, TO BBIBOJATCS TpeOyeMble IUIOMAIAH MPOJIOJILHON apMaTyphl, HailICHHbIE COBMECTHO C
TpeOyeMoi TUIOIIAIbIO MOTIEPEYHON apMaTypHhI.

[TpousBoauTCs TAOIMYHBINA BBIBOJ TPEOYeMOIi MOTOHHOM IUIOMIA M MOMIEPeYHO apMarypsl A, /S, |
JUIMHBI C,, OTpe3Ka, Ha KOTOPOM JOJDKHA OBITh pa3MmellleHa MorepeyHas apMatypa (C,, =MaxcCgy,;,
1=12,3). B Tabmuue BboIBOASTCS 3Ha4YeHHs oTHoureHus 1 /T,, rme T, mpaBas 4acTh YCIOBHSI
MPOYHOCTH, BBIYMCIEHHAS ANl TpeX cxeM paspyiieHus. IIpodHOCTh 3nmeMeHTa obecreueHa Mpu
T /T, <1.0. IIpu 3ameHe pacdera 110 BTOPOH CXeMe pa3pyIIeHHUs Ha PacydeT MO MPOYHOCTH HAKIOHHBIX
CEYEHHI, COOTBETCTBYIONIEE 3HaYeHUE oTcyTcTBYeT. [Ipomyck 3Hauenmst T /T, mis Tperbeil cxemsl
O3HavaeT, 4To MPH JAHHOM M3THOA0NIeM MOMEHTE pa3pyIIeHUE 110 TPEThEH cXeMe HEBO3MOXKHO.
[IpenycMoTpeH BbIBOJ Tpaduka pacmpenencHus TpeOyeMol TOTrOHHOW IUIOMIaAd TMONEPEUHOM
apMaTypbl Ha TIPUONIOPHOM YacTH 3jeMeHTa. [I0CKOIBKY MpU pacyere MO MPOYHOCTH s | - CXeMBbI

PaspylmiCHus onepcuHad apMarypa yduTbIBaCTCs HaA JJIMHC Cswi , TO AJId KQX0T0 paCuUCTHOI'0 CCUYCHUA
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C KOOPAMHATOW X MPOU3BOIUTCS KOPPEKTHUPOBKA paCIpeICICHHUS TUIOMIAAN IONIEPEYHOM apMaTyphl Ha
orpeske [ X —0.5¢,, X + 0.5C, ] o ycrnoButo, COriacHO KOTOPOMY ILIOIIAAb IOIEPEYHOI 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 TPeOyeMoil oroHHo# romanu apmMatypsl (A, /S, ) - LLar xoMyToB

OrpaHUYMBACTCS 3aJaHHBIM IPU BBOJE MAKCUMaJbHBIM 3HaueHueM Iuara. [Ipu pacuere Ha u3ru6 mar
XOMYTOB JOIOJIHUTENBHO OIPaHUYMBACTCS PACYETHBIM BEPXHUM MNPEACIOM 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
NpPUHUMAETCS He Gonbiiei, uem h/2.

HpI/I 3alaHUH IIpUpalCeHusd nara XoMyToB MOXKET OBITH BBCICHO KaK ITOJIOKHUTCIIBHOC, 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 NPUPALICHUC 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], CHul1 2.03.01-84* [3], CHBb 5.03.01-02 [4], [ 5]. HomyckaeTcs
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 CJI0S OETOHA /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], MOXKeT NMPOBOAMTHCS JUIsl BCEX YKa3aHHBIX BHOB CEYCHHH, a
pacueTt coryiacHo [3], — Il IPSIMOYTOJIBLHOTO UJTM TaBPOBOTO (ABYTAaBPOBOI0) CEUCHUH.

L bty L

42 7 42 7
: a Ar T AV
e ! @ i hes ; j‘:aB
M, i
My h :
- - e h
y M y
y

Puc. 1. CrangapTHbie cedeHMsI

Jlise IpsSIMOYTOJIBHOTO CEYEHHMsI BO3MOXKHBI CIIEIYIOIIME CXEeMbl apMHUpoBaHUS A (pHc.2): cxema ¢
paBHBIMM IUIOLIAIMU apMarypbl BOJM3M BepmuH cedeHuss (A = 0), cxemMa ¢ paBHOMEPHBIM
pacripesiesieHueM IJI0Ia 1 apMaTyphl BIOJIb KOHTypa ceueHust (A = 1), cxembl ¢ paBHbIMU (A =2) U ¢
paznuyHbiME (A = 3) TulomaAsMuU apMaTypbl BOJM3U BepXHEH M HIDKHEH cTopoH ceueHus. s
TaBpOBOTO M JIBYTaBPOBOTO CEUYECHHM pacCMaTpUBaeTcs cxema apMupoBaHus A = 3. Jlyig KpyroBoro u
KOJIBLIEBOIO CEYEHUN paccMaTpUBAETCS CXEMa apMUPOBAHMS C PABHOMEPHBIM paclpeiesieHueM
IUIOLIA/IA apMAaTyphl B/I0JIb KOHTYpa CEUEHUSI.

3amaHne MPOU3BOIBHOTO TOJIMTOHAIBHOTO CEUCHHS OCYMISCTBISIETCS ITYyTEM BBOJA KOOPAWHAT €ro
BepiuH (puc.3). Bosmoxken BBoa 10 50 BepmmH. BeiOop KOOpAMHATHBIX OCEH JTEKAPTOBOW CHCTEMBI
MOXKET 6BITB MPONU3BOJIbHBIM. BepLHI/IHI:I 3a4ar0TCA B IOCICAOBATCIBHOCTH, KOTOpass COOTBECTCTBYCT
00XO/y IMOJIMTOHA MO0 KOHTYPY B OIpEIeIeHHOM HampaBieHuH. [Ipu 3ToM moiuroHaigbHas 00JacTh
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JIOJKHA OCTaBaThCsl MO OJIHY CTOPOHY (Hampumep, clieBa) OT HampaBieHus ooxona. [lpu Hammuuum
BHYTPEHHUX IOJIOCTEH B CEUEHUH, TPeOyeTCsl MPOU3BECTH Pa3pe3bl, MO3BOJIAIONINE 000NTH TpaHIYHBIC
KOHTYpHI (BHEIIHUI U BHYTPEHHHE) TaK, YTOOBI 00JIACTH OCTABANIACH 110 OJHY CTOPOHY OT HAIpPaBJICHUS
obxona. [IpexycMoTpeH aBTOMaTHUECKHH Y4eT MOJIOCTU MPSMOYTOJIbHON (POPMBI.

h h
G} (G} jtﬁ i j:a4¥,
fat fat R
L L L L
i b 7 i b 7
A=0 A=1
j:a = A j:% |~
h h
i a N Asn i ay N
L L L L
i b 1 i b 1
A=2 A=3

Puc. 2. Cxembl apMHUpPOBaHHS HPSMOYTOJIFHOTO CEUEHHS

[Ipu BBOMIE apMaTypbl B MPOU3BOJLHOM CEUECHUU TPEOYeTCs 3al1aTh OTPE3KH (apMaTypHBIE CJIOH), Ha
KOTOpPBIX pa3zMemtaercss apmatypa. Bo3moxken BBoA a0 50 apmarypsbix cioeB. CiIou MOTYT UMETh
IMPOU3BOJIbHYIO JJIMHY W OPUCHTALUIO. HpennonaraeTcs[, 4qTO IUIom@azab apMaTrypbl PaBHOMCPHO
pacnpeneneHa no cnor. Ecnm  gnuuHa cinos paBHA HYJKO, TO TaKOM CIIOW  COOTBETCTBYET
«COCPEAOTOUYECHHOWY IUTOMIAIM apMarypsl. Eciii He npeaycMaTpuBaeTcsi KOHCTPYUPOBAHUE apMaTyphl
MPU TOMOIIM TPOTPAMMBI, TO JUIsI KKIOTO apMaTypHOTO CJIOSi TpeOyeTcsl JOMOIHUTENBHO 3a1aTh
JMaMeTpP apMaTypPHBIX CTEPIKHEH.

2. Yenaus

[IpononpHas cuia u U3rudaroIIre MOMEHTHI 33JJal0TCSl OTHOCUTENBHO IIaBHBIX EHTPaIbHBIX OCeH Y, Z
o6eronHoro ceueHus. [IpuHumaercs, uto mpoponbHass cuwia N mojoxkuTenbHa npu cxatuu. [lpu
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), oopazoBannbM corsiacHo CHull 2.01.07-85 «Harpy3ku u Bo3aeiictus» [6], [7], a
MIPH pacueTe COriacHo [4], yCHIIHs COOTBETCTBYIOT MPAKTUYECKH MOCTOSTHHBIM KOMOMHAIIUAM Harpy30K
(72 = 1), obpazoBanubM coriacuo [Tpunoxenuto A. I[lpu pacuere mo [1], [2] u [3], Hapsay ¢ ycumuaMu
OT MOJIHOW HArpy3KH 3aJat0TCsl YCHIIHS OT JUIUTENIbHO JIEMCTBYIONIEH YaCTH HArPYy3KH.
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Puc. 3. [Ipou3BopHOE MONIUTOHAIBHOE CEUYCHHE

3. Pacuer

Pacuer mo 00pa3oBaHWIO W PACKPBITHIO TPEIIWH, HOPMAIBHBIX K MPOJOJIBHOM OCH JIIEMEHTA,
BBITIOJIHsIETCS cornmacHo [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
pactsHyTOoro 6etona. Ilpu 3ToM yder npoaonbHOM critbl N BO3MOXKEH OJJHUM M3 IBYX crioco0oB. Eciu
IPOJOJIbHAS CUJIa U M3rHOAl0Ie MOMEHTBI BO3HUKAIOT OT IEHCTBUS Pa3HbIX HCTOYHUKOB HArpy30K, TO
crnexyer monokute N =CONSt | a eciiu OHM BO3HMKAKOT OT JICWCTBUS OJHOTO MCTOYHHMKA HArPY30K U

BO3PACTAIOT OJHOBPEMEHHO, TO CIeayeT monoxuts e, =M /N =const u e, =M, /N = const .

