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1. HOHATHE O KXEJE3OBETOHE

Kene3z006eToH COCTOMT M3 OETOHA U PACTIOJIOKECHHBIX B HEM CTalb-
HBIX CTEpIKHEH, COCTABIISIIONIUX ¢ OETOHOM MOHOJIMTHOE 11€JI0€ U paboTa-
IOIIHNX C HUM COBMECTHO.

betoH, Kak U Apyrue KaMEHHbIE MaTepHUalibl, 00J1a/lacT 3HAYUTEIb-
HBIM CONPOTUBIICHUEM, COKMMAIOIIUM HAIPSKEHUEM U BECbMa MajlbIM CO-
NpOTUBJIEHUEM pacTsikeHuto. [Ipounocts Oetona Ha pactsokenue B 10-15
pa3 MEHbIIIE MPOYHOCTH Ha cxkaThe. B CBsI3U ¢ ATUM OeTOHHBIE (HEapMU-
POBaHHBIC) KOHCTPYKIIMH, MpeAHa3HAYCHHbIE 11 pabOThl HA M3rU0 WU
pacTsbkeHue, ObLTH Obl 0YEHb MACCUBHBIMU, HEPEHTAOCTBHBIMH U MPAKTH-
YECKHU HEMPUEMIIEMbIMHU.

Cranp oTiim4HO paboTaeT Ha pacTshkeHue. OTcroja U TOSBUIIACH
ujes Co3JaHus Keae300€ToOHa, B KOTOPOM CXKMMAIOIIUE HAMPSKEHUS BOC-
MIPUHUMAIOTCS OETOHOM, a PACTATUBAIOIINE — CTAIBLHON apMaTypoil.

B u3rubaembix >kene300€TOHHBIX 3JIEMEHTaX pabouylo apmaTtypy
pa3MeIarT OOBIYHO B PACTSIHYTOW 30HE B COOTBETCTBHUH C DIFOPOM M3TH-
Oarommux MoMeHTOB (puc. 1.1, a).

p p

Puc. 1.1. Pacnonosxenue ocHOBHOH (paboueil) apMaTyphl
B JK€J1€300€TOHHBIX 3JIEMEHTAaX: a — IIPU U3ruoe; 6 — PHU CHKATUH;
1 — pactanyTas apmarypa; 2 — cxarasi 30Ha O€TOHa;
3 — TpeluHBI B pacTIHYTOM O€TOoHe; 4 — cxkaras apmarypa
KoHCTpyKIIMKM apMUPYIOT HE TOJBKO MPU pabOTe UX HA PACTKEHHE
U U3ru0d, HO TAKXKE€ U MPU KPYUYEHHUHU, CPE3€, BHELICHTPEHHOM M OCEBOM
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cxkatuu (puc. 1.1,6). B atux ciayuasx pabouyro apmaTypy CTaBST AJis
YMEHBIIICHHUS] Pa3MEPOB CEUEHUS SJIEMEHTOB M CHIXKEHHUS COOCTBEHHOTO
Beca KOHCTPYKIIMH, a TaKkXKe JJi1 oOecrieueHns: OOJIbIIeH MX HaJIeKHOCTH.
Pa3zpyiiieHre 0€TOHHBIX (HEApPMUPOBAHHBIX) JIEMEHTOB MPOUCXOJIUT BHE-
3aIHO (XPYIKO), B TO BPEMSsl KaK pa3pylICHUE KEJIE300E€TOHHBIX 3JIEMEH-
TOB HACTYNAET MOCTENIEHHO, YTO MO3BOJISIET CHU3UTH 3aI1ac MPOYHOCTH.

KpoMe OOBIYHBIX 3KeNe300€TOHHBIX KOHCTPYKIUN CYIIECTBYIOT
TaK)Ke€ Mpe/IBApUTENIbHO HampsbKkeHHble. [IpeaBaputenbHoe HampsiKEHUE
1o3BoJiAeT 3(P(PEKTUBHO UCIOIB30BATh apMaTypPHbIE CTAIU U OETOH BBICO-
KHX MapOK, YTO HEBO3MOKHO B OOBIYHOM >K€JIe300€TOHE.

B npenBaputenbHO HANPSKEHHBIX JKEJI€300€TOHHBIX KOHCTPYKITUSX
apMmaTypa MoJBepraeTcsi mpeABapUTEIbHOMY PACTKEHUIO, a 0ETOH — 00-
KATHUI0. DTO JIOCTUTAETCS OJTHUM U3 JIBYX OCHOBHBIX CITIOCOOOB.

ITepBoiit crioco6 (puc. 1.2, a) 3akaodaeTcss B HATSHKEHUH apMaTyphbl
Ha ymopsl. llocie oTBepaeHust OeToHAa apMarypa OCBOOOXKIAETCs OT
HATSKHOTO YCTPOMCTBA U, COKPAIASICh, MPOU3BOAUT 00xkaTue OETOHA.

Puc. 1.2. OcHOBHBIE CITOCOOBI H3TOTOBICHHS IPEIBAPUTEIHLHO HAIPSHKEHHBIX Kelle300e-
TOHHBIX KOHCTPYKLUI: g — HATSKEHHUE apMaTyphl Ha YIIOPbI; 6 — HATSKEHUE apMaTyphbl
Ha O0eToH; | — HaTsHKeHHe apMaTyphl U OETOHUPOBAHME JIEMEHTA; 2, 4 — TOTOBBIE dJIe-
MEHTBI; 3 — 2JIEMEHTBI IIepe]l HAaTSKEHUEM apMaTypbl; 5 — HaTSHKHOE IPUCIIOCOOICHHUE;
6 — aHKEpHOE YCTPOMUCTBO; 7 — ymnop

Bropoii crioco6 (puc. 1.2, 6) xapakTepusyeTcsi HaTSHKEHUEM apMa-
TYyphbl Ha 3aTBepACBIINA OeTOH. /[ 3TOro apMarypy MmpoITyCKaroT 4epes
OCTABJICHHBLIC B 3aTBCPACBIICM OeToHE KaHaJbl WJIH a3bl; MMOABCPIasAChb
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HATSHKEHUIO, OHA OJHOBPEMEHHO OOXKUMaeT OeTOH. 3aloJHEHUEM Iie-
MEHTHBIM PACTBOPOM KaHAJIOB WJIK NA30B 00ECTIEUNBACTCS CIEIIJICHUE ap-
MaTypbl ¢ OETOHOM.

[IpenBaputenbHOe HANPSHKEHUE >KENE300€TOHHBIX KOHCTPYKIIMMA
3HAQUYUTEJIbHO TMOBBIIIAET TPEUIMHOCTOMKOCTh, W CHIDKACT jaedopmaliuu
AJIEMEHTOB KOHCTPYKIIMM, TaK KaK CO3JaeT MNpeABapUTEIbHOE 00XKaTue
O0eTOHAa B T€X YaCTSIX, KOTOPbIE NMPH SKCIUTyaTallMOHHOW Harpyske pabo-
TalOT Ha PACTSHKEHUE.

OcHOBHBIE (PMBUKO-MEXaHUYECKHE (PaKTOphl, OOECIECUUBAIOIINE
COBMECTHYIO pa0OTy OE€TOHA U CTAJIbHOM apMaTyphl B 3KeJIe300€TOHE:

1) 3HAUUTENBHOE CIEIIJICHUE MEXK]Ty TOBEPXHOCTHIO CTAIBHOU apma-
Typbl U OETOHOM;

2) Onu3kue Mo BeauyuHe KOA(D(PUIIMEHTHI JIMHEHHOTO pacIIUpEHUs]
Oetona u cramu (g Geroma op=1-10°+1,5-10%;, mug cramm
Ost= 1,2:107), 9TO MCKIIFOUAET MOSABJICHUE BHYTPEHHUX yCUIIUI IIPU HEpe-
najax TeMIepaTypbl, KOTOPbIE MOTJIM Obl HAPYIIUTH CIEIJIEHUE OeToHa
CO CTaJIbIO;

3) 3alUIIEHHOCTh CTajid, 3aKJIFOYECHHON B IJIOTHBIM OETOH, OT KOp-
PO3UHU U HETIOCPEJCTBEHHOIO JICUCTBUS OTHS.

1.1. IIpeumyiecTBa u HeIOCTATKH KeJie300€eTOHA

Bonbioe pacrpocTpaHeHue kejie300€ToHA B COBPEMEHHOM CTPOU-
TEJIBCTBE BBI3BAHO, MPEXKE BCETO, €r0 3HAUYUTEIbHBIMA TEXHUYECKUMU U
HSKOHOMUYECKUMU MPEUMYIIIECTBAMU B CPABHEHUU C IPYTUMHU CTPOUTEIb-
HBIMU MaTepHuajIaMu.

Jlo 70-80% macchl keae300eTOHa COCTABISIOT MECTHBIC KaMCHHEIC
Martepuaibl (MECOK, rpaBUil WK II€OCHB). 3aMeHa CTAIBHBIX U JIEPEBSH-
HBIX KOHCTPYKIIMI >KeJIe300€TOHHBIMU IO3BOJIIET SKOHOMHEE PacXo]io-
BaTh B CTPOUTENILCTBE CTaJb U JIPEBECUHY, HE3AMEHHUMBIE B APYTUX OTpac-
JIAX HAPOJHOTO XO35KCTBA.

Oco0eHHO 3HAYUTEIbHBIN TEXHUKO-3KOHOMUYECKUN A(DPEeKT T0CTH-
raeTcsi Mpu MPUMEHEHUH COOPHOTO U TPEJABAPUTEIIBHO HAMPSKEHHOTO



&KeJIe300€TOHa, W3TOTOBJISIEMOI0 MHIAYCTPUAIILHBIMA METOJaMU Ha Mpe/i-
MPUSATUSIX U TTOJUTOHAX.

XKenezo0eron 00s1aaeT PAJOM BAXKHBIX TEXHUYECKUX MPEUMY-
niectB. [Ipexae Bcero, oH OTIMYAETCS HUCKIIOUUTENIBHOW JI0JITOBEYHO-
CThIO OJlarojiapsi HaJIEAKHOM COXPAHHOCTH apMaTyphl, 3aKJIFOUEHHOU B Oe-
ToH. [IpoyHOCTH %e OeTOHA CO BpEMEHEM HE TOJIbKO HE YMEHBIIAETCS, HO
MOXET AK€ YBEIUUUTHCS.

Kene300eToH XOpoIIO CONPOTUBISETCS aTMOC(HEPHBIM BO3ACICTBU-
M, YTO OCOOCHHO Ba)XHO IMPU CTPOUTEIHCTBE OTKPBITHIX HHKEHEPHBIX
COOpY>KEHUH (3CTaKajbl, MAUThI, TPYObl, MOCTHI U JIp.).

KoHcTpykimu u3 kene300eToHa 0071aat0T BBICOKOM OrHECTOMKO-
cThio. IIpakTuka mMmokaszana, 4YTO 3alUTHBIM CJIOM OETOHA TOJIIMHOM
1,5-2 cM pocTtaTtodeH st 00eCleYeHUs] OTHECTOMKOCTH JKEIE300€ TOHHBIX
KOHCTPYKIIMI Mpu noxkapax. B 1ensx emie 00JbIero yBeJInueHUs OrHe-, a
TaKXe KapOCTOUKOCTH MPUMEHSIIOT CIIEIUAIbHbIE 3aOHUTENH (0a3albT,
nuabas3, MamMoT, JOMEHHBIE NIJAKU U Jp.) U YBEIUYMBAIOT TOJIIUHY 3a-
LIUTHOTO CJI0A 110 3-4 cM.

Kene300eToHHbIE KOHCTPYKIMH, Onarojapsi UX MOHOJIUTHOCTH U
OOJIbIIIEH KECTKOCTH MO CPaBHEHHMIO C KOHCTPYKIMSAMH U3 JAPYrUX MaTe-
pHanoB, OTIIMYAIOTCS BECbMA BBICOKOU CEUCMOCTOMKOCTBIO.

Kene3zo06eToHy JIeTKO MOTYT OBITh NMpHJAHBI JIOOBIC IIeIecoo0pas-
HbIE KOHCTPYKTHUBHBIC U apPXUTEKTYypHbIE (HOPMBI. DKCILTyaTallMOHHBIC
pacxo/ibl MO COJAECPKAHUIO COOPYXKEHUU M YXOAYy 32 KOHCTPYKIHMSMU
BECbMa HUBKHU.

[lo 3atpaTtam BpeMeHHU Ha U3rOTOBJICHHE M MOHTaXX COOPHBIC Kelie-
300€TOHHBIE KOHCTPYKIIMM MOTYT KOHKYPHUPOBaTh CO CTaJIbHBIMH, OCO-
OCHHO MPU M3TOTOBJICHUU KEIE300E€TOHHBIX KOHCTPYKIIUA METOJIOM MPO-
KaTa, KACCETHBIM CITIOCOOOM, ITPU MOHTAXE C KOJIEC U MPUMEHEHUHU JIPYTUX
MPOTPECCUBHBIX METOI0B U3rOTOBJICHUSI 1 MOHTAXA.

K HenmocTaTkam ene300€TOHHBIX KOHCTPYKIIUM CIeAyeT OTHECTH:

1) oTHOCUTENBHO OOJIBIIION COOCTBEHHBIN BEC;

2) CpaBHUTEJIBHO BBICOKYIO TEIUIO- M 3BYKOIPOBOJAHOCTH, TPEOYIO-
IIYI0 B HEKOTOPBIX CIy4asiX yCTPOUCTBA CIEIUATLHON U30JISIINH;



3) CIOKHOCTH MPOM3BOJCTBA PabOT, OCOOCHHO B 3UMHEE BpeMs, U
MpPU HU3TOTOBIICHUM MPEABAPUTEIBHO HAIMPSIKEHHBIX KOHCTPYKIIWM, MO-
TpEOHOCTh B KBAUIM(PUIIMPOBAHHBIX KaJ[paX, CIEUAILHOM 000pyJ0BaHUH,
MPONapOYHOM XO35IUCTBE; HEOOXOJUMOCTh CHUCTEMATHUYECKOTO KOHTPOJIS
3a MPaBWJIBHOCTBIO PACIIOJIOKEHUSI apMaTypbl, JO3UPOBKON COCTaBIISIO-
X OETOHHOM CMeCH, €€ YKIIAJKON U APYTUMU ONIEpaIUsIMU;

4) BO3MOKHOCTb MOSIBJICHUS TPEIIUH J0 MPHUIOKEHUS IKCILTyaTaIu-
OHHOM Harpy3ku (OT ycaJKd U COOCTBEHHBIX HANpPsKEHUM B xkKee3o00e-
TOHE N0 TEXHOJOTMYECKUM MPUYMHAM), & TaKXKE OT JCUCTBUS BHEIIHHUX
Harpy30K M3-3a HU3KOTO COMPOTUBIICHUS] OETOHA PACTSKEHUIO.

1.2. Buasl xes1e300€TOHHbIX KOHCTPYKIU

[To Meromy BBITOTHEHHS KEI€300€TOHHBIE KOHCTPYKIIUA MOTYT
OBITH COOPHBIMHU, MOHOJIUTHBIMU U COOPHO-MOHOJIMTHBIMH.

COopHble keN1e300€TOHHBIE KOHCTPYKIMU OOJIbIlI€ pPaclpOCTpaHe-
HBI, TAK KaK WX MPUMEHEHHUE JAeT BO3MOXXHOCTh WHAYCTPHAIM3AINN U
MaKCUMaJIbHOW MEXaHHW3alluu CTpOuTEIbCcTBA. [Ipu mM3rotoBneHun cOop-
HBIX KOHCTPYKIIMA B 3aBOJCKHUX YCJOBHSX MOXKHO IIIAPOKO MPUMEHSTH
HanOoJiee MPOTPECCUBHYIO TEXHOJOTHUIO MPUTOTOBJICHUS, YKIAJKU U 00-
paboOTKK OETOHHOM CMECH, aBTOMATU3UPOBAThH MPOU3BOJICTBO, 3HAUUTEIIb-
HO YIIPOCTUTH CTPOUTETHHBIC PAOOTHI.

[IpuMeneHne cOOpPHBIX YHUPUIIMPOBAHHBIX KEJI€300€TOHHBIX H3/Ie-
JIUN 3aBOJICKOTO M3TOTOBJICHUS MO3BOJISIET 3HAYUTENBHO CHU3ZUTH PACXO/l
MaTepHuasjoB M 3aTpaT TpyJa Ha JOPOTOCTOSIIYI0 OMaayOKy, HO TpeOyeT
TSDKEJIBIX TPAHCIIOPTHBIX W MOJBEMHBIX MEXaHHW3MOB, TIIATEIHHOTO BbI-
MIOJTHCHUS CTBHIKOB M Y3JIOB COTNPSDKCHHUM 3JIEMEHTOB, BHICOKOUM KYJIBTYPHI
MOHTQXHBIX PadoT.

MoHOMUTHBIE KeNe300€TOHHBIC KOHCTPYKIIMA HAXOMST IITHPOKOE
MPUMEHEHUE B COOPYKCHHSX, TPYAHO TMOIAIONINXCS YJICHECHUIO M YHU-
¢ukanym, HaIpUMEpP B HEKOTOPHIX THAPOTEXHUICCKUX COOPYKCHHSIX, TH-
XKenbiX (pyHIaMeHTaX, TUTaBaTeNIbHBIX OacceiiHaX, B COOPY)KEHHUSIX, BbI-
MOJHSAEMBIX B TEPEIBUKHON WM CKOIb3sAIIEH omnanyoke (000J0YKH IT0-
KPBITUH, CUJIOCHI U T.I1.).



COOpHO-MOHOJIUTHBIE KEJI€300€TOHHBIE KOHCTPYKIUU TpeACTaBIIs-
I0T 000 coueTaHre COOPHBIX PJIEMEHTOB U MOHOJIMTHOTO OETOHA, yKJia-
JBIBAEMOT'0 Ha MECTE CTPOUTEIHCTBA.

OObIYHO COOpHBIE PTIEMEHTHI 00Pa3yIOT ONaIyOKy JJIsI MOHOJMTHOTO
O0eTOHa, YTO BEIET K YMEHBIICHHUIO Pacxojia MaTepHualioB Ha OMAIyOKy.
COOpHO-MOHOJIUTHBIE KOHCTPYKIIMU 110 CPaBHEHUIO CO COOpPHBIMH
OTJINYAIOTCS OOJBIIEH MOHOJUTHOCTHIO U 00Jiee MPOCTHIM YCTPOUCTBOM
CTBIKOB.

COOpHO-MOHOJIUTHBIN KEJI€300€TOH MPUMEHSIETCS B KOHCTPYKIIUSIX
MOKPBITUN Y MEPEKPBHITUM 31aHUN, B THAPOTEXHUYECKOM U TPAHCIIOPTHOM
CTPOUTEIILCTBE U OCOOCHHO, €CJIM COOPYKEHUI0 HEOOXOAUMO NPUIATh He-
Pa3pe3HOCTh U KECTKOCTD.

[To Bumy apMaTypsl pa3idyarOT >KeJIe300€TOH ¢ THMOKOM CTajJbHOU
apMaTypol B BUJIE CTEP>KHEH, MPOBOJIOKU WJIM KAaHATOB M KOHCTPYKIUU C
KECTKOU apMaTypoil. B mociieqnux apmaTypoi CiyKuT npoduibHas npo-
KaTHasi cTajdb (MPOKATHBIC YTOJKHU, IIBEUIEPHI, IBYTaBphl U T.1.). Becbma
MEPCIEKTUBHBIMU SIBJISIIOTCSL CTaJICKENE300€TOHHBIE KOHCTPYKIUU: TPY-
000€TOH; MIUTHI 10 NPOPUIUPOBAHHOMY HACTUITY; KOHCTPYKTUBHBIC CH-
CTEMBbI, B KOTOPBIX COBMECTHO Pa0OTAIOT HECYIIME KOHCTPYKIUU U3 Me-
Tajuia u xene3oberona. [IpoekTupoBaHne TaKUX KOHCTPYKIIUM BBITOJIHS-
ercs o CIT 266.1325800.216.

IIpyu U3roTOBIEHNN KOHCTPYKIMU C HECYILIEU apMaTypOr HE HYKHBI
MOJICPKUBAIOIIUE JIeca, OJIHAKO PACXO/l CTAJId HA 3TU KOHCTPYKIIUU yBe-
muyuBaercs. [[03ToMy OCHOBHBIM BHIIOM apMaTyphl ISl JKeJie300€TOHa,
OCOOCHHO B NPOMBIIIJIEHHOM U TPaXJIAHCKOM CTPOUTEIBCTBE, CITYyKHUT
rubkasi apMaTypa u3 cTepkHed aumamerpoMm 10 40 MM, KOTOpas MOXKET
OBITH pacmpenesiecHa B CEUEHUU JJIeMEHTa OoJiee IesnecooOpazHo. s
KOHCTPYKIMI THUAPOTEXHUYECKUX, TPAHCIIOPTHBIX U HEKOTOPBIX JIPYTUX
BUJIOB COOPYKCHUN MNPUMEHSETCA TaKKe Kpyrjas apmaTypa OOJbIIUX
JTMaMETPOB.

Ocobasi pa3HOBUJIHOCTH KEJI€300€TOHAa — apMOIIEMEHT. Apmoile-
MEHTHbBIC KOHCTPYKIIMM — TOHKOCTCHHBIC KOHCTPYKIIMU U3 MEJIKO3EPHU-
cToro OeTOHa, apMHUPOBAHHBIC IO BCEHW TOJIIMHE CETKaMH W3 TOHKOM
CTaJIbHOM ITPOBOJIOKH.



ApMOLIEMEHT OTJIMYAETCSI XOPOIIEH COMPOTHUBISIEMOCTBIO PaCTsIKe-
HUIO U U3ru0y, BHICOKOU TPEIIMHOCTOMKOCTBIO, YIPYTOCTHIO U T.II.

B nocnennue rojpl TpoBOJATCS IKCIEPUMEHTHI MO pa3paboTKe He-
METAJUIMYECKON apMaTypbl, NPUMEHEHUE KOTOPOMl MO3BOIMIIO Obl HE
TOJIbKO 3KOHOMUTH CTajlb, HO M CO3/[aBaTh TaKUE€ KOHCTPYKIMHU, KOTOPHIM
M0 YCJIOBUSIM 3KCILTyaTalluu CleAyeT IpuaaTh AUDJIEKTPUUECKUE U aHTH-
MarHUTHBIE CBOMCTBA, a TAKXKE YBEIUYUTh CTOMKOCTH MPOTUB aTMochep-
HON U 3JIEKTPOXUMHUYECKOU KOPPO3UHU. ITUM LEISIM, B YACTHOCTH, OTBE-
4aeT apMaTypa U3 CTEKJIOIUIACTUKOB, HE YCTYMAIOIIAs MO MPOYHOCTU Bbl-
COKOITPOYHOM CTAIBHOW apMaType.

B nensx yBenuueHUs] MPOYHOCTU OETOHA, OCOOCHHO Ha PACTSKEHUE
U TPEIIMHOCTOMKOCTh, MPUMEHSIOT JUCIEPCHOE ApMHUPOBAHHE B BUJIE
TOHKMX METAJUIMYECKUX U HEMETATMYECKHX (Hampumep, 0a3aibTOBBIX)
BOJIOKOH.

B 3aBucumocTH OT BuJa O€TOHA pa3IMYarOT >KeJIe300€TOH Ha IIJI0T-
HBIX 3alOJIHUTENIX (TSHKENbIX), Ha MPOCTHIX 3aMOIHUTENSAX, SYEHUCTHIN,
CUJIMKATHBIN U KAPOCTOUKHM.

Tsxenslii xkene300eToH u3 GeToHa IIOTHOCTBIO 6ojee 2200 kr/m?
HanOoJiee PacCIpOCTPAHEH W MPUMEHSETCS JUIsl HECYIIUX KOHCTPYKIIUH.
[IpounocTs TsKenoro 6erona pocruraet 60 MIla u Boiie.

XKene300eToH Ha MPOCTHIX 3AMOJHUTENSIX MOJYy4aroT K3 OEeToHa
IIOTHOCTBIO He Gosee 2200 kr/m. TIpu GOJNBILON TOPUCTOCTU 3AOJIHU-
TeJed MOMy4aroT JIETKHUM 5KeJ1Ie300€TOH IPU TVIOTHOCTH JIETKOTO OETOHA /10
1800 kr/m°.

[IpouHocTh Takux 0eTOHOB 00BIMHO HE mpeBbimaeT 40-50 Mlla, ux
HIMPOKO MPUMEHSIOT B IPAXKIAHCKOM CTPOUTENIbCTBE, TAK KAK OHU OTJIU-
Yal0TCsl HU3KOM 3BYKO- M TEIUIONPOBOJIHOCThIO. braromaps manoit co0-
CTBEHHOW Macce MPUMEHEHHUE KeJIe300€TOHa Ha MOPUCTHIX 3aMOTHUTEISX
1e7eCO00Pa3HO TAKKE MPU CTPOUTEIHCTBE HHXKEHEPHBIX COOpyxkeHui. U3
&KeJIe300eTOHa C 3aMOoJHUTEISIMUA U3 Kepam3uTa, Tyda, memsbl, U3BECTHS-
KOB-PaKYIIIEYHUKOB TMOCTPOCHO OO0JBIIOE KOJIMYECTBO 3/IaHUM, ABTOJO-
POXKHBIX U KEJIE3HOIOPOKHBIX MOCTOB, THIAPOTEXHUUYECKUX U JPYTUX CO-
opyxeHuid. [IpumeHeHue xene300eToHa HA MOPUCTHIX 3AMOJHUTENSAX B
HECYIIMX KOHCTPYKIIMSX IMO3BOJISIET CHU3UTh COOCTBEHHYIO Maccy cOop-

9



HbIX 3J1eMeHTOB Ha 20-30%, 4TO BEJET K YMEHBIICHHUIO PAcX0o/Ja apMary-
pbl Ha 8-15%, COKpaILIEHUIO TPAHCIIOPTHBIX PACXOJ0B U CTOMMOCTHU BCETO
COOPYKEHUS.

SdeuncTriil kene300€TOH M3rOTOBJISIIOT M3 Ta30- WM NEHOOETOHA.
TepmoBnaxxHocTHast o0OpabOTKa W3ACNUNA U3 SUYEHUCTOTO KeIe300eToHa
MPOU3BOAUTCA B aBTOKJIaBax mpu temneparype 170-200°C u naBieHun
napa 8-12 arm. IIpounocTts stuencroro 6erona gocturaet 15 Mlla.

SAdeucTriil xene300€TOH Npyu HU3KOW MPOYHOCTH OETOHA MPUMEHS-
FOT [T OTPAKIAOIIMX KOHCTPYKIMH, a npu npoyHocTy Beime 10 MIIa —
IUIS TIAHEJIEW CTEH, MEXAYITAXKHBIX NIEPEKPHITUM U T.II.

ApPMOCUITUKATOOETOHHBIE KOHCTPYKIIMM AaBTOKJIABHOTO TBEPACHUS
U3TOTOBJISIIOT U3 IJIOTHOTO OETOHA HAa M3BECTKOBO-NIECYAHOM BSLKYIIEM,
YTO MO3BOJISIET SKOHOMUTH 00Jiee IOpOroil KIMHKEpHbIN 1ieMeHT. [Ipou-
HOCTh CUJIMKATHBIX OeTOHOB jocturaet 30-40 MlTa.

JKapocTtoiikuii Kene300€TOH IMOJIy4al0oT Ha OCHOBE >KapOCTOMKOIO
O0eTOHa ¢ MPUMEHEHUEM TEPMHUYECKU CTOMKUX 3aMOJHUTENICH U CHelu-
aJbHBIX BSOKYIINX. KapoCTOMKUM Kene300€TOH MPUMEHSIOT B (yHIaMEH-
Tax JJOMEHHBIX Me4eil, B MApTEHOBCKHUX I€4Yax, B JILIMOBBIX TpyOax u Jpy-
TUX COOPYKEHHUSX, MOJIBEP>KEHHBIX IEUCTBUIO BBICOKHUX TEMIIEPATYP.

Kpome mepedncieHHbIX, B CTPOUTEIBCTBE MPUMEHSIOT apMOILIACT-
OCTOHHBIE KOHCTPYKIIUU, U3TOTOBJISIEMbIE U3 OETOHA Ha OCHOBE MOJIUMEP-
HBIX BSDKYIIMX. APMOIIACTOCTOH OTJIMYAETCS BBICOKOM XMMHYECKOMN
CTOMKOCTBIO U HCIOJB3YETCS MPEUMYILIECTBEHHO B COOPYKEHHSX, IMO/I-
BEPTalOIINXCA BO3JCUCTBUIO arpECCUBHBIX Cpel. B Takux cpemax peko-
MEHJIyeTCSl TMPUMEHATh TaKXXe KayTO >KeJie300€TOHHbIE KOHCTPYKIMH, B
KOTOPBIX MCIOJIB3YIOTCS KayTOHBI OCTOHBI HA OCHOBE KayuyyKOBOI'O CBS-
3YIOLIEr0, JIJII HAMOJHEHUS KOTOPOrO MPHUMEHSIOT KPYMHOTOHHAXKHBIE
TEXHOTE€HHBIE OTXO/bI.

N3 Bcex BUIIOB kejne300eToHa Hambojee pacnpoCTpaHEeH B CTPOU-
TEJIbCTBE TSKEJIbIN JKeJIe300€TOH ¢ THOKOM CTajabHOM apMaTypoi. beicTpo
pPa3BUBAETCS MPUMEHEHUE BBICOKOIIPOUYHBIX OETOHOB.
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2. OCHOBHBIE ®U3UKO-MEXAHUYECKHUE CBOUCTBA
KEJE3OBETOHA

2.1. Beron

2.1.1. beron kak Matepuan A1 OETOHHBIX
U KeJI€300€TOHHBIX KOHCTPYKITUH

beton nomkeH obianaTh AOCTATOYHO BBICOKOM MPOYHOCTHIO, XOPO-
[IMM CLIETUICHUEM C apMaTypOH U TMJIOTHOCThIO, KOTOPOM 00ECIIeUnBaCTCS
COXPAaHHOCTh apMaTypbl OT KOPPO3UH U JIOJTOBEYHOCTH KOHCTPYKIIMH.
NHorpa nonoaHUTENbHO TpeOyeTcsl 00eCIeYnTh: BOJOHEITPOHUIIAEMOCTD,
BOJOCTOUKOCTb, MOPO30CTOMKOCTh, MOBBIIIIEHHYI0 OrHECTOMKOCTh U KOP-
PO3UIHYI0 CTOMKOCTh, MaJyl0 MacCy, HU3KYIO TEIJIO- U 3BYKOMPOBOJI-
HOCTb.

Jlns ipenBapuTEIbHO HAMPSKEHHBIX KOHCTPYKIIMM MPUMEHSIOT Oe-
TOH TIOBBIIIEHHOW MPOYHOCTH W IUJIOTHOCTH, OTPAaHUYEHHOW YCaAKU M
MOJI3yYECTH.

POHU3NK0-MEeXaHNYSCKHE CBOMCTBA OETOHA 3aBUCAT OT COCTaBa CMECH,
BHJa BSDKYIIMX M 3alIOJTHUTENEH, BOJOIIEMEHTHOTO OTHOIIIECHHS, CITOCOOOB
MPUTOTOBJICHUSI, YKJIQJKU U 00pabOTKM OETOHHOW CMECH, YCJIOBHUI TBEp-
neHus (eCTeCTBEHHOE TBEpJICHHE, IIponapuBaHue, aBTOKJIaBHas oOpadoT-
Ka), Bo3pacta OeToHa W Jp. Bce 3TO cieayeT yduThiBaTh NMpPHU BBIOOpE
MaTepuasoB JJig OETOHA, HA3HAYEHHUS €r0 COCTaBa M COCOOOB MPUTOTOB-
JICHUS.

Haubonee mupokoe NpUMEHEHHE B CTPOUTEIIHCTBE IOIYYHIIN
OOBIUHBIE TSKENbIE OETOHBI IIOTHOCTEIO 2200-2500 Kr/M® BKIIOYMTEID-
HO, MPUTOTOBJIIEMbIE Ha OOBIYHBIX IIJIOTHBIX 3aMOJHUTENSAX. beToHBI
IUIOTHOCTBIO Oosiee 2500 Kr/m® oTHOCATCA K 0COOO TSKENbIM; OHHM HC-
MOJIL3YIOTCS VISl 3alIATHI OT pajguallid U MPUTOTOBIISIFOTCS ¢ IPUMEHEHU-
€M OCOOBIX BHJOB 3aIlOJHUTENICH TMOBBIIICHHON IIJIOTHOCTH (MAarHETHT,
JUMOHUT, OapUT, YyryHHas JpoOb U JIp.).

ITpu mnotHoctn OetoHa Gonee 1800 xr/m® mo 2200 xr/m® GeTOHBI
OTHOCAT K OOJIErYeHHbIM, a pu mIoTHocT 1800 Kr/M® u HuXe — K JIer-
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kuM. OOJieryeHue Beca OETOHA JOCTUTaeTCsl MPUMEHEHUEM MOPUCTHIX 3a-
TIOJIHUTETIEH.

SluencTpiii OETOH MPEACTABIACT COO0M CMECh BSDKYIIIMX, BOJIbI, TOH-
KOMOJIOTOT'O 3aMOJIHUTEINS U Mapo0Opa3yrouX BEIIECTB.

beToHbl Ha MOPUCTHIX 3AMOTHUTENSIX U STYEUCThIE OETOHBI MO CpaB-
HEHUIO C TSKEIbIMU OCTOHAMU OTJIMYAIOTCS HE TOJIBKO MEHBIIEH coO-
CTBEHHOW MacCOW, HO W TMIOHWKEHHOM 3BYKO- U TEILUIONPOBOAHOCTHIO. OJ1-
HAaKO OHU CKJIOHHBI K IMOBBIIIEHHON JehOpMAaTUBHOCTU O] HArpy3KOH,
OTJINYAIOTCS 00Jiee BHICOKON YCAJKOM U MOJ3y4eCThIO, & CUECIICHUE UX C
apMaTypoi xyxe, 4yeM oObIYHBIX 0eTOHOB. J[Jisi ATUX OETOHOB B PSJE CITy-
yaeB TpeOyeTcsl aHTUKOPPO3UitHas 0OMa3Ka apMaTyphl.

beton s coopyskeHuid, paboTarIUX B OCOOBIX YCIOBHUSIX, TOJIKEH
OTBEYaTh COOTBETCTBYIOIIUM CIEIIU(PUIECKUM TPEOOBAHUSIM.

Tak, A TUAPOTEXHUYECKUX COOPYKEHUU (TMAPOTEXHUYECKU Oe-
TOH), KpOM€ JOCTAaTOYHON MPOYHOCTHU, OCTOH JOJKEH O00JajaTh MOBbI-
MIEHHBIMU BOJOHEIPOHUIIAEMOCTBIO, BOJOCTOMKOCTHhIO, MOPO30CTOMKO-
CThIO, & JIJIl MACCUBHBIX YAaCTEW COOPYKEHUM — MaAJIbIM TEILJIOBBIJIEIEHUEM
MpU TBEPACHUU (HU3KOM 3K30TEPMUYHOCTHIO).

OObIuHBIN OETOH TIPU JITTUTEIHLHOM BO3/ICHCTBUM BBHICOKUX TeMIlepa-
Typ paspyliaeTcsi BCIECACTBUE OOE3BOKMBAHUS IIEMEHTHOIO KaMmHs, €ro
CUJIbHOW YCAJIKU U CHM>KEHUS MPOYHOCTH, PA3JIMUUs TEMIIEPATYPHBIX Je-
dbopmaruii IEeMEHTHOTO KaMHs U 3aloJIHUTENEH U IpyTrux npuyuH. B cBs-
3 C TUM OOBIYHBIM OCTOH Ha IIEMEHTHOM BSDKYIIEM JOMYCKAeTCs st
MPUMEHEHUSI B KOHCTPYKIMSAX, MOABEPTralOlINXCs JIUTEIBHOMY BO3IEH-
CTBUIO TemnepaTypsl He Bbiiie S0°C.

JIJist SKCITyaTalu KOHCTPYKIUK TIpU 00Jiee BBICOKUX TEMIEpaTy-
pax cieayeT MPUMEHATh KapOCTONKHUE OETOHBI, MPUTOTOBJICHHBIC HA JKa-
POCTOMKHUX 3alOJIHUTENSAX C MajdbiM KO3((PUIIMEHTOM TEeMIIEpaTypHOTro
paciupeHus (IaMoT, METaJUTypPrUUeCKUe ITUTaKW, XPOMHUT U JIp.) U TJIMHO-
36MHUCTOM IIEMEHTE WM Ha MOPTIAHALIEMEHTE ¢ TOHKOMOJIOTBIMU JOOaB-
Kamu (I1aMOT, KBapIl, BYJIKAHUUECKHUE U JIP.), UK K€ Ha KUJIKOM CTEKJIE C
KpeMHE(PTOPUCTBIM HaTPUEM M TOHKOMOJIOTOM g00aBkoM. Takue OETOHBI
CIIOCOOHBI BBIZIEPKATh JJIUTEIbLHOE JecTBHE TemmepaTypsl 10 1200°C.
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beToH Wit KOHCTPYKIMI, OABEPrarOIIMXCs JEUCTBUIO arpeCCUBHON
Cpefbl, TODKEH 00J1a71aTh JOCTATOYHOM KOPPO3UMHOM CTOMKOCThIO. B Ta-
KUX YCIIOBUSIX HAaXOIATCSA, HAIPUMEP, KOHCTPYKLIHH 3JaHUA U COOPYXKe-
HUM XMMHWYECKOM M TMHIIEBOW NPOMBIIIICHHOCTH, BOJAOIPOBOIHO-
KaHaJM3alMOHHBIE U JP.