Pacuer cormacuo [1] wnu [2] mpoBOAWTCS HAa OCHOBE HEIMHEHHOW aeopMarMOHHON MOJENH.
Wsrubaronme momentsl M, .. u M, . Ipu 0OpazoBanuy TpeIIuH, a TAKKe HATIPSKEHUS B PACTAHYTOH

apMarype nocie o0pa3zoBaHUs TPEUINH Os U O cre, BXoasmue B popmydsl [1], (8.128), (8.137) unm [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, COOTBETCTBYIOLIMMHU HENPOJOJKUTEIbHOMY JeHcTBUIO Harpysku. [lnomans

CeueHHsl pacTAHYTOro 0eToHa Apt M IJIOLIA b CEYCHMS PACTAHYTOW apMaTypsl As, uepe3 KOTOpbIe 1O
dopmyne [1], (8.136) wmu [2], (7.21) Belumcisiercs 06a30Boe paccTosHUE |s MEXIy TpeuIMHAMH,
OTIPENIeNIAIOTCS HEMOCPEICTBEHHO Iepe]] 00pa3oBaHUEM TpeIMH. 3HadeHue Apt OINpenensercss 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 (& €ae )
i

rie &, —Aehopmanns Hanbosee pacTIHYTOH apMaTyphI.

Pacuer cornacho [3], npoBoauTcst mpu nomoinu (Gopmysn, npuBeneHHsx B [3] u [8]. IIpenycmoTrpen
BBIBOJI MPOMEKYTOUHBIX PE3yJIbTaTOB pacdera, MpU 3TOM MPUMEHSIOTCS 0003HAUYEHUs, MPUHATHIE B
HOpMax.

Pacuer cormacHo [4], mpoBOAUTCS Ha OCHOBE HEIUHEHHOW nedopMannoHHO# Moxaenu. V3rubaromime
MomeHTel M ., M, . npu 0OpasoBanuy TpeluH, feGopmalus pacTAHYTOH apMaTyphl &, HATIPSKCHUS

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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ONpENeNsIeTCsl U3 YCIIOBUS IOCTHKEHHS Ha HamOoJiee PAacTSHYTOH I'paHU CeueHUsl HanpspkeHus f.. .
[Ipu 3TOM COCTOSIHME PACTAHYTOrO OETOHA OMMCHIBACTCS JIMHEHHOM TuarpaMmoi, COOTBETCTBYIOIIEH
Mozaymo ynpyrocta E . OddexTuBHas miomans pacTaHyTOH 30HbI Ac eff OIPEIEISETCS IPU BBICOTE
<h, /2 u h

pacTAHYTOM 30HBI HEMOCPEACTBEHHO IEpe] 00pa30BaHHEM TPEIIHMH, N — cyMMa BBICOT PacTSIHYTOH M
CoKaTOU 30H CEUYEHUS.

h.. =2.5a, xoropas orpanuumBaercst ycioBusmu h <h/2, rne h, - BeicoTa

C, c,eff 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
YBEIMYMBAETCSA 10 TOTO 3HAYEHUS, IIPU KOTOPOM YIOBIETBOPSIOTCS YCIOBHS 110 TPEILIUHOCTOUKOCTH.
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
pa3memarbest B ABa psana. CTepKHM BTOPOTO psifia yCTaHABIMBAIOTCS HA TaKOM PAaCCTOSHUH OT
CTEep)KHEH MEepBOro psijia, KOTOPOe paBHO HaMOONbIIEMY M3 3HAYEHHUH TUaMeTpa CTEp>KHEH IepBOro
psila ¥ MUHUMAJIIBHOTO PACCTOSIHUSA B CBETY MEXAY CTepKHAMMU. [Ipu pacuere npumeHseTcs pacCTOsSHUE
OT KOHTYpa CEYeHHS /10 JINHUU TSHKECTU 000MX PSIIOB CTEPIKHEH.

J171st TaBpOBOTO (JIBYTaBPOBOTO) CEUEHUS TPeOYETCs YKa3aTh OJIHY U3 IBYX BO3MOXKHOCTEH pa3MEIICHHS
apMatrypbl B IOJIKE. ApMaTypHbIE CTEpXKHM MOTYT pa3MELIaThCs Ha BCEeW IIMpHHE MNOJKU. [pyras
BO3MOJKHOCTb ITO3BOJISIET MIPH TI0,100p€ CTEPIKHEN YUUTHIBATh JOJIIO apMaTyphl B CBECAX MOJIKH, KOTOPast
MoxeT 3anaBatbea oT 0% mo0 100%. I[lpu 3TOM cTEepKHU pa3MellaloTca B Mpeaesiax oTpe3ka, JJIMHA
KOTOPOT'O COCTAaBJISET [TOJIOBUHY IIMPUHBI TOJIKU. ApMaTypHbIE CTEPKHU Pa3MELAIOTCs B IIOJIKE B OAMH
psn, a B peOpe CeUeHHs CTEP)KHU MOTYT pa3MeNiaThCs B JIBa psja.
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[To pe3ynpTaTamMm KOHCTPYHPOBAHUS OCYLIECTBIISIETCS TpaduyecKuil BHIBOJ CEUEHUS C OI00paHHBIMU
apMaTypHBIMHU CTEP>KHAMH.
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[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 cragum 00xkaTus ONPEACISIOTCS O
3aJIaHHOMY 3HAYCHUIO R, TepenaTouHoN NpOYHOCTH OeTOHA B MOMEHT o0xkatus. [Ipu sTom 3HaueHue
R,, paccmarpuBaerTcs Kak Kiacc OETOHa IO NPOYHOCTH HA CHKAaTHE W NPHUMCHSCTCS JIMHeHHAs

uHTepnoysusa 1o tabmunam 6.8 m 6.11 [1]. Taxke mpu NMOMOIIM HMHTEPIOJISIMH ONPEASIACTCS
KO3()(PUIMEHT IOI3Y4ECTH @, -

IIpoBepka MPOYHOCTH IIEMEHTA B CTAANH IIPEIBAPHTEIBHOTO 00KATHSI IIPOBOIUTCS O YCIOBHIO!
Oy mex 1 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, ONPEAENSIETCS OTPULIATENIbHBIN MpeaeabHbId MOMEHT. [Ipy HaMuMKM BEpXHEW M HUKHEU
apMaTypbl ONPeESIOTCS IPeeIbHbIE MOMEHTHI 000MX 3HAKOB.

4. Pacyer no TpemIMHOCTOHKOCTH

W3rubaromuii MOMEHT TpeumHooOpa3oBanusi M, onpenensiercs MO HOPMATHBHBIM 3HAUYCHHUSIM
COMPOTHUBIIEHUN OETOHA W apMaTyphl AJiA MPEIETbHOTO COCTOSHHUS PACTSHYTOrO OETOHA, KOTOPOe
XapaKTepu3yeTcss paBEeHCTBOM HAauOOJIBLIETO HANPSHKEHUsS conpoTuBieHuto R, . Pacuer mpoBoautcs

Ha OCHOBE HEJIMHEWHON aedopmarnoHHoi wmoaenu. g pacTsHyroro OeToHa NpHUMEHSETCs
TpeXJIMHEWHasa quarpamma cornacHo [1], 6.1.24.

Hanpspxenus B pacTsHyTOH apmarype mocie o0pa30BaHUs TPELIMH 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 ¢opmyiae [1], (8.136) Berumcisiercss 6a3oBoe paccrosiHHe | MEKAy TpemuHamu,
OTIPENENSAIOTCS HEMOCPEICTBEHHO Mepe]] o0pa3oBaHUEM TpEIIWH. 3Ha4eHue Apt ONpeneNseTcs: Npu
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CICIYIOIINX OIPaHUYCHUSIX Ha BBICOTY PAcTSHYTOH 30HBL: Xt > 2@, Xt < h/2, rme a — paccrosHue OT
apMaTypsl J10 OrKaiiiieit CTOpoHbI ceueHusi, 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

apMmatypel, 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 . o0ycioBieH BBIKIIOYCHHEM U3 PaOOTHI PACTSHYTOTO

crc

OeToHa.

k*1000 [1/m]

- M [xHM]
200 400 00 800

s —mm

Puc. 2. Tlpumep rpaduika «KpHBH3HA-MOMEHT»
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440 — PacueT Ha IpOJaBIMBaHUE
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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 Kene300eToHHas IIMTa ToamuUHoN N , onmparomasncs Ha KOJIOHHY HPSMOYTOJIBHOTO
WM KPYIJIOro CeYeHHUs. B IIOCKOCTH INIUTBI 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,
napajieIkHOro ocu X wWid ocu Y . B cirydae yrioBoil KOJOHHBI, YYUTHIBAETCS BIUSHUE CBOOOIHBIX

KpacB IJIMTHI, IapaJJICIIbHBIX OCAM Xuy.

Harpy3ka Ha 1Ty, ACWCTBYyMONIas B TNpejaeiax CEUCHHs KOJOHHBI, XapaKTEPU3YeTCs 3HAYCHHUEM
pesyibTupyroniei cuiabl F . HepaBHOMepHOCTB pacripeiesieHusi Harpy3Ku 10 T'py30BOH TUIOINAAH H,
CJIEZIOBATEIIbHO, HEPABHOMEPHOCTh PACIpE/ICICHUs HAIPSIKCHUN B PACYCTHOM IOICPEYHOM CECUCHUHU
IUTATHI TIPY TIPOIaBIMBaHKUU B pacuere 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 MPOJABIMBAHHE CIEIYET yYUTHIBATh TOJBKO TOJOBHUHBI COCPENOTOUYECHHBIX
MOMEHTOB, JEHCTBYIONIMX Ha TUUTY. [lpu pacuere mo [4], HEepaBHOMEPHOCTb paclpeeiCHHUs
HaNpPsDKEHUH B PACUETHOM IIONIEPEUYHOM CEYEHMHM IUIMTHI YUUTBHIBACTCS IIyTEM YBEIUYEHUS PACUETHON
IPOJaBIMBAIOIIECH CUIIBI B 3aBUCHMOCTH OT PacIOJIOKEHUSI KOJIOHHBI OTHOCUTENIbHO KPA€eB IJIUTHI.

Ecnu pacuer Ha nmpoaaBivBaHue NPOBOAUTCA Ui (YHIAMEHTHOM IUIMTHI, TO MPOJABIMBAIOLIas cuia
YMEHBIIAETCS Ha BEJIMUMHY Pe3yIbTUPYIOLIEH CHIIBI pEaKTUBHOIO JaBJIEHUs IPYHTA, AEHCTBYIOLIETO B
npenenax pacyetHor oOmactu. CormacHo [1], [2] u [3], pacueTHON 00NACTBIO SIBISETCS HUXKHEE
(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 X M y
+ + <1
I:b,ult + st,ult M bx,ult + M sw, x,ult M by,ult + M sw,y,ult
3nech I:b,ult = Rbt -u- h0 ) st,ult =0.8- Qg - U, M bxult — Rbt 'be ) h0 ) M sw,x,ult — 0.8 Qs 'Wsw,x ]
st ) Asw
Myt = Rot Wy Dy, Mg,y =0.8-0g Weyy, o = s R, - pacdyeTHOE CONpPOTUBIICHHE

w

Oetona mpu pacTspkeHuH (¢ yderoM  koddduimeHta ycioBuii  paboThl  OeToHA ¥y ),
hy =(hy, +hy,)/2 - cpennsist pabouast BeIcOTa CedeHUs IUTEL, U - EPUMETpP PacueTHOro KOHTYpa,

PacIoyIoKEeHHOTo Ha paccTostHud Ny /2 ot KonoHHBI, R, - pacyeTHOE CONMPOTHBICHUE IONEPEUHOI

S
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apMaTypbl, S, - IIAar XOMYTOB BJOJb PAaCYETHOrO KOHTypa, A, - CyMMapHas IUIOLIaJb CEYECHUMN
XOMYTOB, PacIOJI0KEHHBIX 10 00€ CTOPOHBI OT PACUETHOrO KOHTYpa Ha paccTosHuU He Oonee h, /2 B
npejesnax nojockl LIMPUHOM S, BAOJIb pACUETHOIO KOHTYpa (Kak MpaBuiio, A, ompeaesseTcs Ui IByX
xomytoB); W, ,\W,, - MOMEHTHI CONpPOTHBIIEHHS PACUETHOIO KOHTYPa, COOTBETCTBYIOIINE MOMEHTAM
M,,M, u umeromme pa3MepHOCTb KBaJpaTa €IMHHUIBI JUIMHEL [IpH pacronoXeHHuH MonepeyHon
apMaTypbl, PABHOMEPHOM I10 PaCUeTHOMY KOHTYpyY, npunumaercs, urto W, , =W, u W, =W, . IIpu

KpeCTOOOpa3HOM paCHOJIOKEHUHU TONEPEYHOW apMaTypbl, MEPUMETP U MOMEHTHI COMPOTHBICHUS
apMaTypsbl onpeensatores no gaxrudyeckum aumHam L, u L, , yuacTkoB pacnonoxeHus apMaTyphl

10 PaCYETHOMY KOHTYPY.
ITpounocTs mmuTE 6€3 nonepedHoit apmMatypsl nposepsercs mpu Fg, =0, Mg,y =0, Mg, ,, =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 JIOIOJHUTENbHOrO yeiosus Fg, . =0.25-F, . . IIpu sToM 3HaMeHaTenu Tpex
npobeil B yCIOBHH TPOYHOCTH OrpaHMYMBAalOTCA 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 Fb,ult + st,ult
CornacHo ykazanusm [2], 6.2.46, yauTbIBae€TCs OrpaHUYCHUE:
M bx,ult + M sw, x,ult M by,ult + M sw,y,ult I:b,ult + st,ult

[Ipu kpecTOoOOpa3HOM pPaACIOJIOKEHUU apMaTyphl, CPEId BCEBO3MOXKHBIX BApPUAHTOB DPa3MEIICHUS
XOMYTOB, JIJIsl KOTOPBIX BBITIOJNHSETCS YCIOBUE IMPOBEPKH, OTHICKMBAECTCS BAapHAaHT C HAMMEHbBIIUM

9ucIoOM XOMyToB. IIpu mpoBemeHmu mpoBepknm mmHbl Lo, m L, TpuHEMMaroTcs paBHEIMH

PACCTOSIHUSIM MEXIy OCSIMH KpalHHMX XomMyToB corjacHo [1], puc.8.11 u [2], puc.6.12. MomMeHTbI
conpotusienus apMatypsl W, , 1 W, , onpenenstorcs OTHOCUTENBHO HEHTPATbHBIX OCEH PacueTHOTO

koHTypa. [Ipu mpoBepke MPOYHOCTH TUIMTHI 32 TPAHUIIEH PACIIONIOKEHUS TMOTMEPEYHOM apMaryphl,
pacyeTHBIN KOHTYpP MpUHUMaeTcs 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 mpou3BOAMUTCS, €CIIM PACCTOSIHUE 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 yCHOBI/HO:
max|z|
<1

Ra Ay
R, +0.8—* =%
S,No

w

rue maX|T| - HanOoJbIIee aOCOMOTHOE 3HAYCHUE HANIPSHKCHNUS 7 B PACU€THOM IOTIEPEYHOM CEYCHUHU

WMATEL. JlaHHOE YyCIIOBHE TMONTyYaeTcs IMyTeM MPeoOpa3oBaHMsI HMCXOJHOTO YCJIOBUS TPOBEPKH C
HCIIOJIb30BAaHUEM BBIPAKEHUHN NIJIS MPEeAeTIbHBIX yerinid. OrpaHnueHue BKJIaja MOMEHTOB IPUHUMAET
BU/I;

max|z| <1.57, TIpH pacueTe cornacHo [1]
max|r| <27 IIPH pacyeTe coriaacHo [2]
F . v
TAe Tp =7 - HANPDKCHUC OT ACHCTBHI CHIIH F . Hanpsokenue 7 ompepensiercs U3 ypaBHEHHH
u

0

paBHOBECUA B IPCAIIOIOKCHUN JIMHEMHOT O pacipeaciCHus. HpI/I 9TOM cuia F aBTOMaTrmyecku
MMPUHHUMACTCA MOJIOKUTENBHOM npu pacyeTe IUIMTBI TCPCKPLITUA U OTpI/II_IaTeJ'ILHOI\/’I IIpu pacueTe
q)yHﬂaMeHTHOﬁ mmTel. [lonoXuTeIbHEIC HaIrpaBJICHUA MOMCHTOB IMPHUHUMAIOTCA B COOTBECTCTBUU C
IMpaBUJIOM IIPaBOT'O BUHTA:

Hwxe npuBeneHbl npuUMepbl paclpeleNeHus] HaupsDKeHUsl 7 BIOJIb PaCYeTHOrO KOHTypa B Ciydae
YIJIOBOM KOJIOHHBI MPAMOYIOJBHOTO M Kpyrioro cedeHus. Ocu  X,,Y, SABIAIOTCA TJIABHBIMH

HOEHTPAJIbHBIMHU OCAMHU PaCUECTHOI'O KOHTYpaA.
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X0

o

3. Pacuer mo CHull 2.03.01-84*

Pacuer mimTel Ha mpopaBaMBaHWEe MpoBOAMTCS cormacHOo [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, =ZRSWASW, Ry, =175Mlla, « - xo3bduuueHt, 3aBUCAIUI OT BuAa
1

6eroHa, R,, - pacueTHOe conpoTuBIeHHE OETOHA IPU PACTSHKEHUH (C yueToM Kod(hduIMeHTa ycioBuit
paboTsl OeToHa ¥,), U, - CpelHee 3HaYeHUE NMEPUMETPOB OCHOBAHUI MHpPAMUIBI MPOIABINBAHHS,

hy =(hy, +Ny,)/2 - cpenmsia paGouas BeicoTa ceueHus MIUTHI, A, - IUIOMAIb CEUEHHs OJHOTO

SW

XOMyTa, N - YUCIO0 XOMYTOB, PACIOJIO0KEHHBIX B MpeesiaX pacueTHOM 06acTu.