Koppo3uss 0eToHa NpoOUCXOAUT B pe3yJibTaTe MPOHUKAHUS B €ro
TOJIILYy arpeCCUBHBIX BEIIECTB, BBI3BIBAIOIIMX Pa3PYLICHUE LUEMEHTHOTO
kaMHs. [1oaTOMy OCHOBHO# CIOCOO TOBBIIICHHUS KOPPO3HOHHON CTOMKO-
cTu OE€TOHa — YBEJIMYEHUE €r0 IUIOTHOCTU U BOJIOHEIPOHUIIAEMOCTH U
NPUMEHEHUE IIEMEHTOB ¢ HU3KUM COJACP>KaHUEM CBOOOJIHON THUIPOOKHUCH
KaJIBLIUSL M TPEXKAIBIIMEBOTO AIOMUHUS (CYJIb(PATOCTOUKUMN, TIIMHO3EMU-
CTBIN, IIJTAKOBBIN U Jp.).

JIist 3amuThl OETOHA OT MPOHUKAHUS arpeCCUBHBIX BEIIECTB IO-
BEPXHOCTh KOHCTPYKIHN TOPKPETUPYIOT, 3aTUPAIOT, MOKPHIBAIOT KUIKUM
CTEKJIOM, TUICHKaMH M3 IJIacTMacc, OUTYMHBIMU MaTepualiaMu, JakamMu U
KpackaMd WM OOJIUIIOBBIBAIOT KEPAMUUYECKUMHU KHCIOTOYIOPHBIMU
IJIUTKAMU U T.I1.

[Ipu neficTBUM HAa KOHCTPYKIMIO HEOPTaHMUYECKUX KUCIOT 3¢ dek-
TUBHO MPUMEHEHUE KUCIOTOCTONKOr0 OETOHA, MPUTOTOBIISEMOTO U3 JKHU/I-
KOT'O CTEKJIa C MOJIOTOM KPEMHE3eMHUCTOM T00aBKOM U KpeMHEDTOPUCTHIM
HaTpPUEM, U IUIOTHBIX KUCIOTOCTOMKHUX 3aIllOJTHUTENEH (KBApLIEBOTO MECKA,
nieOHs U3 aHJIe3UTa, TPaHUTa, KBapIUTa U Jp.).

Bonbiime pa®oThl BBITIOJHEHBI MO YIYUYIIIEHUIO CBOMCTB O€TOHA BBE-
JICHWEM B €r0 COCTaB MmojuMepoB. Takue OeTOHBI, Ha3bIBaEMbIC ILIaCTOC-
TOHAMH WM MOJMMEpPOETOHAMHU, MOIYyYatoT, MPUMEHSSI CMECh MUHEPAJIb-
HBIX Y MOJMMEPHBIX BSLKYIIUX JIMOO TOJBKO MOJMMEpPHOE BsKylee. B ka-
YECTBE MOJIMMEPHBIX BSKYIIUX MPUMEHSIOT Pa3JIMYHbIE BUbI TEPMOILIA-
CTOB (IMOJMBUHWJIALIETAT, MOJUBUHUIXJIOPH, COIOJMMEPHI BUHUIALIETaTa
U BUHWIXJIOpUIA U Jp.), KAYYyKOB U TEPMOPEAKTUBHBIX CMOJI ((PEHOIIb-
HBIX, (ypaHOBBIX, SIOKCUIHBIX, KAPAMUIHBIX U JIP.).

beToHbl Ha MOJMMEPMUHEPATBHBIX BSKYIIMX O00JAA0T MOBBIIICH-
HOW CTOMKOCTBIO K arpeCCHUBHBIM CpEJaM, OJTHAKO UX KOPPO3UHHAS CTOM-
KOCTh U30upaTeNbHa U 3aBUCUT OT BUA MOJIUMEpA.

K 4ucny npyrux mOJOXKUTETBHBIX CBOMCTB OETOHOB C JI0OaBKaMu
TEPMOIUIACTOB U KAYyYYyKOB CJIEyEeT OTHECTU IOBBILICHHbBIE YAAPHYIO BA3-
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KOCTh U CONPOTHUBIISAEMOCTh UCTHpaHMIO. Takue OETOHBI Ieeco00pa3Ho
IPUMEHSTH ISl OOJHMIIOBKU PE3EPBYapOB, TPYO, KAHAIOB, JIsI TIOKPHITUH
JOPOT ¥ a3POJAPOMOB H JIp.

Becbma mepcneKTUBHBI TIaCTOSTOHBI, MPUTOTOBIISIEMBIC IIEITUKOM
Ha OCHOBE TOJUMEPHBIX BSIKYIIUX — TEPMOPEAKTUBHBIX cMOJI. OCOOEHHO
monyJsipeH IacTOeTOH Ha ocHOBe (GypdyposIalieTOHOBOIO MOHOMEpa
(monomepa DA) ¢ oTBepxkAcHUEM OEH30CYIB(OKHUCIOTOMN; MIACTOCTOH
OTIINYACTCS BBICOKUMH (U3HKO-MEXaHUIECKUMH CBOWCTBAMU WU CTOMKO-
CTBIO TTPOTHB MHOTHX BHJIOB XMMHUYECKOU arpeCcCHH.

2.1.2. IlpounocTs OeTOHA

[Ipu oceBoM cxkatuu OETOHHOTO 00Opa3lia BO3HUKAIOT JeopManuu B
MPOJIOJIBLHOM U TMOINEPEYHOM HarpasiieHusx. [Ipu Bo3pacTaHuu c:KUMaro-
IIUX HAOpsDKEHUH OT HyJIA JI0 Pa3pyLIAONIMX MOXKHO OTMETUTH Xapak-
TEpPHBIE CTPYKTYypHbIE U3MeHeHus1 0eToHa. C ATOM 1eNbl0 MPOCIEeANM 3a
W3MEHEHHUEM CKOPOCTH pACIpPOCTPAHEHUsI YJIbTPa3BYKOBBIX BOJIH B
HaIpaBJICHUM, TMEPICHIUKYJIIPHOM JMHUU JEHUCTBUS CHKUMAIOIIUX CHUJL
[Ipy ucnblTaHUM NPU3M IO CXEME, MPEACTABICHHON Ha puc. 2.1, a, npu
MaJlbIX 3HAUYEHUSX OTHOCUTENBHBIX CXKHUMAIOUIUX HanpsbKeHUuH op/Rp
IJIOTHOCTh OE€TOHA BO3PACTAET, YTO MPHUBOJUT K YBEIMYEHUIO CKOPOCTHU
MPOXOXKACHUSL YJbTPA3BYKOBBIX BOJIH (puc. 2.1, 6). [lpu HanpskeHUsIx
o» = RY,, TIOTHOCTE G€TOHa MaKCHMAalbHA, ITPU JalbHEHIIEM IOBBIIIE-
HUU HaNpSHDKEHUM HAYMHAETCA pPa3yIUIOTHEHHWE OETOHA U CKOPOCTh Yilb-
TPa3BYKOBBIX BOJIH CHIKaeTca. Hampsbkenue RY.. COOTBETCTBYET Hauay
00pa3oBaHusl B O€TOHE MUKpOTpeuH. [locienHue nosBistoTCA B MeCTax
KOHIICHTPALIMY HaNpsHKEHUH, 00y CIOBIEHHOW HEOJHOPOTHOCThIO OE€TOHA.

[To Mepe yBenuueHUs Harpy3Kd TPEHIMHBI MOJTYYarOT AajbHEMIIee
pa3BUTHE, COCAUHSIOTCS MEXAY COOOM U CTAHOBSTCSA YK€ HEOOPATUMBIMU,
T.€. IPU CHIATUMU HArpy3ku He ucye3aroT. Hanpsiokenue Re., Ipu KOTOPOM
CKOPOCTh MPOXOXKJEHUS YJbTPa3ByKa CTAHOBUTCA PAaBHOM HayaiabHOU
(mpupamienue ckopoctd Av = (), COOTBETCTBYET BEpXHEW IpaHUIIC MUK-
POTPEIIMHOOOpa30BaHUs. YPOBHU IPAHUYHBIX OTHOCUTEIBHBIX HAIMPSKE-
HUM 3aBUCSAT OT MHOTUX (PAKTOPOB, B YACTHOCTH OT MPOUYHOCTU OeTtoHa. C

14



€C IIOBLIIICHHUCM 3THU YPOBHHU BO3pPACTAIOT, B CPCAHCM MOKHO IIPHUHATH UX
PaBHBLIMU:

A O»/Ry

‘F

.~

Rcrc/Rb

e
0

a) 0)

Puc.2.1. Onpenenenue rpaHul] MUKpOTPEIIMHOOOpa30BaHuUs IPU HArPyKEHUU OETOH-
HBIX IPU3M: @ — CXEMa UCIIBITaHUS; O — U3MEHEHUE CKOPOCTH MPOX0XKIAECHUS YIbTPa3BYy-
KOBBIX BOJIH 4Y€pe3 OETOHHYIO IPU3MY C POCTOM CKMMAIOIIMX HAIPSKEHUM;

1 — 6eronHas npusma; 2, 3 — u3IyvyaroUuil 1 IpUEMHBIN Nbe30npeoOpazoBaTeIn
yJIBTPa3BYKOBOIO Npudopa

Pa3pymienue oOpa3na HacTynaeT BCIEICTBUE OTPbIBA YacTel OETOHA
B IMONEPEYHOM HallpaBliecHUU. Pe3ylbTaThl UCHIBITAHUS OETOHHBIX 00pa3-
IIOB Ha CXKaTHe€ 3aBUCAT OT (OPMBI U pa3MEPOB 00PaA3IOB, YTO SBJISIETCS B
OCHOBHOM CJICJICTBUEM BJIUSHUS CUJI TPEHUS, PA3BUBAIOLIUXCS MEXKTY IO~
AylIKaMyd TIpecca W MPWIETAIOIMMMU K HUM TpaHsMUd  00pasiioB
(puc. 2.2, a). Cunbl TpeHUsl, HAMIPABJICHHBIE BHYTPb 00pa3lia, MpensaTCTBY-
€T CBOOOJHOMY Pa3BUTHUIO MOMNEPEUHbIX JedopMalluii U TeM CaMbIM yBe-
JUYUBAIOT CONMPOTUBJICHUE O€TOHA. Y IEep KUBAIOIIIEE BIUSHAE CUJI TPEHUS
10 Mepe YJIaJeHUs OT TOPLIOB CHUKAETCS, MOITOMY OCTOHHBIN KyOUK Mpu
pa3pylieHuu nojydaetr GopMy JABYX YCEUECHHBIX MHUPaMUJI, OOpaIieHHBIX
Ipyr K Apyry BepmuHamu (puc. 2.2, a). OqHaKO CTOUT yCTPAHUThH CHIIbI
TpeHus (HampuMmep, cMa3Ko mapauHOM CONPHUKACAIOIIUXCS MOBEPXHO-
CTel), KaK XapakTep pa3pylleHHs cpa3y ke usMeHutcs (puc.2.2,0).
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TpemuHbl TpUMYT BEpTHKAIHLHOE HAMPABIIEHUE, 4 COMIPOTHBIICHUE KyOuKa
CKATHIO 3HAYUTENHFHO CHU3HTCS. [lo 3TON mpuumHe 00pa3Isl MpU3MaTH-
9eCKO (POPMBI, IJIsi KOTOPBIX BIMSHUE CUJI TPEHUSI MEHBIIE, YeM TSI Ky-
OWKOB, TIPW OJIMHAKOBOM IIOMIEPEYHOM CEUCHUU TMOKA3bIBAIOT MEHBIIYIO
npouHoCTh. C yBENMUYEHHWEM OTHOIICHUS BBICOTHI MPU3MBI /I K CTOPOHE
OCHOBAHMSI @ IPOYHOCTh YMEHBIIACTCS, HO TIPU 4/a = 4 TPOYHOCTh MPU3M
MPaKTUIECKN CTAHOBUTCS MOCTOSTHHOW. BBUTy c1aboro BIUsSHUS CUIT Tpe-
HUS TIPU3MBI MPU JOCTATOYHO OOJIBIIIOM OTHOIIEHWUW //a pa3pyliaroTcs
BCJICJICTBUE 00pa30BaHUs MPOAOJBHBIX TpemuH (puc. 2.2, 8). Ilpu otHO-
CUTEBPHO OOJIBIIIOM BIIMSIHUM CHWJI TPEHUS Pa3pyIICHUE TPHU3M MOXKET
MPOU30UTH MO HAKJIOHHOM IJIOCKOCTH OT cpe3a (puc. 2.2, 2).

e 7
w '-'-o :a 1

=

Cmazka | |e

% -.ao._

97

Puc.2.2. Cxema pa3pyIiieHus npu cxaTuu OETOHHBIX KyOOB (a, 0) ¥ IPU3MHI (8, 2):
a, 2 — IPU CUJILHOM BJIMSIHUM CHUJI TPEHUS;
0, 6 — IpU OTCYTCTBUU WIX C1a00M BIUSIHUU CUJI TPEHUSI

Ha pe3ynpTaThl HCIIBITAHNS OKa3bIBAET BIMSHHUE CKOPOCTH 3arpyrKe-
HUsT 00pasioB. [Ipu 3amenieHHOM (IJIUTEIbHOM) 3arpy>K€HHUU TMOKa3a-
TEIb MPOYHOCTU OeToHa MOXKeT CHH3UThbes Ha 10 % B cpaBHEHUH C
KpaTkoBpeMeHHBIM. [Ipu ObicTpoM 3arpyskeHuu (B Teuenue 0,2 ¢ u MecHee)
MoKa3aTeslb IPOYHOCTH OeToHa, HaoOopoT, Bo3pactaeT (1m0 10%).
ITo I'OCT 1018090 narpysxenue o0Opa3IioB IPOBOAAT HEMPEPHIBHO C TIO-
CTOSIHHOM CKOpoCThi0 Hapactanus Harpysku (0,6+0,2) MIla/c no paszpy-
IeHusT 00pasiia, MOBEPXHOCTH KOHTAKTa OETOHA C MOYIIKAMH IIpecca He
cMa3bIBalOTCs. Bpems HarpyKeHus 10 pa3pyIleHHUs JOKHO ObITh HE Me-
Hee 30 ¢, Tounocth BerunuciaeHus 0,1 MIIa.
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KyOukoBass mnpodyHocTh OeToHa R (1 KyOMKOB pa3Mepom
150x150x150 mm) u mpu3MeHHast TPOYHOCTH R (17151 IPpU3M C OTHOIIICHU-
€M BBICOTBI K OCHOBAaHMIO //a = 4) MOTyT OBITh CBSI3aHBI OINPEACIICHHOM
3aBUCHUMOCTBIO, KOTOpPAas YCTAHABJIMBAETCS SKCIIEPUMEHTAIBHO:

Rw/R=0,77-0,001R.

[Ipu3mMeHHy10 TPOYHOCTH OETOHA UCIONB3YIOT MPU pacueTe u3ruda-
€MBIX U CXKAThIX OETOHHBIX U KE€JI€300€TOHHBIX KOHCTPYKIIMM (Hampumep,
0aJoK, KOJIOHH, CXKaThIX JIEMEHTOB ()epM, apoK U T.II.).

[IpounocTs 6eTOHA npu ocesom pacmsxicenuu Ry B 10-20 pa3 HuKe,
4yeM 1npu cxkatud. [Ipudem ¢ yBennueHnem KyOMKOBOUM MPOYHOCTH OETOHA
OTHOCHUTEJIbHASI MPOYHOCTh OETOHA MPU pacTsLKEHUM cHuxkaetcs. [Ipenen
MPOYHOCTH OETOHA TMPHU PACTSIKEHUU MONKET OBITh CBA3aH C KyOHMKOBOM
MIPOYHOCTHIO IMIUPUUECKON (HopMyIIOH

Rbt = 0,53V Rz.

%X'DK

N

N
b lMnockocms
‘ cpesa
v P

a) 6)

Puc.2.3. K onpenenenno npoyHOCTH OE€TOHA!

a — II0pa HAMPSHKEHUH py U3rude OETOHHOM OalKu;
6 — cxema HCIbITaHusl 0eTOHA Ha cpe3

[Ipenen mpouHocTH OeTOHA Ha pacmsdicenue npu uzeude Rpe. Ilpu
n3rude OETOHHOM OajKy B CBSI3U C PA3BUTUEM YNPYTUX U MIACTUYECKUX
nedopmanuid, a TakKe pa3Iu4YHbIM COMPOTUBICHUEM OETOHA CXKATUIO U
u3ruly dMopa HaNPsHKEHUM MO BBICOTE CEUeHMs] OyleT MMETh KPUBOJIU-
HelHoe ouepTanue (puc. 2.3, a). OTKJIOHEHHUE OT MPSAMOJMHEHHOI0 OUep-
TaHusi OyJeT Tem OoJjblie, yeM OiMKe 3HAYCHHUS HANPSKEHUM K paspy-
matoruM. [lostoMmy BennunHa Rp, BBIYUCICHHAS 10 OOBIYHOM (hopMyIie

u3runda

6M
Roe = pr
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HE YYUTHIBAIOIIECH TIACTUYECKUE AePOpMAIMH, OKA3bIBAETCS BBILIE Rpy.
OtHomenne Rp/Rp;, HazpiBaeMoe Kod(PuIMEeHTOM wu3ruba, s pas-
JUYHBIX OCTOHOB KOJICOJETCS B IIMPOKHUX MpeJesiax: B CPETHEM OHO PaB-
HO 1,7. ITpouHOCTH OETOHA MPU PACTIAKEHUU

6M M

Koo = 17607 = > b1z

bh?"
[Ipu uucToM cpese, pelKo BCTpEYarolEeMcsl Ha MPaKTHKE, Mpees
MPOYHOCTU Rsh onpeAeaoT 0 SMIUpUIECcKoil opmyIie

Ry = 0»7\/ Ry Ry,

R = 2Rbt-

Pacnpenenenue KacatelbHbIX HANPSXKEHUN B TIJIOCKOCTH cpe3a Mpu-
HUMAaIOT PaBHOMEPHBIM: CX€Ma UCTbITaHHUsI OE€TOHA Ha Cpe3 MOKa3aHa Ha
puc. 2.3, 6.

3HauYUTENIbHO 4Yanle OCTOH B OETOHHBIX M KeJIe300€TOHHBIX KOH-
CTPYKIMAX padOTaeT Ha CKaJbIBAaHHUE, BHI3BIBAEMOE, HAIPUMED, JICUCTBU-
€M TOMEPEUHbIX CUJI MPU M3THOe B HAKJIIOHHBIX CEUEHUSX BOJIM3U OIOP.
CkanpiBaroiiiye (KacaTeabHbIE) HAMPSKEHUS TPU U3ru0e pacnpeestoTCs
MO0 BBICOTE CEUCHHUsI MO Mapadolie; HauOOoJIbIINE 3HAYCHUS TIPU MOCTOSH-
HOM IIMPUHE CEUYCHMS CKaJbIBAIOIIUE HAMNPSDKEHUS UMEIOT Ha YpPOBHE
HelTpansHOTO cios. ConpoTuBiieHHEe OeTOHAa CKalbiBaHuiO B 1,5-2 pasa
BBIIIIE, YEM OCEBOMY PaCTSXKEHUIO.

Takum o0pa3zoM, MexaHUYeCKasi MPOYHOCTh OETOHA MPU PA3JIUYHBIX
CUJIOBBIX BO3JICUCTBUAX UMEET MPUOIU3UTEILHO CICAYIOIINE 3HAUCHNS

WJIU IPUOJIMKEHHO:

TP COKATHH KYOHKOB ....vvteineeennieanneennneennnns R

TIPH COKATHUM TIPHBM ..evvveeanreeeannneeennnneeeannnnnnn. (0,7-0,8)R
IIPH OCEBOM PACTIKECHHUU ...vvveeeeeennnnnranenannnnns. (0,05-0,1)R
Ha PACTSHKCHUU MPU U3THOC ... (0,1-0,18)R
TIPH UHCTOM CPE3BC . evvvveeeeenreeeeaeannneeeeeannnnns (0,15-0,3)R
1110) 00 520 1 51:1:13 170 QPPN (0,1-0,2)R.

2.1.3. lepopmaruu 6eTOHA MO Harpy3KOi.
Mopyns ynpyroctu

[Ipu onHOKpaTHOM 3arpy:KeHHM OETOHHOTO oOpasla CXKUMAaroUIel
Harpy3Ko#l quarpaMma HarpspKeHUs-aedopMaliui UMEeT KPUBOJIUHEHHBIH
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xapaktep, JAedopmanuu B OETOHE pacTyT ObIcTpee HanpsHKEeHUH
(puc. 2.4, a). B 0erone noja AeiCTBUEM HArpy3Ku OJIHOBPEMEHHO C YIIPY-
TUMH Pa3BUBAIOTCS TAK)Ke HEYNpyrue aedopManun, 00yCIOBICHHBIE TIOJI-
3y4ecTbi0 OE€TOHA, T.€. €r0 COCOOHOCTHIO JIehOPMUPOBATHCA BO BPEMEHU
JayKe [P HEU3MEHHOU Harpyske,

a

Vi 2>0g~=05 Vg

€y

a) 0)
Puc.2.4. lnuarpaMMbl HanpspKeHUS B e opMaliii 0€TOHA PU CHKATUH:
1 — ynpyrue aegopmanun; 2 — ceKkymas; 3 — KkacarenbHasi; 4 — mojgHsIe AeGopMannun

OnbIThl OKA3aii, YTO MPUYMHOW OTKIIOHEHUS AUArpamMMbl HaIpsi-
xeHusg-neopmanuu Ayt 6€ToHa OT MPSMOJIMHENHON 3aBucuMocTH ['yka
apisieTcs: (pakTop BpemeHu. [Ipu «MrHOBEHHOM» 3arpy:keHuu jaedopma-
nuu OeToHa CIeaylT 3akoHy ['yka, U 3aBUCUMOCTb CTAaHOBUTCS JIMHEHU-
Hou. Takas mpsiMas KacaTejibHAa K JACHMCTBUTENBHOW Auarpamme G-£ B
Hayaje KOOpPJWHAT, a TAHI'EHC YyIjla HAaKJIOHA €€ K OCH a0Ccuucce MpeacTaB-
JsieT co00M MOy Ib YIPYTOCTH O€TOHA

E, = tgay, = 2. 2.1)

€el

Ecnu oOpasen 3arpyaroT CTyNEHsIMH, IPUYEM IOCIE KaXI0H CTy-
MIEHU Harpy3Ku 00paszell BBIACPKUBAIOT HEKOTOPOE BpeMs MIPU HEU3MEH-
HOM HampsDKEHUU, TO JAWarpaMma 0p-£, MPUMET CTyNEHYaThI XapakTep
(puc. 2.4, a, nyuktup). HakiioHHble JUHUK OyJyT BbIpa)kaThb pPa3BUTHE
yrpyrux (MrHOBEHHBIX) JeopMarinii, mponopiroOHAIbHBIX HaIPSKEHU-
M, a TOPU3OHTAJIbHBIC UIONIAJKU — HEYNpyTHe Aedopmaliuu, BbI3BaHHbBIE
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MOJI3y4eCThI0 O€TOHA 32 BPEMs BBIICPAKKHU IPU MOCTOSTHHOM HaNpsiKEHUH,
COOTBETCTBYIOIIEM JJAHHOW CTYNEHU 3arpy>KEeHHUSI.

Takum oOpaszom, nosHas aedopmaius O€TOHA &, B OO0 MOMEHT
BPEMEHH MPEJCTABIACT COO0OM CyMMy yHpyrux (IMIPOEKIHHU HAKIOHHBIX
JUHUNA Ha OCh abcuucc) W Heynpyrux aegopmanuii (rOpU30HTaIbHbBIE
YYacTKU JMarpammel), T.€.

Ep = Eel T Epr- (2.2)

C yMeHbIIEHUEM CKOPOCTH 3arpy>KeHHs WM YBEJIMYCHUSI BPEMEHHU
BBIJIEPKKA OETOHA I10J1 HATPY3KOM JepopMalMu MOJN3yYeCTH &y BO3pAc-
TalOT U, CJIEIOBATEIBLHO, BO3pACTalOT U CyMMapHble Jedopmanuu 0eToHa
&€p. IIpu 3TOM KpUBBIE 03,-&; BCE 0OJIbILIE OTKIOHSIOTCS OT MPAMOU, COOT-
BETCTBYIOIIEH MTHOBEHHOMY 3arpykeHuto (puc. 2.4, 0).

[Ipu pasrpyxeHun oOpasiia KpuBas g, — &, OyJeT oOpaleHa BhITyK-
JIOCTBIO B MPOTUBOIOJIOKHYIO CTOPOHY, IPUYEM KacaTesbHasi K 3TON KpH-
BOM, MTPOBEJICHHAs B TOUKE Havana pasrpysku (cMm. puc. 2.4, a), Oyaer na-
pajuiesibHa npsaMol ynpyrux nedopmanuii npu 3arpyxenuu. [locne mosn-
HOM pa3rpy3ku B 00pasle COXpaHSAIOTCS (HEBOCCTAaHABJIMBAIOIIMECS) Jie-
dopmaiuu, KOTOphi€, OJTHAKO, C TCYEHUEM BPEMEHU YACTUYHO BOCCTAHAB-
JUBAIOTCA. JTa HE3HAYUTENbHAs YacTb OCTATOYHBIX jAedopmaruit
(10-15%) naspiBaeTcs aedopmManret ynpyroro nocueacTBus (Eqpp).

C yBenMYEHHEM HAIpPSHKEHUM BCIEACTBUE Pa3BUTUS BO BPEMEHHU
nedopmariuii mojJ3yuecTH yroJl HakjoHa KacaTeJIbHOW K KpUBOU 0p-&;, OY-
JeT YMEHbIIAThCA. ECiM MpoBeCTH KacaTeJbHYO K 3TOW KPUBOU, TO TaH-

I'€HC yTja HAaKJIOHA KacaTeJIbHOU K OcH adcuucc, T.€. BETUYMHA

E, = tga = Z;;’ (2.3)
OyJeT MpeacTaBiIsATh COOOM MOJYJb IMOJHBIX JAepopMaluid WId, COKpa-
IIIEHHO, MOYJIb Jepopmaruii 6eToHa. B oTinune OT Ha4aaIbHOTO MOTYJIS
ynpyrocta Ej, XapaKTepu3yIomero pa3BUTHE yOPyTux aedopMaruii &,
Mozyis aedopmanmii Ej, oTpaskaeT pa3BUTHE MOJHBIX Ae(hOPMAIM €p.
Onnako ompenesieHHe MOAyJid JedopMaluid 3aTpyJHUTEIBHO; MOITOMY
TUTS PAKTHYECKUX PACUETOB KEJIe300€TOHHBIX KOHCTPYKIIMA UCTIONB3YIOT

BBeAcHHbI B.M. MypamieBbiM CpeaHAN MOJIYJb YIPYTOILUIACTUYHOCTH

20



O0eToHa, MPEACTABISIOMINI CO00I TaHTE€HC yrila HAKJIOHA CEKYIIEH K Kpu-
BOM MOJHBIX AedhopMaluii Mpu 3aJaHHOM HAIPSKEHUH

E,=tga, = 2. (2.4)

3
Moayns ynpyromiacTHIHOCTH MOKET OBITh BBIPAXKEH Ye€pe3 MOTYJIb
YIOPYTrOCTU CHEAyIoIHUM oOpa3oM: u3 Bbelpaxkenuit (2.1) u (2.4)
Epce = Ep€p; clienoBaTebHO,
Ep=Ep 2. (2.5)

OtHomenne ynpyrux aedopManuii OETOHa K TOJHBIM HAa3bIBAIOT
KO3(pUIIUEHTOM yIIPYrocTH OETOHA:

— Eel

2

€b
a OTHOIIIEHHE TUIACTUYECKUX JedopManuii K MOIHBIM — KO3 PUITMEHTOM
IJIACTUYHOCTH O€TOHA:

€pl
Ay = =
pl £p
OuyeBHIHO, UTO
€ €p— €pl
vzilz—pzl—kpl. (2.6)
€p €p

Monyib ynpyrormiacTU4HOCTA OeTOHA Ha ocHoBaHuU (2.5) u (2.6)

MOYHO MPEJICTAaBUTh KaK
E, = vE, = (1— Ay)Eyp. (2.7)

TeopeTnuecku Ko3(OUITMEHT YIIPYTOCTH OETOHA MOYKET U3MEHSIThCS
B npejenax ot v =0 (s uaeanbHO MIACTUYECKUX MaTepUasioB) a0 v = 1
(71 MaeanbHO yHpyrux marepuaioB). OJIHAKO, Kak MOKA3ajdd OMbITHI C
OCTOHHBIMH TPU3MAMHU, MPU PAZTUYHBIX HAMPSHKEHUSIX U JUIUTEIBHOCTH
JNEWCTBUA HATPY3KW 3HAYEHUA V MpakTuuecku u3mensarorces ot 0,3 mo 0,9.
C yBenuyeHueM HaIpsHKEHUN U MPOJIOJKUTEIIBHOCTU AEHCTBUS HArpy3KU
KO3(PPUIUEHT yIPYTrOCTH V YMEHBIIAETCSI.

[Ipu oceBOM pacTsSKEHUHU, TaK K€, KaK U MPHU CXKATUU, AUarpaMmma
HarnpspbKkeHui-neopManuii KpuBosiHeiiHa. HavanbHble MOy yIHpyro-
CcTU O€TOHA MPU PACTHKEHUH U CXKATUU OTIUYAIOTCS HE3HAUYUTEIbHO U
MPAKTUYECKU MOTYT OBITh MPUHSTHI OAMHAKOBBIMHU (CM. puc. 2.4, a).
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[To ananoruu BBOJATCS MOHATHS KOA(D(DHUIIMEHTOB YIIPYTOCTH | TIIa-
CTUYHOCTH, a TaK’K€ MOAYJISl YIIPYTOIUIACTUYHOCTH OETOHA MPU pacTsiKe-
HUU:

Eby = vEp=(1— Ay )Ey . (2.8)

Bennuuna Moayssi ynmpyrocTd ¢ yBEIHMYEHHEM MPOYHOCTH OETOHA
BO3paCTaeT.

JIjist 00bI4HOrO O0€TOHA CPEeAHEN MPOYHOCTH MOJIYJIH YIPYTOCTH KO-
nebmotcsa B npeaenax ot 27000 qo 39000 Mlla, T.e. B 5-8 pa3 HMXE MO-
TyJisl yIPYTOCTH CTaJIH.

Koaddumment Ilyaccona s 6eToHa, T.€. OTHOIICHHUE MONEPEUYHON
nedopMani K TPOJOTLHOW, C YBETUYCHHEM HAMpPsHKCHUM BO3pPACTacT:
HadajabHOE ero 3HaueHue v =0,2.

Mopynb cnsura 6etona G = , €ro 3HaueHue paBHo 0.4E),.

2(1+v)

JHedbopmaTuBHOCTh OETOHA 3aBUCHUT, C OJIHOM CTOPOHBI, OT COCTaBa
O0eTOHa, €ro MPOYHOCTU U IJIOTHOCTHU, YIPYTOIJIACTUYECKUX CBOWCTB
COCTABJISIFOIIUX (3aMOJHUTENEH, IIEMEHTHOIO KaMHA), C APYrod — oOT
BHUJA HANPSKEHHOTO COCTOSIHWS, BEJMYMHBI U JUIUTEIILHOCTH JCUCTBUS
Harpy3KHu.

[IpenenbHas CKUMAaeMOCTb OETOHA &p, W MPU JOCTHKCHUU HaIpsi-
KEHUSIMA NIPU3MEHHOW NPOYHOCTH Rj M3MEHSIETCA B IIMPOKUX IPEIesiax
ot 1107 10 3-107, B cpeqHeM NPUHUMAIOT 4, = 2:1072,

[Tocne nocTrKEHUST MPU3MEHHOM POYHOCTHU R, HA [UArpaMME Gp-€p
MOXET 00pa30BaThCA HUCXOJAIIAsl BETBb, XapaKTEPU3YIOIIAsICS JalbHEH-
UM pa3BUTUEM JepopMalii MpU CHIKAIOUIUXCS HanpsbkeHusx. [{nuna
HUCXOJSIIENH BETBU 3aBHCHUT KaK OT CBOMCTB OE€TOHA, TaK U, OCOOCHHO, OT
YCJIOBUM MUCIBITaHUA. [Ipy HalMunu BHEIIHUX WM BHYTPEHHUX CBS3EU
(apMaTypbl WM MEHEe HaIpPsPKEHHBIX CJIOEB OE€TOHA, YTO MMEET MECTO
[IpU HEOJAHOPOJHOM HAMNPSIKEHHOM COCTOSIHUM U T.I1.), 00€CTIEUUBAIOIINX
nepepacnpeielicHie HanpspKEeHUH, JUIMHA HUCXOJSINEH BETBH OCOOEHHO
3HauMuTeNbHa. MakcumanbHas aegopMaius Mpu pa3pylieHud OETOHHOM
MIPU3MBI Ep max MOXKET OBITH CYIIECTBEHHO OO0JbIle aedopmanuii €, Kpae-
Bble JedopMalluu B CoKaTOW 30HE U3rHOAEMBbIX JKeJIe300€TOHHBIX AJIEMEH-
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TOB BCJIEACTBUE PA3BUTUSI HUCXOMAIIEH BEeTBU aedopmupoBanus B 1,5-2
paza 0oJIbIlle, YEM IPU OCEBOM CHKATUU OCTOHHBIX MTPU3M.

[Ipu oceBOM pacTshkeHMH OeToHa mpeicibHbIe JedopMalluud &, B
1020 pa3 MeHbIlIEe, 4eM NpPU CKATUU, B CPEJHEM HX NMPUHUMAKOT PABHBI-
mu 0,15-107. Hucxopsimas BETBb Ha AUarpaMMe PacTsKEHHs OETOHA BbI-
pakeHa MEHbIIIE, YEM TP CHKATHUH.

C yBenuueHueM MPOYHOCTHU, a TaKXKE MPU NPUMEHEHUU OCTOHOB Ha
MOPUCTHIX 3AMOJHUTENSIX NpeaesibHbIE TePopMaliK KaK MpU CHKATUU, TaK
U TIPU PACTSHKEHUU yBEIUUUBAIOTCS.

Ecnu Ha O€TOH NEHCTBYIOT MHO2OKPAMHO NOBMOPAIOWUECS HASDY 3+
KU, €r0 IPOYHOCTHBIE U YIPYTroIIacCTUYECKUE CBOMCcTBA n3MeHstoTcs. [1o-
CJie KaXJ0ro LHKJIAa 3arpyKEHUs U pa3rpy3Ku B 00pasle MPOUCXOIUT TO-
CTEMEHHOE HAKOIUICHHE IUIACTHYeCKuX (ocTatouHbixX) aedopmanuid. [lo-
ATOMY MPHU KAXKJIOM MOCJICAYIOIIEM 3arpyKeHUH iepopmaliu OeToHa Mo/
Harpy3Koil yMEHBIIAIOTCS W MPEACTABISAIOT COOOH MPEeUMYIIECTBEHHO
ynpyrue negopmaunu. [locie onpeneneHHOro yucia 3arpy>KeHusi U pas-
IPY3KH MJIACTUYECKUE Te(POopMaIIui IPHU TAHHOM HANPSHKEHUHU MOJHOCTHIO
CHUMAIOTCS, OETOH BeJIET ce0s KaK yIpyruil MaTepua, 3aBUCUMOCTb Gp-Ep
B IIpeleiax 3aJaHHOI0 HANPSDHKEHUS NENAeTCs JUHEMHOW, NPUYEM YIroJl
HaKJIOHa MPsAMOW K OCH aOCIHMCC CHayajla CTAHOBUTCS PaBHBIM YTIy
HaKJIOHa KacaTeJIbHOM K KpUBOW B Hayaje KOOpJIUHAT oy (puc. 2.5, a), oJ-
HaKO IOCJE€ OMPEACIICHHOrO0 KOJMYECTBA LMKIIOB 3arpyKeHusi MOIYJb
ynpyroctd u nedopmanuii cHukaetcs. [Ipu yBenmMyYeHUM HANPSKEHUS
BBIIIIE TOTO 3HAYEHUS, O KOTOPOro MPOU3BOAMINCH MHOTOKPATHBIE 3a-
rpy>KeHus, B 00pasiie CHoBa OyAyT pa3BUBATLCS Kak yNpyrue, Tak W IJia-
cTUUecKue nedopmaliuu.