[Ipounocts miuTHl Oe3 momepeyHoW apmarypel mposepsierca npu F,, =0. Ecaum npounocts He

obecrieyeHa, To ONpeAesaeTCs YUCIO XOMYTOB N, , TpeOyeMoe JUIsl BHITIOIHEHUS YCIIOBHSI IPOYHOCTH U
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nononHuTensHoro yceaosus F, >0.5-F, . Eciun nponasnuBatomias Harpyska F >2F,, To npoyHocTs

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. =PF
Sd —
u
Asw ) fywd
Vegsy = Vrae Yy JUISL TIEPBOTO IIEPEMETPA
Asw : fywd -d
Vedsy = Vrae + TR JUTS IOCTIEYIOIHMX TIEPUMETPOB

w
Vag o =0.15-k-(100p, f, )2 -d >05- f,, -d
3neck [ - Kod(pduIMEHT, yduThIBatOmMK neiictBie momeHToB (1< A <15), u - nepumerp
KpHUBOJIMHElHOTO pacueTHoro kontypa, d =(d, +d,)/2 - cpennss paboyas BrICOTA CEYEHMS TLIMTHI,
S, - llIar XOMYTOB (PacCTOSIHUE MEX]y paCYeTHBIMU KOHTYpamu), A, - CyMMapHasi IJIOIIAlb CCUCHU T
XOMYTOB,  pa3MELIEHHBIX 10  pacuyeTHOMY  KOHTYpY; k=1++20/d <2 ([d]=cm),
P =P Py <002 - cpennee 3mauenne koddQuimenta MpoaoNLHOrO apmmposamus, f, -

Cl

HOPMAaTUBHOC COIIPOTHUBJIICHUC OcToHa Ipu CKaTuu, fctd =k . pacueTHOC COIIPOTHUBIICHUC OcToHa

Ve
IpH pacTshkeHuu, f, - HOPMATHBHOE CONPOTHUBICHHE OCTOHA MPU PACTSIKCHHUH, ), - KOIPPUIHEHT
fyk o
OesomacHocTh st Oetoma, f, ., =——y - pacdyeTHOe CONPOTHBJIEHHE IIONEPEYHON apMaTypsl (
S
74=08), f,- HopmatMBHOE compoOTHMBIECHHE TIONMEpPEYHOH apMmaTypsl, », - Koddduuuent

6e3omacHOCTH JUIs apMmatypsl. [Ipu onpeeneHnn pacueTHOTO CONPOTUBIICHUS MTONIEPEYHON apMaTyphl
K03 unHeHT ycnoBuii paboThl ¥, He yunThiBaercs. [lmomans apmatypsl A, T0KHA YAOBIETBOPATH

f
YCJIOBHUIO &20.16ﬂ, roe f,, .- IpoYHOCTH OEeTOHA TPH PACTSHKEHHH, YCTAHOBJICHHAS IS
S, *u
yk

w
IIPOEKTUPOBAHUSI KOHCTPYKLIUH.

I[J'I}I BHCIIHCT'O KOHTYpa, YAAJICHHOI'O OT IIOCICAHCIO paCdCTHOTO KOHTYpa Ha PACCTOSHHUC 1.5d )
IMMPOBEPACTCA CIICAYIOUICC YCIOBUEC ITPOYHOCTH:

Vgg £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 OMMKalIMMKU K He 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 MeHble 1.5h (h - TommuHa miuTh).
Cornacho [1] u [2], miar XOMyTOB AOJKEH YIOBIETBOPATH CIEAYIOLIUM YCIOBUSIM:

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

PaccTostHne Mexmy KOJIOHHOH 1 OIrKalIIMMU K HEeH XOMyTaMH JOJDKHO OBITh He MeHblIe N, /3 u He
oonbme h,/2. Paszmep 30HBI apMupoBaHus J0KeH ObITh He Menblre 1.5h, (h, - cpenmss pabouas
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.

[Mpu 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 pacyéra Ha MPOJIABIMBAHUE IUTUTHI, BOCIIPUHIUMAIONIEH 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 TPOU3BOIUTCS KOHCTPYUPOBaHKHE 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 IUIMTBI BBOJUTCSA JEKAapTOBAa CHUCTEMA
KoopauHaT X, Y, Hayajno KOTOPOH HaXOAUTCS B LIEHTPE CEUeHUsI KOJOHHBI. KOOHHBI MOapa3AensoTcs
Ha Cpe/iHUe, KpaeBble U yrioBble. B ciydae cpeqHeil KOJIOHHBI, BAUSIHHE CBOOOIHBIX (HE3aKPETJICHHBIX )
KpaeB IUIMTHI HE YUUTHIBAETCs. B cirydae kpaeBoW KOJOHHBI, YUUTHIBACTCS BIMSIHUE CBOOOIHOTO Kpast
IUTMTHI, TapauieabHoro ocd X wiam ocu Y . B ciydae yriioBoil KOJIOHHBI, YYHTHIBAETCS BIIMSHHE
CBOOOJIHBIX KpaeB IUIMTHI, apalIedbHbIX 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 IHTy 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 < VRd,c
Vv

Vird c = CRd,c K- (100p| fc|< )% = Vmin
V.. =0.035k¥2. {12

3nech Vg - pacueTHas IonepeyHas cuia, L - Kod(PQUIMEHT ydyeTa MOMEHTOB, u, - HEPHUMETP
OCHOBHOTO KOHTPOJIbHOTO KOHTYpa, Cpy c= 0.18/y., 7¢ - xosbduument GesomacHocTH I GeTOHa,
3aBUCSIIUNA OT THUMAa KOMOMHAIMK BO3AEHCTBUH ()¢ =1.5 s ocHoBHOI KOMOUHALHH, Ve =12

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 TIpefienax
OCHOBHOI'O KOHTPOJIBHOTO KOHTYpA.

VYcnoBue NpOYHOCTH IUIUTHI, APMUPOBAHHON XOMYyTaMH, UMEET BU/L:

Veg = Veg os

Vages = 0.75Veg o +1.5(d /5 ) A g /(U,d)

3nech Agw =N, AS - wiomaas 1y XoMyTOB, pacrooKEHHBIX BIOJIb KOHTYPA, AS - IJIOUIaJb CEUCHUS
OJHOIO0 XOMYyTa, s, - PaJdallbHBIA IIar XOMYTOB, fwvd’ef =250+0.25d < fywd, fywd = fw,k/ Vs -
pacyeTHBIM TIpeneN TEeKY4YeCTH TIONepPeYHOr apMarypsl, Js - KO3(pGUIMEHT O0e30macHOCTH IS
apMaTyphbl, 3aBUCAILINN OT THIA KOMOWHAIIMU BO3JEHCTBUM () =1.15 mus ocroBHoi KOMOWHAIINH,
Vs =1.0 s ocoGoit KOMOHMHAIINN).

Hapsiny ¢ mpoBepkoil IO OCHOBHOMY KOHTPOJBHOMY KOHTYpPY, IMPOBOJMTCS MPOBEPKA IO YCIOBHIO

(6.53):

PV _,

V =
Ed
u,d

Rd ,max

VRd,max = O'l‘:)Vfcd
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v=0.6(L- f, /250)
3nech fcd = fck / Jc - pacyeTHast mpo4HOCTh OeToHa mpu cxaruu. [lepumerp Uy, B cityuae cpemneit

KOJIOHHBI, PaBC€H IICPUMETPY CCUCHHUA KOJIOHHBI.

JIost KpaeBO# KOJIOHHBI M YTIIOBO# KOJIOHHBI MPSIMOYTOJBHOTO ceueHusl, 3HaueHne U, Beramcrsercs mo
dhopmynam:

U, =C, +3d <c, +2¢, IUIs1 KpaeBOM KOJIOHHBI

U, =3d <¢, +¢, JJISL YTII0BOM KOJIOHHBI

31eck ¢, - JUIMHA CTOPOHBI, IEPIEHANKYIISAPHON K Kparo IUIUTHI, ¢, - AJAMHA CTOPOHBI, apaJuIeIbHON
Kparo IUIUTHI.

JIst KpaeBoi KOJIOHHBI KPYIJIOTO ceueHus, 3HaueHne Uy BeramciiseTcs mo popmynam:
U, = D-arccos(1-1.5d/R) mpu 1.5d <R

Uy =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 U, 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 TNPUHUMAIOTCS B COOTBETCTBUM C THUIIOM KOMOHWHAIIMU
BO3JICHCTBUI. B BBIXOJHOM JOKyMEHTE MPOTrpaMMbl MPHUBOISATCS PE3YIbTAThl, MOTYYCHHBIE IS
HauboJIee OaCHOIO COYETaHUS YCUIIHM.

B nmporpamme mpexycMoTpeHa BO3MOXHOCTh BBOJIA 3HaUeHUN 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 koahpGuyeHTa /3, yUYUTHIBAIOILErO JA€HCTBHE MOMEHTOB, OCHOBHOE KOHTPOJIBHOE

ceueHHWe pa3dMBaeTcs Ha JBE YACTH: 4YacTh C TMOJOXHUTEIbHBIMH 3HAa4eHUsMH | W 4YacTh C
OTPULIATENIbHBIMU 3HaYeHUssMH — 7 rmonepedHblx ycwiui. [IpuMep pacrpeneneHus NONnepedHbIX
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):

Mg U

p=1+k
VEd Wl

3nmecs k - koaddunuent no Tadnuue 6.1, W, - MOMEHT CONIPOTHBIICHHS, COOTBETCTBYIOIIHI IPHHATOMY
pacrpeieNIeHUIO MONEePEeYHbIX YCHIIUH.

B ciydae cpenHel KOJIOHHBI IPSIMOYTOJIBHOIO CEYEHUS CO CTOPOHAMH C,,C,, IPH JCHCTBMM MOMEHTA
B IUIOCKOCTH, TIAPAJUICIIBHON CTOPOHE C, , MOMEHT CONIPOTHBIECHHS BEIMUCIsIEeTCA 110 popmyie (6.41):

W, =c’/2+c,c, +4c,d +16d° +2xdc,

3aMeHOH ¢, Ha ¢, ¥ HA00OPOT monyyaerca GopMmyna i clydas JCHCTBUS MOMEHTa B IUIOCKOCTH,
napaJuleIbHON CTOpOHE ¢, . [Ipn neiicTBumM ByX MOMEHTOB JOIYCKA€TCS NPUMEHEHHE TPUOINKEHHON
dbopmyis (6.43):

3nech bX =C, +2d | by =C, +2d - pasmepsl OCHOBHOrO KOHTPOIBHOTO KOHTYDA; Cx:Cy - mmHBI

CTOpPOH CEe4YeHHUs KOJOHHBI BOIb oceil X,Y; €, = M y N , 6y = 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=/M2+M2/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

kKMyo u kyMyO OTHOCHUTETIBHO LEHTPAIBHBIX Oceil Xy, Yy OCHOBHOIO KOHTPOJBHOTO KOHTYpa,
napaiensHeix ocsim X, Y. KoaddumuenTst kx,ky npuHUMaroTcs mo tabnune 6.1. B obmewm ciyuyae,

Mo=M,+M,, +M;, M =M +M, +M . Momenter M,,,M - moments momepeunoii
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cunbet V' otHocutensHO ocelt Xgr Yy. MomeHThI Mxp,Myp - MOMeHTHI 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 +M y 1 M w T M yp U M3 BBIYMCICHHBIX 3HAYEHUM (3 BbIOMpAeETCs
HauOoJIbIIIee 3HAYCHHE.

B nmporpamme npeaycMoTpeH rpaduueckuii BBIBOJ OCHOBHOTO KOHTPOJILHOTO KOHTYpa C H300paKeHHEM
HYJICBOM JIMHWHU, OTICIISIONIEH 30HbI C yeunusimMu [ u — T (puc. 4).

Puc. 4. IlpuMep pacrioNnoKeHus HyJIeBOH JIMHAU IPH ONPENCICHNN |

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 U ¢, Ut KOTOPOTO BBIMOIHSETCS YCIOBHE:

V
ﬂu Edd :VRd,c

out

PaccTosiHHE OT apMaTypBI 10 3TOT0 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 JOJbKeH npessimats 0.75d

; PACCTOSIHUE OT KOJIOHHBI JIO IIEPBOrO KOHTypa ¢ XOMYTaMH He JOKHO ObiTh Menbiie 0.3d u He
JTOJKHO OBbITH OoubIme d/2.

[lpy KOHCTPYMPOBAHWM YUYHTBHIBAIOTCS OrPAaHWYEHHS TAHTEHIMAIBHOTO IMIara XOMYTOB Sy,
omnpenensemMoM kak S = U; / N, rne U; - mepumerp kouTypa ¢ xomyramu. Ha koHType, Ormkaiiiiem K
OCHOBHOMY KOHTPOJIbHOMY KOHTYPY CO CTOPOHBI KOJIOHHBI, S <15d; ma KOHTYype, HauboJjee
yIaleHHOM OT KOJIOHHBI, § < 2d . Paccrosimne oT KONOHHBI 10 HanGonee yIQJIEHHOTO KOHTYpa PaBHO
s, +(n, =1)s, +d,/2. Ha 5trom xouType nononuurensHO yuautsBaeTcs yeaosue (9.11).

f
A in 15 5 0,082

ret 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,

e = 0.08s, /.,

IIpy KOHCTPYHPOBAHHU apMaTypbl, MIArH XOMYTOB s M S; HOJOMPAIOTCS 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 KOTOPOH 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 IUIMTHI, apalIedbHbIX 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 IHTy 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, PacIOJIOKEHHOMY 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 < VRd,c
Vv

Vird c = CRd,c K- (100p| fc|< )% = Vmin
V.. =0.035k¥2. {12

3nech Vg - pacueTHas IonepeyHas cuia, L - Kod(PQUIMEHT ydyeTa MOMEHTOB, u, - HEPHUMETP
OCHOBHOTO KOHTPOJIbHOTO KOHTYpa, Cpy c= 0.18/y., 7¢ - xosbduument GesomacHocTH I GeTOHa,
3aBUCSIIUNA OT THUMAa KOMOMHAIMK BO3AEHCTBUH ()¢ =1.5 s ocHoBHOI KOMOUHALKH, Ve =12

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:

Veg = Veg os

Vages = 0.75Veg o +1.5(d /5 ) A g /(U,d)

3nech Agw =N, AS - wiomaas 1y XoMyTOB, pacrooKEHHBIX BIOJIb KOHTYPA, AS - IJIOUIaJb CEUCHUS
OJHOIO0 XOMYyTa, s, - PaJdallbHBIA IIar XOMYTOB, fwvd’ef =250+0.25d < fywd, fywd = fw,k/ Vs -
pacyeTHBIM TIpeneN TEeKY4YeCTH TIONepPeYHOr apMarypsl, Js - KO3(pGUIMEHT O0e30macHOCTH IS
apMaTyphbl, 3aBUCAILINN OT THIA KOMOWHAIIMU BO3JEHCTBUM () =1.15 mus ocroBHoi KOMOWHAIINH,
Vs =1.0 s ocoGoit KOMOHMHAIINN).

Hapsiny ¢ nmpoBepkoil 0 OCHOBHOMY KOHTPOJBHOMY KOHTYpPY, IMPOBOJMTCS MPOBEPKA IO YCIOBUIO

(6.53):

PV _,

V =
Ed
u,d

Rd ,max

Vg ma = 0:4VF

CTATHUKA-2024. Onucanue npocpamm 442 — Pacuer Ha npoxasnuBanue (MSZ EN 1992)



339

v=0.6(L- f, /250)
3nech fcd = fck / Jc - pacyeTHast mpo4HOCTh OeToHa mpu cxaruu. [lepumerp Uy, B cityuae cpemneit

KOJIOHHBI, PaBC€H IICPUMETPY CCUCHHUA KOJIOHHBI.

JIst KpaeBOM KOJIOHHBI M YTJIOBOM KOJIOHHBI MPSIMOYTOJIHOTO ceueHus 3HadeHne Uy Bbramcisercs mo
dhopmynam:

Uy=C, +3d <C,+2C;,  mus kpacBoii KOTOHHEI

U, =3d <¢, +¢, JJISL YTII0BOM KOJIOHHBI

31eck ¢, - JUIMHA CTOPOHBI, IEPIEHANKYIISAPHON K Kparo IUIUTHI, ¢, - AJAMHA CTOPOHBI, apaJuIeIbHON
Kparo IUIUTHI.

JIs1st KpaeBoil KOJIOHHBI KPYTJIOro ceueHus, 3uaueHne Uy Beraucisiercs mo gpopmymam:
U, = D-arccos(1-1.5d/R) mpu 1.5d <R

Uy =2D/2+2a npu 1.5d >R
a=15d-R<R

3nece D - nmamerp ceuenns xononns, R=D/2.

JI51st yTII0BO#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

Kod(hduUIMeHTsl 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 KoahppuyueHTa [, yUYUTHIBAIOILErO JA€HCTBHE MOMEHTOB, OCHOBHOE KOHTPOJIbHOE

ceuyeHHe pa30MBaeTCsl Ha [JBE YACTH: YacTb C IMOJOXKUTEIbHBIMH 3HAueHUs MM [ M 4YacThb C
OTPULIATENBHBIMU 3HAaYeHUsIMH — 7 TmonepeuHblx ycwiuil. [Ipumep pacmpeneneHus MOnepedyHbIX
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 ans onpeneneHus kospounuenta £ umeer Buj (6.39):

ﬂ:1+kh.i
VEd Wl

3nmecs k - koaddunuent no Tadnuue 6.1, W, - MOMEHT CONIPOTHBIICHHS, COOTBETCTBYIOIIHI IPHHATOMY
pacrpeieNIeHUIO MONEePEeYHbIX YCHIIUH.

B ciyyae cpenHei KOJIOHHBI IPSIMOYTOJIBHOIO CEYEHHUS CO CTOPOHAMHU C,, C, NPH ACHCTBHU MOMEHTA B
IUIOCKOCTH, NapaJulesIbHOM CTOPOHE ¢, , MOMEHT COIPOTHBIIEHHs BbIUCIsieTcs o Gopmyie (6.41):

W, =c’/2+c,c, +4c,d +16d° +2xdc,

3aMeHOH ¢, Ha ¢, ¥ HA00OPOT monyyaerca GopMmyna i 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; Ca,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+0.6r——
s D +4d

e=/M2+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, Yy OCHOBHOIO 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 . Momentsrt M,,,M - momentsi monepeunoit
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cunbet V' otHocutensHO ocelt Xgr Yy. MomeHThI Mxp,Myp - MOMeHTHI paBHOfeiicTByromeii P

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

yueTa 3HaKa 3anaHHbIX Momentos M, M y - B 9TOM Ciydae, BBIYMCIIEHUS IPOBOIATCS Ik KOMOWHALMIA
momentos TM, +M,, +M +M y 1 M w T M yp U M3 BBIYMCICHHBIX 3HAYEHUM (3 BbIOMpAeETCs
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 ONPENCICHNN |

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, IUIs KOTOPOTO BBEIIOIHSAETCS YCIOBHE:

V
ﬂU Edd :VRd,c

out

PaccrosiHue OT apMaTypsl 10 9TOr0 KOHTypa He JTOJKHO ObITh 6oubime 1.5d .

3. KoncrpyupoBanue apMaTypbl

[Ipy KOHCTpYHpPOBAaHUU apMaTypbl YUUTHIBAIOTCS CIEQyOIIMe TpeOOBaHUS: apMaTypa JI0JKHA OBITh
pa3MelleHa Ha JByX MM 0oJiee KOHTYpax; paAuaIbHbIH IIar XOMyTOB s, He JoJbKeH npessimats 0.75d

; PaccTOSIHHE OT KOJIOHHBI JI0 TIEPBOrO KOHTYpa ¢ XOMyTaMu He J0KHO ObiTh MeHbite 0.3d u He
TOJIKHO OBITH 6oJbIne /2.

[lpy KOHCTPYMPOBAHWM YUYHTBHIBAIOTCS OrPAHUYEHHS TAHTEHIMAIBHOTO IMIara XOMYTOB Sy,
onpenemsemom kak S, =U, /N, rae U; - nepumerp xouTypa ¢ xomyramu. Ha KoHType, Grikaiiiem K
OCHOBHOMY KOHTPOJIbHOMY KOHTYPY CO CTOPOHBI KOJIOHHBI, S <15d; ma KOHTYype, HauboJjee
yranensom ot komonnsl, S <20 . PaccrosHue oT KoIOHHDI 10 HanGoEE YIANEHHOro KOHTYPa PABHO
s, +(n, —1)s, +d,/2. Ha 5rom kouType nomonHUTENBHO yunTHIBaeTCS yeosue (9.11):

f
A 15 5 0.0 e
' S

ret yk
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rae As,min - MMHHUMAaJIBHO TpeOyemas Iiomaas cedeHus xomyta. [Ipu 3a1aHHOM auaMmeTpe XOoMmyTa,

JAHHOEC YCJIOBHEC MOXXHO pacCMaTpuBaTh KakK OrpaHMYCHMEC TaHICHIMAJIbHOT'O IIara XOMyTOB:

S, < St mex

_ 15Af,

e = 0.08s, /.,

IIpy KOHCTPYHPOBAHHU apMaTypbl, MIArH XOMYTOB s M S; HOJOMPAIOTCS MO YCIOBHIO MUHHMyMa
00LIEero Yncia XOMyTOB.