KpuBas negopmaiuii mocie MHOTOKPATHOTO 3arpyKeHus NpH yBe-
JMYEHUU HANPSHKEHUI COBIAAET C KPUBOM MEPBUYHBIX JedopMalii mpu
OJIHOKPATHOM 3arpy:keHuu. HekoTopele >kene300€TOHHbIE KOHCTPYKIIMU
(MOJIKpaHOBbIE OANKK, MOCTBI, (DYHIAMEHTHI MO/ MAIIMHBI U T.II.) 3a Bpe-
M 3KCIUTyaTalliy MOABEPraloTCS MHOTOKPATHO MOBTOPSIOUIEHCS HArpy3-
K€ C YHCJIOM IIUKIIOB 3arpy>KeHUs, UCYUCIISIEMbIM MUJUTMOHAMM.
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Puc.2.5. lepopmanuu 6eToHa MPH MHOTOKPATHO MTOBTOPSIOLIEMCSI CKATHH U Pa3TPy3Ke:
@ — TIpY HATIPSDKEHUAX BBICOKOTO YPOBHS; O — HANPSIKCHUAX PA3IUIHOTO YPOBHS

Ecnu wanpspkeHHs, BBI3BIBAEMBIE MHOTOKPATHO TOBTOPSIOIIEHCS
HArpy3KoW, HE MPEBHIIIAIOT, HAPUMED, TTOJOBUHBI BEITMINHBI TIPU3MEH-
HOW MPOYHOCTH, TO TaKas Harpy3Ka HE BBI3BIBACT pa3pyllIeHne OETOHA MIPH
MPaKTUIECKH OECKOHEYHOM Uuncie IUKIoB. OqHaKo TpH 3arpyKeHusx Oe-
TOHA 10 00Jiee BHICOKWX HAMPSHKEHUN KpuBas JAehOpMaIinii, BEITIPSIMIICH-
Hasg TpU TIEPBOM dTale MHOTOKPATHOTO 3arpyKCHUS-PA3TPy3KH, IMPHU
TaJTbHEHIIIEM 3arpy>KEHUH CHOBA CTaHET MCKPUBIATHCA. Ecim kpuBast fe-
dopManuii CTaHET UCKPUBISITECSI B OOPAaTHYIO CTOPOHY — BBIMTYKJIOCTHIO
K ocu abcmucc (puc. 2.5, 6), 3HAUUT, HACTyNWiIa YCTaJoCThb OETOHA,
XapakTepu3yeMasli HapacTaHWEM IUIACTUYECKHX jAedopManuii ¢ Kax-
IBIM TIKJIOM, KOTOPAasi IPUBEAET K pa3pylIeHUI0 OeTOHA TP HAMPSHKEHU-
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X, 3HAYMUTEIHLHO MEHBIIUX Ipejeiaa MPOYHOCTH IPH OJHOKPATHOM 3a-
IPYKEHUMU.

[Ipenen BEIHOCIUBOCTH (yCTallOCTH) O€TOHA R, T.€. mpeiesl MPOYHO-
CTH NP MHOTOKPATHO MOBTOPSIFOIIEHCS HAarpy3Ke, 3aBUCUT OT XapaKTepH-
CTUKH IUKJIa HAIIPSHKEHUN B O€TOHE:

b j—
P Ob,max ’

TII€ Op min ¥ Opmax — COOTBETCTBCHHO HAMMEHBIIEE U HaUOOJIbIIIEE 3HA-

Opmin

YEHUS HANIPSDKECHUN.
C yMEHBIIIEHUEM ), YMEHBIIIAETCS U MPE/IeT BHIHOCIUBOCTH O€TOHA R),.

2.1.4. Ycanka u moja3ydecTh OeTOHA.
Penakcanus HanpsbkeHUN

beton — matepuai, cocrosuuii U3 Tpex a3 — TBEPAOU, KUJIKOU U
ra3zo00pa3Hoil, KOJUYECTBEHHOE COOTHOIIEHUE KOTOPBIX H3MEHSIETCA C
BO3pacTOM O€TOHA. DTO SBISAETCS NPUUYMHOW U3MEHEHHUSI €r0 CBOMCTB BO
BPEMEHU.

OnHO W3 BaXXKHBIX TEXHUYECKUX CBOMCTB OETOHA — CIOCOOHOCTH K
O00ObEMHBIM HM3MEHEHUSIM, KOTOpPhIE MOTYT OBITh CIEJACTBUEM (HUZUKO-
XMMHUYECKUX NIPOLECCOB TMAPATALMM LIEMEHTA, U3MEHEHHUS BJIArOCOJIEP-
*aHus O0eToHa (KMCIapeHue BJIary Mpy TBEPJICHUU HA BO3/yX€ U MPUTOK €€
NpU TBEPJICHUU B BOJIC), U3MEHEHUS TeMIepaTypbl OETOHA, BHI3BAHHOTO
AK30TEpPMHUEN 1IeMEeHTa (BBIJICJIEHUEM TeIjla MPU TBEPACHUHN) WA TIepena-
JIOM TEMIIEPATYypPbl BHEIIHEN CPEIbl U, HAKOHEL, IEHCTBUEM BHEIIHEN Me-
XaHUYECKOU HArPy3KHU.

OpHa 13 OCHOBHBIX MPUYMH OOBEMHBIX U3MEHEHUN OeTOHa — yca/l-
Ka, 0]l KOTOPOl MOHUMAETCSI COBOKYITHOCTh U3MEHEHUM, 00YCIOBICHHBIX
npolieccaMy rujipaTaluy [IeMEHTa U U3MEHEHUSIMU BJIarocojep:kanus oe-
TOHA IIPU TBEPAECHUU HA BO3JIyXE.

VYcanky 6eToHa MOXKHO MPEACTaBUTH Kak CymMMmy JieopMaiiuii 1Byx
BUJIOB — COOCTBEHHO yCaJIKU U BIAXKHOCTHOM ycajku. COOCTBEHHO ycajka
MPOUCXOJUT B PE3YyJIbTATE YMEHBIIICHHUSI HCTUHHOTO 00bEMa CUCTEMBI 11ie-
MEHT — BOJia IIpu rujpatani. OHa MOXKET Pa3BUBATHCS MPU MOJTHON H30-
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sy oOpaslia OT BHEIIHEW Cpeabl M BCerjaa BeleT K HeoOpaTUuMoMy
YMEHBIICHUIO TIEPBOHAYATIHLHOTO 00beMa.

BrnaxHocTHas ycanka cBs3aHa ¢ MI3MEHEHUEM BJIAr0CoOjiepKaHus Oe-
TOHA; OHAa YACTUYHO OOpaTMMa: MPU TBEPACHUH HA BO3AYXE MPOUCXOIUT
yMeHbIlIeHHe oObema (ycaaka), a MpU JOCTaTOYHOM IPUTOKE BJIATU —
yBenueHue oobema (Habyxanue). Jledhopmaiimu B pe3ynbTaTe BIaKHOCT-
HOM ycanaku OetoHa B 10-20 pa3 mpeBbImarT JedopMaliii COOCTBEHHO
yCaJKH, MMO3TOMY M3MEHEHHS BIIArOCOACpKaHUs O0eTOHAa — OCHOBHOMW HC-
TOYHHK YCaJIOYHBIX JIe(hopmaruii.

Benuunna ycanku (HaOyxaHusl) €y 3aBUCHUT OT BUJA IIEMEHTA, COCTa-
Ba 0OeToHa, CMOCOOOB YKIAJKH M yXo/a 3a OETOHOM, TeMIEepaTypHO-
BJIQXKHOCTHBIX YCIIOBHH CpPEeAbl M Jp. M KOJEOIETCS B MUPOKUX TMpeaesiax;
CpenHue 3Ha4deHus sl 0eTOHA MOTYT OBITh NPHUHSTHI PAaBHBIMU: ycCaJKa
0,3 mm/m, nadyxanue 0,10 yvm/m.
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Puc.2.6. PazButue nedopmanuii ycaaku u Habyxanus 6eToHa
1 )KeJ1e300€TOHA BO BPEMEHH

[Tpupoct nedopmanuii ycaaku BO BpEMEHU MPOUCXOAMUT MO 3aTyXa-
IOIIEMY 3aKOHY, IPUOJIM3UTENBHO MPOMOPIMOHANBHO JIoTapudmy Bpeme-
HU, U MOXET MPOJ0JLKaThCs rojgamu (puc. 2.6). Pa3BuTre BIIaXXHOCTHOM
yCaJKi HAYMHAETCS C MOBEPXHOCTU U MOCTENEHHO MO MEPE BBICHIXAHUS
0eTOoHa pacnpoCTpaHsIeTCA BriyOb. JTO HEPEAKO MPUBOJIUT K PACTPECKU-
BAHUIO MOBEPXHOCTU OETOHA, HAOIIOJIAEMOMY MPU OBICTPOM BBICHIXAHUU
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(HampuMep, ToJ| ACHCTBUEM COJHEUHBIX JIyuel). Ycaaka sBIsSETCS MpHU-
YUHON 00pa3oBaHUs B OETOHE «COOCTBEHHBIX» HAINPSKEHUM, KOTOPHIE
MMOHWKAIOT TPELIMHOCTOMKOCTh M KECTKOCTh KOHCTPYKLHH, a CJIENOBa-
TEJIbHO, BOJOHENPOHUIAEMOCTh U JIOJTOBEYHOCTb COOPYKEHUU. B mpen-
BAPUTEIILHO HAIPSKEHHBIX KOHCTPYKIHUSX ycajgka OeTOHa MPUBOJIUT K
MOTEPSIM MPEABAPUTEIBLHOIO HATIPSIKEHHUS.

[Ton3ydecThio OETOHA HA3BIBAETCSI €r0 CIOCOOHOCTH UCHBITHI-
BaTh Heymnpyrue aedopmanuyd BO BPEMEHU MPU UIMTEIBHOM JEHCTBUU
Harpy3kKd WM HalpsbKeHUW (BKJIOYash TEMIIEpaTypHbIE, yCaJO4YHbIE U
T.11.). JedpopMannu noazyyectu npu AJIMTEIbHOM BbIIEPKUBAHUHA MOTYT B
HECKOJIbKO pa3 MpeBbIIaTh JAedopMaliiu, pa3BUBAIOIIMECS MPHU KPaTKO-
BpEMEHHOM 3arpykeHuu. l[lomydectb O€TOHa MMEET BEChbMa BaXHOE
MIPAKTUYECKOE 3HAYEHUE U YUUTBIBACTCS IIPU PACUETE U NPOEKTUPOBAHUU
KOHCTPYKLHUM.

PaznuyaroT TMHENHYI0 U HETMHEWHYIO MMOJ3y4YecTh OETOHA.

[Ipu nMMHENHON MOJI3yYECTU 3aBUCUMOCTh MEXKIY HANPSKCHUSAMU U
nedopmarusaMu Moa3y4yecTd MOXKHO CUWTATh JUHEWHOW. Takas 3aBHCH-
MOCTb HaOJIIOAAETCS JIMIIb MPU CPABHUTEIBHO HEBBICOKMX HaIpsike-
HUAX — nopsiaka o, < 0,5R. Ilpu Oosee BBHICOKUX HAINpPSKEHUSIX B OCTOHE
pa3BUBalOTCs JehopMaliy HEIIMHEHHON MOJI3y4eCcTH; Takue Aedopmaliuu
pacTyT ObICTpEe HaINPSIKCHUH.

Pa3Butre nuHEeHHON MOJI3yuyecTd OETOHA BO BPEMEHH, TaK K€ KaK U
ycajka, IPOTEeKAaeT MO 3aTyXalolleMy 3aKOHY, aCUMITOTHYECKU MPHUOJIU-
XKasch K mnpeneny (puc. 2.7). 3aryxaromuil BO BpEMEHHU XapakTep IMOoJ3y-
yecTu 0eToHa 0OYCJIOBJIEH TEM, YTO rejieBasi CTPYKTYpHAsl COCTaBIISAIONIAs
IIEMEHTa, B OCHOBHOM IIOJIBEP>KEHHAsI MOJ3Y4YECTH, YMEHbBIIIAETCS B 00be-
Me, TepSET YacTh MIICHOYHOU BOJbI, CTAHOBUTCS OoJiee Bsi3koi. Kpome To-
ro, Mo Mepe AeopMUPOBaHUA KPUCTALUIMYECKOTO CPOCTKA MPOUCXOIUT
IepepacIpeieliCHUe HAIpPsKEHUM: rejeBas CTPYKTYpHAash COCTAaBIIIOLIAs
pasrpyxaercsi, nepeaaBasi HalpsHKEHUsT KPUCTANIMYECKOMY CpOCTKy. Oi-
HOBPEMEHHO  HAIPSUKEHHWST B LIEMEHTHOM KaMHE  YMEHBILIAKOTCS
B pe3yJibTare 0OJIbIIETO HArPy>KEHUS 3aM0JHUTENEH OETOHA.
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[Ipu Gosiee BHICOKMX HANPSKEHUSIX (HEJIMHEHAs MOJI3y4YeCTh) Haps-
1y C YKa3aHHBIMU BBIIIE SIBICHUSAMHU B OETOHE BOZHUKAIOT U PA3BUBAIOTCS
MUKpPOTpEIuHbl. Takue HapylieHus: CTPYKTYpbl MaTepualia HOCSIT HEeoO-
paTUMBIN XapaKkTep U BEAYT K YCKOPEHHOMY HAapacTaHUIO 1e(PpOpMaIIHii.
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Puc.2.7. PazButne nedopmanuu moia3ydecTd BO BPEMEHHU:
a — TIPY Pa3HBIX HAMPSOKCHUSX;, 6 — MPU 3aTPYKEHUU B PA3IUYHOM BO3PaCTe

Ha BenmuuuHy M XapakTep pa3BUTHS IOJ3YUYECTH OKAa3bIBAIOT BJIHS-
HHE Te ke (DaKTOphI, YTO M Ha ycaaky OeroHa. OMBITHI MOKAa3alld, YTO
ycaJKa M MOJ3y4ecTh OCTOHA YBEIMYHMBAIOTCS TP MOBBIIICHUH COJICPIKa-
HUS IIEMEHTA U BOJIbI (IIEMEHTHOTO TeCTa) B OeTOHE. Y caaKa U MOJI3y4eCTh
YMCHBIIIAIOTCS MPHU MPUMEHEHUH 3aroHUTEICH ¢ 00Jiee BHICOKUMHU 3Ha-
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YEHUSMHU MOJYJSl YIPYTOCTH, YBEJIMYEHUU BJIAKHOCTU U CHHXKEHHUU TEM-
nepaTypbl Cpeibl, YBEIMYEHUH MACCUBHOCTH KOHCTPYKIMHU (pa3MepoB
MONEPEYHBIX CEUEHUN).

Ha noysyuects O€TOHA OKa3bIBAET TAK)KE BIIMSAHUE BHJ HAIPSKEH-
HOT'O COCTOSIHUSI, BEJIMUYMHA HAIPSKEHUsI, BO3pacT OETOHA K MOMEHTY 3a-
IPY>KEHUS U T.II.

C yBenMYEHUEM HaIpsHKEHUS TMOJ3y4YecTh OETOHa BO3paCTaeT
(puc. 2.7, a), npudeM 3aBUCUMOCTH JehopMaluid MOI3y4ecTH OT Hampsi-
KEHUU, HE TIPEBBIIIAOIINX OMPEIECTECHHOTO Mpeeaa, MOKHO NPUHSITh JU-
HeliHOM. UeMm B OoJiee MO3IHEM BO3pAcTe 3arpyxaercs OETOH, TEM HUXKE
nedhopmanuu nonzydect (puc. 2.7, 6), Tak Kak ¢ yBEJIIMYEHUEM BO3pacTa
0eTOHA KPUCTAIUIMYECKUIN CPOCTOK YIPOUYHSAETCS, a BA3KOCTh Ielis yBelu-
YUBAETCS.

JIJ1s1 KOMTMYECTBEHHOTO BBIPAXKEHUS MOJI3YYECTH OETOHA MOIb3YIOTCS
TaK Ha3bIBAEMOU XapaKTEPUCTUKOU NOJI3YYECTH

t
o, = 29 (2.9)

€el
rae &p(t) — oTHOCUTENBHAS AeOPMALHs MOJI3YYECTH K MOMEHTY BpEMe-
HU t; €, — OTHOCUTENbHAs yIpyras (MrHOBeHHas) Aedopma-
1[I B MOMEHT 3arpy>kenus (mnpu ¢ = 0).

[IpenenbHOE 3HAUEHWE XAPAKTEPUCTHKHU TMOJBYUYECTH K MOMEHTY €€
3aTyXaHHUs @t = 00 = (.

Bennuuny mom3ydectd ymOOHO BBIpaKaTh 4epe3 TaK HA3BIBAEMYIO
Mepy noiszydectu C(t), koTopasi mpeacTaBisieT coooi AedhopMaluio MoJ-
3ydectd npu HanpspkeHuu 1 MIla. CnenoBatelbHO, MPU HATPSDKEHUH G,
nedopmanusa noazyuyectu €y(t) = C(¢)op, a IpeAeIbHOE €€ 3HaYEHNE BbIpa-
3UTCSI uepe3 ImpeieNbHOe 3HAaYeHne MephI momsydectd C Kak

Epl = Cop. (2.10)

Jledopmaniust moa3ydecT MOXKET OBITh BhIpa)KEHA TAKXKe 4epe3 Xa-

PaKTEPUCTUKY moyBydecTd ¢. 13 popmyi (2.4), (2.6) u (2.9)

_ _ 3 9 _tpiop _0p
gpl = Aplgb = Apl E{, = v Ep = Eb(p . (211)
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XapaKkTepUCTUKA MOJI3Y4YeCTH @ U Mepa nojzydectd C MOTryT ObITh
cBsi3aHbl Mex Ay coOoi. CornacHo (2.10) u (2.11)

o =EpC. (2.12)

[IpenenbHble 3HAYEHUS XaPAKTEPUCTUKU MON3YYECTH ¢ (IIPU ¢ = 0),
KakK ObLJIO OTMEYEHO, 3aBUCAT OT MHOTUX (DAKTOPOB M KOJICOIIOTCS B TIpe-
nenax: 1 OOBIYHBIX TSKENbIX 0€TOHOB 1—4; 1t GETOHOB HA MOPUCTBIX
3aMOJIHUTENSAX — 2—5.

C sBneHHEeM TIOJBYYECTH TECHO CBSI3aHO IIOHSTUE peJIaKCaluu
HaIpsHKEHU B OETOHE — YMEHBIICHUE HAIPSKEHU BO BPEMEHH MpPU CO-
XpaHEHUU HEU3MEHHOW (Hampumep, C TMOMOIIbI0 BBEJCHHBIX CBA3EH)
CyMMapHOM HavanbHO# AedopManvu. Y CIOBUE peaKcaluu

€,= €1 €y(t) = const .

Ecnu B snemMeHTe KOHCTPYKIMU MPU JJTUTEILHOM BbIJIEPKUBAHUU
MOJ] HArpy3Koil co3JaHbl MPEMSITCTBUS JJISl MPOSIBICHUS CBOOOIHBIX Jie-
dbopmanuii, T.€. coOMOAaeTCa YCIOBUE € = const, TO YBEIMYCHHUIO Je-
dopmaruii MON3Y4ECTH €,;(f) HENPEMEHHO JIOJKHO COIyTCTBOBATH
yYMEHbIIIEHHE yOpyrux aedopmanuil €.;. CHUKEHUE ke BEIUYUHBI YIIPY-
rol 4actu oOIiier Heu3MeHHOU nedopmariuu BiiedeT 3a COOOM pesakca-
M0 HanpspkeHui. Penakcanus HanpsKEHUM, TaK JKE, KaK U MON3Y4eCThb
OeToHa, 3aTyXaeT BO BPEMEHH.

2.1.5. Knaccel m Mmapku OeToHa

BciienctBiue HEOTHOPOIHOCTH OETOHA U JIPYTUX CIy4yalHbIX (PakTo-
POB CBOIMCTBA €0 MOTYT KOJIeOaThCA B JJOBOJIBHO IIMPOKUX MpeJieaax, MHo-
ATOMY B pacyer CJeQyeT BBOJUTHh MOKAa3aTeJM MPOYHOCTH, 3aJaHHBIEC C
OIPEACIEHHON HAJIC)KHOCTBIO.
HopmaTuBHOE 3HaueHHE KyOMKOBOW MPOYHOCTU OE€TOHA — 3TO MOKa-
3aTeJIb MPOYHOCTH, 3aJJaHHBIN C HaekHOCThIO 0,95, T.€.
R,= Ru(1—1,640), (2.13)
rae R, — cpeaHecTaTUCTUYECKass MPOYHOCTh O€TOHA; L — KO3 PUIIUEHT
Bapualuy (M3MEHYMBOCTH) MPOYHOCTH OETOHA, MPUHUMAEMBbIN
JUIs OOBIYHOTO TSDKEJNOro 0eToHa M OETOHOB Ha MOPUCTHIX 3a-
noJHuTeNsIX paBHbeim 0,135.

30



[Ipu olieHKE HW3MEHYMBOCTH H3Yy4aeMOro CBOWCTBa (HampuMmep,
MPOYHOCTH OETOHA) HEJOCTATOYHO 3HATh A0OCOJIIOTHYIO BEJIMYMHY CTaH-
aapta S, IMEIOILEro Ty K€ pa3MepHOCTb, YTO M MOKA3aTellb W3y4aeMoro
cBoiicTBa. HeoOXOMMMO YCTaHOBHUTH TaKX€ OTHOCUTEIBHYIO W3MEHYH-
BOCTb ATOT0 CBOMCTBA, T.€. BBIYUCIUTH KOAP(HUIIMEHT U3MEHYMBOCTHU (Ba-

puanuu) — 6e3pa3MepHbIi TOKa3aTeNb:

S
L=—.
R

B teopun BEpOSITHOCTH AOKa3aHO, 4TO HE MeHee 68,3% Bcex HUCTbI-
TaHHBIX OOpa3IOB MOKAXKYT MPOYHOCTh B mpexaenax R, =+ S; He MeHee
97,7 — Rnx2S, a 99,7% — R, £3S (NpakTUYeCKH YJIOXKHUTCA BCE KO-
JUYECTBO).

CoObITHE cunTaeTCAd MPAKTUYECKU HEBEPOSATHBIM, €CJIM OHO MPOSB-
nsietcs pexe Tpex pa3 Ha 1000 ciyyaes. CnenoBarensHo, R, — 35 — npak-
TUYECKU BO3MOXKHBIA Npeesl CHUKEHUS NpOYyHOCTU. O TakoWl BETUYUHE
TOBOPST, YTO OHA 3aJlaHa C HaJCKHOCTHIO (BEpOsITHOCTHIO) 0,997.

Knaccor 6emona no npounocmu ma cocamue, o003Ha4aeMble B, co-
OTBETCTBYIOT TapaHTUPYEMOW MpOYHOCTH ¢ obecrnedeHHocThio 0,95 u
YUCJIEHHO paBHbI HOPMATUBHOW KyOUKOBOM MPOYHOCTHU R, ONpEaeasieMOn
o ¢opmyiie (2.13). Knacc 6eTona no nmpoyHOCTH, WK HOPMATUBHOE CO-
MPOTUBJICHUE, SIBIAECTCS 0a3UCHOM (KOHTPOJMPYEMOI) XapaKTEepUCTUKON
oetona. OHa yKa3pIBaeTCS Ha paOOUYMX dYepTekax M3JACIUNA M JOJDKHA
o0ecrneunBaThCA MPU UX U3TOTOBJICHUM.

[TosyyeHne 3agaHHOrO 3Ha4YeHus R, win B 3aBUCUT OT R, u
v — cM. opmyay (2.13).

Ha npennpusiTusix ¢ XOpoIio OpraHu30BaHHBIM MPOU3BOACTBOM, T/€
M3TOTaBIMBAIOT OETOH C BBICOKOW OJHOPOJHOCTHIO (HU3KUM 3HAUYCHHEM
KO3 (DUITMEHTa U3MEHYHUBOCTH V), CPEIHIOI0 MPOYHOCTh R, MOXKHO CHH-
3UTh, YTO MO3BOJIUT YMEHBIIUTH PACXO]] IeMEeHTa. Eciin ke BhIlyCKaeMbIi
npeAnpusITUEM OETOH UMEET OOJIBIIYI0 U3MEHYUBOCTh MPOYHOCTHU, TO JIJIS
obecrieueHusi TpeOYyEeMbIX 3HAYEHUN HOPMATUBHOUW MPOYHOCTU M MOKa3a-
TEJS HAJEKHOCTH MPUJIETCA MOBBICUTH CPEIHIOI0 MPOYHOCTh OETOHA, UTO
BBI3OBET MEPEPACXO/I LIEMEHTA.
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[Ipu xosdduimente m3menuuBoctu v = 0,135, cormacHo dopmy-
ne (2.13), R, = 0,78R,,. Ecu sxe v= 0,07, To 11 MOJy4YEHUS TEX K€ 3Ha-
YEHUHI HOPMATHUBHOI'O COIMPOTHBJICHUS R, CPEIHSS IPOYHOCTH MOXKET
OBITh MEHBIIIE, T.€. Ry < R, (puc. 2.8):

Rin1 = 1—1.?2-0.07 - 1—01..76841?(1;.107 = 0.88Ry, .
[Ipu v = 0,2 nonyunm R,2> R, .
0.78R,,
Rm2 =1 76400z = " 14Rm

T.€. B 3TOM CJIy4yae M3-3a BBICOKOTO 3HaYeHUs KOdp(DUIIMEHTa N3MEHYUBO-
CTHU CPEJHIOI0 MPOYHOCTh OETOHA MPUXOIUTCS MOBBIIIATS.

ve=13,5%

Yacmoma cnyvaes, %

Rn,=0, FSRm|

2 R
ij i H’SSRM

Rm3=1,14Rn

W

.

L

Puc.2.8. KpuBbie HOpMaJIbHOTO pacipezesieH sl MPU pa3IndHbIX KodddunnenTax
BapHally V U COOTBETCTBYIOUINE 3HAUYCHHS CPeIHEN IPOYHOCTH OeTOHA R,
O6CCHC‘H/IBaIOH_II/IC MOJIYUYCHUC 3a/ITaHHOTO HOPMAJIbHOT'O COIIPOTHUBIICHUA Rn
HopMaTtuBHbBIE CONPOTUBIICHUS OETOHHBIX NPHU3M CXaTUIO Rp, U

OCEBOMY PACTSHKEHUIO Rps, (IPU OTCYTCTBUU KOHTPOJIS MYyTEM MCIBITAHUS
Ha pacTsKEHUE) MPUHUMAIOT B 3aBUCHMOCTH OT KYOHMKOBOUW MPOYHOCTH

O0etoHa. Ecnu ke Mpo4yHOCTh OE€TOHA HA PACTSHKEHHE KOHTPOJIUPYETCS
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HEMOCPEACTBEHHBIM HCHIBITAHHEM 00pa3I0B, TO HOPMATUBHOE COMPOTUB-
JieHrue OeTOHAa OCEBOMY PaCTSKEHUIO

R = Rpm(1—1,640), (2.14)
r71€ Rpim - CPEIHSISI IPOYHOCTH OETOHA HA PACTXKEHHUE.

Kiacc 6eToHa 1Mo MPOYHOCTH HA CXKATHE B yCTaHABIMBAIOT IO pe-
3yJIbTaTaM HUCIbITAHUNA OETOHHBIX KyOWKOB ¢ pedbpom 15 cm mocne 28-
CyTOYHOro xpaHeHuss npu Ttemneparype 20+ 2°C 1 OTHOCHUTEIBHOU
BJIAYKHOCTH CpeAbl HE HIKE 95% ¢ ydyeToM CTaTUCTHUYECKOM M3MEHYHMBO-
CTU IPOYHOCTH.

JIJist GETOHHBIX U KeJIe300€TOHHBIX KOHCTPYKUMA U3 OOBIYHBIX TS-
KeJIbIX OETOHOB MPEAYCMOTPEHBI CIAEAYIOIIME KJIAcChl MO MPOYHOCTU Ha
cxkarue: B3.5; B5; B7,5; B10; B12.5; B15; B20; B25; B30; B35; B40;
B45; B50; B55; B60; B70; B80; B50; B100.

JL1st Kene300€ TOHHBIX KOHCTPYKIIMKM U3 TSHKEJIoro OeToHa He JI0IycC-
KaeTcst 0eToH Kiacca Hke B15. [l skene300€TOHHBIX CKAThIX CTEPIKHE-
BBIX 3JIEMEHTOB PEKOMEHAYETCS MPUHSTH OETOH Kilacca He Hike B25.

Knaccvr 6emona no npounocmu na ocegoe pacmsdicenue B, ancien-
HO paBHbl HOPMATUBHBIM CONPOTHUBIICHUSM, ONPEIEIIEMbIM MO (PopMy-
ae (2.14), T.e. MPOYHOCTU HA OCEBOE PACTSHKEHUE, 3aJJaHHOM ¢ 00ecTIeUeH-
HOCTBIO 0,95.

Kiacc 6eToHa Mo MpOYHOCTH Ha OCEBOE PACTSHKEHUE B PsIIE COOPY-
KEHUU, B YACTHOCTU THAPOTEXHUYECKUX, SIBISIETCS OCHOBHOM XapaKTepu-
CTUKOM TPOYHOCTH OETOHA, KOTOPYIO 3aJal0T ¢ obecreueHHocThio 0,95.
YcraHOBIIEHBI ClleyIOIME KIAcChl O€TOHA MO MPOYHOCTH HA OCEBOE pac-
TsokeHue: B(0,8; Bil,2; B:l,6; B2,0; Bi2,.4; B2,8; B:3,2; Bt3,6; Bt4,0;
Bt4,4; Bt4,8.

Wx BbIOMpAIOT B 3aBUCUMOCTH OT HA3HAYEHUSI KOHCTPYKIIUU U yCIIO-
BHIl ee JKCIUTyaTallud Ha OCHOBAaHHUU TEXHHKO-3KOHOMHYECKHX COO0Opa-
KECHUMU.

Mapxa bemona no cpeoneu ni1omHocmuy OTBEYAET CPEAHEH MIIOTHO-
cTU OETOHA B BBICYIIEHHOM COCTOSHUU B k2/Mm°>. JIs JIerkux OETOHOB Ha
MOPUCTHIX 3AMOJHUTEIISIX MapKy O€TOHA M0 IIOTHOCTH JIeXKaT B Mpeeiax
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D800 — D2000 c¢ wmnrepBanom 100. Ilpu mnotnoctu Beime 2000 o
2200 x2/m> GETOHBI OTHOCAT K 00JIerdeHHbIM, a mpu 6onee 2200 xke/m® — K
TSIKEITBIM.

Mapxa 6emona no Mopo30CmoUKOCmMuU XapaKTEPU3yeT KOJIUYECTBO
[MKJIOB MOMEPEMEHHOr0 3aMOPaXMBAaHUSI U OTTAWBaHUSI B HACHIIIEHHOM
BOJIOM COCTOSIHUU, KOTOPOE€ BBIJAEPKHUBAIOT 00pa3ipl. s Tspkenoro Oe-
TOHA YCTAHOBJICHBI CIEAYIOIIME MApKU Mo Mopo3octoukoctu: F50; F75;
F100; F150; F200; F300; F400; F500; F600; F800; F1000.

Mapxa 6emona no 6000HenpoHUyaemMocmu 3aBUCUT OT CTEIIEHU BO-
JOHEenpoHHIIaeMocTH OeToHa. C MOBBIIICHHEM MapOK BETUYUHBI KO3 (PPu-
UUEHTOB (uibTpanuu Ky YMEHbBIIAIOTCS. Y CTAHOBIICHBI CIIEAYIOUIUE Map-
KU OeToHa Mo BojoHenpoHuriaeMoctu: W2; W4; W6; WS8; W10; W12;
W14; W16; W18; W20.

2.2. Apmarypa

2.2.1. Buasl 1 MexaHndyeckue CBOMCTBA
CTAJIbHOM apMaTypbl

Apmarypa Kene300€TOHHBIX KOHCTPYKIIMH COCTOMT U3 padbouux
CTEP>KHEH, KOTOpbIE MpEJHA3HAYEHBI JI1 BOCIPUHATHUS JIEUCTBYIOUIUX
YCUJIUH, U CTEPKHEW MOHTAXKHBIX, CIyXaIUX JJi1 00pa3oBaHHS U3 OT-
JENbHBIX CTEPKHEH apMaTypHBIX CETOK WM KapKacoB. ApmaTypa MOXKET
OBITH TJIAJIKOM WM Tiepuogudeckoro mpoduis (puc.2.9 u 2.10).

MexaHnuecKkue CBOWCTBA ApMAaTyPHBIX CTaJICW 3aBUCAT OT TEXHOJO-
MU U3TOTOBJICHUS apMaTyphl 1 XUMUYECKOTO COCTaBa CTalu.

BpemenHoe comnpoTuBieHUE 4HCTOro kene3a ((eppurta) cpaBHU-
TEJIBbHO HEBEJIMKO, a YIJIMHEHHUE MPU pa3pbiB€ 3HAYUTEIBHO. UTOOBI MOBBI-
CUTbh MPOYHOCTh CTAJIM U YMEHBIIUTh OTHOCUTENBHYIO AedopMalluio, B €€
coctaB BBOJAT yriepon (0,2-0,4%) u nerupyromnue 100aBKU (Maprasell,
KpeMHHH, XpoM U Jip.) B konudectBe 0,6-2%. DTUM JOCTHTaeTcs cylue-
CTBEHHOE€ YBEJIMUYEHUE MPOYHOCTU CTaJIU, HO CHMXKAETCS MJIACTUYHOCTh U
CBApUBAECMOCTb.
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Puc.2.10. IIpoBonounas (a) v kaHaTHas (0) apMarypa:

1 — BUII CO CTOPOHBI BMSATHH; 2 — BUJI C TJIAJIKONH CTOPOHBI

ApMartypy BBIITYCKAIOT B BUJI€ XOJOJAHOTSAHYTON MPOBOJIOKU U3 HU3-
KoyriaepoaucTo cranu (apmarypa kmaccoB B500, Bp500, Bpl1200 —
Bp1600), apmaTtypHbix kanatoB (apmatypa kiaccoB K1400 — K1900) u B
BH/JI€ IPOKATHBIX CTEP>KHEH (IIPYTKOB).

ApMaTypHBIi IPOKAT KJIACCUDUIINPYIOT:

— [0 Ha3HAYEHUIO: NI apMUPOBAHUSA COOPHBIX KEIE300€TOHHBIX
KOHCTPYKIIMI U BO3BEJICHUS MOHOJIMTHOTO K€JIe300€TOHA B 3aBUCUMOCTH
OT ypoBHsS mpenena Tekyuectd op (0p,), H/MM?, — mo kmaccam: A240,
A400, A500, A600; nnst apMUpPOBaHHS TPEABAPUTEIILHO-HATIPSKEHHBIX
KEJIe300€ TOHHBIX KOHCTPYKIIUM B 3aBUCHMOCTU OT YPOBHS Mpejeia TeKy-
uectn o7 (0y,), H/MMm?, — o knaccam: An600, A800, A1000.

— 10 KOH(UTypauu nepuogudeckoro nmpodus (cm. puc. 2.9).

Kiaccuuiupyrot mpokart mo COCTOSHHUIO TTOCTaBKHU (B MPyTKaxX WA
B MOTKax), 10 HaOOpy TEXHUYECKUX TPEOOBAHUM, MO JOMOJHUTEIHHBIM
TpeOoBaHUsAM (CBAPUBAEMOCTh, KATErOPUU IUIACTUYHOCTU, CTOWKOCTHU
MPOTUB KOPPO3MOHHOTO PACTPECKUBAHUS, BBIHOCIMBOCTU MPU MHOTO-
KpPaTHO MOBTOPSIIOLIUXCS IUKJIMYECKUX Harpy3Kax u T.1.).
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[Io reomeTpuyeckuM mHapameTpam pa3auyaroT apMaTypy TJIaJIKOro
npoduns (kacc A240) u nepuoanyeckoro npoduis (kmacc: A400, AS00,
A600, An600, A800 u A1000). IIpokar kmacco A240, A400, A500,
A600 nu An600 nmocraBistoT B npyTKax U MoTKax. [Ipokar knaccoB A800
n A1000 — B mpytkax. IIpoBonounas apmarypa kiaccoB B500, Bp500,
Bp1200 — Bpl1600 u xanatsl knaccoB K1400 — K1900 nocrasisitorcst B
MOTKaX.

Msrkue ropsuekaTanbie ctainu (Hampumep, ctaib Mapok Ct3, Cr5,
2512C u gp.) UMET, KaKk TMpaBWIO, Ha JHarpaMMe G — € IUIOIIAAKy
tekydectd (BC) u oTiMyaroTCsl 3HAYUTENbHBIMU YJIMHEHUSIMUA TIPU pa3-
pbIBE € (puc. 2.11, xpuBas 2), nocturaromnmumu 15-25%.

Puc.2.11. XapakrepHble quarpaMMbl pacTsKEHHUS CTAIbHOM apMaTyphbl:
| — npy HaNMYMK MJIOWIAAKU TEKYYECTH; 2 — IPU OTCYTCTBUH;
3 — ynpOYHEHHOM BBITSKKOU

K TBepIbIM OTHOCATCS CTalu XOJOIHOACHOPMHUPOBAHHBIC (BBITSIK-
Ka, BOJIOYCHHE, CIUIIOMIMBAHUE WM T.OI.) W TEPMHUYCCKH YIPOYHCHHBIS
(marpeBanue 10 800°C, ObICTpo€ OXJaXJIE€HHE B Macjie U OTIYCK
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B cBUHIIOBOM BanHe npu 500°C). [lnarpamma ¢ — € JJIsl TAaKUX CTajed He
MMEET IUIOMAAKu TekydyecTu (puc.2.11, kpuBas 2); OTHOCUTEIbHBIE
yAJIMHEHUS 1IpU pa3pbiBe MaJbl (3-5%), pa3pylieHre NPOUCXOAUT XPYIIKO.
JInst TakuX cTajiel B KA4€CTBE YCJIOBHOTO MpeAeia TEKy4eCTH YCTaHOBJIE-
HO HaIpsKEHUE G2, IPU KOTOPOM OCTATOYHOE yyIMHEHHE paBHO 0,2%.