Ha puc. 5 npuBenen mpumep pa3melleHUsI XOMYTOB B CiIy4yae YIJIOBOW KOJOHHBI MPSMOYTOJBHOIO
CCUCHUS.

Puc. 5. IIpumep pa3melieHuss XOMyTOB
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Jluteparypa
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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], CHuIl 2.03.01-84* [3], CHb 5.03.01-02 [4], [5].
[IpenycMOTpeH y4yeT BIUSHUS KpaeB dJieMeHTa. Eciii mpodHOCTh diieMeHTa 0€3 KOCBEHHOW apMaTyphbl
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:

—<1
N,

3nece N, = l,//RmOCCXCy - MPENETbHOE 3HAYEHUE CKUMAIOLIEH CHJIbI MPHU OTCYTCTBHUM KOCBEHHOM
apMatypsl, ¥ - KO3QOHUIMEHT yyeTa HEPaBHOMEPHOCTH paclpe/ieieHls MECTHOH Harpysku; C,,C,

pa3Mepbl rpy30BOH IUIOIIA/IH 110 HATIpaBieHusIM X, Y ; Ry .. =a@ R,, @ - koadduunent, pasubiii 1 s
Oerona kmacca Hmwke B25 wu pasmeii 13.5R,, /R, mma Oerona xmacca B25 wu Bhie,
? =3 Ao /C,C, <25, a@, >1; R,,R, - pacdeTHble CONPOTHBICHWS OCTOHA NPH CXKATHUA H
pacTshkeHHH (C y4eToM Kod(hdHuIeHTa yciuoBui paboThl ¥, ), A, - pacdeTHas IUIOLIa]b CMSTHSI.
LleHTpHI TsKECTH Ipy30BOi miomanu C,C, M pacueTHOH miomaau A, cosnajnarT. Eciu rpysopas
IUIOMA/b PACIIONOXKEHA BIAIH OT KpaeB aneMeHTa, o A, =(C, +2¢,)(C, +2¢,) . Ecau paccrosiHue
a, OT CTOPOHBI C, JI0 Kpasi, TapajlIebHOr0 3TO| CTOpOHe, MeHbIIe C, , To A, = (C, +2¢ )(C, +2a,)
.Ipu a, <c, u a, <C, pacuerHas mwiomans papHa A,, =(C, +2a,)(c, +2a,).Ilpu a, =0u a, =0

rpy30Bas U pacueTHas IUIOMAN PaBHEIL, T.e. Ay, =C,C, .

YcaoBue IMPOYHOCTH 3JICMCHTA C KOCBEHHOM apMaTypofI HMCECT BU:

N

—x<1

Nbs
3necs Ny, =@ R.C.C +@u, R, 0. Ay - TIpefienbHOE 3HAUEHHE CHKMMAOIIEH CHIIBI TIPH HATUYUH
KOCBEHHOH apmarypel, R, - pacueTrHoe COIpPOTHBICHHE apMarTypsl cerok, ¢ =1/(0.23+¥),

¥=u R, (R, +10), g, =(n, 1 +n 1 )A /LIS - koapduiment kocerroro apmuposasus; |, 1, -

JUIMHBI CTEP/KHEH, MapaleNbHbIX HampaBiaeHusM X,Y; N,,N, - 4ducioa crepskHel, A, - miomans
CeYeHHs OJHOTO CTEPXKHs, S - IIar CETOK KOCBEHHOW apmarypel, @, =4.5-35A /A, A4

rpy3oBas 1jiomaib 3a BbIY€TOM TOI1 ee 4JaCTH, KOTOpasA HAXOAUTCH 3a IIpcAcjIaMU IIJIOIaAn CCTKH, Aef

- Ijiomanab CETKHM 3a BBIYETOM TO# ee JaCTH, KOTOpasA HAXOAUTCA 3a IMpeaciaMu pacquHoﬁ IIomaaun

Alocz '

[Tnomane cetku A,, ompenensercs Kak IUIOMab BHYTPH KOHTYpa, 0Opa30BaHHOTO OCAMH KpaiHMX

crepkHelt cetku. OOmacTb, B Tpezesax KOTOPOW pacrojiaraercs ceTka, CTPOUTCS TaK ke, Kak U
pacuetHass obnactb. Ilpu pacmonokeHuW Tpy30BOHM IUIOMIAAM BIATUd OT KpaeB AJIEMEHTa, CETKa
pacriosiaraercst B Ipefenax pacdetHod oOmactu. Ilpu Hammumm OIM3KOPACIONOXKEHHOTO Kpas,
pacueTHasi 006JaCTh MEHbIIE IUIOIAAN CeTKH. YacTh IMJIOIIAau CETKH, HaXOMAIIAsACs BHE PacuyeTHOU
00JIaCTH, HE YUUTBIBACTCS NP ONPEACTICHUN NPEACTbHOI0 3HAUEHUS CKUMAIOIIECH CHITBI.
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Ha puc.1 rpy3oBas mioma/s COBIAIAET ¢ CeYeHneM ieMeHTa. B atom cnyuae Ay, =C,C,, Ay = A,
npudeM A, <A, . Ilnomane A, MeHbIIe Ipy30BOi miomamu C,C, Ha Ty €€ 4YacTh, KOTOpas

HAXOJUTCA 3a IPe/IeNlaMu IIOIAny ceTKu A, .

Puc.1
Ha puc.2 rpy3oBas mioniajb HaXoAUTCA B YIiy snemeHTta. B stom ciyuae, Ay, =C,C,, Ay <A,
npuuem A, > A, . Ilnomane A, MeHsIIe Tpy30Boi miomanu C,C, Ha Ty ee 4acTh, KOTOpas
HAXOJHTCS 3a TpeJienaMu 1iomanyu ceTku. [lnomans A, MeHbIe miomany ceTku A,, Ha Ty e 4acTs,

KOTOpasi HaXOJUTCS 3a NpeJieJaMHu PacueTHOM obnactu A, .

Puc.2
Ha pwuc.3 rpy3oBas miomiaap HaXOJUTCsA Ha HEOONBIIOM yaaleHuu OT KpaeB. IIpu atom A, > c,C,,

As <A, Aoa=CC,. Mnomans A MeHplIe MIOMAmU CeTKH A, Ha Ty €€ 4acTb, KOTOpas

HaXOJUTCS 3a IpeJielaMu pacyeTHOM obnactu A, .

CTATHUKA-2024. Onucanue npoepamm 445 — Pacyer Ha MECTHOE CXKaTHe



347

Puc.3

Ha puc.4 rpy3oBas Iuomiaap HaXOJWTCS BIAIH OT KpaeB dneMeHTta. B atom ciydae, A, >C,C

As =A,, Ay = Ay, (mpuuem A, He Goree A, ), A,a =C,Cy.

y 1

Puc.4

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

Pacuet Ha MecTHOE cxxaTue nmpoBoauTcs cormacHo [1], 8.1.43 - 8.1.45 unwm [2], 6.2.43 — 6.2.45. YcnoBue
MPOYHOCTH dNIeMeHTa 0e3 KOCBEHHOU apMaTypbl UMEET BHI:
N
—<1
N b
3necs N, =yR;,C,C, - mpenenbHOE 3HAYEHHE CXKUMAIOLIEH CHIBI NPU OTCYTCTBHUM KOCBEHHOH

apMarypsel, ¥ - KO3(QQUIMEHT ydeTa HEPAaBHOMEPHOCTH PacIipe/ie/ieHus MECTHOM Harpysku; C,,C, -

pasMepsl Tpy30BOi IUIOIIAM 110 HampaBieHuaM X,Y; Ry..=@,R,, ¢,=08JA ., /cc, <25,
npuyeM ¢, =1, R, - pacueTHOoe cONMpOTHBIEHHE OETOHA MpHU CXKaTuu (C ydyeToM Kod(pduimeHra

YCIOBHH pabOTHI ¥y, ), Ay mex - PACUCTHAS IUIONIAAL CMATHS. L{eHTPHI TsDKeCTH Ipy30BOi moniaau C,C,
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¥ pacdeTHOM momamu A, ., coBmagaoT. Ecim rpy3oBas miomans pactosiokeHa BTN OT Kpacs
snementa, 10 A, =(C, +2¢/)(C, +2¢,). Ecam paccrosHme a, OT CTOPOHBI C, 10 Kpas,
TnapajuiebHOro 3TOi CTOpoHe, MeHslie C,, To A, ., =(C, +2¢ )(c, +2a,). Ilpu a, <c, u @, <C,
pacueTHas IIowans pasHa A, ., =(C, +2a,)(c, +2a,) . Ilpu a, =0 u a, =0 rpysoBas u pacueTHas

IJIOIA/M PaBHbL, T.e. A, ., =C,C, .

VYcnoBue IIPOYHOCTH JJICMCHTA C KOCBCHHOM apMaTypoﬁ HUMECT BUA:

N 4

Nbs

3nece N =N, + N, - npenenbHoe 3HaUeHHE COKUMAIOLIEH CHIIBbI IIPU HAJIMYUU KOCBEHHOW apMaTyphl,

N, - OpezenbHOE 3HAYEHHUE CHIIBI IPH OTCYTCTBHU KOCBeHHOI apmatypsl, Ng =2wo,  Ro . p A o,

R, - pacdeTHOe CONPOTHUBIICHHE apMarypsl CeTOK, Dsry = Posocer | Pojoc »
U =L +n L )A /LIS - kosddunuent kocsennoro apmuposanus; l,,l, - mmuHBl cTepxHeil,
napasieibHbIX HapaBIeHuaM X, Y ; N, N, - yucnia cTepxkHed, A, - IIOIaab CEYEHHs OJJHOTO CTEPIKH,
S - Iar CeToK KOCBEHHOM apMatypsl, A, - [Py30Bas IUIOLIA/b 33 BBIYETOM TOM €€ 4acTH, KOTOopas
HAXOJUTCSA 32 MpeJIeTaMHt IUIOMIAAN CETKH, A oc¢ - IUIOIAIb CETKU 32 BBIYETOM TOH €€ 4acTH, KOTOpast
HAXOJUTCSA 3a IpeJielaMy pacueTHOH momamy A . .