VYrpouHeHue cTanu XOJOJHbIM 1e(OPMUPOBAHMEM OCHOBAHO Ha SIB-
JIEHWM HAKJIeINa — MOBBIIICHUH MIPEeJieya YIPYroCTH U MPEAesa TEKyYeCTH
Gel B pPE3yJNbTaTE 3arpyKEHUs CTadu 10 HANPSKEHUWA, MPEBBIIIAIOIINX
Mpeaes TEKYYECTH Gy U PA3rPy3KH, BCIEACTBHE YErO0 MPOUCXOJIUT U3ME-
HEHHUE KPUCTAIUIMYECKOM CTPYKTYpPbI MeTaiia. Eciiy 1oBecTH HANpsKEHUE
B CTalu JO0 G >GCp, TO Tocie pasrpy3ku (ydactok KO; kpuBas 3 Ha
puc 2.11) B 00pa3iie coXpaHstoTCsl OCTaTOUHbIE Aedopmainu €, [Ipu no-
BTOPHOM 3arpy’KC€HUM HOBAsl JIMHUS AUArPaMMBI COJBETCS C JIMHUEH pas-
IPY3KH BIUIOTH A0 TOYKU K, COOTBETCTBYIONIEN HANPSIKEHUIO Gy, T.€. IPO-
M30MIET MOBBILICHUE NPEAENA YIPYTOCTU C G 10 Gx. C TEUEHHEM Bpeme-
HU, BCJICJICTBUE TAK HA3bIBAEMOI'O CTApPEHUS CTAJIM, MPOU30UIET HEKOTO-
po€ MOBBILIEHUE MPEACIIOB YIPYrocTH (TOUKU K;) U mpejena NpoYHOCTH.
Takum oOpa3zoM, X0JI0AHBIM JehOpMUPOBAHUEM (HAIIPUMED, BBITSIHKKOM)
MOYKHO CYILIECTBEHHO MOBBICUTH NPEAEI YIIPYTOCTH U MPEAET TEKYUECTH
MSTKOU CTaJu.

IIpu HarpeBe apMaTypHBIX CTAJIEH WX MPOYHOCTH CYIIECTBEHHO M3-
MeHsieTcsl. OCOOEHHO YyBCTBUTEIIBHBI K MOBBIIIEHUIO TEMIIEPATYPhI CTalu
xosiogHoaepopmupoBannbie: pu HarpeBanuu Bbie 300-400°C onu Te-
PAIOT HAKJIEN W MPU JAIBHEWIIEM MOBBIIIEHUH TEMIIEPATYPHI MPOYHOCTH
VX 3HAYUTEJIBHO CHIKAETCA. [ opsAdeKkaTaHble CTalld IIPU HArPEBAaHUU [0
300°C HE TONBKO HE TEPSAIOT HAYAIBHYIO IMPOYHOCTh, HO JAXKE YIPOYHS-
10TCs (HanmpuMmep, ctaiib kiacca A400); ogHAKO TPU MOBBIIICHUH TEMIIe-
patypsl cBbilie 400°C MpOYHOCTh UX TAKKE CHUKACTCSL.

IIpu ucnbITaHUKA apMaTypPHBIX CTEPKHENM HA OCEBOE PACTSHKEHHUE B
Pa3pbIBHBIX MAallMHAX YCTAHABJIMBAKOTCS CIECAYIOIIME OCHOBHBIE MEXAHU-
YECKUE XapaKTEPUCTUKHU apMaTypPHBIX CTAJICH:
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— YCJIOBHBIM IPEAEN YIPYTOCTH 0,02 — HAPSIKEHHUE, IPA KOTOPOM
OTKJIOHEHHE JaedhopMalvii OT JIMHEHHON 3aBUCUMOCTU Gy — € JOCTUTAET
0,02 %;

— (u3nYecKuid Npeaen TEeKy4YeCTH 0y — HaUMEHbIIee HanpsHKEHUE,
npu KoTopoMm JedopMalid apMmaTypbl BO3pacTaiOT 0€3 yBEIUYECHUS
HANPSDKCHUN,

— YCJOBHBIM MPENEN TEKYUECTH 0> — HAIMPSHKEHUE, IPU KOTOPOM
ocTaTo4Has Jedopmalius mocie nojHon pasrpysku cocrasiser 0,2%;

— BPEMEHHOE CONPOTHUBJIEHUE 0, — HaAWOOJIblllee HaNpPsHKEHUE,
MPEIMECTBYIOLIEE PA3PYLICHUIO CTEPKHS;

— OTHOCUTEIIbHOE PaBHOMEPHOE YIJMHEHUE Op — U3MEHEHHUE pac-
YETHOM JUIMHBI 00pa3lia Ha y4yacTKe, HE BKJIIOYAIOIIEM MECTO pPa3phiBa,
BBIPAKEHHOE B % OT IIEPBOHAYAIIBHON pACUETHOM JJIMHBI;

— OTHOCHUTENBHOE YJIMHEHHWE TOCJE pa3pbiBa o, % — HU3MEHEHHE
pacyeTHON MMHbBI 00pasiia, B Ipeiesiax KOTOPOM MPOU30IIIEIT Pa3phIB;

— B 3aBUCHUMOCTHU OT BEJIMYMHBI PACUETHOM JUIMHBI K OYyKBE O JI0-
OaBJsIeTCSl MHJIEKC, Hanpumep npu [ = 5d nedopmaiiusi 0003HaYaETCs Os.

2.2.2. ApMatypHbI€ U3, 3aKIaIHBIC ICTAN
Y CTBIKH apMaTyphl

JIist apMupoBaHus xKeIe300€TOHHBIX KOHCTPYKIMA MPUHUMAIOT ap-
MaTypHbI€ U3/I€JIMA B BUJIE€ CBAPHBIX CETOK M KapKacOB, U3TOTOBIISIEMBIX B
exax cO CHEHHAIM3UPOBAHHBIM OOOpYJOBAaHUEM [IJIs MPABKH, PE3KH,
THYTbS, BBITSKKA U CBApPKU apMaTyphI.

CBapHble pyJIOHHBIE U TIJIOCKUE CETKH JJIsl apMUPOBAHUS TUIUT U3TO-
TOBJISIFOT U3 OOBIKHOBEHHOUW apMaTypHOU (XOJOJHOTSHYTOM) MPOBOJIOKHU
auaMeTpoMm 3-5 mm U ru3 ropsiuekaraHon cranm kiacca A240 u A400 nua-
MetpoM 6-10 mm (puc. 2.12). B MacCUBHBIX KOHCTPYKLHMSIX HPUMEHSIOT
TaK>Ke TJIOCKUE CBApHBIE CETKHU, U3TOTOBJISIEMBIE U3 CTEPKHEN JUaMETPOM
oosiee 10 mm. B pyJIOHHBIX CeTKax IMaMeTp MPOJOIbHBIX CTEpKHEH He
JIOJDKEH MPEBBIIIATH 5 MM. B MecTax ImepecedeHni BCE CTEPHKHHU CETOK
COCIUHAIOTCS KOHTAKTHON TOYEYHOU IJIEKTPOCBAPKOM.
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Puc. 2.12. CBapHble apMaTypHbIE CETKU:
a — pyJIOHHAS;, 6 — TIJIOCKAst
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Puc. 2.13. CBapHble apMaTypHbIE U3ETHS:
1, 2 — cBapka
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JIJist apMHUpOBaHUS JIMHEWHBIX 3JIEMEHTOB (0ajioK, KOJIOHH) MpUMe-
HAIOT IPOCTPAHCTBEHHBIE KapKachl, 00pa3yeMble MJIOCKUMH CETKaMH TUIA
«ieceHkay (puc. 2.13, a, 6, 6) U3 NPOJOJILHBIX U MOMEPEUYHBIX CTEPHKHEN.
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[IpofonbHBIE CTEPKHU PACOaraloT B TaKMX CETKaxX JIMOO C OJHOM
cTopoHbl (puc. 2.13, 2, orc, u), mubo ¢ aByx ctopoH (puc.2.1430,3), B
oauH (puc. 2.13, e, 0) unu B 1Ba psaga (puc. 2.14, o, 3, u) o BoicoTe. [Ipu
OJIHOCTOPOHHEM PAaCIOJIOKEHUH MPOAOJbHBIE CTEPKHU MOXHO YCTaHaB-
JUBATh BIUIOTHYIO JIPYT K JAPYTY, CKpenuB uX cBapkou (puc. 2.13, g, u).
JIJist yMEHBIIIEHUS IIUPUHBI 0AJIOK JIBE TNIOCKUE CETKU MOKHO OOBEIMHSITh
JyroBoM cBapkoi B ojHy (puc. 2.13, e). Ilnockue cetku 0ObEUHSAIOT JIJIs
ya00CTBa TPAHCIIOPTUPOBAHUSI U MOHTaXka B MPOCTPAHCTBEHHBIE KAPKAChI
(puc. 2.13, x).

CooTHOIIIEHUE TUaMETPOB MPOJIOIbHBIX U IMOMEPEYHBIX CTEPIKHEH
CBApPHBIX CETOK, M3rOTABJIMBAEMbIX HA MAlIWHAX JUIsI TOUEYHON KOHTAKT-
HOM CBapKH, JIOJKHO OBITh HE 00JIee YeThIpeX.

[Ipu nmpuMeHEHUHN CBAapHBIX CETOK M KapKacoB Ojarojapsi coeauHe-
HUIO CTEPKHEHM B MECTax IEPECEYCHUMN DIIEKTPOCBAPKOW HJOCTUTAETCS
HaJIe’KHask aHKEpPOBKa apMatypbl B OeroHe. [Ipu apmupoBanuu xe OT-
JEIbHBIMU CTEP>KHAMH WJIM BA3aHBIMU CETKAMH W KapKacaMu aHKEpOBKa
OKa3bIBAETCS JIOCTATOYHO HAJCKHOW, €CJIM MPUMEHEHA apMaTypa Mepuo-
JTUYECKOTo MPodUIs.

B ciiyyae mpuMeHeHuUsl TTIaJIKOW apMaTypbl KOHIbI CTEp>KHEW HEOoO-
XOJMMO CHa0XaTh KPIOKaAMH.

2.3. OcHOBHBIC CBOHCTBA JKeJIe300eTOHA

CBoiicTBa Xeye300€TOHa 3aBUCAT HE TOJIBKO OT CBOWMCTB O€TOHA U
apMaTypbl, HO Tak)Ke OT KOJIMYECTBA apMaTypbl, €€ pa3MElIeHUs] B KOH-
CTPYKIMH, HAJTUYKS IPEIBAPUTEIIBHOTO HAMPSHKEHUS U T.1.

OObIuHbIN kene300eToH (0e3 MpeBapUTEIBLHOIO HANPSHKEHUs) 00-
JajaeT HU3KOM TPEeIMHOCTOMKOCThI0. Hanpumep, B 0ankax mpu Harpyske,
coctaBiisitoieit Bcero 0,2—0,3 pazpyiiaroiieii, B pacTsHyTOM 30He O€TOHA
yxKe 00pa3yroTcsi TpelUHbl. TpeluHbl B 3Kene300eTOHE B OOJIBIIMHCTBE
CJIy4aeB HE MPEMNSTCTBYIOT HOPMAIbHOW AKCILUTyaTallud KOHCTPYKIIUH, €C-
JU K HUM HE TPEAbSIBISIOTCS TPEeOOBaHUS BOJOHENPOHUIIAEMOCTH WIIU
MOBBIIIEHHON KOPPO3UOHHOM CTOMKOCTU. TPEnmHOCTOMKOCTD Kene300e-
TOHA YBEJIUYUBACTCA MPH PACCPEIOTOYECHHOM (JAMCIEPCHOM) apMHUPOBa-
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HUU (4aCTOM PaCHOJIOKCHHH apMaTypbl MajlbIX TUaMeTpoB). Pamukais-
HBIM CPEJCTBOM YBEIMYCHUS TPEUTUHOCTOWKOCTHU SIBISIETCS] IPUMEHEHUE
MPEIBAPUTEIHLHOTO HAMPSHKEHUS KOHCTPYKITHI.

CuenieHue apMaTypbl ¢ OETOHOM 00ECIeUrBAETCS CBSI3bIO apMaTy-
pBI C IIEMEHTHBIM KaMHEM, CHJIAMU TPEHHS, BOSHUKAIOIMMMHU Oyiaromaps
00KaTHI0 apMaTypbl OETOHOM MPHU €ro yCaake U OCOOCHHO COMPOTHUBIIE-
HUEM OeTOHa cpe3y MpY HAJMYWU BBICTYTIOB HA MOBEPXHOCTH apMaTypBhl.
Cueruienre apMatypbl IEPUOJIMYECKOro Mpoduias ¢ OeToHOM B 2-3 pasa
BBIIIIE, YEM apMaTyPhI TJIAJKOTO TPpOoduIs.

[Ipu BeIIEpTHBAaHUU CTEPKHSA U3 OETOHA KacaTelbHbIC HAMPSIKCHUS
CIETUICHHUSI Tc; PACTIPEIEIISIFOTCS BJOIh CTEPXKHSI HEPABHOMEPHO, TOCTHUTAS
HAWOOJBIINX 3HAYCHUU Ty yaxe HA HEKOTOPOM PACCTOSIHUM OT Hadania 3a-
nenku crepxHs (puc. 2.14). Cpennee (YCIOBHOE) HaNpsHKEHUE CIETIICHUS
OTPEACIISIOT 1Mo opMyJie

Ten, yen — P/UIB’
71 U — IEPUMETP CTEPKHS; [3 — ITTMHA €TO0 3a7CIIKH.

Puc. 2.14. Pacnionoxenue Hanps>KeHUN CUEIUICHUS

IIPU BBIEPTUBAHNY CTEPXKHS U3 OeTOHA

C yMEHBUIEHHEM NEPUMETPA U CONMPOTUBIICHUE CTEPKHS CKOJIbIKE-
HUIO YBEJIMYUBAETCS, YTO MOBBIIIAET TPEUIMHOCTOMKOCTD KeJie300€TOHa.
VYBenuueHue NIUHBI 33JIeTIKU CTEPXKHS [3 10 ONpeIeIEHHOTo Mpeena Be-
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JET K YMEHBIIECHUIO T¢y, OJHAKO mOpu /3> (15+20)d conpoTuBieHUE BbI-
JEPrUBaHUIO MPAKTUYECKU OCTACTCS HEU3MEHHBIM.

ConpoTUBIEHUE CKOJBXKEHUIO CXKATOTO CTEP>KHS (IIPU BBITAJIKWBA-
HUW) HECKOJBKO BBIIIE, YEM IMPHU BBIACPTUBAHUM, O1arojapsi yBeJIUUEHUIO
MONEPEYHOTO CEUCHUS CTEPKHS MIPU CIKATHH.

ConpoTUBIEHUE CABUTY CTEP>KHS B OETOHE BO3pPACTaeT C IMOBBIIIIE-
HUEM MPOYHOCTH, IJIOTHOCTA U BO3pacTa OETOHA, COJEPKaHUS B HEM Iie-
MEHTa U T.n. B cpenneM st 0ObIYHBIX OETOHOB C apMaTypoul TJIaJIKOro
npoPUIIst Ty yen = 2,5 — 4 Mlla, a ¢ apMaTypoil TIEPUOIMIECKOrO IPODH-
T Ty, yen > 1 Mlla.

brnarogaps cuemnsieHuto apmatypa U OCTOH B HArpy>X€HHOW KOH-
CTPYKIMHU Je(POPMUPYIOTCS COBMECTHO; MEKy HUMHU MOCTOSIHHO IMPOUC-
XOJIUT TepepacipeieiCcHie BHYTPEHHUX YCUIIMNA B COOTBETCTBUM C YNpY-
roIiacCTU4eCKUMU U (PU3NYECKUMU CBOMCTBaMHM OeToHa W cranu. Bemnu-
YUHBI YCAJKA U TOJ3YYECTH JKEJIE300€TOHA OKa3bIBAIOTCS 3HAYUTEIHHO
MEHBIIIMMH, YEM B HEAPMHUPOBAHHOM OETOHE, Ojarojiaps CLEIUICHUIO Oe-
TOHA C apMaTypOH, NPEMSATCTBYIONIECH PA3BUTHIO YCAJKH U MOJI3YYECTH.

AHKEpOBKY apMaTyphbl (3aKperyieHUe CTepXHS MO KOHIIAM KeJe30-
OCTOHHOTO 3JIEMEHTA) OCYILECTBJISIOT OJHUM M3 CJICAYIOIIHUX CIOCOOOB
WJIM UX COYETAaHUEM: B BUJIE MPSMOTO0 OKOHUYAHUS CTEPKHA (MpsiMasi aHKe-
pOBKa); ¢ 3aru0OM Ha KOHIIE B BUJIC KPIOKa, OTruda (JIarnku) Wil NeTu;
MPUBAPKOW JIOMOJIHUTENIbHBIX TOMEPEYHbIX CTEPKHEH; MPUMEHEHHEM
CHELUAIIbHBIX aHKEPHBIX YCTPOMCTB HAa KOHIIE CTEpP>KHA (IUIACTUH, IIaiO0,
raek, BhICA)KEHHBIX T'OJIOBOK U T.IL.). [IpsiMyt0 aHKEpOBKY M aHKEPOBKY C
JanKaMu JOIMYCKAETCS MPUMEHSATh TOJIBKO JJI apMaTypbl IEPUOIAYECKO-
ro npoguis.

[IpoonbHBIE CTEPKHU PACTIHYTOM M CXXATOW apMaTyphbl JOJDKHBI
OBITH 3aBE/ICHBI 32 HOPMAJIbHOE K MPOJOJIbHOW OCH 3JIEMEHTa CEYEHHUE, B
KOTOPOM OHHM YYacTBYIOT C IOJHBIM PACUETHBIM COINPOTUBJICHUEM Ha
JUIMHY HE MEHee [an.

TpeOyemyro pacueTHyIO JJIMHY aHKEPOBKH OMPEAEIISIIOT MO (hopmyJie

As ca
lan =&y lO,an Tefl; (2-15)
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0azoBasi (OCHOBHAasl) [IJIMHAa AaHKEPOBKHU BBIYUCIISCTCS CJSTYIOIIUM
00pazoM:

l — RSAS
0.an RpoundUs’
A€ Asca M Aser — TIIIOWIAAN TIONIEPEYHOIO CEYEHHS apMaTypbl IO PACUETY

U (pakTHUUECKU yCTaHOBJEHHAS, Rpong — PACUETHOE CO-

(2.16)

MPOTUBIICHUE CIETUICHUSI apMaTyphl ¢ OETOHOM, TpH-
HUMaeMO€ PaBHOMEPHO PacHpe/IeIEHHBIM 0 JJIMHE aH-
KEPOBKHM U ompeaenseMoe o hopmyie
Rpona = N1M2Rpe-
KoaddummenTst #; u 7, 3aBUCAT OT BHUIa apMaTyphl U €€ AuameTpa, a Ko-
3hPUIMEHT X, YUYUTHIBACT BIMSHHUE HAMPSHKEHHOTO COCTOSHUS OCTOHA U
apMaTypsl (11 pacTSIHYThIX cTepkHeH o<;=1,0, msa cxaTthix — <;=0,75).

B nmo6om ciyuae pakThuecKyro JUIMHY aHKEPOBKM MPUHUMAIOT HE
MeHee 15 nuaMmeTpoB cTepxHs U HE MeHee 200 MM, a JJ1s1 HeHaIpsSTaeMbIX
crepxkHen Taxoke He Menee 0,31 4.

Ycaaka u Ha0yxaHue xej1e300eTOHA TPUMEPHO BIIBOEC HHMXKE, YEM
oetona (cM. puc. 2.6). [Ipu ycagke 6eToHa B apMarype, MpensTCTBYIONICH
€€ Pa3BUTHIO, BOSHUKAIOT CXKUMAIOIIME HATPSHKEHUS, a B OETOHE — pacTs-
TUBAIONIMEe. BennunHbl pacTATMBAOMINX HANPSOKCHUN B OCTOHE 3aBUCST
OT yCaJKH, KOJMIECTBA apMaTyphl U XapakTepa apmupoBanus. C yBenu-
YeHHEM KOJIMYECTBAa apMaTyphl PacTITUBAIOIINE HATIPSDKCHUSI B OETOHE OT
yCaJKu BO3pacTarT. [Ipy HECUMMETpHYHOM apMUPOBAHHUH AJIEMEHT 0]
JeUCTBUEM ycaJku O€TOHAa M3rubaercs Tak, 4TO B OETOHE CO CTOPOHBI
pacroJiokeHusi 0oJjiee MOIIHOM apMaTypbl BO3HUKAIOT PACTATHUBAIOLIUE
HAIPSHKCHUS, KOTOPBIE CKJIAJBIBAIOTCS C PACTATUBAIOIINMU HAMPSHKEHUS-
MU OT BHEIIHEW HArpy3KH, YTO MPHUBOIUT K OOJiee paHHEMY MOSIBICHHIO
TpeuH B 6eToHe. OHAKO B CTaIUU Pa3pyILICHUS FJIEMEHTa, Korja 0eToOH
PaCTSHYTON 30HBI WCIEHIPEH TPEIIMHAMHU, BIUSHUE HAYAIbHBIX yCaJ0d-
HBIX HaIpsDKCHUH Ha TPEIETbHYI0 MPOYHOCTh BHEITHE CTATUYECKU OTIpe-
JICTMMOTO 3JIEMEHTA MPAKTUYECKH HUCUe3aeT.

YcanouHble HaMpsHKEHUST MOTYT BBI3BaTh OOpa3OBaHHWE TPEIIUH B
OeTOHE >KeNe300€TOHHBIX 3JIEMEHTOB. B CBSI3M ¢ 3TUM IpHU MPOEKTUPOBa-
HUW KOHCTPYKIHUNA OOJBINON MPOTSKEHHOCTH CIIEIyeT MpeayCcMaTprUBaTh
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YCTPONCTBO YCAJIOYHBIX IIBOB. AHAJIOTUYHOE BO3JACHCTBHE HAa KOHCTPYK-
IIUI0 OKa3bIBAIOT W TEMIIEpaTypHbIC AedopMaIiii, BOZHUKAIOIINE TIPU H3-
MEHEHUU TeMIlepaTypsl cpepl. [loaToMy TemmepaTypHbIE M yCaIO4YHBIC
nedhOpMaIMOHHBIC BBl OOBIYHO COBMEIIAIOT U HA3BIBAOT TEMIIEPATYPHO-
yCaJI0YHBIMH IITBAMU.

B xene300eTOHHOM 3JIeMEHTE MPH JITTUTEIILHOM JIEHCTBUN HArpy3KH
B pe3yJibTaTe MOJ3y4eCTH OETOHA MPOUCXOJIUT MepepaclpeieieHue yCu-
Ui Mexay OeTOHOM U apMaTypoi. B IieHTpalbHO-CKAThIX KEJIe300€TOH-
HBIX KOJIOHHAX yCaJKa M TOJ3Y4eCTh IEUCTBYIOT B OJJHOM HANpPaBIICHUH,
yMEHBIIIasl HAMPsOKEHUS B OCTOHE M YBEIMYMBAs X B MPOJIOJIBHON apMa-
Type, Tak Kak 0eToH, AedopMUpPYsICh, pa3rpyxkaetcs. OqHAKO MPU yBEIH-
YeHUW HATrPy3KHd Ha KOJIOHHY nedopmariu apMaTypbl BO3PacTarOT, B TO
BpeMs Kak B OETOHE mpe/ebHbIe AeopMaIuu OrpaHnIuBaIOTCS CPaBHU-
TEJIHHO HEOOBIIMMH 3HAYCHUSMH. JTO TIPUBOJNUT K OOpPaTHOMY Tepepac-
NPEACICHUIO YCWINM — Harpy>XeHUI0 O€TOHAa W pasrpy3Ke apMaryphbl.
OnBITH TIOKAa3aJM, YTO TOJI3YUECTh OCTOHA, BHI3bIBAS YBEIUUCHUE HATPSI-
KEHUI B apMaType KOJIOHH MPHU IKCIUTyaTaI[MOHHOW Harpys3ke, He YMEHb-
1aeT KOHEYHOM HecyIel ClTOCOOHOCTH 3JIEMEHTA.

B xene300eToHHBIX Oankax MOJ3y4ecTh CHKaTOW 30HBI OETOHA BbI-
3pIBACT YMCHBIIICHUE CKMMAIOIINX HAMPSOKCHUH B OCTOHE; HAIPSHKCHUS
K€ B PACTSIHYTOM apmaType, Hao0OpOT, BO3pacTaloT. Ycajaka OeToHa B
ATOM CJIy4ae OKa3bIBaeT 00paTHOE JACHCTBUE: YBEIMUMBACT HAIPSDKECHUS B
C)kKaTol 30HE OCTOHA M YMEHBIIACT HAIPSDKCHHS B PACTSIHYTOW apMmaType.
B nenom nedopmanuu xene300€TOHHBIX JIEMEHTOB (OCOOCHHO MPOTHObI
OaJIOK) BCJEACTBHE TON3Yy4YeCTH OETOHA TIPU JJIMTEILHOM JIeWCTBUU
Harpy3Ku 3HAYMUTEIHHO BO3pacTaroT. [Ipn apMupoBaHum cxxaToi 30HBI Oa-
JIOK TOJI3Yy4eCTh C)XaToro OeToHa 3aMETHO CHMXKAETCs, YTO BEIET K
YMEHBIIICHUIO TIPOTHOa MPH TITUTEITHHOM JACHCTBUU HArpy3KH.

BbIHOCIMBOCTD :Kes1e300eTOHA, T.€. CIOCOOHOCTh COMPOTUBIIATHCS
BO3/ICHCTBUIO MHOTOKPATHO TIOBTOPSIONIUXCSI HATPY30K, MMEET BaKHOC
3HAUCHHWE B KOHCTPYKITUSAX MOCTOB, ()yHAAMEHTOB TOJI MAIIIMHBI, B TIOJI-
KPaHOBBIX OaJIkaX, MEPEKPHITUSAX MPOMBINIJICHHBIX 3[aHUH, T1e 000pya0-
BaHHWEM CO3/AIOTCS BUOpPAIIMOHHBIEC HArPY3KU U JIp. B 3THX cirydasx koH-
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CTPYKIMU PACCUUTHIBAIOT C YUYETOM MpeJiesia BBIHOCIUBOCTUA OETOHA U ap-
MaTyphl.

Koppo3us :xejie300eToHa cBsA3aHa ¢ KOPpO3UEH apMaTyphl U OeTo-
Ha, KOTOpasi MOKET Pa3BUBATHCS MO JEUCTBUEM KUJIKUX WJIU ra3000pas-
HBIX arpeCCUBHBIX BEIIECTB, a TAKXKe (DUIIbTPYIOIIEHCS BOJIbI, POHUKAIO-
el BHyTph OaJIOK uepe3 mopbl M TpemuHbl. Koppo3us apmaTypsbl, Kak
MPaBUJIO, CONPOBOXKJACTCS YyBEIMYEHUEM €€ 00beMa B CpPaBHEHUU
C IEpBOHAYAIbHBIM, UYTO BBI3BIBAET OTKOJI y4acTKOB OetoHa. IIpu xoppo-
3uM O€TOHA MPOUCXOJUT BBIIIEIAYUBAHUE [IEMEHTHOTO KaMHs (BBIHOC
rUpaTa OKUCH KaJblKs HAa IOBEPXHOCTH) U APYTHUE BUBI PA3PYIICHUS.

Boprba ¢ kopposuel jxene300eToHa BEASTCS MPUMEHEHHUEM IIIOT-
HBIX OCTOHOB, CYyJIb(HAaTOCTOMKUX IIEMEHTOB, MOJMMEPOCTOHOB, OKPACKH,
OKJICHKH, OIITYKATypUBaHUS WU OOJUIIOBKM KOHCTPYKIUN CHEIUATbHbI-
MU HU30JIAIIMOHHBIMA MaTepUAJIAMH.

CornpoTuBeHUE KeJIe300€TOHA BO3ICUCTBUIO BHICOKMX TEMIIEPATYP
3aBUCUT OT TEMIIEpATypbl HArpeBa U JUIUTEIBHOCTH €€ JeicTBus. OrHe-
CTOMKOCTh KE€JI€300€TOHHOIO 3JIEMEHTA OLICHUBAETCS MPEJEIOM OrHe-
CTOMKOCTU (4), T.€. BPEMEHEM, MO HUCTEYEHUU KOTOPOIrO MpPH MOXKape
HACTYMalT MOTEPsl HECYIIEW CIOCOOHOCTH 3JEMEHTa, 0Opa3oBaHUE Tpe-
IIUH, Ye€pe3 KOTOphIE OrOHb CIOCOOEH MPOHUKATH B COCEIHUE MOMEIIe-
Hust, uiy HarpeB 70 150°C Ha oOpaleHHOM K orHio noBepxHocTu. [Ipenen
OTHECTOMKOCTH >KeJIe300€TOHHBIX JIEMEHTOB 3aBUCHUT OT Pa3MepoOB ceue-
HUSI, KOHCTPYKTUBHOM CXEMBbI 3JIEMEHTa, BUJla apMaTyphl, criocoda apMu-
pOBaHUsI U OCOOCHHO OT TOJIIMHBI 3aIIUTHOTO cJosi. JKene300eTOH OTHO-
CUTCA K OTHECTOMKHMM MaTepuaiaM, COCOOHBIM MPOTUBOCTOSTH IMPH MO-
’ape BLICOKUM TEMIIepaTypaM B TEUYEHUE HECKOJIbKUX YacOoB.

B coopyxeHusix, Tie¢ IIUTEIHLHO BO3JIECUCTBYIOT BBICOKHE TEeMIIepa-
Typbl (PyHIaMEHTBI IOMEHHBIX TIe4eil, 00poBa, ALIMOBBIE TPYOBI U T.11.), K
KEJIE300€TOHHBIM KOHCTPYKIUSIM TMPEIBSIBISIOT TPEeOOBaHUS KapOCTOM-
KOCTU. B 3TOM cilyyae mpUMEHSIOT CHEeIUaIbHYIO U30JSIUI0 KOHCTPYK-
1ui (PyTepoBKy) Uiiv, 4To 00JIee SKOHOMUYHO U HAJICKHO, JKeJe300eTOH-
HbIE KOHCTPYKIIMU U3TOTOBJISIOT U3 KapOCTOMKOro OETOHA.

3amuUTHBIN CJI0M 0€TOHA — PaCCTOSTHUE OT HAPY>KHOM MTOBEPXHOCTH
KOHCTPYKIIUM JI0 OJIMKANIIEro CTEp KHS — MpeycMaTpuBaeTcs st ooec-
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MEYEHUs COBMECTHON pabOThI apMaTypbl U OETOHA, 3AIUTHl APMATYPhI OT
KOPPO3HUH U ACHUCTBUS BBICOKUX TEMIIEPATYP.

[Ipu sKcruTyaTanusix KOHCTPYKIIMU 3/1aHUSI B 3aKPBITBIX NTOMEIICHH-
X TP HOPMAJIBHOW Y MOHMKEHHOW BIIAXKHOCTH 3aIMUTHBIN CI0M OeToHa
OpUHUMAOT He MeHee 20 MM; MpHU OTCYTCTBUU JOIOJHUTEIBHBIX MEpO-
OPUATHI: TIPU TOBBIIIEHHOW BJIAXKHOCTH B 3aKPBITBIX MNOMENIEHUSX —
HE MEHee 25 MM; Ha OTKPBITOM BO3Ayxe — He MeHee 30 MM; B IpyHTE —
He MeHee 40 MM; B yHIaMEHTaxX NMPU HAIMYUU O€TOHHOUM MOJTOTOBKU —
He MeHee 40 MM. /[ KOHCTPYKTUBHOM apMaTypbl MUHHMAaJbHbBIEC 3HAYE-
HUS TOJIIIUHBI 3aIMTHOTO CJI0s1 OETOHA MPUHUMAIOT HA 5 MM MEHBbIIIE TI0
CpaBHEHHUIO C TpeOyeMbIMU ISl paboydeil apMaTyphl.

JlJist COOpHBIX D3JIEMEHTOB YKa3aHHbIE MUHUMAJILHBIE 3HAYCHUS
TOJIIIUHBI 3AIIUTHOTO CJIosi OeToHa paldodeil apMaTypbl NPUHUMAIOT Ha
5 MM MEHBIIIE.

Bo Bcex ciydasx TOJIIMHY 3allUTHOTO CJIOS CJIEAYET NPUHUMATh HE
MEHEE JUaMeTpa CTEPKHS apMaTypsl U HE MeHee 10 MM.

[Ipu BO3ACHCTBMU Ha 3KeJIe300€TOHHBIE KOHCTPYKIIMM BBICOKUX
TEMIIEPATyp WIM arpeCCUBHOM CPEbl, a TAK)KE MOBBIIIEHHON BJIAXKHOCTH
TOJIIMHY 3aIIUTHOTO CJIOS YBEIWYMBAKOT U HA3HAYAIOT C YYETOM CIICI[U-
aJbHBIX HOPMATUBHBIX TpeOoBanuii, B uactHoctu CII 28.13330.
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3. METOAbI PACYHETA ITPOYHOCTH

3.1. O Teopuu cONPOTUBJICHUA kKeJ1e300eTOHA

3aBUCUMOCTh MEXy HANPSOKEHUSAMH U JedopmanusiMu OeToHa He-
JUHEWHAa. ApMUPOBAHUE HE YCTPAHSAET 3TOU OCOOEHHOCTH PabOThl OETOHA
noj Harpy3koil. [losToMy Teopusi CONPOTUBIICHUS YNIPYTHUX MaTepyaioB
VTS 5KeJ1e300€TOHA HEMPUTO/IHA.

Takue cBoiicTBa O€TOHa M Kelle300€TOHA, KaK IMOJ3y4ecTh, YCaaKa,
00pa3oBaHUE TPEIIMH B PACTSAHYTOM 30HE KEJIE300€TOHHBIX AJIEMEHTOB,
CYIIECTBEHHO BIIMSAIOT HA HAINPSKEHHO-Ie()OPMUPOBAHHOE COCTOSIHUE
XKee300€TOHHBIX KOHCTPYKIMM. Eciam, KpoMme TOro, y4ecTb, 4TO 3TH
CBOMCTBA B 3HAUUTEIBHOM CTENEHU 3aBUCAT OT BHUJa OETOHA U apMaTyphl,
XapakTepa apMHUpPOBAaHMS, BUA HAMNPSLDKEHHOTO COCTOSIHUS, BO3pacTa Oe-
TOHA, JJIUTEIHHOCTH NIEHCTBUS HATPY3KU U NPYTUX (HaKTOPOB, TO CTAHET
MOHSATHBIM, HACKOJBKO CJIO’KHA 3aj[a4a CO3/JaHUsl CTPOrOol TE€OpUHU COMpo-
TUBJICHUS 5KeJIe300€TOHa.

Bce Bompockl, CBSI3aHHBIE C CONMPOTHUBIICHUEM OETOHA W Kee300e-
TOHA, MOTYT OBITh PEIIICHBI TOJIEKO HAa OCHOBE OIBITHBIX JIAHHBIX, TI0O3TOMY
pEe3yIbTaThl SKCIIEPUMEHTANILHBIX HCCIICIOBAHUM B CO3JaHUU TECOPUU HKe-
7€300€TOHa UMEIOT UCKITIOUUTEILHOE 3HAUCHHUE.

B npornecce pa3BuTHsl U YCOBEPIIICHCTBOBAHUS TEOPUU pacueTa »xe-
J1€300€TOHHBIX AJIEMEHTOB MO HECYIEeH CIOCOOHOCTH MPOMACHBI TPU OC-
HOBHBIX 9Tana. Ha mepBoM »Tamne ajig pacyeTa Kejie300€TOHHBIX 3JIeMEH-
TOB TOJI30BAJIMCh TEOPUEH YIPYTOCTH KeIe300eToHa (pacyeT Mo JI0IycC-
KaeMbIM HAMPSDKEHUSM), OCHOBAaHHOW Ha (DOpMyJiaX COMPOTHBICHHS Ma-
TE€pHUaJIOB, MPUHUMAs, YTO CEUEHHUS >KEIe300€TOHHBIX 3JIEMEHTOB paboTa-
IOT B YIIPYTOU CTaJUU.

Ha BTopomM stane, B 1931 r. (mpeanoxenue A.®. Jloneiita), o py-
KoBOJIcTBOM A.A.I'Bo3zeBa ObUIM MOJYy4YEHBI Ba)KHbIE JaHHBIE, TMO3BO-
JIMBIIIUE OCYLIECTBUTH 00Jiee MPOrPECCUBHBIA METOJI pacuera Mo CTaauu
pa3pyLICHUS, KOTOPBIN MOCITYX W OCHOBOM HOPM U TEXHUYECKUX YCIOBUN
MPOCKTUPOBAHUS  JKEJIC300CTOHHBIX  KOHCTPYKIHMM, JIEHCTBOBABIINX
B nnepuo ¢ 1938 mo 1955 r.
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Ha tpetbem stamne, ¢ 1955 r., ObUT IPUHAT HOBBIA METOJ pacuera —
[0 PACUYETHBIM MPEAETBHBIM COCTOSIHUSIM. JTOT METOJ IOCTOSIHHO COBEp-
LIEHCTBYETCA. B NEHCTBYIOLIMX HOPMax PEKOMEHIYETCS PACUET JKEIE30-
OETOHHBIX KOHCTPYKIUM BBIMOJTHATH C UCIOJIB30BAaHUEM HEIMHEUHOU Je-
(dopMaImoOHHOW MOJIENIA C MCHOJb30BAaHUEM HUArpaMM Jie(popMUpOBaHUS
(IuarpamMM COCTOSIHUSI) O€TOHA M apMaTyphl, a TaKK€ Ha OCHOBE MPE/IeIib-
HBIX YCUJIUM.