ITpu mpoBepke ycnoBus npoyHocTH yuutsiBaetcsa orpannyenne N,  <2N, . Ilpu N >2N, npouHocTts
3JIEMEHTa HEBO3MOXKHO 00€CII€UNTh MPHU MOMOIIM KOCBEHHOTO apMHUPOBAHUS.

HCKOTOPBIC ClIydan pacHOJOXCHUA I‘py30BOI>i miomaan OTHOCHUTCIBHO KpacB JBJIIEMCHTA H
PACIIOJIOKEHUA CCTKH OTHOCUTCIIBHO l"py30BOI\/JI rmiomaan paCCMOTPCHEI B pasaciic 1.

3. Pacuer no CHB 5.03.01-02

Pacuer Ha mecTHOe cxaTtwe mpoBoauMTcs cornacHo [4], 7.4.1. YcioBue mpodHOCTH dJeMeHTa 0e3
KOCBEHHOW apMaTypbl UMEET BU/I;

—<1

Nb
3mecs Ny =a, f4C.C, - mpenenbHOe 3Ha4YeHME CHKUMAIOMIEHl CHIIBI IIPH OTCYTCTBHH KOCBEHHOM
apMartypsl, o, - K03Q(HLIUEHT yueTa HEpaBHOMEPHOCTH PacIpee]ieHHs MECTHOM Harpysku; C,,C,

pa3mepsl rpy30BOM i ien 1o HaIpaBJICHUAM X,Y; fog =@,y

f

o, =1+K,K; fcw (VA./c,c, 1) <3; f,f, - pacyeTHble CONPOTHBICHUS OCTOHA NPH CXKATUM H
cd

pacTsikeHuu, A, - pacueTHas IUIOIAAb cMATUA. LIeHTphl TsxecTH Ipy3oBoM miomanu C,C, u
pacueTHol miomamy A, coBnagaoT. Ecim rpy3oBas IDiomans pacroyiokeHa BIAIM OT Kpaes
snementa, To A, =(C, + 2Cy)(cy +2c, ). Ecnu paccTosiHue &, OT CTOPOHBI C, JIO Kpast, HapauIeIbHOTO
3TOl CTOpOHE, MeHblue C,, To A, =(C, +2¢,)(c, +2a,) . Ilpu a, <C, u &, <C, pacyeTHas IIOLIA]b

paua A, =(c,+2a )(c, +2a,).IIpu a, =0 u @, =0 rpysoBas u pacdeTHas IUIOLIAIH PABHBIL, T.C.

Acl =C,Cy.
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VYcnoBrue NpOYHOCTH AJIEMEHTA C KOCBEHHON apMaTypoil UMeeT BUJL:

N 4

bs

3necs Ny =N, + N, - npenenbHoe 3HaYeHNE CKUMAIOIIEH CUIIbI IPU HAJIMYUU KOCBEHHOM apMartypsl,
N, - HOpelenbHOE 3HAYCHUE CUIIbI P OTCYTCTBHH KOCBeHHOU apMmatypbl, N¢=a,@,0, {4 @Ay,

f

Py =L +n L )A/LLS - xosddumment xocsennoro apmuposanus; |,

yxy - DAacdeTHOE CONpPOTHBICHHE apMaTyphl ceTok, ¢, =1/(0.23+V¥), ¥=p, f,,, (dof, +10),

y - JUTHHBI CTEpIKHEN,

HapajUIe/IbHBIX HAIIPaBIeHUAM X, Y ; Ny, N, - 9ucia CTepKHEN, A, - IIOIAAb CEYEHHS OJJHOTO CTEPIKHS,
S - 1ar ceToK KOCBeHHOMU apMarypsl, @, =4.5—3.5A /Ay, A,, - Ipy30Bas IIONIA/b 32 BBIYETOM TOM
€€ YacTH, KOTOpasi HaXOIUTCS 3a MPeIe/IaMy TUTOIIA N CETKU, Ay - IIIOIIAIb CETKHU 32 BBIYETOM TOM ee

4acCTHU, KOTOpasa HaAXOJUTCA 34 IIpCaAcIaMU pacquHoﬁ iomanau Acl .

I[Tpu nposepke yciaoBus npoynoctd yuutbiBaercs orpanudenre N,  <2N, . IIpu N >2N, npouynocts
2JIEMEHTa HEBO3MOXKHO 00ECIICUNTh IPH MOMOIIHM KOCBEHHOTO apMHUPOBaHUSI.

Hekoropble ciay4au pacloloXKeHUs TIpy30BOM IUIOIIAAM OTHOCUTENBHO KpaeB »dJJIEMEHTa U
PacIoIOKEHHs CETKU OTHOCUTENILHO I'PY30BOi IIJIOIIAAN PACCMOTPEHBI B paszene 1.

4. KoHcTpynpoBaHHe apMaTypbl

HapaMeTpaMH, IMPUMCHSICMBIMU TIpH n0n6ope CETOK KOCBEHHOM apMarypsl, ABJIAOTCA CICAYIONIUC

nmapaMeTpel: aHaMeTp apMmarypbl 0., MHHMMajbHas TOJIIWHA 3alIMTHOIO CJIOS OeToHa a,,

S
MUHUMAaJIBHOE U MAKCUMAJIbHOE 3HAYEHMS 11ara CTEP:KHEU CETKH S, , MUHMMAJIbHOE U MaKCHUMaJIbHOE
3HAYCHUS Iara CeToK S, riyOuHa 30HBI apmupoBanus h. Illar S, mpuHHMaeTcs OIMHAKOBBIM IO

HaIpaBJICHHUAM XY.

3HadeHue amin MNPUMCHSACTCA IPU PAa3SMCUICHUU CCETOK BOJIM3HU KpacB, a TaKXKC IIpU OMNPECACICHUN
IOJIOKCHHA CCTOK IIO TOJIINIMHE J3JICMCHTA h . FJ'IY6I/IH8. 30HBI ApMHUPOBAHUA hs OIPCACIIICTCA KakK

paccTostHUE OT HArpy:KCHHOW IOBEPXHOCTH 3JIEMEHTA [0 TPAHUYHOM IUIOCKOCTH KPAalHEH CETKH.
Kpaiinsis ceTka pacnonaraercst Tak, 4T0Obl pacCTOSIHME OT HEHArpyXeHHOW MMOBEPXHOCTHU 3JIEMEHTA 10

CTep)KHEH CeTKH ObIIO He MeHee &, 1 He MeHee d, . HamMeHbIIee 4nciio ceTok KOCBEHHOM apMaTyphl

MMPUHUMACTCA paBHBIM JIBYM.

Cornacno [1], 10.3.18 u [2], 8.3.16, o r1yOWHE CeTKH pacmojiarailoT JTu00 B Mpejaenax YABOCHHOTO
OOJIBIIETO pa3Mepa TPy30BOi mromanu Max( ZCX,ZCy) , MO0 B mpesenax TOJMIIUHBI dneMeHTa. [Ipu

pacuere 1o [3] u [4], riryOrHa 30HBI apMHPOBAHUS MOKET IPUHUMATHCS COTNIACHO [ 1] Mitu onpeaensThes
10 33JaHHOMY 3Ha4eHHIO N, .

[Ipn monbope ceToK KOCBEHHOH apmarypbl B KauyecTBE KpUTEpHsl NpUMEHseTcs Kod(puiueHT
KOCBEHHOI'O apMHUpOBaHHs i, (B 0003Ha4eHMsX [3]). OTBICKUBAIOTCS TaKHE MAapaMeTPbl KOCBEHHOM
apMarypbl, IIPH KOTOPBIX OOECHEYMBAETCS NMPOYHOCTH DJIEMEHTA M M, NPHHUMAET HAMMEHBLIEE

3HaA4YCHHC.
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[Iporpamma mnpenHasHavyeHa UIsi TOCTpoeHus TmpeaenbHbIx nauarpamm: My-Nx, Mz-Nyx, MMy
KEJIe300€TOHHOTO CEYCHHUS 1O MepBOMY (IIPOYHOCTH) M BTOPOMY (TPEUIMHOCTONKOCTD) MPEACTbHBIM
cocrosiHusM cornmacHo CIT 63.13330.2012 [1]. Jlnst cedenus Gaiku BO3MOXKHO 3aJaHHE Pa3HbIX CTaeh
BEpXHEH U HIKHEH apMaTypbl U 3aJJaHUe Pa3HbIX 3HAUEHUH MUHUMAIIBHOMN TOJIIHUHBI 3aIIUTHOTO CIIOA
OeToHa JUIsi BEpXHEW M HWXKHEW apMaryphl. JlMarpaMMbl CTpOSTCS B OTAEIBHBIX KBaJpaHTax,
IIOJIYIUIOCKOCTSX WJIM Ha BCEH INUIOCKOCTH YCWIMH IIPU Pa3iIU4HbIX 3HAYCHMSIX TPETHErO CUIIOBOIO
dakrtopa.

1. Ceuyenue

CeueHust MOJpa3eisaOTCA Ha CTaHIAPTHBIE W MPOU3BOJIbHBIE. K CTaHAAPTHBIM CEYEHUSIM OTHOCSTCS
IPsIMOYTOJIBHOE CeueHHUe, TaBpOBOE WIIM JBYTAaBPOBOE CEUEHHE, KPYrOBOE WIIM KOJIbLIEBOE CEUEHHUE
(puc.1). Pacuer MoXeT MpOBOIUTHCS AJISl BCEX YKAa3aHHBIX BUJIOB CEUCHUI.