3.2. Hanpsizkenus u aegopmanuu xene3o00eToHa
MPH CKATHH

XKenez00eToHHBIE 3JIEMEHTHI, IOJIBEPraéMbl€ OCEBOMY CXKATHUIO
(puc. 3.1), apMUpyIOT B OCHOBHOM HPOJOJbHBIMH U MONEPEYHBIMU
cTepxkHsiMU (xomyTamu). [locineanue UMEIOT JBOSKOE Ha3HAYEHUE: IMpe-
MATCTBYIOT  BBIITYYMBAHUIO TMPOJOJBHON apmaTypbl TIpU  CKATHU
1 00eCTIeUrBaIOT COCTMHEHUE OTACIbHBIX MPOJOJIBHBIX CTEPKHEN B IJIOC-
KHE M MPOCTPAHCTBEHHbIE Kapkachl. [Ipu oceBoM cxkathm kene300€TOH-
HBIX 3JIEMEHTOB JAe(OpMallUM B apMaType W MPUIIETAIOLIEM CJIOE OETOHA
PaBHBI U MOTYT OBITh BBIPa)KEHBI Uepe3 HanpsikeHus (cM. 1. 2.1.3):

& =0oE,=¢,= Gb/EI; = 6p/VE}. (3.1)

|

¥

Puc. 3.1. OceBoe cxxaTue x)eie300€TOHHOTO dJIEMEHTA

VYpaBuenue (3.1) npeacraBiseT coOOl yCIOBUE COBMECTHOCTH Jie-
dbopmariuii apmaTyphl 1 O€TOHA.

C npyroi#t CTOpOHBI, U3 YCJOBHS PABHOBECHUS dJEMEHTa MOKHO CO-
CTaBUThH YPaBHEHHUE, BHIPAKAIOIIEE PABECHCTBO MEXKTY BHEITHUM YCHUIHEM
U BHYTPEHHUMH YCUJIMSMH, JEHCTBYIOIIMMH B OCTOHE M B IPOJIOIHHOM
apmarype:

N = 0,A + 0 A, , (3.2)
rie As — IJIoMaab CEUSHUS MPOI0TBHON apMaTyphl; 4 — MIIOIIAIb CEUCHMUSI
OeToHa.
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N3 (3.1) moayunm HampspKEHUE B apMaType
o, = 0 Eo/VE), = o,/ , (3.3)
rae o = Es/ Ep — k03 PUIMEeHT IpuBeICHHUS.
[Toncrasnsaa popmyay (3.3) B (3.2), nomyuum

N = 0,A+ 0p,aA; /v = g, A(1 + au/v), (3.4)
OTKy/1a
N
9 = dran /)’

rae 4= As/ A —xo3ppuumeHtT apMupoBaHus.

Hanpspokennst B OeToHE M apMmaType 3aBUCIT OT Kod3(puilMeHTa
YOPYTOCTH UV, KOTOPBIN CBS3aH C HAMPSKEHUEM HEITMHEWHOW 3aBUCHMO-
ctei0. Kpome Toro, kodpdhuimeHT v npu JIMTEIHPHOM BBIICPKHUBAHHUH
AJIEMEHTA MOJl Harpy3Kou BCIEACTBUE pa3BUTHUS AedopMaluil MOa3y4eCTH
YMEHBIIIAETCSI, YTO MPUBOJUT K CHUKCHUIO HarpsbkeHuil B Oetone. [lpu
ATOM HANpsLKEHUS B apMaType, Kak cieayeT u3 ycioBus (3.2), TOJKHBI
BO3pacTarh. Takum 0o0pa3oM, ¢ TEYEHUEM BPEMEHU MPOUCXOIUT Mepepac-
npeeiCHUE BHYTPEHHUX YCUITUN MEXKy OETOHOM U apMaTypoH.

[Ipu yBennueHNM BHEIIHEH HArpy3KHU HANpPsKEHUs] B OETOHE JTIOCTH-
raroT npejesna NpoYyHOCTH MpU CKaTUU Rp, a B apMaType, coriacHo Qop-
myze (3.3), — BeauuuHbl 05 = Rba/v = 4aRb, Tak Kak TpU pa3pyIIcHUU
v =0,25. U3 Bepaxkenus (3.3) ciaemyeT, 4TO MpeAC/IbHBIC HAMPSHKCHUS B
apMmaType nepej pa3pylieHueM Keae300€TOHHBIX AJIEMEHTOB, MOJIBeprae-
MBIX CXKaTHIO, 3aBUCST HE TOJIBKO OT MEXaHUYECKUX CBOMCTB CTal, HO U
OT YHPYrOIUIACTUYECKUX CBOMCTB O€TOHA, UYTO YUYUTHIBAETCA NpPHU yCTa-
HOBJICHUU PACYETHOTO COMPOTUBIICHUS apMATYPhl CKATHUIO.

3.3. HanpsiskeHust ¥ gepopmManuu Kej1e300eToHa
NPHU PaCTSKEHUH

[Ipu oceBOM pacCTSKEHHUH >KeJIe300€TOHHOTO 3JIEMEHTA Pa3IMyaroT
TPU XapaKTEPHBIEC CTAIUU HAMPSHKEHHO-AE()OPMUPOBAHHOTO COCTOSIHUS.

B craguu | HanpsxeHHO-1e(hOpMUPOBAHHOTO COCTOSIHUSI B 3JIEMEH-
T€ HET TPELIMH, HANPSHKEHUSI B OETOHE Gy < Rj; U OJTMHAKOBHI BO BCEX Ce-
yeHusx (puc. 3.2). Hedopmarnmu OeroHa M apMmaTypbl paBHBI O BCEH
JUTMHE 3JIEMEHTA, TaK KaK CUEIIJIEHUE MEXK/Ty HUMU HE HAPYIIEHO:
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& = €pt = OptEpr = Ope/VLE) (3.5)

Hampsbxenus B apmatype
s = &Es = opEg /U Ep = ope/ Ty . (3.6)
[To mepe yBenuueHHs] Harpy3Kd HAcCTymHaeT KOHEYHBIN 3Tan CTaauu
I, npeniecTByronmii 00pa3zoBaHuio TpelIuH B OeTone. Hanpsikenus B Oe-
TOHE JIOCTUTAIOT Mpejieia MPOYHOCTH Ha pacTsKeHue, a JedopMaliuu, co-
rmacHo dopmyne (3.5), — BenwumHBl & = Ry / V/Ey. Ha ocHOBanmuM
OTIBITOB, MOXXHO TIpUHATh V= 0,5, Torna &y = 2Ry / Ep, a HaNpsDKCHUS B

apmartype

Oy = Rbt(l / V= 2(1Rbt (37)
Ubr Rbr
Cmadus | - Rt
N‘, . N,
- C—
Cmadus Il Tpewurer
et 1
T P I SN .

*_ I T AT e T

Puc. 3.2. HanpsskeHHOE COCTOSIHUE MPU OCEBOM PaCTsHKEHUU

VYcunue, BbI3BIBAIOIICE MOSBICHUE TPEIIMH, OyJET PaBHO CyMMeE
YCUJIMH B OETOHE U apMaType:
Nee = Ryt A + 20Rp: As = Ry (A + 2(XAS). (3.8)
[Ipu panbHeilleM YBEIMYEHUU HArpy3Kd B OETOHE MOSIBISIOTCS
TpeluHbI, HacTynaeT ctaaus Il HanpspkeHHO-1epOPMHUPOBAHHOTO COCTO-
AHUS, IPU KOTOPOW B CEUEHUSIX, MPOXOMASIINX Yepe3 TPELIMHBI, COMpO-
TUBJICHUE PACTSKEHUIO OKA3bIBAET TOJIBKO apMaTypa, a B CEUEHUAX MEX-
oy TpelMHamMu — apMatrypa u OetoH. Ilo Mepe ypaneHus OoT TpeuH
HalpspKeHUsT B apMartype YObIBalOT, a B OE€TOHE BO3pACTalOT, TaK Kak
B pabOTy BKJIOYaeTCs OETOH, PACHOJIOKEHHBIN Ha Yy4acTKe MEXIY Tpe-
IIMHAMHU, B IIPE/iesiax KOTOPOro CLEIUICHHUE C apMaTypoll OCTaeTcs HeHa-
PYIICHHBIM.
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Jliist ydeta paOoThl O€TOHA HAa y4acTKaX MEXIY TPEIlMHAMH BBOJIUT-
ca kodpduiuent Vs, mpeacTaBiSIIOMIMN COOOM OTHOIICHHE CPEIHUX
HaIpPSHKEHUN Gy (WM AeOopMaIil €;,) B apMaType Ha YYaCTKE MEXKIY
TpPEIIMHAMU K HaIpsOKEHUSIM G, (Wi AedopmainusiM €) B CEUCHHSIX C
TpEeIIMHAMU:

Yy =Im _ Em oo g (3.9)

Os Es
3aBUCUMOCTh M@Ky HAMPsDKCHUSIMHU U JehOpMaLUSIMHA B apMaType
Ha yqaCTKe MG)KI[y TpeH_II/IHaMI/I MOXHO HpeI[CTaBHTB B CJ'ICI[y HOIICM BUJIC.

o5 = &Es = Sl:,_T:Es = €smEsm (3.10)

E . .
e Egn = lp—ss — CpEeIHUN MOAYJb YIPYTOCTHA PACTAHYTOM apMaTyphl C y4e-

TOM pabOThl OETOHA MEK/Ty TPEIIUHAMH.

Ha puc. 3.3 nokazan rpaduk 3aBUcCUMOCTH jAedopMaiiiii OT Hamps-
KEHUU B apMaType ¢ y4eTOM pabOThl PacCTAHYTOro O€TOHA U MPU Y IJIUHE-
HUU CBOOOJHOro metamia. CpeaHuil MOIYJIb YNPYrOCTA apMaTypbl Ey,
rpaduuecku MpeacTaBisseT cOOOM TaHIEHC yrila HakJOHA CEKylIeil B TOY-
KE C 33/IaHHBIM HaIPSHKEHUEM, T.€.

o
Egn = _Stg Asm-

Esm

"
Q

— o — — — — —

I

S
3 Hedopmayuu
- “\¢8060dH020
S Memanna
Q
- ™ O6pasoBarue
mpewuH
£
}.1
eR m
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Puc.3.3. 3aBucumocTs nedopmariii apMaTyphl OT HAPSKSHUS
MIPU PACTSHKECHUH KEJIe300€TOHHOTO 3JIEMEHTa

B craguu Il HanpsikeHus B apMaType JOCTUTAKOT BPEMEHHOTO CO-
MPOTUBJIEHUSL G, U KEJIE300€TOHHBIM IJIEMEHT pa3pylIaeTCs MPHU yCUIUU
N =A4;- o..
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3.4. HanpsiskeHust ¥ gepopManuu Kej1e300€ToHa

npu u3ruode

[Ipu u3rude xeae300eTOHHOW OaJIKu B 3aBUCUMOCTUA OT BEIUYUHBI
U3THOAIOIIEr0 MOMEHTa B CEUEHUSIX MOCJIEI0BAaTEIIbHO BO3HUKAIOT pa3-

JJMYHBIC CTaaAuN HaHpH)KeHHO-I[e(l)OpMI/IpOBaHHOI‘O COCTOsAHUA.

Cragua 1. Ilpu wmanbix Harpy3kax (M3ruOarONIMX MOMEHTAX)
HalpspDKeHUs B OETOHE W apMaType Majibl, B OETOHE pa3BUBAIOTCS Ipe-
MMYIIECTBEHHO yIpyrue faedopManuu. DMOpsl HAIPsHKEHUH B CKATON U
PACTAHYTOM 30HAX MOYTH MPSMOIUHENHEI (puc. 3.4, a).

Cmadus | Cmadus la Cmadusa Il Cmadus lla
, Op l Op y Cp : Cp
—— s — . — .é E
/g O, A, = 05 A, 0,4, J ) G, 4,
s | { 1 >
=~ = 3 ]
Obe Ry,
Cmadus Il R, | R,
e |
< B E=
=
l % Rs‘és_ 0,4,
Cryqat 1 Caywai 2
a)
F F
cm. | C-_'n. ﬂl Cm. !Ifl
Ecb G ?13,2
B Al e R e TS 2
. gl g l .
4- = £ 1 r i \ A
- M 5 1
| ~L M, M, .'
3nopa MoMenmos
0)

Puc. 3.4. Ctaguu HanpsHKEHHOTO COCTOSTHUS TIPU U3THOE
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[Ipu yBenu4eHUN HATrpy3KHU HAMPSKEHHS] B OETOHE U apMaType BO3-
pacTraroT, B OETOHE pa3BUBAIOTCS KaK yIpyrue, Tak U Heynpyrue aedop-
MalliM, SIIOpbl HANPSHKEHUM €Ia00 HMCKPUBISIOTCS, HEUTpasbHas OCh
OaJIKK IepeMENIaeTCsi B CTOPOHY CXKATOM rpaHu OajKu.

Cranus I xapakTepu3yeTcsi OTCYTCTBUEM TPEUIUH B PACTSIHYTOM Oe-
TOHE W YCWIHS BOCIPUHUMAIOTCA BCEM ceueHueM. llpu omnpenenenun
HANPSDKEHUN IOy CKAETCS UCIIOJIb30BAHNUE 3aBUCUMOCTEN COMPOTUBIICHUS
YIIPYTUX MATEPHUAJIOB.

Koneunsim 3Tanom sBisieTcst craaus la, npu KOTOpOW HaNpsKEHUS
B OCTOHE Ha PACTIHYTOM rpaHu OaJIKM JOCTUTAIOT Mpejiea MPOYHOCTH Ha
pacTsoKeHUE Ry,.

Cragusa Il HacTtymaer ¢ MosABIEHUEM TPEIIMH B PACTSHYTOM 30HE,
TaK YTO XapaKTEPHBIM JJIA 3TOW CTaJUU SIBIIsIETCS paboTa >kene300eToHa
npu Hanmuuuu TpemuH. HanpsbkeHust B pacTsiHyTo 30He OeTOHa B ceue-
HHUH, NPOXOJALIEM IO TPELIMHE, IPUHUMAKOTCS PaBHBIMU HYJIIFO 10 BCEU
BBICOTE PacTAHYTOM 30HbI. HeOONIBIIMMU pacTArUBAIOIIMMUA HAIPSKEHU-
SAMH Ha YYaCTKE MEXJIy KOHIIOM TPEIIUHbI U HEUTPaIbHOU OChIO OOBIYHO
npeneodperaroT. HanpskeHus B cxxaToil 30He OeToHa B ctaauu Il ocraroT-
Cs MEHBIIIE MPU3MEHHOW MPOYHOCTH R, B PACTAHYTOU apMaType B HA4YaJIe
PaBHBI G, @ HA KOHEYHOM JTare, T.e. B craguu Ila, Moryt nocturars mpe-
NENbHBIX R;.

Cragus III xapakTepusyercs pa3pylICHUEM 3JIEMEHTA — HaIPsIKe-
HUSI B CXKaToM 30HE OCTOHA W B PACTIHYTOH apMmaType JOCTUTaloT IIpe-
JIEJIbHBIX 3HAY€HUU R, 1 R;. [Ipu 3TOM TpemuyHbl B paCTSIHYyTOU 30HE pac-
KpPBIBAIOTCS, KECTKOCTh OAJIKU CHHKAETCS, MPOTHMOBI OBICTPO PacTyT U
Oajika pazpyIiiaeTcs.

XapakTtep pazpyliieHus 6aiaok B ctaauu Il 3aBUCHUT OT KOTMYECTBA U
MEXAHUYECKNX CBOWCTB PACTAHYTOM apMmaTrypbl. B HOpMaIbHO apMupo-
BaHHBIX OaJikaX, B KOTOPBIX KOJUYECTBO PACTSHYTON apMaTyphl HE Mpe-
BBIIIAET ONPEICICHHOTO MpPEeia, Pa3pyLIEeHUE HAYUHAETCA CO CTOPOHBI
pacTAaHyTOU apMatypsl. 110 mOoCTHKEHUM B HEN mpeaesa TEKYYECTH Mpo-
UCXOJUT OBICTPOE HapacTaHUE IJIACTUYECKHUX Aedopmaluid apMaTypbl U
nporu0oB Oayiku, BCIAEJACTBUE YEro HAIMpPSLKEHHSI B CHKAaTOW 30HE OETOHa
JOCTUTAIOT MpeJieyia MPOYHOCTH Ha CXKaThe U OETOH pazpyiiaercs. Takum
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00pa3oM, Tepes pa3pylIeHUEeM KeIe300€TOHHOIO 3JIEMEHTAa B HOpMaJlb-
HOM CEUYEHUHU 00pa3yeTcsl «IUIACTUYECKUU IIapHUP)», B KOTOPOM Hampsi-
KEHUA, KaK B apMarType, Tak U B OETOHE, JJOCTUTAIOT NPEIC/IbHbIX 3HaYe-
Huil. Ha ocHOBaHMM 3TOr0 mpuHIUNa (MIPEeJIoAKEHHOTO OCHOBOIIOJIOXKHU-
KOM >KeJIe300€TOHHBIX KOHCTpYKIM A.D. Jloneiitom) pacueTHbie popMy-
Jbl HECYIIeW CIOCOOHOCTH 3JIEMEHTAa MOTYT OBITh MOJIYYEHBI U3 OJTHUX
TOJIBKO YCJIOBUM CTaTUKH.

Ecnu B kadecTBe pacTsHYyTON apMaTypbl IPUMEHEHA CTAJIb C MAJIBIM
OTHOCHUTEJIbHBIM YJJIMHEHHEM Tpu pa3pbiBe (MeHee 3—4%), pa3pyllieHue
CKaTOM 30HBI OETOHA W PACTSAHYTOM apMaTypbl IPOUCXOAUT MOYTH OJIHO-
BPEMEHHO U XPYIIKO.

B n3rubaemspix 35ieMeHTax ¢ BeCbMa BBICOKMM COJIEPKAHUEM PacTsi-
HYTOUM apMartypsl (IIepeapMUPOBAHHBIX) pa3pylIeHHUE HAUUHAETCS CO CTO-
POHBI CXKaTOM 30HBI OETOHA, PU ATOM B PACTSIHYTOW apMaType HaIpsKe-
HUS MOTYT HE JIOCTUTaTh PEIEIbHbIX 3HAYEHUM.

VY 3arpykeHHOH keJ1e300€TOHHON OaJIKu B CEUCHUSX C Pa3IUYHBIMU
BEJIMYMHAMH U3THMOAIOIIUX MOMEHTOB MOTYT OJIHOBPEMEHHO HAOJIO1aThCsI
BCE€ YKa3aHHbIE CTaJUU HANPSIKEHHOTO cocTosiHusA (puc. 3.4, 0).

3aBUCUMOCTb MEXK/y HANPSHKEHUSIMU U 1epOopMaliusiMU TIPU U3rU0Oe
AKEJI€300€TOHHOTO 3JIEMEHTA B Pa3HbIX CTAIUSIX HAMPSX)KEHHOTO COCTOSHUS
paznuyHa. Hanpspkenus u gedopManvv B CKaToll 30HE OaJIOK CBSI3aHbI
TAKOW K€ 3aBHCHUMOCTBIO, KaK MPU CKATUHU, a B PACTSIHYTOM 30HE — KaK
IPU [IEHTPAIBHOM PACTSKEHHH.

Jlo 0Opa3oBaHus TPEUIMH B PacTSIHYTOW 30HE pabOTaeT BCE CEUCHUE
ANeMEHTa. DMIOpbl HANIPSKEHUN Tiepe] 00pa30BaHUEM TPEILIUH (B CTaauu
Ia) moryT ObITH TIpUHATHI (pHC. 3.5, @) B C)KaTO 30HE TPEYroJaLHOM, a B
pPaCTAHYTON — NPSIMOYTOJIbHOW (BBUYy 3HAYUTEIBLHOTO Pa3BUTHUS ILIACTHU-
yeckux jaedopMalnii B pacTIHyTON 30HE OETOHA).

OrnpenenriMm BBICOTY CHKATOW 30HBI CEUEHUS Xcoc U BEITUYUHY H3TH-
Oaroriero momeHnta M., miepes oOpa3oBaHUEM TPEUIUH ISl CEUCHUS JIIO-
00i1 (hopMBbI, CAMMETPUYHON OTHOCUTENILHO BEpTHKaIU. B OeToHe cxaToit
30HBI, paboTaroiieM B ynpyrou cragum (v=1), KpaeBoe HaIpsKEHUE
(puc. 3.5):

X 2R X X
0, = epEp = gy —LF) = =0 2T = 2R, —C (3.11)
h—Xcrc Ep h—Xcrc h—Xxcrc
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Puc. 3.5. HanpshxenHo-neopMupoBaHHOE COCTOSTHIE NU3TH0AEMOT0 3JI€MEHTa!
a — iepen 00pa3oBaHUEM TPEIUH; O — MTOCIIe 00pa30BaHUS TPEIIUH

Hanpsioxenue B c:xxaTou apMarype
!
/ Xcre— &

!
Os = &pe—— = 20Rp 7 ——

—Xcrc h=Xcrc
a B pacTsiHyToM, corjiacHo (3.7), os = 20.Rp;.
CocTtaBuM ypaBHEHME MPOCKUWHA Ha MPOJOJBHYIO OCh BCEX CHIIL,
MPUIIOKEHHBIX K PaCCMaTPUBAEMOM YaCTH AJIEMEHTA:
05As + RypiApy — 05Ag — w104 = 0,
rae As 1 Ag — TUIOIIAIM CEYCHHUS apMaTyphbl PacTSIHYTON M CKATOM 30H;

, (3.12)

Ap 1 Ap — TIIIOMIAAN CEUCHUS CXKATOW M pACTIHYTOM 30H Oe-
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TOHA; Oy U 05 — HANPSDKEHUS B PACTSIHYTOW M CXKATOU ap-
Matype; w;— KO3DPUIHUEHT TMOJHOTHI O00BbeMa JIIOPbI
CKUMAIOIINX HAMNPSHKEHU B OETOHE; MPU MPSAMOYTOJIbHON
anrope w4 = 1, mpu TpeyroipHo — w4 = 0,5.
[ToncraBnssa 3Hauenus: HanpsbkeHuit no (3.7), (3.11) u (3.12), mosny-
YUM ypPaBHEHUE, U3 KOTOPOTO OMPEAEISIETCS Xy

20A; + Ay =2 Ay — 2001 Fere_ 4, = 0. (3.13)

—Xcrce

Xcre— a’

Brerpaxkenne s 1/13r1/16a}0mer0 MOMEHTa M., IOy4YUM U3 ypPaBHE-
HUS MOMEHTOB OTHOCHUTEIIBHO TOYKH NPWJIOKEHUS PABHOJCUCTBYIOUIEU
CKMMAIOIIUX YCUIUK B 0eToHE (CM. puc. 3.5, a):

M. =R, (Abtzbt +2aA,z + 2aA. L"‘z,,) = Ry W, (3.14)

—Xcrc

rae Wy, - ynpyromnacTU4eCKUid MOMEHT CONPOTHUBIIEHHS JKEIE€300€TOH-

HOT'O C€YEHU MPU 00pa30BaHUU TPEIIHH.

[Ipu M > M. B pacTsHyTOW 30HE OaJKU OOpa3zylOTCS TPEIIUHBI,
Hactynaer craaus Il HampspkeHHOro coctosiHus. B ceueHusix, mpoxons-
IUX [0 TPEIIMHAM, PACTITMBAIOIINE YCWIHMS BOCIPUHUMAIOTCS TOJIBKO
apMaTypoi, a Ha y4acTKax MEXIy TpEIIMHAMH — apMaTypol U OCTOHOM.
[To nnuHe snemeHTa HanpsbkeHus (AedopMaliin) Kak B pacTSHYTOU, Tak U
B CKaTOW 30HE IMEPEMEHHBI. BbIcOoTa CKAaTOW 30HBI TAKXKE IEPEMEHHA —
MUHHUMAaJbHasl B CEYEHUU HaJ TPEIIMHOW M BO3PACTAET K CEPEIMHE YUaCT-
Ka MEXIy TPEIMHAMU, B PE3YJIbTATE YETr0 HEUTPAJIbHBIN CJI0M CTAHOBUTCS
BOJIHOOOpa3HbIM (CcM. puc. 3.5, 6). Haubosbiie 3Ha4YCHUS HANPSKEHUM
(medopmanuii) B pacTIHyTOM apMaType M B CKaToW 30HE OE€TOHAa BO3HM-
KalOT B CEYEHUAX C TPELIMHAMH, a TI0 MEpe yAaJIeHHs OT HUX yObIBatoT. B
pacTaHyTOl 30He OeToHa, HAO0OOPOT, MO MEpe YyAAICHHUS OT TPEUIMH
HarnpspkeHust (aeopMaliii) Bo3pacTaroT U JOCTUTAOT HauOOIbIINX 3HA-
YEeHU B CepeJMHE ydacTKa MexAy TpemuHamu. PaboTa pactsHytoro Oe-
TOHA, YMEHBIIAIOIIETO yJIMHEHHS apMaTypbl Ha y4acTKaxX MEXAY TpeLu-
HaMmu, yuuTbiBaeTcs koddduuueHtom Vs, a HepaBHOMEPHOCTh pacipe/ie-
JeHus aepopMainrii KpaiHero BOJIOKHA OETOHA CKaToW 30HBI — KO3 hu-
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nueHToM ¥, paBHBIM OTHOIICHHIO CpeaHUX Aedopmanuii Ha ydacTKe
MEXK]Ty TPEIIUHAMHU Epy K A€POPMALIUSAM OCTOHA HAJ TPEUTUHOM €p:
&

€p
IIpu n3rude B craauu Il ceuenus, BOOOIE TOBOPS, UCKPUBIISIOTCS,
OJTHAKO JUISI CPEIHUX CEUYEHHM, PACIOJOKECHHBIX HA YYaCTKaX MEXIY
TpEUIMHAMHU, MOXKET OBITh MIPUHSTA TMIOTE3a INIOCKUX CEYEHUM.

Hanpsbkenusi B CE4eHUU € TPEIIUHON BBIPAXKAIOTCS CIETYIOUUM 00-
paszom:
B pacTssHyTOM apmatype — ¢popmyJioi (3.10);
B KpailHEM BOJIOKHE CKaTOU 30HbI OETOHA

Ebm __ XmE&mVEp __ XmVW¥s . (3 16)

!
o, =&k, =—vE, = = o
b Sb=b ™, TED T (ng—x)Wy  (ho—xm)oXWp S’

B C)KaTOM apmarype

o) = Emm=a) p _ tm=alyy o xm-d a0 (3.17)

ho—xm S h—xm Xm 1%
Bricora cxkaTtou 30HBI CEUYEHHS HAJl TPEUIMHOM ONPENCISIETCS W3
YPAaBHEHHUS PABHOBECUS
0,A; — 0 Ay — wopAy =0,
KOTOpOE MOCJIe OACTAHOBKY B HETO BEJIWYWH HaIpsDKEHUH no hopMyiam
(3.16) u (3.17) u npeoOpazoBaHMil TPUBOIUTCS K BUAY

A, — WAL IS 4, —EsPEm (3.18)

ho—xm aWp(ho—xm)
rae © — KOd(QQUIMEHT HOIHOTH 00beMa KPUBOJIMHEMHON SIIOpPHI HAIIps-

eHui 0eToHa B ctajauu II; npu yBenInyeHur HanpsHKEHUU U K-

TEJIBHOCTU JACUCTBUS HArpy3KH Heyrnpyrue aedopMmanuud BO3pac-

TalT 1 ® — 1.
CocTtaBUM ypaBHEHHSI MOMEHTOB BCEX CHJI, MIPHUIOKEHHBIX K paccMaTpu-
BAEMOW YaCTHU JJIEMEHTA, OTHOCUTEJIBHO TOYKH MPUIIOKEHUSI PABHOIECH-
CTBYIOIIMX PACTITHBAIOIINX YCUIIMN B apMarype A, a TAKKE OTHOCUTEb-
HO TOYKH MPHUJIOKEHUS PABHOJCUCTBYIOUIEH COKMMAIOIIUX YCHIIUNA B Oe-
TOHE, TMOICTaBJIsIsI B 3TH ypaBHEHHMsI BhIpaxkeHue g, u3 (3.17):

M = wo, Az, + AL (hy —a') =

= Ay (ho — )] = 0 Wip; (3.19)

= 0p [G)Ava +
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M = 0,Apz, + 0iA%z, = 04[Agz, + - ‘P Asz)) = oW, , (3.20)
rae Wy u W, — ynpyromniacTuuecKkue MOMeHTI)I CONPOTHUBJICHUS] COOTBET-
CTBEHHO I10 PACTAHYTOU U CKATOU 30HAM.

B oTinune oT MOMEHTOB CONPOTUBJICHUS YIIPYTUX MaTepuaioB Wy u
W, He aBIAOTCS (YHKIMAMH TOJIBKO T'€OMETPHUUECKHX pPa3MEpOB cede-
HUM, HO 3aBUCST TaKKe OT YIPYTrOIJIACTUUECKUX CBONCTB apMaTyphl U Oe-
TOHA, B YACTHOCTU OT MOJI3YYECTH CXKATOU 30HBI O€TOHA, CTENIEHU BBIKJIIO-
YeHUs U3 pabOTHl PACTAHYTOI0 OETOHA M PACKPBITUS TPEIUIUH, U3MEHECHUS
BO BPEMEHHM MEXaHMYECKHX XapaKTepUCTUK OeToHa U T.M. Bece atu dakTo-
pbl, yuuThiBaemble Kodpbunuentamu v, Vs, W5 1ap., oka3piBalOT 3HAYU-
TEJIbHOE BJIMSHUE HAa 3aBUCUMOCTb MEXAY YCHUIIUSIMHU U AehopMalUsIMU B
M3ru0aeMbIX JKeJIE300CTOHHBIX DJIEMEHTAX.

BoJbIIMHCTBO 3K€J1€300€TOHHBIX KOHCTPYKIIMWA MPH MX DKCIUTyaTa-
UM HaxoAuTCs B cTaauu Il HanmpspKEHHOTO0 COCTOSTHUS; TIOATOMY OHA KJla-
JIETCSI B OCHOBY pacueta mo aedopMaiusiM 3JIEMEHTOB, B KOTOPBIX 0Opa-
30BaHUE TPEIIUH JOMYCTUMO.

3.5. MeToabl pacuéra mo A0nycKaeMbIM HANPSZKEHUAM
U 0 Pa3pylIaAlIIUM YCHJIUAM

Memoo pacuéma no O0onycKaemvlm HANPA}HCEHUAM OCHOBAH Ha
MPEANOCHIIKE pabOThI KeJ1€300€TOHA KaK YIPYyroro Marepuania, HO ¢ Mpu-
OJINKEHHBIM YY€TOM OCHOBHBIX CBOMCTB kesne300eToHa. CeueHus noaou-
paroTcs U3 yCIOBUS, YTOOBI MOJyYEHHBIE U3 pacyueTa HampsHKeHUs B Oe-
TOHE U apMaType HE MPEBOCXOJIUIHU JOMYCKAEMbIX HAMPSKEHUM.

OCHOBHbIE MOJIOKEHUSI TEOPUHU YIIPYTOCTHU KeJIe300eToHa («KJIaccu-
YECKOM» TeOpuu) CBOAATCA K clieaytoiiemy. Pacder Beaercs o craauu 11
HaIPSHKEHHOTO COCTOSIHUS MIPU U3THOE: B CHKATOUM 30HE MPUHUMAETCS Tpe-
yroJibHas SII0pa HANpsOKEHUM, a B pacTsHYyTOM paboTta O€TOHA Ha pacTsi-
KEHUE HE YUYUTHIBACTCS M BCE PACTATMBAIOIIME YCUJIMS MEpPENaroTcs Ha

apMmatrypy (puc. 3.6).
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Puc. 3.6. HanpspxkenHo-n1epopMUpOBaHHOE COCTOSIHHUE
pY U3rude P pacyeTe Mo KKIACCUYECKON TCOPUI»:
a — apMHUpPOBaHUE CEUYCHHUSI; O — dIIopa AedopMaInii; 6 — dIopa HAMPSHKEHUN

[IpyuHuMaeTcst crnpaBeIMBOM THUMNOTE3a IUJIOCKUX CEYEHHUM. Takum
00pa3oM, 37eCh MPEHEOPETar0T UCKPUBJICHUEM CEYEHUM, KOTOPOE BO3HH-
KaeT BCJICJICTBUE BJIMSHUS TMONEPEUYHBIX CHUJ, HEOJHOPOJHOCTH OETOHA,
HaJIMYUs IByX MATEPHUATIOB C COBEPUICHHO PA3JIMYHBIMU YIPYTMMH CBOU-
CTBAMHM, yCaJKh OCTOHA, TPEIIMH B PACTSIHYTOM 30HE U JAPYTUX MPUYUH.
Mopayne ynpyroctd O€TOHa C)KaTOW 30HBI NPUHUMAETCS IMOCTOSHHBIM
HE3aBHCUMO OT BEJIMYMHBI HANPSHKEHUH, U B PacueT BBOJAUTCS MOCTOSH-
HOE JJI JaHHOTO OeToHa uuciio o = E,/ Ep.

[Ipu ompeneneHUn HANPSHKEHUN CUUTAIOT, YTO Aedopmaluu mpo-
MOPUMOHAJIbHBI HANPSKEHUSIM, T.€. IPUHUMAETCA 3aKOH ['yka, HO mIpu
Pa3JIMYHBIX MOAYJIAX YOPYTOCTH NPHU CKATUU U pacTskeHuu. MHaue ro-
BOpsI, DIIOPHI HAIPSKEHUM B CKATOM M PACTAHYTOW 30HAX OTPAHUYECHBI
MPAMBIMU JTUHUSIMU, UMEIOIIMMU PA3JIUYHbIN YKIIOH.

Jlist npuMmeneHus: (GopMyJi COMPOTUBJICHUS] MaTEPHUAJIOB KeJe300e-
TOHHOE CEYEHHE MPEe0OpPa3yIOT B SKBUBAJICHTHOE B CTATUYECKOM OTHOIIIE-
HUU OJIHOPOJIHOE CEUeHUE, MPUBEJECHHOE K OeToHy. BeneacTBue coBmecT-
HOCTHU pabOThl OETOHA U apMaTYpPhl U CLETUICHUS] MEXTy HUMH, Jedhopma-
MU apMaTypbl U O€TOHAa OJMHAKOBBI, T.€. & = &p; CIJEIOBATEIBHO,
o,/ Es=op/ Ep, 0TKy1a

GSZEsGb/EbZOLGb . (3.21)
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DTO 03HAYaeT, YTO KAKAYIO €IMHHILY TUIOLIAJIN CEYEHUs apMaTypbl
MOXHO YCIJIOBHO MPHUPABHATH K a €AUHUIAM IUtomaau Oerona. [lnomanp
MPUBEJICHHOTO CEUYEHHUSI KEJIE300€TOHHOTO dJEMEHTa, IOKa3aHHOTO,
Hanpumep, Ha puc. 3.6, Oyaet

Area=Ap + 0ds = bx + 0. (3.22)

MOMEHT UHEPUUH TOTO K€ MPUBEICHHOIO CEYECHUS] OTHOCUTEIIBHO
HEUTpaIbHON OCH (MOMEHTOM HHEPLUHH apMaTypbl OTHOCUTEIHHO COO-
CTBEHHOM OCH BBHUJy MaJIOCTH IIpeHeOperaeMm):

Jrea=bx> /3 + ads(ho — x)*.

Hanpspkenust B 0eToOHE U apMaType OnpenessitoT mo ¢popmysiaM co-
MIPOTUBJICHUS MATEPUAJIOB:

6 = Mx / Liea; 65 = M(ho — X) / Lea.

BricoTy cxaToW 30HBI X ONPEAEISAIOT U3 YCIOBUsS, YTO CTATUYECKUN
MOMEHT IPUBEICHHOI'O CEYEHUSI OTHOCUTEIIBHO HEUTPAIbHOW OCHU PaBEH
HYJIIO:

Syea=bx? /2 — ads(ho — x) = 0.

Metox pacueTa o JOIYyCKAEMbIM HANPSKEHUSAM UMEET Pl CEPbE3-
HBIX HEJNOCTATKOB. Bo-mepBhIX, B craguu Il smropa CKAMarOIUX HAIps-
KEHUU B OETOHE HE TPEYroJibHas, a KPUBOJIMHEHHOTO ovepTanus. Bo-
BTOPBIX, YUCJIO (, BBOOAUMOE B PACUET, HE IIOCTOSIHHO, a 3aBUCUT OT BEJIU-
YUHBI HaIpsHKEHU B OETOHE, COCTaBa, BO3pacTa, MPOYHOCTH OETOHA U
apyrux (GakTopoB.

ComnocraBneHrne pacueTHbIX BEJIMYMH C PE3YJILTATAMU OIBITOB MOKA-
3aJ10, YTO HANPSHKEHUS B apMaType KeJIe300€TOHHBIX 3JIEMEHTOB, MOJIY-
YEeHHbIE M3 pacyeTa, Bceraa OoJblle JIeMCTBUTEIbHBIX, YTO MPUBOJUT K
Iepepacxoay CTajld, IPUUYEM HW3MEHECHUE YKCIa 0 HE3HAYUTEIIBHO OTpa-
’KaeTcd Ha BEJIMUMHE HANpsLKeHUs B apmaTtype. HanpsikeHus ke B OeToHe
B 3aBUCHMOCTU OT MPHUHITOTO YHCIA ¢ MOTYT OBITh KaK OOJbIIE, TaK U
MEHBIIIE ICHCTBUTENbHBIX.

Takum 00pa3om, 3TOT METOJ HE TOJIBKO HE MO3BOJSET ONPEACIHUTD
JNEUCTBUTEIIbHbIC HANIPSHKEHUS B OETOHE W apMaType, HO U HE JAeT TAKKe
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BO3MOKHOCTU CIPOEKTUPOBATH KOHCTPYKIIMIO C 3apaHee 3a/IaHHbIM 3ara-
COM IIPOYHOCTH.

Pacuém no paspywaiowjum ycunuam 0a3upyercs Ha CIEIyOLIUX
MPEANOChIIKAX.

1. Pacuer mpousBogutrca no craauu Il HanpsKEHHOro COCTOSIHUSA
AJEMEHTa, T.€. MO CTAJAUM Pa3pyLICHUS; COOTBETCTBEHHO, B PACUETHHIE
(dopMyJibl BBOASTCS: i1 O€TOHA — IpeJie]l MPOYHOCTH Ha CXKAaTHE MPU W3-
rude; AJig apMatypbl — MpeAesl TeKydyecTd (BPEMEHHOE COIPOTHUBIICHUE)
ctanu. PaboTa OeToHa Ha pacTSIKEHHE HE YYUTHIBAETCS, TaK KaK Ha CTa-
nuu 111 6eToH B pacTsHyTOM 30HE U3 PaOOTHI BBIKIIOYAETCS.

2. Dnropa HanpsHKEHU B CKaTOM 30HE OETOHA U3rH0aeMbIX dJIEMEH-
TOB NPUHUMAETCSA MPAMOYTOJIbBHOM BMECTO JEUCTBUTEIBHON KPUBOJIU-
HeliHoU. [Ipu He3HAUMTEeNbHOM MOrpelHoCcTU pacuera (10 2%) 3To npu-
BOJIUT K CYHIECTBEHHOMY YIPOLIEHUIO POpMYII.

3. Ilpu npUHATHIX OPEANOCHUIKAX, UCXO/IA U3 YCIOBHII paBHOBECHS B
MOMEHT, PEANIECTBYIONINN pa3pyILIECHUIO, ONPEACISIIOTCA pa3pylIatonIue
ycunus. Ycuine, JEeUCTBYIONIEE B CEUCHHM 3JIEMEHTA, JOJIKHO OBITh HE
0oJiee JOMYyCKaeMOoro, OpeAesIIeMOro Kak YaCTHOE OT AEJICHUS] BEIMUNHBI
pa3pylamoniero ycuivusd Ha Kod(p@UIMEeHT 3amaca IPOYHOCTH K, T.C.
M < Mu/kwum N < Nu/k. B3ToM MeToie pacueTa OCTAIOTCS HEU3BECT-
HbIMU HamnpspkeHuss B O€TOHE W apMaType MOpHU HKCILUIyaTallMOHHOMN
Harpy3Ke, HO 3aTO CTAaHOBUTCSI U3BECTHBIM KOA(D(PUIMEHT 3araca NpoYHO-
CTH, YTO 3HAYUTEJLHO BakHee. OTnagaer Ha0OHOCTh B THIOTE3E ILIOC-
KHX CEYEHUN, MOIYJIAX YIPYTrOCTH MaTEPUAIIOB U YUCIIE (.

PacueroM mo paspymaromyM yCHJIHSM YYWTBIBAIOTCS YNPYToIuia-
CTUYECKHE CBOWCTBA KeJIe300€TOHA, MpaBUJIbHEE OTpa)kaeTca paboTa xe-
ne300eToHa Mmoj Harpy3koil. brnaronapst 0osiee MOJIHOMY HCIOIb30BAHUIO
paboThl apMaTyphl JOCTUTAETCA CYIIECTBEHHAs SKOHOMHS MeETajljia IIo
CPaBHEHHUIO C PACUETOM IO JOIMYCKAEMbIM HAIPSIKEHUSIM.

HenmoctaTok MeToJla COCTOMT B TOM, YTO HEBO3MOKEH YUYET U3MEH-
YUBOCTU HArpy30K NPOYHOCTHBIX XapaKTEPUCTUK MATEPHATOB M JIPYTHUX
(hakTOpPOB IIpU €AMHOM 001IEM KO3(pPUIIMEHTE 3anaca IPOYHOCTH.
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3.6. PacuéT mo npeaesbHbIM COCTOSTHUAM

[Ipu pacuete kene300€TOHHBIX KOHCTPYKLUW MO TMEPBOW Tpymie
MpeAeIbHBIX COCTOSHUM (110 HECYIed CTOCOOHOCTH) MPEIETbHOE COCTOS-
HUE ONPEAEISIIOT TaK ke, KaK U IPU pacyeTe Mo pa3pylIaloliM YCUIIUSIM,
T.€. o cranuu Il HanpsikeHHOrO coctosanusA. OIHAKO pacyeTHas HeCyIas
CIIOCOOHOCTD OMPEEISIETCS B 3aBUCUMOCTH OT CUCTEMBI KO3(P(PHUIIUEHTOB:
HAJEKHOCTH IO Harpyske, 1o OETOHy U apMaType, yCIoBUil pabOThl MaTe-
pPHAJIOB U KOHCTPYKIIUHI U JP., YTO MO3BOJSET U3MEHYMBOCTh CBOMCTB Ma-
TE€pUAJIOB, 3HAUEHUIN HAarpy30K U BIUSHUE PATUYHBIX (PAKTOPOB YUHUTHI-
BaTh AU (HEpEeHIIMPOBAHHO. DTO MPUBOJUT K 0OJiee MOTHOMY YUYETy pas-
JUYHBIX OCOOCHHOCTEW KaK caMUX KOHCTPYKUUM, TaK U YCIOBUU UX DKC-
IUTyaTalllud U BO3BEACHUS.

B pacuer no nepBo# rpyImne npeAaeabHbIX COCTOSHUN BBOASATCS pac-
YETHBIEC XapaKTEPUCTUKN MATEPUAIIOB, 3aJJaHHbIE C HAaIe)KHOCTBIO 0,997, a
10 BTOPOM — HOPMAaTUBHbIE, 3aJJaHHbIE C HAJIE)KHOCTHIO (0,95.

PacueTHble 3HaU€HUS] COPOTUBIICHHS] OETOHA OCEBOMY CXKATHUIO Rp, U
OCEBOMY PACTSHKEHHIO Ry, OPENENSIIOT O (popMyJiaM:

_ Rb,n _ Rbt,n
Rb — T Rbt - .
Yb Vbt

B pacu€rax mo mpenesbHbIM COCTOSIHUSIM IEPBOW TPYIIIbl PUHHU-

MArOT CIIeyIONINE 3HaYeHUS KO3 OUITMEHTOB HAAEKHOCTH 110 OCTOHY:

1pu cxkatuu y, = 1,3;

MIPU PACTSHKEHUU, €CJIM Kiacc OETOHa 3a/aH MO MPOYHOCTU Ha CxKa-
THE, ¥Vpe = 1,5, a ecnu k1acc 6€TOHa 3aJ1aH MO0 MPOYHOCTH Ha PACTSHKEHHUE,
Vbt = 1'3

IIpu ompenesnieHUH PACYETHBIX CONPOTUBICHUU Rpser U Rpiser IS
MPEIEITbHBIX COCTOSTHAN BTOPOU TPYIIIBI Yoo = Yor = 1.

3HaueHUs] HOPMATHUBHBIX U PACUETHBIX COMPOTUBJICHUN OOBIYHOIO
TSDKEJIOTo OETOHA, a TaKKe MX MOJAYJEH YNPyrocTd MPUBOMSITCS B COOT-
BeTcTBYtOIMX Tabmmax CII 63. 13330.2018.

3Ha4YeHUSI paCUETHBIX CONMPOTUBIICHUN OETOHA B HEOOXOUMBIX CITY-
qasx CIeayeT YMHOXHUTh Ha KO (PUIIMEHTHI yCIOBHUI pabOThl O€TOHA Yp;
KOTOPbIE MOTYT OBITh OOJIbIIIE WJIM MEHBIIE €IUHUIIBI B 3aBUCUMOCTH OT
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YCJIOBUH, XapaKkTepa ¥ CTaauu padOThI AJIEMEHTA, Pa3MEPOB CEUEHHUS, CIIO-
co0a M3roTOBJICHMS, CHEUU(PUKA KOHCTPYKIIMU U JPyrux (paxrtopos, a
MMEHHO:

Yp1 — JJI1 OETOHHBIX M KEJI€300€TOHHBIX KOHCTPYKIIMM, YUYUTHIBAIO-
U BAUSIHUE JUIUTEIIBHOCTU JISUCTBUSI CTATUUECKON HArpy3Kku (mpu Jei-
CTBHUHU BCEX HArpy30K, BKIItOUAs KPATKOBPEMEHHbIEC HATPY3KH 5= 1,0, ipu
JEUCTBUM TOJBKO MOCTOSIHHBIX U JITTUTENBHBIX HArpy30K 75=0,9);

752=0,9 — 17151 OETOHHBIX KOHCTPYKIUA;

v53=0,85 — 17151 OETOHHBIX U KEJIE300€TOHHBIX KOHCTPYKIIUMA, O€TO-
HUPYEMBIX B BEPTUKAIBHOM IOJIOKEHUH MPHU BHICOTE CI0SI OETOHHUPOBA-
Hug ooitee 1,5 M;

Vb4 — JUISL STYEUCTBIX O€TOHOB (y»4=1,0 — mpu BIAXKHOCTH OETOHA
10 % u menee, v54=0,85 — pu BiIaXKHOCTH sTYeUCcTOro OeToHa 6oiee 25 %,
JUTSI IPOMEKYTOUHBIX 3HAYEHUN — TI0 UHTEPIIOJISIIIUN ).

BrusiHue nomnepeMeHHOro 3aMOpaKUBaHUS U OTTAaWBAHUA, a TAKXKE
OTPULIATENIbHBIX TEMIIEPATYP YUUTHIBAIOT KOA(PPUIMEHTOM YCIOBUU pa-
00TbI OeToHa Yp3 < 1,0. /{151 HaI3EMHBIX KOHCTPYKIMMI, TOJIBEPracMbIX aT-
MOC(EpPHBIM BO3JICUCTBUAM OKPYXKAIOIIEH Cpeibl NMPU PacUETHOM TemIie-
paType Hapy)HOTro BO3Ayxa B X0JoAHbIM neproa muHyc 40 °C u BbllIe,
KO3(pPUIIMEHT TPUHUMAIOT PaBHBIM €MHHUIIC, B OCTAJbHBIX CIy4yasx — B
3aBUCUMOCTU OT HaA3HAYEHUSI KOHCTPYKIIMU U YCIOBHI OKpY Karolen cpe-
bl TI0 CIICIIMAJIBHBIM YKA3aHUSIM.

[Ipy MHOTOKpPAaTHO MNOBTOPSIFOIIEUCA HATPY3KE PACUETHBIE COIPO-
TUBJICHUS] OeToHA Ry U Ry yMHOXKAIOT Ha KOA(PPUIIUEHT yCIOBUS PaOOThI
O0eToHa Y < 1, 3HaUEHUE KOTOPOr0 MPUHUMAIOT B 3aBUCUMOCTHU OT KO3(]-
(GuIeHTa aCMMMETPUH LIMKIIA HANPSUKEHUH P = Op min/Obmax> @ TAKKE
OT Bujia OETOHA U €ro BIAKHOCTH.

HopmaTuBHbBIE CONTPOTUBIIEHUS apMaTyphl Ry, MPUHUMAIOT PaBHBIMU
HaUMEHBIIUM KOHTPOJUPYEMbIM 3HAUEHUSIM MpeJiena TeKydecTn pusnye-
CKOI'0 G, WM YCIIOBHOTO Go 2. [locneHne npuHUMarOTCsl B COOTBETCTBUHM C
I['OCT wnu TY Ha apmaTypHYIO CTallb, B KOTOPBIX OHU JTAKOTCA C HAJECK-
HOCTBIO He MeHee 0,95.
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PacdeTHble conpoTHBIIEHUS apMaTypbl PAacTSHKEHUIO R, s mpe-
JEJIBHBIX COCTOSIHUW MEPBOW IPYMIBI MOTYyYAOT JEJIEHUEM HOPMATUBHBIX
CONPOTHUBIICHUN Ry, HA KOA(DDUIIMEHT HAAEKHOCTH MO apMaType Vs, MpH-
HAMAaeMbId paBHbIM 1,15 1S penenbHbIX COCTOSIHUM MEPBOW TPYIIIBI U
1,0 — g npeaenbHbIX COCTOSIHAN BTOPOM TPYTIIIHI.

PacueTHoe compoTHBIEHHE apMmaTypbl CXaTus Ry TPU HAIUYUU
CUEIJIEHUs ¢ OETOHOM HE JOJDKHO NPEBBINIATh 3HAYEHUS R, a Takxke
HaIpsHKEHUM, MPU KOTOPBIX JOCTUTAETCS TMpeebHas CXUMAeMOCTh Oe-
toHa. Eciu npuHATE £, =2:103, a Momylnb yIpyrocTu apmaTyphbl
E,=2:10° MIla, TO nupd KPaTKOBPEMEHHOM JIEUCTBUM HATPy3KH
HauOOJIbIlIEe CHKUMAIOIIEE HAMPSKEHUE B apMaType Mepel] pa3pylieHHeM
OeToHa Rye = &Es = epufes = 2:107-2-10° = 400 Mlla.

PaccuntbiBasi KOHCTPYKIIMU C y4yeToM KO3 (UIMeHTa ycioBus pa-
00TbI OeToHA Yp1= 0,9, T.€. IIUTENBHOTO ACHUCTBUS HATPY3KH, IPUHUMAIOT
BO BHUMAaHHE MOBBIIICHHYIO A€(OPMATUBHOCTh O€TOHA. DTO TMO3BOJISIET
YBEJIMYMUBATH 3HaueHUs Ry 10 500 Mlla.

YucneHHble 3HAYEHHS COMPOTUBIICHUM apMaTypbl CIEIyET MPUHH-
MaTh 10 TaOJHIaM aKTyaJbHOTO Ha JAHHBI MOMEHT CBOJA MPABUII.
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4. HEJTUHEMHAS JE®@OPMALMOHHASI MOJEJIb

Pacuer xene300€TOHHBIX 3JEMEHTOB IO HEIMHENWHOU aedopmanu-
OHHOM MOJEIM MPOU3BOJSAT HA OCHOBE JIMArpaMM COCTOSIHUS (Juarpamm
«o — €») 0eTOHAa M apMaTypbl MCXOJS U3 TUIOTE3bl IIOCKUX CEUCHUI.
Kpurtepruem npoyHOCTH HOPMAJIbHBIX CEUEHUU SIBISIETCS IOCTUXKEHUE Jie-
dbopmarusiMu 0€TOHA U apMaTypbl IPEACIIbHBIX 3HAUCHUM.

B ocHOBYy MmeToma ompeaeneHusi HECyIIeH CIOCOOHOCTH M yCHIIUSA
TPEIIMHOOOPAa30BaHUS KEJIe300€TOHHOTO JIEMEHTa Ha OCHOBE HEJIMHEH-
HOU AedhOopMaITMOHHON MOJIENTU TIOJIOKEHBI CJIETYIONINE MPENTOCHLIKY:

— JJIA ONpPENESICHUs YCUJINI B HOPMAJIbHOM CEUECHHUH HCIIOIb3YIOTCS
ypaBHEHHUSI PAaBHOBECHSI BHEIIHUX CHJI U BHYTPEHHUX YCUJIMN B CEUCHUU
AJIEMEHTOB;

— pacrpeieieHue OTHOCUTENBHBIX JeopMalinii 6eToHa Mo BBICOTE
CEUYEHUS BJIEMEHTA MPUHUMAIOT COTJIACHO THMOTE3€ IMJIOCKUX CEYEHUH 1O
JMHENHOMY 3aKOHY;

— OTHOCHUTENbHBIE JIepopManiuu OETOHA MO MIMPUHE CEYEHUS MOCTO-
SIHHBI

— OTHOCHUTEJIbHBIE AedopMaliuu apMaTypbl ONPEEsSIOTCS OTHOCHU-
TeJIbHBIMH JIe(hOpMAIIUSIMHU COCEIHUX BOJIOKOH O€TOHA (OTCYTCTBYET IMpO-
CKaJIb3bIBAHUE apMaTypPbl OTHOCUTEIHHO OETOHA);

— CBSI3b MEXJy OTHOCUTEIILHBIMU JehOpMaIUsIMU £, U HANIPSKEHU-
AMH 0j B O€TOHE NMPUHHUMAETCS JIMOO MO MOJHBIM KPUBOJUHEWHBIM JHA-
rpaMmam, Ju00 MO KyCOUYHO-JIMHEHHBIM JUarpaMmMaM «0p — &p», allllpOoK-
CUMHUPYIOIIUM (PAKTUUECKUE KPUBOJIMHENHBIE 3aBUCUMOCTH;

— CONPOTHUBJICHUE OETOHA PACTIHYTOU 30HBI IOITYCKACTCS HE YUUThI-
BaTh. Eciu npuHATO pernieHrue o HeoOXOAUMOCTH yueTa paboThl pacTsaHy-
TOTO OETOHA, TO JJI1 BOJOKOH OETOHA, B KOTOPBIX 3HAYEHUS] OTHOCUTEIb-
HBIX Aedopmaliuil pacTsSHKeHHS MPEBBIIIAIOT BEJIIMYMHY MpEeabHON pac-
TSOKUMOCTU O€TOHA, HANpPsDKEHUS MPUHUMAIOTCS PaBHBIMU HYJIIO. JTO
CBUJIETEIILCTBYET 00 0Opa30BaHUM TPEIIMHBI B CEUEHUU;

— CBSI3b MEXK/]Iy HANPSHKEHUSIMU apMaTyphl 05 U OTHOCUTEJIbHBIMU €€
nedopManuaMu € MPUHUMAETCA B BUJE JABYX- WIW TPEXJIMHEUHBIX JUa-
IpaMM COCTOSIHHUS;
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— KpuTepueM oOpa3oBaHUsl TPEIIUHBI B MTONIEPEYHOM CEUEHUU SIBIIS-
€TCsl TpeBbIllIeHUE AedopManuil pacTSHKEHUST KpailHEro pacTsHyTOro BO-
JIOKHA O0€TOHA BETMYUHBI MPEJIETLHON paCTIKUMOCTH OETOHA;

— BHYTPEHHHE YCWJIWSI B CEYEHUHU OMNPEAEISIIOT C MOMOUIBIO MPOIIe-
Jypbl YUCJIIEHHOTO UHTETPUPOBAHUS HAMPSIKEHUI.

[Ipu pacuere MPOYHOCTH KEJI€300€TOHHBIX AJIEMEHTOB MO HEJIUHEH-
HOM  nepOpMallMOHHOW MOJENHU JUIsl  ONPEACiCHUsT HalpsSKEHHO-
1e(OpMUPOBAHHOTO COCTOSIHUSI CKATOW 30HBI O€TOHA HOPMBI PEKOMEH-
IYIOT UCIOJb30BaTh JIBYX- WJIH TPEXJIMHEHHBIC IUArpaMMbl COCTOSIHUS
cxaToro 0eroHa ¢ J1IepOPMALMOHHBIMU XaPAKTEPUCTUKAMHU, OTBEYAIOIIH-
MU HEMpPOJOLKUTEIbHOMY JEHCTBUIO HAarpy3ku. IIpu 3ToM B KaudecTBe
HanboJiee MPOCTON PEKOMEHIYETCs JBYXJUHEWHass nuarpamma. [Ipu pac-
YeTe MO BTOPOM TpyIIe MPEIETbHBIX COCTOSHUI HOPMBI PEKOMEHIYIOT
UCIIOJIb30BaTh TPEXJIMHEWHYIO TMarpaMMy COCTOSIHHS OeToHa ¢ Jedopma-
[MUOHHBIMU XaPaKTEPUCTUKAMH, OTBEUAIONIMMU JCHCTBUIO HArpy3KH Kak
HEMPOAOKUTEIBHOMY, TaK U IPOJOJKUTEILHOMY .

4.1. lmarpaMMbl COCTOSIHUS OeTOHA

[Ipu pacuere xey1e300€TOHHBIX KOHCTPYKIUN MO NpPEIeIbHbIM yCH-
JUSIM 3II0pA HAMPSKEHUW B CKATOM 30HE OETOHA MPUHUMANACch MPSIMO-
yroiapHou. HBIMU clTOBaMU, IPUHUMAIIOCH, UTO II0 BBICOTE CKATOM 30HBI
OeTOHa HaIpsKEHUS MOCTOSIHHBI (paBHBI Rp) U HE 3aBUCAT OT Jedopma-
M BOJOKOH O€TOHA U UX MOJOKEHHSI OTHOCUTEIBHO HEUTPaIbHOU Ju-
Huu. [lo 3TOM mpuyMHE MCHoNb3yeMas B pacyerax Mo MPEACIbHBIM yCHU-
JIMSIM BBICOTA CKAaTOW 30HBI SIBJISECTCS YCIOBHOM — OHA BCEra MEHBIIE
(haKTUUECKOM BBICOTHI CXKATOM 30HBI OETOHA.

B pacuerax no HenuHeHON nepOpMallMOHHONW MOJENIM MPUHSATO,
YTO HAIPSKEHUA 0 BBICOTE CXKATOM 30HBI O€TOHA HE TIOCTOSIHHBI, a 3aBU-
cat ot neopmanuii. C GU3MYECKON TOUYKH 3PEHUS UCIIOIB30BAHHUE JUa-
IpaMM COCTOSIHUSI OETOHA MO3BOJISIET UCMOIB30BaTh B PACUETHOW MOJIEIH
HE MOPSIMOYTOJIbHYIO SIIOPY HampsDKEHUM, a 0oliee CIOXHYI0 (GuUrypy,
OIMCBIBAEMYIO0 OJHOW W3 NpeJjiaraeMblX HOPMAaMHU 3aBUCUMOCTEU. Tak,
IIPA UCIIOJIb30BAHUHU JIBYXJIMHEWHON AUarpamMMbl JIIOpa HANPSIKEHUN CO-
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CTOMT U3 JIBYX (pUryp — NpsIMOYTOJIbHUKA B BEPXHEHN YacTH U TPEYroIbHU-
Ka HaJ HeWTpanbHOU nuHuel (cMm.puc.4.1, a), a npu TpexJIMHEHHON aua-
rpamme — u3 Tpex puryp (cm.puc.4.1, 6).

Fh 2 Rb £o

— ==&

= x

— — — &
M(e M(e A
Gs_ﬁi_£& ﬂ's_ﬂxi_éﬁa

a) 0)

Puc. 4.1. Cxema HanpsixkeHu# U 1eopmaryii B NONEPEUHOM CEUEHUU:

a — TIpU IBYXJIMHEHHON Iuarpamme; 6 — pH TPEXJIMHEHHON ArarpaMMe

CpaBHuBasg u300pakeHus, npuBeAeHHbIe Ha puc. 4.2—4.4, Buaum,
yTOo TrpaduKu 3aBUCUMOCTEH «Op — &£p» ONPENEISIOT (OpMYy IMIOPHI
HanpsDKEHUN B CKaTOM 30He OeToHA. UTO KacaeTcsl BBICOTHI CKATOM 30HBI
OeToHa X, TO B pacuerax M0 HEJIUHEWHOW NePOpMAIIMOHHOW MOJENN HC-
MOJIB3YETCA HE YCIOBHAs, a BecbMa OJin3Kas K (PaKTU4eCKON BETUYMHA.

OuyeBHUJIHO, YTO UCIOJIb30BAHUE KPUBOJUHEUHONW 3aBHCUMOCTH
(cM. puc. 4.4) MO3BOJUT OMHUCAThH AIIOPY HAMPSIKEHUM B CKATOM 30HE Oe-
TOHA U BBICOTY CXaTOU 30HBI O€TOHA HAan00Jiee TOYHO.

B kadecTBe pacueTHBIX AUArpaMM COCTOSIHUSI O€TOHA B JIEUCTBYIO-
meM cBojie npasui (CII 63.13330.2018) npennararoTcs 1Be AUarpaMMbl —
JIBYXJIMHENHAS
(cMm. puc.4.2) u TpexnuHeriHas (cM. puc.4.3).

Heyxnunetinas ouaspamma
B nmnanazone 3HaueHuit aedopmanmii 0 < €, < €1 = E€p1req CKH-
MaroIIie HaMpsDKCHUs OSTOHA O JNMHEHHO 3aBHUCIT OT OTHOCHTEIIBHBIX

nedopmaruii & U BEIYUCIAIOTCS 110 popMyJie

Op = Eprea€p,
Rp o o
tne Ey eq = m — MPUBEJEHHBIA MOy b AedopMaliuii 6eToHa.

[Ipy HENPOIOTKUTENLHOM IEUCTBUU HATPY3KHU &1 red = 0,0015.
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——

Eb2

Puc. 4.2. JIpyxnuHeiiHas fuarpamMma "cp—ep"

Jlns nuamnazoHa 3HavyeHUU aedopmMaruit g,< & < & HANPSOKCHUS B
OETOHE MOCTOSIHHBI U PaBHBI R,

[Ipu HENMPOIOKUTETLHOM IEUCTBUM HArpy3KH &£,2=0,0035.

Tpexnunetinas ouazpamma
Ha TpexnuHenHON quarpaMMe UMEKOTCS TPU MMapaMeTPUYECKUEe TOU-

KH, COOTBETCTBYIOIIME OTHOCUTENIbHBIM JichopMaliusiM OCTOHA: &1, Ebo Ep2-
0,6Rp

3HaYeHHUE OTHOCUTENIBHBIX eopMaluii €, = = :
b bred

[Ipyn HENpOOOMKUTEIPHOM JEHUCTBUM HArpy3ku &,, = 0,0035,
Epo = 0,002 .

— —— —— —

'\Eb

-~

Ep1 Ebo Ep2

Puc.4.3. Tpexnuneitnas quarpamma "cp—ep"
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[Ipu poAOIKUTENHHOM ACUCTBUM HATPY3KH 3HAYEHUS eopMaiiuii
MPUHUMAIOT 10 cOOTBeTCTBYOIMM Tabnuiam CIT 63.13330.

[Ipu TpexJIMHEWHOW auarpamMMme CUMAIOIINE HampsbKeHUs: OeToHa
Op B 3aBUCHUMOCTH OT OTHOCHUTENBHBIX Jiepopmaiiuii OeToHa &, ompees-
10T IO pOpMyJIaMm:

nipu 0 < &, < &by Ty =Ly,

Op1 | €p — &p +‘7b1

npu & < & < &y 0, =||1- Ry;

Ry Jepo—€p R,

NpH & <& < &2  Ob = Ry.

Kpusonuneiinas ouacpamma
[To cpaBHEHUIO ¢ KYCOUHO-TMHEWHBIMU AUarpaMMaMu KPUBOJIUHEH-
Hble AuarpamMmbl (cM. puc.4.4) Oojiee TOYHO OMHUCHIBAIOT 3aBHUCUMOCTH
"os—€p", UTO TIOJOKUTEINBHO CKa3bIBAETCA HA CXOJIMMOCTH PE3YJIbTAaTOB
OTBITOB U PACUETOB.
Ob

Ep

Ero Eb>

Puc.4.4. KpuBosnnHeliHasg quarpamma "Go—ep"

Hanpumep, MO0XHO NOpPEKOMEHIIOBATh 3aBUCUMOCTh (CapJikuHa,
MPUHATYI0 B Ka4€CTBE OCHOBHOM MOJIEJIA E€BPOIEUCKHUM KOMHUTETOM IIO
xenezooetony EKb ®UII u ucnonb3zyemyto B eBporneiickux Hopmax, Eu-
rocode 2:

op _ kn-—n’

1,1Ep|epol

€b
PN e KT TR,

Crnenyer OTMETUTh, YTO 3Ty 3aBUCUMOCTDH HECJIOKHO aIallTUPOBATH
C LEJIbIO OMMCAHMS 3aBUCUMOCTH "o—¢;" sl apMaTyphl.
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Ha puc.4.5 nnst cpaBHeHusi npuBelneH rpaduk TpexX YHOMSHYTHIX
BBIIIIE IMarpaMM Jijisi OETOHA Kjiacca Mo MPOYHOCTU Ha cxkatue B6O0.

Op, MMNa
i a
457

Ron 2 | | |
“ | | |
| |
53} \& | |
| | |
| | |
so | | |
I I 8 I
257 | | —_— |
I I I
| | |
207 : : |
| | |
I I I
157 i i i
I I I
I I I
107 I I I
| | |
I I I
5t I I I
Ebl,red i €0 i €5 i

0 0.0005 0.001 0.0015 0.002 0.0025 0.003 0.0035

Puc.4.5. [lnarpammsl coctosiHus 6eToHa kiacca B60 npu 0lHOOCHOM CKaTHH:
a — ABYXJMHEIHas; O — TPEXJINHENHAsA, B — KPUBOJIMHEHAs

4.2. JluarpaMMbl COCTOSIHUSI apMATYPbI

B kauecTBe nuarpaMMbl COCTOSIHUSI apMaTyphl, YCTaHABIMBAIOIICH
CBSI3b MEXJIy HAIPSKEHUAMHU Oy U OTHOCUTEIbHBIMU JiehopManusImMu & ,
JUIsl OOBIYHOM (HE BBICOKOIPOYHOW) apMaTypbl IPUHUMAIOT JIBYXJIMHEHU-

HYI0 auarpammy (puc. 4.6).
Os

R $—————

}_—_—_—_—
-— ¢

v

Es

€s0 Es2

Puc.4.6. Jluarpamma cocTOSIHUSL apMatypsl "'os — &"
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JuarpamMMbl NPU PACTSHKEHUA U CKATUU apMaTypbl IPUHUMAKOT

R
oauHakoBbeIMU. [TapameTpuueckue Touku: &2=0,025, &, = E—S :
S

3Ha4YeHUsI MOJAYJsl YIPYTOCTH apMarypsl Fs NPUHUMAIOT OJMHAKO-
BBLIMH TIPH PACTSHKEHUM U CKATUU U paBHBIMK Es = 2,0 + 10° MITa.

TakuM o0Opazom, B Auamna3oHe 3HaueHuil aedopmainuii 0 < & < &y
HANPSDKEHUS PaBHBL Oy = & L, a IPU & < & < &2 HANPSHKCHUS PABHBI
Os = Rs.

4.3. MeToauka pacyera

Pacuer Benercs meroniom urepanuit. [IocKonbKy npuHATa rUNOTE3a
IJIOCKUX CEYEeHUH, TO Aedopmaliuu JIF0OOro BOJIOKHA MO BBICOTE CEUCHUS
MOHO ONPE/IeNIUTh, €CJIM U3BECTHBI JePopMallii HE MEHEE YeM B JIBYX
XapakTepHbIX Todkax. [Ipu nBy3HauHOW »srrope AedopMaiuii TEepBYIO
TOYKY pacrojiaraéM B KpallHEM CXKaToOM BOJIOKHE, Je(opMaiiuv KOTOPOro
PaBHBI NPE/ICILHON CKMMAEMOCTH OE€TOHA €n2. BTOpyro TOUKy pacrosara-
€M Ha HEUTpaJbHOW JIMHUM CEYEHUs, TJI€ OTHOCHUTENIbHbIC JePopMaluu
paBHbI HyI10. HO moJiokenne HEUTpaJpbHOU JIMHUKA HaM II0Ka HEU3BECTHO
U TI03TOMY TpeOyeTcsi BBIYMCIUTh 3HAYEHUE BBICOTHI C:KaToW 30HBI X. [le-
JIAETCS ATO MOCJIEA0BATENIbHBIMU MPUOIMKEHUSIMU, B X0JI€ KOTOPBIX MO/I-
OMpAIOT TaKylO BBICOTY CKATOW 30HBI X, IPU KOTOPOU BBINOJIHSIOCH OBl
YCJIOBHE PABEHCTBA HYJIKO OJHOI'O M3 YCJIOBHUM paBHOBecHs. /{11 BHEIEH-
TPEHHO CXKATBIX JJIEMEHTOB B KAYECTBE ATOT'0 YCIIOBUS PUHUMAIOT CYMMY
MOMEHTOB BHEIIHUX CUJ U BHYTPEHHUX YCUJIMM OTHOCHUTEIILHO OCH Ila-
paJJICIIbBHON HEUTPANbHOU JIMHUU U MPOXOIALIEH Yepe3 JIMHUIO IEUCTBUS
BHEITHEW cuibl. J[J11 M3rubaeMpIX AJIEMEHTOB pacCMaTpUBAETCS CyMma
MPOEKUNM BHYTPEHHUX YCUJIMK HAa HOPMAaJlb K CEUCHUIO.

Pemraercst aTa 3aga4a 1t00bIM U3 YUCIICHHBIX METOJIOB.

3Has BEJIMYMHY X (OKOHYATENIbHYIO JIMOO MPOMEXYTOUYHYIO, (Ury-
PUPYIOIIYIO B MIPOLECCE MOUCKA PEUICHUI), N0 JUHEMHOMY 3aKOHY OIpe-
JIEJISIIOT 3HAUCHUE OTHOCUTEIIBHBIX JlepopMarinii €5 Ha ypOBHE LIEHTpA Tsi-
KECTU KaXKJOTO 3JIEMEHTapHOIO ydacTka OETOHA, a TaKXKE &; Ha YPOBHE
LEHTPA TSKECTH KAXKAOTO CTEPKHS apMaTypbl. 3aTeM MPU NOMOIIM AUa-
rpaMM COCTOSIHUSI O€TOHa M apMmaTypbl IO HaWJIEHHBIM JedopMmanusm
ONPENIEISIOT HAMPSKEHUS B KAXKJIOM 3JIEMEHTAPHOM ydacTKe OeTOHa U B
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KaXJI0M psiay apMarypsl. [lonydeHHble TakuM O0Opa3oM yCHIIMSI CyMMHU-
pyIOTCsS. 3aTeM MPOBEPSETCS OJHO U3 YIOMSHYTBIX BBIIIE YCIOBUW PaB-
HOBecusl. MiTepauu nmoBTOPSIIOTCS A0 TEX MOP, MOKa HEe OyAET JOCTUTHYTA
Tpebyemasi TOUHOCTh pacuera. Hampumep, Tekyliee U npeapiayiiee 3Ha-
YeHUs BEJIMYMHBI X OTan4aroTcs He Oonee yem Ha 0,1%. Mimu cymma mo-
MEHTOB (CyMMa NpOEKIMH) HYJII0 HE paBHA, HO HE 0oJiee HEKOTOPOil
NpeABAPUTEIBHO 3aJaHHON BEJIMYUHBI §, ONPEEAIONIed TOYHOCTh pac-
yeTa. 3aTeM, UCIOJb3ys MOJyYEHHOE TaKUM O00pa3oM 3HAYEHUE BBICOTHI
CXAaTOM 30HBI X, U3 BTOPOTO, OCTABIIErOCSI HE UCIOJIb30BAHHBIM, YPaBHE-
HUSI CTaTUKHU OMPENEISIOT HECYIYI0 CIOCOOHOCTD 3emeHnTa. [Ipu pacue-
T€ BHEIEHTPEHHO C)KAThIX JJIEMEHTOB HCIOJB3YIOT CYMMY MPOEKIUN
BHEIIHUX CWJI U BHYTPEHHUX YCWJIMKA Ha MPOAOJBHYIO OCh JJIEMEHTA, a
MIPU pacyeTe U3rudaeMbpIX — CyMMy MOMEHTOB BHYTPEHHUX YCUIIUN OTHO-
CUTEJIBHO OCH IapajuieIbHOW HEUTPAIbHOW JIMHUM U MPOXOIAIIEH 4depe3
LEHTP TSHKECTH PacTAHYTOM apMatypbl. [[1s u3rubaeMbiX 3JI€MEHTOB pac-
YEeT HA TOM 3aKaHYMBAETCHI.

[Ipu pacueTe BHEUEHTPEHHO CKAThIX 3JIEMEHTOB MOJYUYEHHBIA pe-
3yJILTAT SIBJISCTCS MEPBBIM MPUOJIMKEHUEM, TTOCKOJIBLKY TMOJTy4YeH 0e3 yue-
Ta BIUsHUS Tiporuba. Ha ciexyromiem stame pacuera onpeaessieTcs: mpo-
rud 3JeMeHTa f pU TEeKYIIeM 3Ha4Y€HUH BBICOTHI CXKAaTOM 30HBI X. Bius-
HUe Mporubda Ha HEeCYIIYI CITIOCOOHOCTh CTOEK YUUTHIBACTCS yBEIUYCHU-
€M Ha4yaJbHOI'O 3HAYEHHUS OCEBOr0 SKCIECHTPUCUTETA HA BEJIMYMHY MPOTH-
6a. C HOBBIM 3HAYEHUEM DKCIICHTPUCUTETA BHEIIHEH CUJIbI IOBTOPHO BbI-
MOJTHSIETCSI pacyeT HEeCyIlel ClIOCOOHOCTH 3JIEMEHTA.

[IpuBeneHHas MOCIEA0BATEILHOCTh ONEPAIMi BBIOJIHSIETCS 10 TEX
nop, moka He OyJeT obecrieueHa CXOAUMOCTh 3HaueHust N Ha Mpeblay-
eV U TOCJIEAYIOMEN CTYIIEHAX pacyeTa B Ipeeiax 3aJaHHOW TOYHOCTH
pelIeHuUs.

[Ipu BBIYKMCIICHUHU MPOrMOOB HEOOXOIMMO YUYUTHIBATH BO3MOKHOCTh
oOpa3oBaHusl TPEIIUH W OMPENENATh KPUBHU3HBI 1O (OpMyJiaM, COOTBET-
CTBYIOIIIUM CITy4aro (CEYeHHUE C TPEIIMHAMH HJIA 0€3 TPEIIrH).