L bs L
42 i , 1
; a S 4 -
e | o A i Fa,F
fs i
v a
-7 | " : >y h
y My

Puc. 1. CrangaptHele cedeHust

Jnst mpsIMOYTOJIBHOTO CEYECHHS BO3MOXKHBI CJIEAYIOIIHNE CXEMBbI apMupoBaHus A (puc.2): cxema ¢
paBHBIMM IUIOHIAAMU apMaTypbl BONM3M BepmuH cedeHuss (A = 0), cxemMa ¢ paBHOMEPHBIM
pacripesiesieHueM IJI0IAa i apMaTyphl BIOJIb KOHTypa ceueHus (A = 1), cxembl ¢ paBHbIMU (A =2) U ¢
paznuuHbIMU (A = 3) mIoW@AsMH apMaTypbl BOJNM3M BepxXHEW M HUXKHEH cTOpoH cedeHus. [lns
TaBPOBOI'O M JIBYTaBPOBOT'O CEYEHMI paccMaTpHBaeTcs cxema apmupoBaHus A = 3. J[ns kpyroBoro u
KOJIBLIEBOI'O CEYCHUH pacCMATPUBACTCS CXEMa apMHUPOBAHUS C PAaBHOMEPHBIM pacCHpeAcIICHUEM
IUIOLIAIA apMAaTyPhl BIOJIb KOHTYpa CCUEHUS.

3ajaHue NMPOU3BOJIBHOTO MOJMIOHAIBHOIO CEYEHMsI OCYLIECTBISETCS IyTEM BBOJA KOOPAMHAT €ro
BepunH (puc.3). Bo3amosken BBog 10 50 BepuinH. BeIOOp KOOpAMHATHBIX OCEH JEKapTOBON CHCTEMBI
MOYET OBITh NMPOU3BOJIBHBIM. BepIIMHBI 3a/1al0TCS B MOCIEIOBATEIBHOCTH, KOTOPast COOTBETCTBYET
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00X0/Iy MOJUTOHA MO0 KOHTYPY B OIpPEICIIEHHOM HampaBiieHHH. [Ipd 3TOM MOJMroHajdbHas 00JIACTh
JI0JDKHA OCTaBaThCS 10 OJHY CTOPOHY (Hampumep, cjieBa) OT HampaBieHus ob0xoxaa. [Ipu HamHuuu
BHYTPEHHHUX TOJIOCTEN B CEUEHUU TPEOyeTCsl MPOU3BECTH pa3pe3bl, MO3BOJSIONINE 000MTH rpaHUYHBIC
KOHTYPHI (BHEIIHHUI U BHYTPEHHKE) TaK, 4TOOBI 00JIACTh OCTABAIACH 110 OJHY CTOPOHY OT HAIIPaBIICHHUS
00x0/1a.

a a a a
L L L L
1 b 1 T b 1
A=0 A=1
a ia T
i As ’
h h
i aAv ASH ial‘[ K
qb L qb L
b 1 b 1
A=2 A=3

Puc. 2. Cxembl apMHUpPOBaHHS HPSMOYTOJIFHOTO CEUEHHS

[Ipu BBOZIE apMaTypbl B MPOU3BOJILHOM CEUEHUU TpedyeTcs 3a/1aTh OTPe3KH (apMaTypHBIE CJIOH), Ha
KOTOPBIX pa3Meniaercsi apmatypa. Bo3smoxken BBoa a0 50 apmarypsbix cioeB. CIow MOTYT UMETh
MPOU3BOJIBHYIO JUIMHY W OpueHTauuto. llpeamonaraercs, 4To IO apMaTypbl PaBHOMEPHO
pacnpeneneHa o cior. Ecnum aiMHA C€I0sT paBHA HYNIO, TO TaKOW CJIOW COOTBETCTBYET
«COCPEIOTOUEHHOI» MIToImaan apmMarypsl. Eciiu He npegycMaTpuBaeTcss KOHCTPYMPOBAHUE apMaTyphbl
MPU TIOMOIIM MPOTPAMMBI, TO JUIsl KaXXJOTO apMaTypHOTO closi TpeOyeTcs JOMOJHHUTEIBHO 33/1aTh
JUAMETP apMaTyPHBIX CTEPIKHEM.

2. Yceuauda

[IpononpHas cwiia M M3THOAIOIIME MOMEHTHI 33JJal0TCSI M BBIBOJATCS HA JUarpaMmax OTHOCHUTEIBHO
TJIABHBIX IIEHTPAIBHBIX Oce Y,Z OeroHHOTO ceueHus. lIpuHUMaeTcs, uyto mpomonbHas cuia N

MOJIOKHUTEIbHA TIPU CxKaTHH. [Ipy NeHCTBUH TIOJOKUTEIIBHOTO MOMEeHTa My, cxkaTast 30Ha BO3HUKACT B
BEpPXHEW YaCTH CEUeHUsl, a IPH JEHCTBUU MOJIOKHUTETLHOTO MOMeHTa M;, cxxaTast 30Ha BO3HUKAET B
TeBoi yacTu ceueHus. [IpenenbHple nuarpaMMbl MO TPOYHOCTH CTPOSITCS ¢ YIETOM KOI(PPHUIINEHTOB
0e30MmacHOCTH Harpy3ok. JlJis MOCTpoeHUs MpeAebHBIX JUarpaMM I0 TPEIIUMHOCTOHKOCTH 3a1aércs
KO3 (QUIIMEHT IITUTETFHON YaCTH HArPY30K.
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Puc. 3. [Ipou3BopHOE MONIUTOHAIBHOE CEUYCHHE

3. Pacuer

Pacuer mo oOpa3oBaHHIO M PACKPBITHIO TPCINMH, HOPMAJIbHBIX K IPOJOJLHOM OCH 3JIEMEHTA,
BBITIOJTHsAETCS cornacHo [1], 8.2.14, 8.2.15.

Wzrubatoniyie MOMEHTHI TpU OOpa30BaHMU TPEUIMH OIPEIEISIOTCS M0 MPEACTHHOMY COCTOSHUIO
pactsaHyToro OeroHa. PacueT mnpoBOAMTCS Ha OCHOBE HEJNMHEHHON JehOopMallMOHHON MOJENH.

Wsrubatomme momentsl M . u M, . Tipr 00pa3oBaHKy TPEIIMH, & TAKIKE HATIPSDKEHUS B PACTSHYTOM

apMarype nocie 00pa3oBaHus TPELUH Os U Os cre, BXOAAIIME B popmyiy [1], (8.128), BeIuucHstOTCS Ha
OCHOBE JUarpamMM COCTOSIHUSI O€TOHA U apMaTypHOM CTaJIM P MOMOIIY YMcIeHHOro Metoaa. [Ipu aTom
OPUMEHSIOTCS  JuarpaMMbel ¢ 1e()OpPMAIlMOHHBIMU ~ XapaKTePUCTUKAMH, COOTBETCTBYIOIIMMHU

HENpOJIOJKUTEIBHOMY JIeHCTBHIO Harpy3ku. [lnomane ceueHust pactaHyToro 0etoHa Apt U IUIONIA/Ib
CeueHHsl pacTAHyTOM apmatypsl As, uepe3 kotopsle, o ¢opmysne [1], (8.136), Beuucnsercs 6azoBoe
paccrosiHue |s Mexay TpemmHaMu, ONpeNeNsioTCS HEMOCPEICTBEHHO Mepe]] 00pa3oBaHUEM TPEIIHH.
3HaueHue Apt OTIPEIEIISICTCS TIPU CISAYIONIMX ONPAaHUYCHUSIX HA BBICOTY PACTSIHYTOM 30HBI: ht > 2a, ht
< h/2, rne a — paccrosiHue oT HanboJiee PACTSIHYTOW apMaTyphl J0 OJrKallied rpaHu cedeHus, h —
CyMMa BBICOT PAacTSHYTOM U C)KaTO 30H CeueHHs. 3HaueHue Ag OTpeiessieTcst Kak cyMMa riomianei Ag;
apMaTypHBIX CJIOEB C YYE€TOM CpeIHHX N0 ciolo aedopmanuii pacTsikeHHs & 1o (opmyre

A = z A (& 1€y ), THE &,y — MeopMaliust HaHOOIEE PACTAHYTOM apMaTyPHI.
i

4. TlocTpoeHue nMarpamMm

[To 3anpocy nonw3oBarens ctpoutcst Habop auarpamm My-Nx, Mz-Nx, Mz-My ripu 3a1aHHBIX 3HaYEHUAX
TpeTbero cuijoBoro gaxrtopa. Ha nuarpamMmax pa3inuyHBIMH LIBETAaMH M LITPUXOBKAMH ITOKa3aHbI
00J1aCTH TOMYCTUMBIX 3HAUEHUI HArpy30K 10 IIEPBOMY M BTOPOMY MPEIEIbHBIM COCTOSIHUSAM, a TaKKe
nepecedeHre ATUX oOnacteid. TaOmuuHBIA BBIBOJ OPTraHMW30BaH B MOJSPHBIX WM JEKapTOBBIX
KoopAuHaTax. B nepBoM ciyyae, BBIBOJATCS NPEEIbHBIE 3HAYEHNSI HATPY30K C paBHOMEPHBIM 11arOM
0 YTJIy MEX/1y HUMH, a BO BTOPOM — C PAaBHOMEPHBIM ILIaroM 110 OCH a0cIucc.
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Jluteparypa

1. CI163.13330.2018 «CHull 52-01-2003 BetoHHBIE U *XeI1e300€TOHHBIE
KOHCTPYKIIUU. OCHOBHBIC MTOJIOKCHHUSD.
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