Kpurepuem o0pa3oBaHus TPEIIUH B MOMEPEYHOM CEUCHUM SIBIIACTCS
npeBblllieHUE AePopMaIusiMi KpaitHero pacTSHyTOTO BOJOKHA BEIMYUHBI
PEAEIBbHON PACTKUMOCTH Epy, 2.
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5. PACYHET U3I'MBAEMBbIX
AKEJIESBOBETOHHbIX DJIEMEHTOB

5.1. IIpoyHOCTH H3rudaeMbIX JIEMEHTOB
10 HOPMAJIbHBIM CeYEeHUSIM

[IpenenbHOE cOoCTOsSTHUE OalKU MO HECcylled CIOCOOHOCTH XapakKTe-
pU3yeTCsl pa3pylIeHreM 00 B HOPMAILHOM K OCH JIEMEHTA CeUeHuH 1,
an00 B HAaKJIOHHOM ceueHuu 2 (puc.5.1). PaspyieHue no HOpMallbHOMY
CCUYCHHIO BBI3BIBACTCS JIEHCTBHEM HM3THOAIOIIETO MOMEHTA, a TI0 HAKJIOH-
HOMY CEUYEHUIO — JIEUCTBUEM IOTIEPEUHBIX CUJI U, PEKE, MOMEHTOB.

RS N (N
! (T IN
\2 Ny P

Puc.5.1. Pazpymenue 6aiku:
1 — M0 HOPMAJILHOMY CEUCHHIO; 2 — IT0 HAKIIOHHOMY CCUCHUIO

B ’kene300€TOHHBIX HOPMaJbHO apMHUPOBAHHBIX HM3TrMOAEMBIX 3Jie-
MEHTaX pa3pylleHue HAYMHAETCA C pacTAHYyTOM apMarypsl. 1lo goctmxke-
HUM B HEU MpEJIeNIa TEKYUYECTH PE3KO YMEHBIIAETCS BBICOTA CKATOM 30HBI
O0eToHa, YTO BHI3BIBACT €€ pazpylieHue. JIump B 6ankax ¢ 04eHb OOJBIIUM
KOJIMYECTBOM PACTSIHYTOM apMaTypbl pa3pylIEeHUE MOMKET HA4yaTbCs CO
CKaTOM 30HBI; MPU ITOM HAMpPSOKEHUS B apMmarype OyJayT HUXKE Mpejena
TEKY4YECTH, YTO SIKOHOMUYECKH HEBBITOJTHO.

B cooTBeTcTBMM C ONMCAaHHBIM XapakKTEpPOM pa3pyLIEHUs XKeje-
300€TOHHBIX OQJIOK MO HOPMAJBHBIM CEUEHHUSM pPa3IMYaloT JBa Cliydas
pacuera:

a) IEpBbIM Clly4yal, KOrJla pacueT BEIETCS B MPEANOJIOKEHUH, YTO
MEPBOMPUYMHON MCUEPIIAHUSI TPOUYHOCTH 3JIE€MEHTa OyAeT JOCTUKEHUE B
PACTAHYTOU apMaType PacCUE€THBIX COPOTUBIICHUN;

0) BTOpOM ciaydail, KOrja pacueT BeIeTCS B IPEANoJ0KEHUH, YTO
MPOYHOCTh AJIEMEHTA HMCYEPHBIBACTCS BCIEICTBUE Pa3pyLICHUS CHKATOU
30HBI OETOHA paHbIIIE, YeM HaIPSHKEHUS B PACTSAHYTON apMaType JHOCTUT-
HYT PaCYETHOT'O COMPOTUBJICHUS.
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5.1.1. Ceuenus ¢ OIMHOYHOM apMaTypou

Ilpu nepeom cnyuae pacuéma NPEeAEIbHOE COCTOSHUE DJIEMEHTOB C
OJIMHOYHON apMarypoil, T.e. ¢ pabodeil apMaTypou, pacHoJOKEHHOU
TOJBKO B PACTSHYTOM 30HE, €CJH IUIOMIA[b ApMaTypbl HE MPEBBIIIAET HE-
KOTOPOTO MpEJEeNa, XapaKTepU3yeTcsl TOCTHXKEHUEM B apMaType pacyer-
HOT'O CONMPOTUBJICHUS Ry, 3aT€M WJIM OJTHOBPEMEHHO (HO HE paHee) — JI0-
CTUKEHUEM B OETOHE PacYETHOrO COMPOTUBIICHUS CXKaTUIO. B mpenens-
HOM COCTOSIHUM BHYTPEHHUE ycuius OyIyT paBHbI: B PacTSHYTOH apma-
Type — RgA;, B c)kaToM OETOHE MpH NPSIMOYTOJIBHOW 3MIOPE HAIMpPSKe-
HUl — Ry Ay, (puc. 5.2, a). [Ipunsatue B ckaToM OETOHE AIIOPHI HApsKe-
HUW TPsIMOYTOJIbHOM BMECTO (DaKTUUECKOW KPUBOJIMHEHHOUN MPUBOIUT K
HE3HAYUTEJIbHBIM MOTPEIIHOCTSIM, 3aTO YIPOIIAET pacy€THbIe (HOPMYIIBIL.
ComnpoTuBieHreM O€TOHAa B PACTSHYTOM 30HE MPEHEOPEraroT, Tak Kak
pPacCMaTPUBAIOT CEUEHUE, IPOXOIAIIEE YEPE3 TPELIMHY.

M

s
.

Puc. 5.2. K pacuéry 3nemeHTa ¢ 0OIMHOYHON apMaTypoi

BriBeiem pacuétHbie (pOpMyIIbl ISl SIEMEHTOB C CEUEHHUEM JIFO0O0
(GopMbI, CHUMMETPUYHON OTHOCUTEIHLHO BEPTHUKAILHOU ocu (puc. 5.2, 6),
MCXOJs U3 IBYX YCJIOBUM PABHOBECHS B NPEAECIBHOM COCTOSHUMU.

YpaBHEHHE MOMEHTOB OTHOCUTEIIBHO OCH, MPOXOIAILIEU Yepe3 TOU-
Ky NPUIOKEHHS PAaBHOJCHUCTBYIOIIECH YCHIMM B PACTAHYTOU apMaType Ag:

M — Ry,ApZy, =0 wiiu M = RyApZ,.
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OueBunHO, Hecylasi CHOCOOHOCTH 3JIEMEHTa OyJieT o0ecreueHa, ec-
J1 BHEIIHHUM MOMEHT HE NPEBBICUT BEIWYMHY MPEACTLHOTO MOMEHTA
BHYTPEHHUX CHUJI, TOATOMY MOKHO 3aIIUCAaTh:

M < R,S, , (5.1)
rae Sy, =ApZy, — (5.2)
CTaTUYECKUM MOMEHT IUIOIIAIA CXATOM 30HBbI OETOHA OTHOCHTEIHHO
OCH, HOpMaJIbHOM K TUIOCKOCTH JEHCTBHUS M3TMOArOIIero MOMEHTa U MpH-
XOJAIIENA YE€PE3 TOUKY MPUIOKECHUS PABHOJICHCTBYIOIIEH YCHINS B apMa-
Type Ag.

[TonoxxeHuss HEUTPAIBHOW OCH, a CIIEOBATEIBHO, U TUIOMIAAb CXKa-
TOM 30HBI OETOHA ONPEACIISIIOT U3 YPaBHEHHUS MPOEKIMI HA OCh 3JIEMEHTA!

RsAg — RyAp = 0 unmu R As = RpA,. (5.3)

B pacuére nzrnbaembIx 3J€MEHTOB BBOJIUTCS HE IOJIHAsI BHICOTA Ce-
yeHus h, a paboyas — nojie3Has hy = h — a, rjie a — paccTosiHue OT PaB-
HOJICHCTBYIOIIEH yCHUIUNA B apMmaType As J0 pacTSHyTOM rpaHd Oajku
(cMm. puc. 5.2, a). OTHOIIEHUE BBICOTHI C)KATOM 30HBI CEYEHUs K paboueit
BBICOTE HA3bIBAIOT OTHOCHTEIBHON BBICOTOM C)KAaTOM 30HBI CEUCHHS ¢ =
x/hy. BenuawHbl X 1 hy ©3MEPSIOT B HANPaBJICHUH, TICPIICHINKYISIPHOM K
MIPSIMOM, OTPAHUYMBAIOLLEH CKATYIO 30HY.

C yBenMYeHHEM KOJIMYECTBA PACTIHYTOW apMaTypbl, KaKk BUIHO W3
ypaBHeHus (5.3), yBenuM4MBaeTCd IUIONIAAb CXKaTOM 30HBI OeToHA Ay, a
CJe10BaTeNbHO, X U &. OUEBUIHO, YTO CYIIECTBYIOT TPAHUYHOE 3HAUYCHUE
g M COOTBETCTBYIOIIEEC NPEACIHHOEC apMHUPOBAHUE, NMPH TPEBBIMICHUH
KOTOPOTO pa3pyllieHUe 3JeMeHTa OyJeT HaYMHATHCS y>KE HE C PacTsHY-
TOW apMaTyphl, a CO CXKaTOW rpaHu OeToHa. ITo OyJeT rpaHUICH MEXITy
TIEPBBIM U BTOPBIM CIIy4YasiMy pacu€Ta 3JIEMEHTA.

TakuM oOpazom, pacuéT 3JIEMEHTOB IO MEPBOMY cllydaro, 1o Qop-
mynam (5.1) u (5.3), npousBoautcs, ecau & = x/hy < &g. Ilpm & < &
pacy€T Ben€Tcs o BTOpoMy ciiydaro. OnbIThI TOKA3aI, YTO BEIUYHUHA g
3aBUCHUT OT CBOMCTB OeToHa u apMarypbl. C yBeJIWYEHHEM IPOYHOCTH
OeToHa BBHJIy MEHbIIECH IUIACTUYHOCTH HaOII0JaeTca Oojiee paHHEe
XPYIKOE pa3pylIeHUE CKaTOW 30HbI O€TOHA, YTO BEAET K YMEHBIICHUIO
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3HaueHuil {p. [lpu yBenuyeHUM ke MPOUYHOCTHBIX CBOMCTB apMaTyphl &p
YMEHBIIAECTCA.

Ha ocHOBaHMM ONBITHBIX JaHHBIX MOJIyYEHA CIIEAYIOLIAsi SMIMpUAYE-
ckast (opMmyJia JJig ONPEACIICHUS] TPAHUYHOTO 3HAYEHUSI OTHOCUTEIHHOMN

BBICOTHI C)KATOM 30HBI:

0,8
—c
1+ s.el’

€ph2

$p = (5.4)

R .
THE Ege1 = E—z — OTHOCUTEJNbHAsA JAepopMalusi PaCTIHYTON apMaTyphl,

COOTBETCTBYIOIAs HAIpPSDKEHUIO Rg; &,, — OTHOCHU-
TelbHas nedopmalys cXaToro O0€TOHA, COOTBETCTBY-
FOIIAsT HAPSKEHUIO R, .

BenuuuHa €5, 3aBUCUT OT NJIUTEILHOCTU ACHCTBUS HATPY3KH, BUAA
HaIPSHKEHHOTO COCTOSIHUA U IPOYHOCTH OETOHA.

[Ipyu HENPOIOIKUTEIBHOM IEUCTBUU HATPY3KHU:

Uit OCTOHOB Kjacca IO TPOYHOCTH Ha cxkatue B60 u Huke
Epz = 0,0035;

JUIs OETOHOB KJlacca 1o mpodHocTH Ha cxkatue B70 — B100 3naue-
HHUE &p, U3MEHAETCA Mo JuHeHHomy 3akoHy: oT 00,0033 mpu B70 mo
0,0028 mpu B100.

[Ipu npoaOKUTEILHOM ACUCTBUU HArpy3KW YHMCIICHHbIC 3HAUCHHUS
Ko3(ppuireHTa &, MPUHUMAIOT B 3aBUCUMOCTH OT BiaxkHoctu mo CII
63.13330.

J1J1s1 BBICOKOIIPOYHBIX OETOHOB 3HAYEHUSI OTHOCUTEIIBHBIX Jiehopma-
WA €2 CHAEQyeT TMpPUHUMATh C YMHOXKEHHEM Ha OTHOIICHUE
(270 — B)/210.

Jlns Tsoxenoro 6etona kiaccoB B70 — B100 u a1 MenKko3epHUCTOTO
oetona B unciurene hopmyisl (5.4) Bmecro 0,8 cinenyer npuHumarts 0,7.

JInst 37I€MEHTOB TPSIMOYTOJIBHOTO ceueHus (puc. 5.2, 8) dhopmybl
(5.1) u (5.2), mocne moacTaHoBKU B HUX Ay = bx u S, = bx(hy — 0.5x),
MIPUMYT BH/T

M < Rybx(hy — 0.5x); (5.6)
R,A; = Rpbx . (5.7)
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[Ipu onpeneneHuy HeCylIel CIOCOOHOCTH AJIEMEHTA NP 3aJaHHBIX
pa3Mepax cedyeHus OeToHa M apMaTypbl U3 (popMyliel (5.7) HaxXOAAT BEJH-
YUHY X, OMPEJETSIONIYIO MOJ0KEHUE HEUTPATbHOM OCH U IUIOIIAb CxKa-
TOM 30HBI OETOHA:

X =R,A;/Ryb wvmu & =x/hy = R¢Ag/bhgR, = uRs/R,, (5.8)
rae u = As/bho —xod3pdunrieHT apMupoBaHus (OTHOIIEHUE TUIOIIAAN Ce-

YEHUsl PACTSIHYTOW apMaTypbl K paboueil miomaau ce-
yeHwus bhy).

OTHOCUTENBHOE COJEpPKAHUE apMaTypbl B CEUYEHUM MOKHO BbIpa-
3UTh TAKXKE Yepe3 MPOIEHT apMUpPOBaHust: u = As/ bho - 100 %.

N3 dhopmyiibl (5.8) BUIHO, YTO C YBEIMUECHUEM U YBEIMUYHUBACTCS OT-
HOCHUTEJIbHAsA BBICOTA CkKaToW 30HBI OeToHa &. lloacTaBisiss mpenenbHOE
3HAYEHHE OTHOCUTEIHLHON BBICOTHI CXKATOM 30HBI OeToHa B (hopmyiy (5.8),
MOJTyYUM 3Ha4€HHE HAauOOoJIbIIero K03 huireHTa apMUpOBAHHUSL:

Umax=ErRp/ Ry (5.9)

Kak BugHO 13 Gopmyssl (5.9), MakcuManbHBIN OPOLEHT apMUPOBa-
HUS [lmax 3@BUCUT OT PACUETHBIX COMPOTHUBJICHUN OETOHA W apMaTyphl.
BwmecTte ¢ TeM HOpMBI OTPaHUYUBAIOT U MUHUMAJIbHBIE MPOLEHTHI apMu-
poBaHusl. J{s1 u3rudaemMbiX 3JIEMEHTOB, €CIIM apMarypa TpedyeTcs o pac-
YETY Umin=0.1% . Ecnu npouieHT apMUpOBaHUA JIIEMEHTA HUKE YKa3aHHO-
ro MUHUMYyMa, €ro CIeIyeT pacCUMuThIBaTh 0€3 yuera apMarypsbl, T.€. KaK
HEapMUPOBAHHBINA OCTOHHBIN PJIEMEHT.

®opmyiy (5.6) MOKHO MPE/ICTABUTH B BUJIE

2
M = Rybx2(1-0.5-) = Rybh3E(1 - 0.5§) = abhZRy,  (5.10)
0 0

re am =& —E&/2). (5.11)
N3 (5.11) nonyuum dhopmyay st onpeaeiacHus ¢ npu W3BECTHOM
3HAYCHUU Uypp, :
E=1-y1-2a,,. (5.12)
C yuétom dopmyn (5.10) u (5.12) momanas cedyeHUs PacTIHYTOU
apMaTypbl pEKOMEH,1yeM BBITIOJIHATH IO CIASIYIONIEH cXeme:

d - ¢=1—-J1-2a,, > x=¢%hy — A5 =

_ Rpbx
am - 2

R

(5.13)
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[Ipu moxdope ceyeHui Keae300€TOHHBIX DJIEMEHTOB B MpaKTH4e-
CKHMX pacuerax cleyeT UMEeTh B BUIY, UTO OJMHAKOBAs Hecyllasl crnocoo-
HOCTh MOXET OBbITh 0OecleueHa Mpu pa3HbIX pa3Mepax CEUEHHUs U, COOT-
BETCTBEHHO, MPOIEHTaX apMupoBaHusA. OYEBUJIHO, YTO C YBEIUUYECHHEM
BBICOTBHI CEUCHHUSI DJIEMEHTA IUIONIa/lb CEYCHUS] apMaTypbl YMEHbIIAETCS.
[Ipu mpoeKTUpPOBAaHUU KOHCTPYKIUA HEOOXOJIUMO CTPEMHUThCA K Hanbo-
jee PKOHOMUYHOMY PEILICHUI0, MPU KOTOPOM CTOUMOCTh KOHCTPYKIIUHU
OyJeT MEHBIIICH.

HccnenoBanus NOKa3bIBalOT, YTO ATO TpeOOBAaHUE COOIOIA€TCS IPU
s3HadeHusx &= 0,2 — 0,3 g 6anok u &= 0,1- 0,25 qs mamT.

[IpenenbHbIE MOMEHT, BOCIPUHUMAEMBIN 3JIEMEHTOM C OJWHOYHOU
apMaTypoH, Ipu KOTOPOM OETOH CXKAaTOMl 30HBI HE pa3pyllaeTcsl Mpexk/ie-
BPEMEHHO, BbIpaxkaeTcst (hopmyioi (mpuHumaeM ¢ = &r)

My = arbhiR,, (5.14)
rje
ag = &p(1—&R/2).

Ilpu emopom cayuae pacuema npennonaraeTcsi, 4ro pa3pylieHue
AJIEMEHTa HAYMHAETCSA CO CTOPOHBI CKATOW 30HBI, OTHOCUTEIbHAS BHICOTA
ee & > &p.

OnbIThl MOKa3alii, YTO YBEIMYEHUE MPOYHOCTH OOBIYHBIX KEJIE30-
OCTOHHBIX AJIEMEHTOB C TOBBIIICHUEM APMHUPOBAHMS CBEPX T'PAHUYHOIO
HE3HAUYUTENbHO. [[pOYHOCTh TaKUX 3JIEMEHTOB MOXXHO PaCCUMUTHIBATH IO
dbopmymnam (5.1) wm (5.6) ¢ moactaHoBKOM B HUX X = & rh,. Bosiee TOUHBIM
pacyeT MpPOM3BOAUTCS MOJICTAHOBKON B pacueTHble (POpMyJIbl BMECTO R
HANPSOHKEHUU

1_
g, = (2 1_; — DR,. (5.15)

5.1.2. Ceuenus ¢ ABOMHOW apMaTypou

Ecnu m3rubaeMblii 3J€MEHT MOJBEpraeTcsi ACHCTBUIO JIBY3HAYHOIO
MOMEHTA WJIM KOTJIa PA3MEPBI CEUECHUSI OTPAHUYMUBAIOTCS SKCIUTyaTallMOH-
HBIMU WJIM 3CTETUUYECKUMU TpeOOBaHUSMH, MPUMEHSIOT JBOMHYIO pado-
Yyl apMaTrypy, PAacloJIOKEHHYIO Y JIByX HPOTHUBOIIOJIOKHBIX TpPaHEU

(puc. 5.3, a, 0).
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i Ec A;

"”Rzr RA,,

a) 0) 6) 2)

Puc. 5.3. K pacuery 31emeHTa ¢ JBOMHON apMaTypoid

MoMeHT, BOCHPUHUMAEMBIN HM3rM0AEMBbIM 3JIEMEHTOM C JABOMHOM

apMaTypowu,
M=M,+M,

rae M; = RyApZ;, — MOMEHT, BOCIPUHUMAEMBIH CKaTOW 30HON OETOHA U

COOTBETCTBYIOILIEN YaCTbKO PACTAHYTOW apMaTypbl

Ag, Kak B DBJEMEHTE€ C OJIWHOYHOM apmaTypou

(puc. 5.3,6); M' = A;(hy — a’) — MOMeHT, BOCIIpH-

HUMaeMbIii C)KaTON apMaTypoil Ag M COOTBETCTBY-

IO  YacTbl0  pPACTAHYTOM  apMaTypbl Ay

(puc. 5.3, 2).
YcnoBue paBHOBECHS B IIPEACIIBHOM COCTOSTHUU MPEJACTABUM B BUIIE
M < R,S, + Rg, (5.16)

e Sy=Aplp, SS = A'S(ho - Cl').

[TonoxxeHne HEUTPATbHOM OCH U IUIOMIAJAM CEYECHUS CHKATOM 30HBI
O0eToHa (TIpW 3aJaHHON (hopMe MOMEPEYHOTO CEUCHMS) ONPEACIeTCS U3
ypaBHEHUS MPOESKIIMIA HAa MPOJI0JIBHYIO OCh 3JIEMEHTA:

R,A; — R, A; = RyA,. (5.17)

JIns BJE€MEHTOB MPSIMOYTOJILHOTO CEYEHHUsI pacdeTHbIE (HOpPMYJIbI
(5.16) u (5.17) npumyT BUJ

M < Rpbx(hy — 0,5x) + Ry ;As(hy — a’); (5.18)
R,A; — R, A; = Ry bx. (5.19)
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B npakTuke npoeKTUpOBAHUS BCTPEUAOTCS 3a]]a4M IBYX BUJIOB:

1) cxxatas apmarypa HeoOXoauMMa JUisl YCUJIEHUSI CXKATOW 30HBI Oe-
TOHA (€CJIM YBEJIMUCHUE PA3MEPOB CEUCHUS HEKEATEIbHO);

2) cxkaras apmaTypa MpeayCMOTPEHa MO KOHCTPYKTUBHBIM COOO-
PAaXEHUAM WIM TpPU YCIOBUM JICUCTBUSA JBY3HAYHOTO W3THOAIOIIETO
MOMEHTA.

B 3aymadax mepBoro Buja 0ObIYHO OBIBAIOT 3aJIaHBI Pa3MEPhl CEUCHUS
Y HaJI0 OTIPE/ICINTh CCUCHUS PACTSIHYTON M CXKaTOi apMatypsl Asu Ag IpH
pacueTHOM MoMeHTe M. B »Tom cnydae cHadana mo dopmyie (5.14)
OIPEACISIOT MPEACIbHYI0 BEIUUYNHY MOMEHTA M; = My, KOTOPBIA MOXKET
OBITh BOCHPHUHSAT 3JIEMEHTOM 0Oe€3 cxkatoil apMarypsl (puc. 5.3, B). Eciu
3aJJaHHBIN PACUYETHBIM MOMEHT M 110 BEJIMYMHE MPEBBIIACT MPEACIbHbBIN
MOMEHT MR, KOTOPBIM MOXET ObITh BOCHPUHST 3JIEMEHTOM C OJAMHOYHOU
apMaTypoM, TO HEOOXOJJMMO YCUJIUTh CXKATYI0 30Hy O€TOHa C)KaTou apma-
Typoi. KonudecTBo Takoil apMatypsl JOJKHO 00€CIeurnBaTh BOCIPUSITHE

pa3zHoCTH MOMEHTOB M’ = M — My :
A = M-xgbh3Rp
s = n -
Rsc(ho—a')
OO0miee ceueHne pacTIHYTOM apMaTypbl ONPENETSIOT KaKk CyMMy Ay

(5.20)

u As2, COOTBETCTBYIOIIMX MoMmeHTaM M; u M', unu u3 dopmyn (5.19) c
MIOJICTAHOBKOM B Hee X = &phy, T.€.

As = Egbhy 2 + Ay (5.21)

SR
S
B 3amayax BTOpOro BH/IA 3a/1aHbl HE TOJIBKO pa3Mephbl CEYEHUs], HO U
TUIOIIA/Ib CEYEHUST apMaTyphl A'. B 3ToM cilydae cHauaia onpeaesitoT

_ M—-RscA5(ho—a’)
= Ryb12 (5.22)

Am

Ecnu okaxercs, 4to @,, > A, TO 3aITaHHOE KOJIMYECTBO CKATOU ap-
MaTypbl A; HEIOCTATOYHO, CIACAYET YBEIUYHUTH JIMOO pa3Mepbl CEUCHUS,
1100 konmmdecTBO apmartypsl Ag. KonwuecTBo Ag ompenernsercst Kak B 3a-
nade nepBoro Bunaa. Ecim xe a,, < ag, T0 o popmyine (5.12) naxondr &,
a 3aTeM OIPEJETSIOT CEUCHUE pacTIHYTON apMaTypsl o Gopmyiie (5.23),
MOJICTaBJIsISl B HEE COOTBETCTBYIOIIEE 3HAUCHUE &,

B npuBenennpx (GopMmynax HampsoKEHUS B COKATOM apMmaType MpH-
HSTHI PAaBHBIMHA PACUYETHOMY COIPOTUBIICHUIO, TOATOMY TOJIb30BAThCS
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MMH MO>KHO JIMIIIb B CJIy4ae, KOrja TaKue HanpsDKEHUsl B CXKATOM apMary-
pe ACHCTBUTEILHO MOTYT OBITh IOCTUTHYTHI.

Crnenyetr MOMHUTD, YTO SIIOpa HANPSHKEHUI B CXKaTOM 30HE OeTOoHa
Jaxe B MPEeJIETbHOM COCTOSHHUM OyAeT (pakThuuecku KpuBosrHeitHoi. [1o-
ATOMY €CJIM PABHOJICMCTBYIONIAS YCWINK B CKATOW apMaType OKaXKETCA
PACIOJIOKEHHON OJIMKE K pacTSIHYTOW rpaHu OajKku, YeM pPaBHOJICHUCTBY-
I0Iasl COKUMAIOIIMX YCUIUM B OeToHe, TO JAedopMalii U HaNpsKEHUs B
CXKATOM apMaType MOTYT OKAa3aTbCsl MEHEE MPEICIIbHBIX 3HaUYCHUN. Bo n3-
OexxaHue OIIMOKM MOJIb3YIOTCS TAaKUM MPAaBUJIOM: €CJIM BbIYUCIIEHHAs 0e3
yueTa ckaroi apmarypsl (A; = 0) BeICOTa CXKATOM 30HBI MEHbBIIIE YIABO-
CHHOM BEJIMYMHBI @', CKATYIO apMaTypy B pacuéTe HE YUUTHIBAIOT.

Ecnu npu onpeneneHun BBICOTHI CkaTol 30HBI M3 GopMybl (5.19)
0Ka3ajock, 4To & < (0, MPOYHOCTH 3JIEMEHTa IPOBEPSIOT 10 hopMmyIie

M < R;Ag(hy —a'), (5.23)
T.€. 0e3 yueTa paboThl OETOHA.

5.1.3. DneMeHTBI TaBPOBOI'O CEYCHUS

N3rubaemMpie 3JIEMEHTHI TaBPOBOTO CEUCHMS C TOJIKOM B CXKaTou
30HE€ IIUPOKO MPUMEHSIIOT B BUJE OT/ACJbHBIX 0aJOK U B COCTaBe pedpu-
cThIX mepekpoiTuil. LlenecooOpa3HocTh Takoil (opmbl ceueHus oOycCIoB-
JIeHa TE€M, YTO B HEM CBOJIUTCS K MUHUMYMY IUIOLIA]b CEYEHHUs Hepabo-
TAOIIEr0 pacTsIHYyTOro 0€ToHa U, HA0OOPOT, pa3BUBAETCS IUIONIA/Ib CeUe-
HUSI CKATOM 30HBI. DJIEMEHTBI TABPOBOI'O CEYEHUS C MOJIKOM B PACTAHYTOMN
30HE BCTpevyaroTes penko. [lomnka, pacrosoxensas B pacTIHyTON 30HE, HE
YBEIIMYUBAET HECYILIEH CIOCOOHOCTH 3JIeMEHTa. Takue CeYeHHUs] paccuu-
THIBAIOT KaK MPSIMOYTOJIbHBIE C IIUPUHOM, paBHOW IIMpUHE pedpa TaBpo-
BOI'0 CEUEHUS.

B snemeHnTax TaBpOBOro C€UE€HUs C IMOJKOM B CKATOM 30HE LIMPUHA
MOJIKW, YYWUThIBaeMasi B pacuere, orpanuuuBaercs. [Ipu caumkom 00mb-
IIAX CBECAaX W MAaJoOM TOJILMHE MOJOK 3HAYMTEIIbHO BO3PACTAIOT CKAJIbI-
BAIOIIUE HANPSKEHUS B MECTaX MPUMBIKaHUS MOJKHU K pedpy. Kpome To-
ro, o Mepe yAaJIeHUsl Y4aCTKOB TOJIOK OT peOpa CHUKAIOTCS TPOI0JIbHBIC
HANPSDKEHUSA, IO03TOMY, Ha OCHOBAHHUM OJKCIEPUMEHTAIBHBIX JAHHBIX,
HOpPMaMH OI'paHWYEHA BEJIMYMHA CBECOB IOJIOK, BBOAUMAs B pacueT. [1Iun-
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pHHA CBeca MOJIOK B KaXKIYyI0 CTOPOHY OT peOpa He J0JKHA MPEBHIIATH
MOJIOBUHBI PACCTOSIHUSL B CBETY MEXIy COCEIHUMU pedpamu u 1/6 mpoJie-
Ta PacCUUTHIBAEMOIo 3jeMeHTa. Kpome Toro, eciu B 3J€MEHTE paccTosi-
HUS MEXIYy TONEPEUYHBIMU peOpaMu TPEBBIMIAIOT PACCTOSTHHUS MEXITY
MPOJIOJIBHBIMU peOpaMu WM €CIM TIOTIepeYHbIe pedpa OTCYTCTBYIOT, TO
pu h} < 0,14 BBOIMMas B pacyeT INIMPHHA CBECA MOJKH B KAXKIYIO CTO-

pOHY OT peOpa He JoJKHA ObITh OoJjiee 6h} (puc. 5.4). Ilpu Hagu4uu mo-
nepeuHbix pedep wiam npu hy = 0,14 mvpuna mojku b}'c MIPUHUMACTCS

PaBHOM PACCTOSIHUIO B CBETY MEXIY MPOJAOJIbLHBIMU PEOpAMH.

Ag As
74 x E% = % 4 Bif
[ % | Py = |
| i <
RIS >
v <
Ag Agy Ag o, Asz
a) 6) 6) 2) 0)

Puc. 5.4. K pacuery »11eMeHTOB TaBpOBOI'O CEUEHUS

JIJist oTHeNbHBIX 0aJlOK pacueTHasl IIMPUHA CBECa MOJIKM B KaXIYIO
CTOpPOHY OT peOpa jgo/okHa ObITh: mpu hy = 0,17 He Oonee 6h},
npu 0,054 < hy< 0,14 ne 6onee 3hy. Ilpu hy < 0,05h cBecs TONKH B pac-
YeT HE BBOJAT U CEUCHUE PACCUMTHIBAIOT KaK MPSIMOYTOJIbHOE C pa3Mepa-
MU i u b.

[Ipu pacuete TaBpOBBIX CEUEHUN MOTYT BCTPETUTHCS JIBa CIIydasi:

1) HeWlTpanbHass OCb NPOXOAUT B TMpeAeiaxX TOJIIMHBI TMOJKU
(puc. 5.4, a);

2) HeWTpalibHas oCh mepecekaet pedpa (puc. 5.4, 6).

HenTpanbHas 0Cb TPOXOAUT B MOJIKE IPU YCIOBUHU, UTO

RsAg < Rpbshy + R As. (5.24)

B 5TOM ciyuae TaBpOBOE CEUEHHE PACCUMTHIBAIOT KaK MPSMOYTOJIb-
HO€ C LIMPUHOM, PABHOWU b]'c, TaK Kak IUIOIIaJb OETOHA, PacHOJIOKEHHAs
HIKE HEUTpaJIbHOM OCH, HE pabdOTaeT; CIeA0BATEIbHO, CEUCHUE MOXKET
OBITH JIOMOJHEHO JI0 MPSIMOYTojbHOro (NMyHKTHUP Ha puc. 5.4, a). Korma

83



HEWUTpaabHasg OCh MIPOXOJUT B pedpe, cikaTasi 30Ha CEUCHUS CKIIAIbIBACTCS
U3 CxKaTol 30HBI pedpa (puc.5.4,6) U TMOTHOCTHIO CXKATHIX CBECOB
(puc. 5.4, 2), xoTOopble pabOTAOT B YCJIOBUSX, OJU3KUX K OCEBOMY
CHKATHIO.

CocTaBUB ypaBHEHUS MOMEHTOB OTHOCHTEIIBHO OCH, MPOXOISAIIEH
Yyepes3 TOUKY IPUIIOKEHUS PAaBHOJIECHCTBYIONIIEH YCUIIMKA B PACTAHYTOU ap-
MaTrype, MOJYy4YUM yCIOBUE MPOYHOCTH:

M < Rybx(hy — 0,5%) + Ry (b — b)h¢(h — 0,5hf) + Rg A5 (hy — a'). (5.25)

[TosoxeHne HEUTPAIIBHOM OCHU ONPENEIAETCA U3 YPABHEHUS IPOEK-
LMH HA NPOJIOJIbHYIO OCh JJIEMEHTA:!

RsAs = Rpbx + Ry, (bf — b)hg + R (As. (5.26)

[TonoxeHne HEUTPAIIBHOM OCHU ONPENEIACTCA U3 YPABHEHUS IIPOEK-
LM HA NPOJIOJIbHYIO OCh JJIEMEHTA:!

RsAs = Rybx + R, (bf — b)h} + Ry (A (5.27)

Hecymiasi cnocoOHOCTh TaBpPOBOTO CEUEHUS, MpEJICTaBiisemMasi mnpa-
BOM 4acThiO ypaBHEHHs (5.25), ompeaensiercss CyMMOM Tpex ciaraeMbIX:
MOMEeHTa M;, BOCIIPUHUMAEMOr0 peOpOM C IUIOMIAIbIO CXKATOM 30HBI Oe-
TOHA bX U COOTBETCTBYIOILIEH YACThIO PACTSIHYTONU apMaTypbl As1; MOMEH-
Ta Mz, BOCOPUHUMAEMOI'O CBECAMU CXKATOM MOJKH C Iiomaabto (b'—b)h's
U COOTBETCTBYIOIIEH YAaCThIO PACTAHYTOU apMaTypbl Asc (puc. 5.4, 2);
MOMeHTa M', BOCIPUHUMAEMOI'0 CXKATOW apMaTypbl A's 1 COOTBETCTBYIO-
el YaCThIO PACTAHYTOU apMaTyphl A2 (puc. 5.4, 0).

[Ipyn mpakTUyecKux pacyeTax, KaKk IMPaBHIIO, U3BECTHBI PACUETHBIN
M3rUOaromuil MOMEHT M, pa3Mepbl CEUCHHUS M TUIOMIAb CEUCHUS CHKATOMN
apMmatypbl A's, KOTOpbIE MPUHUMAIOT MO KOHCTPYKTHUBHBIM COOOpaKeHU-
aM. HeoOxoaumo onpeaenuTs mionaab CEUeHUs pacTIHYTOW apMaTyphbl.

Pacuer HauMHAIOT C OMNpENENICHUs MOJIOKEHUS HEUTPAIBHOM OCH.
JInst 3TOro CHavajia ONpeneIsitoT BEJIMYUHY MOMEHTa Mp, mpenmnosnaras,
YTO HEUTPAJIbHASL OCh MPOXOJUT IO HWKHEMY KPAIO TMOJIKH, T.€. IPUHUMAS
x=hl:

Mr=Rpyb'r h's(ho—0,5h") + Ryc A's (ho—a). (5.28)

Ecimu 3amanHbIil pacdyeTHbIi MOMEHT M < M, BBIYUCIEHHOI'O II0
dbopmye (5.28), To HEHTpadbHasE OCh MPOXOJUT B IMOJKE M TaBPOBOE Ce-
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YEHUE PACCUUTHIBAIOT KaK MPsIMOYTOJIbHOE C IIUPUHOM, paBHOU b'. Ilpu
M > My neiiTpanbHasi OCb NPOXOJUT B peOpe U pacueT MPOU3BOMAST Clie-
IyIOIKUM 00pa3oM: cHavana onpeaessitor M, u M', 1 COOTBETCTBYIOIINE
TUIOIAIA PACTAHYTOU apMaTyphbl:

AS,CB =

MCB
Rs(ho—0,5R}) (5.29)

A, = AL B (5.30)

S RS
3aTeM ompeaessiioT MOMEHT M) Kak pa3sHOCTh 33IaHHOTO PacyYETHO-
ro MOMEHTAa U MOMEHTOB, BOCIPUHMMAEMBIX CBECAMHU MOJIKA U CKATOM
apMaTypou:
—_ !
Mi=M-M,—M.
[To moMeHnTy M, onpenensatoT miomaas ceueHus Agq :
_ 2 :
X = My /(bhgRy) ;
E=1—-1-2a,;
x =¢&hy;
PN
Ry (hO - 7)
[TosiHOE ceueHne pacTSIHYTON apMaTypbl
Ag = A + AS,CB + As,.

Asl

5.1.4. DneMeHThI ABYTaBPOBOTO
1 KOpoOYaToOro CCUCHUU

[Ipu pacuere Mo HeCymiew CIOCOOHOCTH 3JIEMEHTOB JIBYTaBPOBOIO
WM KOPOOYATOro CEUYEHHM HUX MPUBOMAST K SKBUBAJICHTHOMY TaBPOBOMY
ceueHuto (puc. 5.5). I[Ipu 3ToM pacTsHyTas IMojKa B pacueTe HE YUUThIBA-
eTCsl, TaK KaK OETOH, PACMOJIOKEHHBIN HUXKE HEUTPATLHON OCH, PACTSIHYT
Y BCJIEICTBUE 00pa30BaHUs TPELIMH U3 PaOdO0ThI BhIKIIOUaeTcs. Best pacTs-
HyTasl apMaTypa COCPEOTOUMBAETCS B PeOpe ¢ COXpaHEHUEM HEU3MEHHOMN
BEJIMYMHBI pab0Yeil BEICOTHI CEYEHUS A, .
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B e o - b
T L ? 4
i{ b --'-.“‘.:.:> z’bli ._f'bf Aa
3 J',‘ =g 4 >
A\l
A,
A,

a) 0) 6)
Puc. 5.5. K pacuery a51eMeHTOB ABYTaBPOBOTO U KOPOOUATOTO CEUEHUM:
a — IByTaBpOBOE CEUEHUE; 6 — KOpOOUATOE CEUEHUE;

6 — DKBUBAJIECHTHOE TaBPOBOE CEUEHUE

[Ipu mepexonie 0T KOPOOUATOTO CEUCHHUS K IKBUBAJIIEHTHOMY TaBPO-
BOMY ITUpUHA b'sr 1 TONIMUHA /s CKATON TOJKYA COXPAHSIFOTCS TAKUMU XKe,
KaK B KOpOOUaTOM CEeUeHUH, MUPHHA pedpa MPUHUMAETCS PAaBHOW CymMMe
TOJIIUH BEPTUKAIbHBIX CTEHOK KOpoOYaToro nsjaemMeHta (Ha puc.S.5
b = b;+by+b;), a Bcs pacTsiHyTasl apMarypa cCOCpeIoTOUeHa B pedpe ¢ co-
XpaHEeHUEM Tou ke paboueil BbICOTHI /1,. PacTsiHyTas moJsika B pacuere 1o
Hecylel CnoCOOHOCTH HE YUYUTHIBAETCS.

5.2. PacyeTr nNpoYHOCTH M3rHdaeMbIX 3JIeMEHTOB
10 HAKJIOHHBIM CEYEHUSAM

[Ipu u3rude xene300€TOHHBIX AIEMEHTOB Ha y4yacTKaX CO 3HAYU-
TEJIbHBIMU TONEPEYHBIMU CHJIAMH (OKOJO OIMOp) OT JEWUCTBUS TJIABHBIX
HaNpsDKEHUU 0, (pUC. 5.6, @) MOKET 00pa30BaThCS HAKJIOHHAS TPEIIUHA,
pazzesnsonias 3JIEMEHT Ha 4YacTH, COCMHEHHbIE MEXIY co00il OeTOHOM
CXKaTou 30HBI U apMaTypou. [Ipy yBennueHnn Harpy3Ku LUPUHA TPELIUH
YBEIIMYUBACTCS, HANpPsHKEHUsT B apmarype (IPOoJ0JbHOM, MONEPEeUHOMH,
OTOTHYTOM), MEpeceKaeMol TPEIIMHOM, a TakKe B CXKAaTOM OETOHE HaJ
TPEMIMHON BO3PACTAIOT U IOCTUTAIOT MPENIENbHbIX. Pa3pyiienue anemeHTa
M0 HAKJIOHHOMY CEYEHHUIO MOXET MPOU30UTH JIMOO B PE3yjbTaTe JIOCTHU-
YKEHUS Npeesa TEKy4eCTH apMaTypou, IEPECEKAEMON TPEIIUHOM, a BCIIE]
3a TEM B3aMMHOTr0 MOBOPOTA 00EUX YACTEH AIEMEHTA U Pa3pYIICHUS CxKa-
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Puc 5.6. I'naBHbIe HanpsieHUs: B OETOHE OKOJIO ONOPbI OaNKu (@)
U XapakTep pa3pyuieHus 0ajaku Mo HAKIOHHOMY Ce4eHHIo (0)

TOro O€TOHa HaJ TPEIUHOM, JTUOO (MPH JOCTATOYHO OOJBIIIOM KOJUYe-
CTBE XOpOUIO 3aaHKEPEHHOW MPOJIOIBHON apMaTyphl) B pe3yjbTare pas-
pyIIeHus: 0€TOHA OT COBMECTHOTO JACHCTBUS Cpe3a U cxkaTus (puc. 5.6, ).
[Ipn oOomx BWmax pa3pylIeHUS B MPEACIHHOM COCTOSHUM JIOJDKHBI CO-
OJIF0TaThCS CIICAYIONINE YCIOBUS MTPOYHOCTH, BHITEKAIOIINE W3 YPABHCHISI
MOMEHTOB BCEX CHJI, MPUJIOKEHHBIX K paCCMAaTPUBAEMOI YacTH DJIEMEHTa,
OTHOCUTEIHHO TOYKH TMPUIOKEHUS PaBHOJCUCTBYIOMIEH CKUMAFOIIINX
YCWIMHI B CEUCHUU HAJl TPEIIMHON U YPABHEHUS IPOEKUUN TEX KE YCUIUN
Ha HOpMaJlb K TIPOI0JIbHOM ocH 35ieMenTa (puc. 5.7):

20

zsw

q
TR VLA A
0 s s D

L2 /11 éI;QN"“‘?

w
[y

M= e b

] —————— —

— L’ ‘Y‘\’#
a_ | wcgw'

q

Q
;

c

Puc. 5.7. K pacuery npOYHOCTH HAKJIIOHHBIX CEUCHHM:
1 — monepevHble CTEPKHHU, MPUHUMAIOIINE yJacTue B paboTe;
2 — CTEp)KHU, HE MEePeceKaeMble TPEUIUHON
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M < RsAsZs + Z RSWASWZSW + Z RsAs,inch,inc; (5-32)
Q S (pSWRSWASW + (pSW Z stAs,inchw Sln 9 + Qb' (533)

TpeTpuM yCIIOBUEM MPOYHOCTH SABJISIETCS YPABHEHHUE MPOCKIIUH BCEX
CUJI Ha MPOJOJIbHYIO OCh 3JIEMEHTA, U3 KOTOPOTO OOBIYHO OMpPEACIIsSieTCs
BBICOTA CYKATOU 30HBI HAJ| HAKJIOHHOW TPELLIMHOM.

B ypaBnenusix (5.32) u (5.33): M — MOMEHT BHENIHUX PaCUYETHBIX
HArpy30K, IMPUJIOKEHHBIX K PaCCMaTPUBAEMOW YaCTH JIEMEHTA, OTHOCH-
TEJIbHO OCU NPOXOJSIIEH Yepe3 TOUKY NMPUIIOKEHUS PABHOACHCTBYIOLIEH
CKUMAIOIINX yCUIIMK B OeToHe; () — momnepeyHasl cuja B HAaKJIOHHOM ce-
YEHUHU ¢ JUIMHOW npoekiuu C Ha NpOJIOIbHYI0 OCh 3JIEMEHTA, ONpeAeIsie-
Masi OT BCEX BHEIIHUX CWJI, PACIIOJIOKEHHBIX IO OJHY CTOPOHY OT pac-
CMaTpPUBAEMOr0 HAKJIOHHOI'O CEYeHMs (IIPU ITOM YUUTHIBAIOT Haubosee
OMacHOE 3arpyeHue B Mpejiesiax HaKJIOHHOTO ceueHus); Ag,, — IIomaib
CEUCHUs BCEX MONEPEYHBIX CTEPKHEH, PACTIOIOKEHHBIX B IIJIOCKOCTH, IIe-
PECEKAIIEN pacCMaTPUBAEMOE HAKIIOHHOE CEYEHUE; A inc — TIIOMIAb CE-
YEHUS BCEX OTOTHYTBIX CTEPXKHEH, PACIIOIOKEHHBIX B OJHOUW (HAKIOHHOM
K OCH 3JIEMEHTA) MJIOCKOCTH, MEPECEKAIONICH paccMaTpuBaeMoe HaKJIOH-
HOE€ CEYEHMUE; Zsw U Zsinc — PACCTOSAHUSA OT TOUKU MPHUIOKEHUS PABHOICH-
CTBYIOIIIEH CKUMAIOIINX YCUIHM B O€TOHE 10 YCUIIUH, NEUCTBYIOIIUX CO-
OTBETCTBEHHO B IMOMEPEUYHBIX CTEPKHIX (XOMyTax) M OTruodax; ¢, — Ko-
s unuent, npuHuMaemeiii paBHbiM 0,75; 6 — yron HakjioHa OTOTHYTOM
apMaTypsbl K IPOJIOJIBHON OCH 3JIEMEHTA; (J) — BEIMYMHA TONEPEYHOM CH-
JIbl, BOCIIPUHUMAEMOI OETOHOM B HAKJIOHHOM CEUYEHUHU.

Kak nokazamu omnbITel, (J5 3aBUCUT OT F'€OMETPUUECKHUX Pa3MEpPOB
CeYeHusl, Kiacca OETOHA M KPYyTU3HbI HAKJIOHHOTO CEYEHUs. DTa 3aBUCH-

MOCTb BBIPXKACTCS IMIUPUUIECKOMN (HOpMYIIOit
nRptbhg _ Mp

- == (5.34)

rac C - OJIMHA ITPOCKIUU HauboJiee OIacHOro HAKJIOHHOIO CCYECHHUS Ha

Pp2P
Qp = :

IPOJIOJIBHYIO OCh 3JIEMEHTA; b — IIMpPUHA NPSIMOYTOJIBHOIO Ce-
YeHus, IUpUHA pedpa TaBpOBOrO WJIM JIBYTAaBPOBOI'O CEUECHMUS,
CyMMapHas TOJIIMHA CTEHOK KOpOOYaToro ceyeHus M T.I1.;
Pp2 — KO3DPUIMEHT, TPUHUMAEMbIN PaBHBIM 1,5.
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KoaddunuueHt ¢,, yauThiBaeT BIUSHUE MPOAOJIbHBIX CHUIIL:

3nauenue korpduiuenra ¢, Ycnosue
1.0 [Ipu oTCYTCTBUU NIPOIOIABHBIX CHJT
Ocp
1+ R_b 0 <o < 0,25R,
1,25 O,ZSRb < O—Cp < 0'75Rb
Ocp
5(1 - R_b 0'75Rb < O—Cp S Rb
1 -
- <
ZRbt 0< Oy = Rbt

B dopmynax Tabiuibl 0y, U 0p — CPEIIHAE CKUMAIOIICE U PACTATH-

BaloIllee HAPsHKEHUSI B OETOHE CEYEHUS OT BO3JICHCTBHS MPOJI0JIbHBIX CUIT
(mpuHMMaroTCs Mo MoAy o). Ecnu conepxkanue mpoJI0ibHOM apMaTypbl
He Oozee 3%, Mpu ONpPEeICHUN 3TUX HAMPSKEHUN apMaTypy JOITyCKaeT-
Csl HE YUUTHIBATh.

Brraucnennoe no gopmyse (5.34) 3nauenue (J, NpUHUMAIOT HE 0O-
nee 2,5R,:bh, u ue menee 0,5R,:bh,.

5.2.1. PacuéTt HaKJIOHHBIX CEYECHUH IO MONEPEYHOU CUIIE

[IpakTdecKkue pacyeTbl HAKIIOHHBIX CEYEHUM IO MONEPEYHOU CHUJIIe
yJA00HO MPOU3BOUTH IO CJIEAYIONIEH METOTUKE.

Ecnu 351eMeHT apMUpPOBaH TOJIBKO IMPOAOJIBHOM apMaTypou U IIOIie-
PEUYHBIMU CTEPKHIMU (XOMYTaMH), TO YCIOBUE MPOYHOCTA MOXKHO TPE-
CTaBUTH B BUJIE

Q < Qps = Qp + Q- (5.35)

JleBas 4acTh HEpaBEHCTBA MPEACTABISET COOOM MONEPEUHYIO CUITY B
CEUCHUU C BEPLIMHOM HAKJIIOHHOM TPEILUMHBI, IIpaBas — HAUMEHBIIIEE 3HA-
YEHUE MONEPEYHON CUIIbI, BOCIIPUHUMAEMON COBMECTHO OETOHOM U XOMY-
TaMU, [EPECEUYEHHBIMU HAKJIOHHON TPELIUHOM.

Haumensiee 3HaueHue (Jps COOTBETCTBYET HaMOOJIEE OMACHOMY
HAKJIOHY CE€UYEHUs, i1 OTBICKAHUS KOTOPOTO COCTABUM CIEAYIOIIEE BbI-
paxkeHue (cMm. puc. 5.7):

Q <Qps=q(c+a)+0,75q,c+ ?, (5.36)
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r1€ ¢ — PaBHOMEPHO paclpejiesieHHass BHEIIHSS Harpyska; (g, — Ipe-
JEeIbHOE YCHJIME B XOMYyTax Ha €IWHUILY JJIMHBI AJIEMEHTA,
paBHOE

RSWASW
Qsw = T; (5.37)

§ — PacCTOsTHUE MEXKy XOMYyTaMHU.

3amMeTuM, 4TO AJI 33JIaHHOTO JIEMEHTA U HAarpy3KH MolepeyHas CH-
na Qps, omnpenensemas gopmyson (5.36), sBugercs nuib GyHkimen C.
OTplleM MOJIOKEHHE HanboJiee OMacHON HAKJIOHHON TPEIIUHbBI (JIJTMHY €€
npoekuuu C), Ha 00pa3oBaHUE KOTOPOH MOTpPeOyeTcsi MUHUMAaJbHAs MO-
nepeunas cuiia (. I{ns aToro 6epem nmpou3BoaHyro ot Q) no C u npupas-
HUBAEM €€ HYJIIO:

aqQ M,
E: q + 0,75q,, —?Z 0,

_ Mp
c= /0»75‘15w+q : (5.38)

[TomyueHHOe 3HaUYE€HHUE ¢ MPUHUMAETCS B MpeJieaax oT A, 10 2h,..

OTKyJa

[ToncraBnsasa HaitnenHoe 3HaueHue C B popmydry (5.36), mosrydum:

Qps = 2\/Mb (0,75¢sw + @) + qa .
Haumensbinee 3nauenne Qs OyaeT npu a =0, T.e. B HAKJIOHHOM cCe-

YECHUHU, TPOXOJAIIEM Y TPAHU OTOPBHI:

Qbs = 2\/Mb(qsw + q) . (5-39)
Ecnu noacraButk 3Hauenue C u3 (5.38) B (5.34), noaydum BhIpaKe-

HUE JIJIsl IONEPEYHOU CHUJIbI, BOCHIPUHUMAEMOW OETOHOM CKATOUM 30HBI HaJ
HAKJIOHHOW TPEITUHOM:

Qb = \/Mb(qsw + q)- (5-40)

CpasuuBas (5.39) u (5.40), ormeTuM, 4TO NMpU HauboJee OMacHOM

HaKJIOHE TPEIIWH ITONEePEYHBIC CHUJIbI, BOCIIPUHUMAEeMble OCTOHOM CXKaTOM

30HBI U TTONEPEYHON apMaTypoil, paBHBI MO BEIMYHMHE M COCTABJISIOT II0-

noBuHY QOp,. Ilocne moactanoBku B (5.39) 3nauenust My u3 (5.34) nony-
JUM:

Qps = 2\/(pb2(anbtbh(2) (0-75qsw + q)- (5-41)
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CruioniHasi paBHOMEPHO pachpe/ielieHHasl Harpy3ka ¢ B Ipejernax
JUTMHBI TIPOCKITUY HAKJIOHHOTO CEUYCHHUS YUUTHIBACTCS JIUIIH B DJIEMEHTAX,
PaCCUMTHIBAEMBIX TOJBKO MPH TAKOW CXEME Harpy3KH, KOTrja 3Ta Harpy3ka
JCHCTBYET MOCTOSIHHO (HampuMmep, TP TUAPOCTATHYECKOM JIaBIICHUH,
TaBJICHUHU TPYHTA W T.M.). B OOJBIIMHCTBE ClydaeB Harpy3ka ¢, YMEHb-
Iaromiasl BEJIMYUHY MOTIEPEYHON CHUIIBI, BBUy TOTO YTO OHA MOXET OT-
CYTCTBOBATh WJIU NIEPEMEIIATHCS, B BhipakeHnH (5.41) He yunuThIBaeTCS.

[Ipyn mpoeKkTHpOBaHWUU JJIEMEHTA, HAMETHB JHAMETP IMOMEPEUHBIX
CTEp>KHEH (XOMYTOB) U PACCTOSHUSI MEXIY HUMH, ONPEICISIOT (g IO
dbopmyne (5.37). 3HadueHue gs A0KHO ObITH HE MeHee 0,25R,:b (B mpo-
TUBHOM CJTy4ae MOMEPEUYHYI0 apMaTypy B pacu€Te HE yUUTHIBAIOT).

HaiinenHoe 3HaueHue ¢, NOACTABISIOT B (5.41) U BeUUCTAIOT O,
rocsie 4ero mpoBepsroT yciuosue (5.35). Ecnu mpu 3ToM pacuetHast mome-
peunas cuna Q > Qg T.€. ycioBue (5.35) He BBINOJHAETCS, HA JAHHOM
y4acTKe CJeAyeT YBEIUYUTh MOMEPEYHOE CEYEHUE XOMYTOB WM YMEHb-
IIUTH UX II1ar.

[Ipn apmupoBaHuy OajKy BsI3aHBIMH KapKacaMH W3 OTACIBHBIX
CTEp>KHEN M30BITOK MOMEPEYHON CUIIBI CBEPX BEIWYUHBI (ps 1IETECO00-
pa3HO mepeaaBaTh Ha OTOTHYTYIO apMmaTypy. HeoOxoaumoe ceueHue ot-

ruOoB, pacrojaraéMbiX B OJJHOM HAKJIOHHOM MJIOCKOCTH:

Agjinc = ol (5.42)

Rgw sin @’

Pacuer nomkeH mpou3BOUTHCS AJisi HAn0OJIee OMACHBIX HAKIOHHBIX
CEUYEHUH, K KOTOPbIM OTHOCATCSI CEYEHU S, MPOXOislue: 1) Mo rpaHu omo-
pBI; 2) 4epe3 pacrosioKEeHHbIE B PACTAHYTOM 30HE Havyana OTTuOo0B; 3) ue-
pe3 TOUKHM H3MEHEHHUS PACCTOSHHN MEXIy NONEpPEeYHBIMU CTEPKHIMU
(puc. 5.8, a).

Bennunna nonepeyHoil cuiibl Q Mpu pacuere OTruooB no Gopmysie
(5.42) nmpuHuMaeTcs paBHOM: JJIs MEPBOM IJIOCKOCTH OTTMOOB — 3HaYe-
HUIO MOTEPEYHON CUJIbI Y TPaHU OmNopbl (Ha puc. 5.8, a — Q;); 11 Kax a0
MOCJIEAYIOIEH TMJIOCKOCTU OTTMOOB — 3HAYEHHUIO TONEPEYHON CHUIIBI Y
HIDKHEH TOYKM TPEeAbIAyIIeH TMIOCKOCTH OoTruboB (Ha puc. 5.8, a — (»).
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[Tonepeunsie cuibl, nepenaronmecs Ha oTruobl (Qps, Qo> U T.M.), MOTYT

OBITh TOJYYCHBl YMEHBIICHHEM TMOIMEPEYHbIX CHJI Ha BEMHUUHY (s
(puc. 5.8, 0).

I Sz
~ & B
] I/ i ’/ /r < 50MM I
P B\ = i |
// /‘ X/ ‘\\ |
é NM 777, \ \! _"T
6@11111011@3@@@%_ JED
it
< - I -, =
F“ &

L

a) 0)

Puc. 5.8. PacnionosxeHue pacu€THbIX CEYEHUI U OTOTHYTOM apMaTypbl

B cnydae, xornma cobmogaeTcst yciaoBue
Q = Qpmin = 0,5Rpbhy, (5.43)
MOTIEPEYHOE ApMHUPOBAHUE HA3HAYAETCS MO KOHCTPYKTHUBHBIM COOOpake-
HUSIM.

B crnomHeIX mMTax, a TakKe B 9aCTOPEOPHUCTHIX IUINTAX BBICOTOU
MeHee 300 MM u B Oankax (pedpax) BricOTOM MeHee 150 MM Ha ydacTKax
AJIEMEHTa, TJE BBITIOMHSETCS ycioBue (5.43), momepedHyo apMaTypy
MOKHO HE YCTaHABJIMBATh.

B Gankax u pedpax Beicotoi 150 MM u OoJiee, a Takke B 4acTOpeO-
pucThix 1uTax BbicoToM 300 MM u OoJiee, Ha ydacTKax dJEMEHTa, IJie
MonepeyHasl Cujia Mo pacyery BOCHPUHUMAETCA TOJIbKO OeToHoM (5.43),
CJIeIyeT MpPeyCMaTPUBATh YCTAHOBKY MOMEPEUYHON apMaTyphl C IIIaroM He
ooitee 0,75h n ue 6oiee 500 MM.

Ecnu momepeynoe apmMupoBaHre HEOOXOIMMO IO pacdery, TO pac-
CTOSTHUE MEXKY MOMEPEYHBIMU CTEPKHAMH (XOMyTaMH) S HOJKHO OBIThH

He OoJiee Sy, HE O0niee 0,5/4p u He 6onee 300 mM. PaccrosHue Mexmy
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OTIOpOM ¥ KOHIIOM OTruoa (S; Ha puc. 5.8) U MeXKIy KOHIIOM MpeablIyle-

ro ¥ Ha4ajoM mocieayroiiero orruda (S;) He JOKHO MPEeBBIIIaTh
__ Rptbhd

Smax = o (5.44)

D10 TpeboBaHWE BBITEKACT W3 CIEAYIOIIUX COOOpaKEHWM: eciu
MPEANOJIOKUTh, YTO HAKJIIOHHAS TPEIMHA HE MepeceyeT HU MOMEPEUHbIX
CTEp>KHEM, HU OTrHMOOB, PACIOJI0KEHHBIX HA PACCTOSHHUM S, TO MOIMEpey-
Has CHJIAa MOJTHOCTBIO JIOJKHA OBITh BOCIIPUHATA OETOHOM CXATOM 30HBI, U
B 3TOM ciyuae Q = QOp, onpeaensieMoMy 1o hopmyie (5.34).

VYyuThiBas BO3MOXKHYI0 HETOYHOCTh YCTAHOBKU XOMYTOB M OTTHOOB,
B 3aI1ac NPOYHOCTH KOI(PPUIIUEHTHI @), U @, B JAHHOM CIy4ae HE yUUTHI-
BatoT. [loncraBuB B hopmyny (5.34) ¢ = Snax, Hostyaum Gopmyity (5.44).

Ortornyrasi apmaTypa J0JKHA OBITh PACIOJIOKEHA Tak, 4YTOObI pac-
CTOSTHUE OT TIpaHu CBOOOJHOW OMOpPHI JAO BEPXHEro KOHIIA MEPBOr0 OT
onopkl otruda He npeBbimano 50 v U Syqr. HukHUN KOHE TOCIeIHero
oTru0a MpU PABHOMEPHO PaCIHpPEACICHHON Harpy3ke AO0JKEH pacroja-
raTbCsl K Orope He Oke, 4eM TouKa IepeceueHus dMmopsl O ¢ 3Mopoi
QOps, @ IPU COCPEIOTOUCHHBIX HArpy3Kax — Ha PacCTOSIHUU OT 3TOM TOYKU
B CTOPOHY OIOPHBI HE 0oJiee Syqx (puc. 5.8, 6), onpeaensieMoM no Ghopmyie
(5.44). Otrubaembie CTEpKHU PEKOMEHJIYETCS pacroJiaraTb Ha paccTos-
HUU HE MeHee 2d 0T OOKOBBIX TpaHEl AJIeMEHTA.

[Ipu u3rude xene300eTOHHOW OalKyh TPAECKTOPUU TJIABHBIX Hamps-
KEHUU YCIIOBHO (10 0Opa30BaHUA TPEIIMH) MOXKHO MHPHUHSTH MO CXEME
(puc. 5.9, a).

Ha snemeHT, BBIAEIECHHBIN OKOJIO HEUTPAJIIBHOM OCHU B ABYX B3aUMHO
MEPHEHIUKYJISIPHBIX HANpPaBICHUSAX NMOJ yriioM 45°, NelCTBYIOT TJIaBHBIE
pacTATrMBAIOUIME U TJIaBHbBIE CXKUMAIOIIUE HarpsbkeHus. [Ipu mpoekTupo-
BaHUU JKEJIE300€TOHHBIX OaJIOK, MOCKOJIBKY OCTOH Ha pacTsKEeHHE pado-
TaeT 3HAYUTEILHO XYK€, YEM Ha C)KaTHe, OCHOBHOE BHUMAHHE YACIISIETCS
pacyeTy HAKJIOHHBIX CEYEHUW, HANPaBICHHBIX BIIOJIb TPEIIUH, 00pa3yro-
KUXCA OT JIEUCTBUS TIIABHBIX PACTATUBAIOIIMX HAIpspKeHUU. [Ipu sTowm,
OJIHAKO, HEJb3d 3a0bIBaTh U O BO3MOKHOCTH pPa3pyILICHUS AJIEMEHTa OT
[JIABHBIX CKUMAIOIIMX HANPSKECHWM. PaBHOAEHUCTBYIONMIASA TAKUX YCUIIUU
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N (puc. 5.9, 6) MOXeT BbI3BaTh pa3pyllicHUE OCTOHA HA y4aCTKE MEXKIY
JIBYyMsI COCETHUMH HAKJIOHHBIMH TpeluHaMmu. PeanbHasi onacHOCTh TakKo-
ro pa3pylieHUus UMEET MECTO, HalpUMep, B JIEMEHTaX C TOHKUMH CTEH-
KaMmu (JIByTaBpOBbIE, KOPOOUATHIE) U MPU CUIBHOM MOMEPEYHOM apMHUPO-
BaHUU (KOTOpOE 00ecreyrmBaeT NPOYHOCTh HAKIOHHOIO CEUYECHHS OT JeH-
CTBUSI PACTATUBAIOIINX YCUIIMWA, HO HE YBEJIMYMBAET MPOYHOCTU Ha CXKa-
THE B TIEPIICHIUKYJISIPHOM HAIIPaBJICHUH ).

——— — — —

0”!('

Puc. 5.9. Cxema ycuinii, 1elicTBYIOIINX Ha O€TOH

MCXKJY HAKIIOHHBIMU TPCIIUHAMHA

Pacuer ene300€TOHHBIX 3JIEMEHTOB MO OETOHHOHN MOJIOCE MEXKITY
HAKJIOHHBIMH CEYEHUSIMU TTPOU3BOIUTCS U3 YCIOBHSI

Q < 0,3¢,Rpbhy . (5.45)

5.2.2. PacueT HAKJIOHHBIX CCUCHUU
Ha JIEWCTBUE U3rH0AroOIEero MOMEHTA

[IpoYHOCTh HAKJIOHHBIX CEYCHHU MO MOMEHTY MPOBEPSIOT MO (Hop-
myse (5.32). Hayano Hanbosee onacHOro HaKJIOHHOTO CEYEHHUsI B CBOOO/I-
HO OMEpTHhIX Oamkax MPUHUMAETCS B OJIMDKAWIIEM K OMOpe CECYCHHH, TTIe
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BO3MOKHO 00pa30BaHKE HOPMAJIbHBIX TPEUIUH. B 3TOM cedeHUr BHEIIHUIMA
MOMEHT M paBeH MOMEHTY TpeUIMHOOOpa3oBaHust M.

[TosnoxeHne HEUTpaIbHOW OCH IIPU PaCyeTe HAKJIOHHOTO CEYCHMS
omnpenensieTcsa Mo YPaBHEHHIO MPOEKIMNA BCEX CHJI Ha MPOJOJIbHYIO OCh
AJIEMEHTA, T.€. TaK K€, KaK JJI1 CEYEHUs], HOPMAJIbHOTO K OCH 3JIEMEHTA U
PACIIOJIOKEHHOTO TaK, YTO LEHTP TSXKECTU €ro CHKATOW 30HbI JICKHUT Ha
HaKJIOHHOM CEYEHUHU.

Pacyer HaKJIOHHBIX CEYEHUM HA JECUCTBUE MOMEHTA NPOU3BOJAUTCS B
MecTax oOpbiBa WM OTruda MPOAOJBLHON apMaTyphl, a TaKXKe y T'PaHU
KpaifHeil cBOOOIHOM OMOpPhI 0AJOK MpHU OTCYTCTBUU Y MPOJOJIBHOW apMa-
TYypbl aHKEPOB. 3HaUY€HWE MOMEHTa M MpPUHUMAETCS Y KOHI[A HAKJIIOHHOMN
TpeuHbl. [Ipy BbINOJHEHUM psiia KOHCTPYKTUBHBIX TPEOOBaHUUN HecCy-
1asi CIOCOOHOCTh HAKJIOHHBIX CEYEHUU 10 MOMEHTY OKa3bIBAETCA HE HU-
e, YeM HOPMAJIbHBIX; B 3TUX CIy4YasX pacyeT HAKJIOHHBIX CEYEHUU IO
MOMEHTY HE TPOU3BOIUTCH.

KoHcTpyKkTHBHBIE TpeOOBaHUs, OOECIEYMBAIONINE MPOYHOCTH 3Jie-
MEHTa Ha W3ru0 MO0 HAKJIOHHBIM CEYEHHSIM, COCTOSIT B cieayroiiem. Pac-
CTOSTHUS MEXIy XOMYTaMH M OTrHOamu, ITUAMETPbl XOMYTOB, a TaKXe
pacCIOJIOKEHUE OTrMOOB JOJKHBI OTBEYaTh TPEOOBAHUSIM, YKa3aHHBIM
BBIIIIE.

bonpioe 3HaueHne UMeEET HaJEekKHash aHKEpOBKa MPOJIOJIBHONM pac-
TSAHYTOM apMaTypbl, TaK KaK TOJIBKO MPU 3TOM OHA MOET OBITh IOJIHO-
CThIO ucnosb3oBaHa (puc. 5.10). [Ipu cB0oOOJHOM OnTUpaHUU U3rMOAEMOTO
AJIEMEHTa B LENIX OOECIEeYEHUs] aHKEPOBKU CTEP)KHEH, JOBOJIMMBIX [0
OTOpBI, IJIMHA [y 3aIlyCKa CTEPKHEN 3a rpaHb CBOOOTHOUN OMOpPHI JTOHKHA
COCTaBJISITh HE MeHee 5d, ecnu coOmomaeTcs yciosue (5.43), B MpOTUB-
HOM cCJIy4ae, T.€. IMOMEePEeYHOE apMHUPOBAHUE TPEOYyeTCs MO pacyery, Bbl-
gucinsgercs no gopmyne (2.15). B nmoboMm ciydae aivHa [, J0JDKHA OBITh
He MeHee 15 nmamerpos crepxHd, He MeHee 200 MM u He Menee 0,31 4p
(cMm. dhopmyay (2.16)).

Jlonmyckaercs yMEHbIIATh JJIMHY aHKEPOBKHU CTEP>KHEW B 3aBUCHUMO-
CTH OT KOJINYECTBAa W JIMAMETpa MOMEPEYHON apMaTypbl, BUJA aHKEPYIO-
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IIUX YCTPOUCTB (MpUBapKa JIOMOJTHUTEIbHBIX MOMNEPEUHBIX CTEPKHEH, 3a-
ru0 KOHIIOB CTEP KHEHN MEePUOJUYECKOr0 TPOPuIIsl) U BEIUUUHBI TTOTIEpEy-
HOTO 00XaTusi OETOHA B 30HE aHKEPOBKHU (HANpUMep, OT OMOPHOU peak-
11K, HO He Oosiee yeM Ha 30%.

L111117AN /7

c

SN

0)

Puc. 5.10. AHKepoBKa POI0IBHON PacTsIHYTON apMaTypbl
pu CBOOOHOM OMUPAHUHU U3rHOAEMBIX 3JIEMEHTOB: a — IUIHTA; O — Oanka

Ecnu HeT cnenmanbHbIX aHKEPHBIX YCTPOMCTB U HAKJIIOHHOE CEYCHUE
MEPECEKAET PACTIHYTYH) apMaTypy B IPENEIax 30HbI aHKEPOBKH, HAIps-
KEHUS B apMaType IMMOHUKAOT, IPUHUMAs PABHBIMHA

Osx = R ll—x
an

[Ipyu KOHCTPYMPOBAHWU M3THOAEMBIX AJIEMEHTOB YacTh MPOJIOJILHON
pacTSIHYTOM apMaTyphl, HAJICHHOW MO HaWOOJbIIEMy 3HAaUYCHHIO MOMEH-
Ta, B IEJISAX SKOHOMHUHU CTaJIX MOKHO HE JIOBOJMTH JIO ONOPHKI, a OOPHIBATH
B mpoJiete. KpoMe TOro, HEKOTOpbI€ MPOJIOJIbHBIE CTEPKHU B BS3AHBIX
Kapkacax Hepeako oTrubdaroT. Mecta oTTuOOB PacTIHYTON apMaTyphl WU
€€ 0OPBIBOB YCTAHABJIMBAIOT C YUYETOM YCHIIUM, TEHUCTBYIOIIMX B CEUCHUSIX

sanemeHTOB. [Ipu oTrubanum HeoOXoAMMO OOECIeYuBaTh YCIOBUE, MPU
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KOTOPOM MNpOoYHOCTh HakJioHHOTO cedyeHus II-II (puc. 5.11, a), npoxons-
IIEr0 4Yepe3 LEHTP CKaToW 30HbI HOpMaibHOTO cedyeHus I-1, Obta Obl He
HIKE MTPOYHOCTH MOCJIETHETO.

T
P 1 1 1§ 11 L L. rE Y T 8
_;/ I 1 I 1|10 .
S | // ’v—- i/ i
< < ey |
S As.inc //fﬂ I < | : I N
;7 1wy ; | WL
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Puc. 5.11. K pacuety orrr00B 11 0OpBIBOB apMaTypHI:
@ — pacyeTHOE CeYeHHE MPU KOHCTPYUPOBAHUU OTTHOOB;
6 — ceyeHne MpHu KOHCTPYHUPOBAHUH OOPHIBOB apMaTyphl

O06o03HauuB uepe3 A MIoNab CEYEHUsI BCEU PACTSIHYTON apMaTyphbl
B ceueHuu I-1 u yepes Agine TIIOMIAL CEUCHHUS OTrH0AeMOro CTEP)KHS,
UCIIOJIb3YEeMOro B ceueHHH I-1 mOJIHOCTI0, COCTaBUM YCIIOBHE TPOYHOCTHU
no MOMEHTy B HakJIOHHOM ceueHuu II-II (Ge3 ydera mnomepedHbIX
CTEpKHEN):
M < RS(AS - As,inc)zb + RsAs,incZinc =
= RsAszp — RsAs inc (Zp = Zinc)- (5.46)
[lepBbiii uneH mpaBod yacTu HepaBeHCTBa (5.460) mpeacTaBisieT CO-
0oi1 mpouyHOCTh HOpMalibHOro cedeHus I-I. OdeBUIHO, TPOYHOCTH
HAKJIOHHOT'O CEUYEeHUS OyIeT HE HUXKE MPOYHOCTH HOPMAJIBHOTO TIPU yCJIO-
BUU Zj,, = Zp. UTOOBI COOIOIAIOCH ATO YCIIOBHE, HAYaJIO OTrHba clemy-
€T pacnoJiaraTh Ha PacCTOSIHUU HE MEeHee /1,/2 OT HOPMAJILHOTO CEUEHHUS], B
KOTOPOM MPOYHOCTH OTTUOAEMOTO CTEPIKHS UCIIOIB3YETCS MOTHOCTHIO.
[Ipu oOpsiBe pacTsiHyTOro crepxHs (puc. 5.11, 6) B uensax obdecne-
YEHUsl MPOYHOCTU HAKJIOHHOTO CEYEHHSI MO MOMEHTY €ro CleayeT MHpo-
JOJDKUATH Ha BEJIMYMHY W OT MECTa TEOPETUUYECKOTO OOphIBa CTEPKHS, T.€.
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oT ceueHus (-0, B KOTOPOM OH IO pacueTy HOPMAJIBHOTO CEYEHUS YKE HE
Tpedyercs.

MoOMEHT BHYTPEHHHUX CHJI, JEHCTBYIOIIUX B CEYEHUH, IPOXOSIIEM
M0 HAKJIOHHOM TPEIIMHE OKOJIO KOHIIA OOphIBAEMOTr0 CTEPKHSI, MPOI0JI-
KEHHOT'O Ha PACCTOSIHUE W OTHOCUTEIBHO TOYKHU /[ MPUJIOKEHUS PaBHO-
JNIEUCTBYIOIIEU CKUMAIOIINX CHJI,

2
M, = RyAgz), + 2 + RyAginc 5in 6 (c; — w + y). (5.47)

MOMEHT BHEIIHUX CHJI JJI TOI'O K€ HAKJIOHHOI'O CCUYCHHA OTHOCH-

TEJIbHO TOYKH J[ MOXKHO BbIpa3uth uepes ycuwinst M; u Q;, AeUCTBYIOIIUE
B HOpMaJbHOM ceueHu I-I:
M, =M; + Qq¢. (5.48)

[IpupaBHsB nipaBbie yactu (5.47) u (5.48), nocie npeodpa3zoBaHuil U
VIOPOIIEHU mnolyduM (opMysly ISl ONpeNeNieHUs JIMHBI 3amlycKa
CTEP’KHA 32 MECTO €r0 TEOPETUYECKOro OOpbIBa, OOECIEYNBAIOLIYIO PaB-
HONPABHOCTh BEPTUKAJIBLHOI'O M HAKJIOHHOIO CEYEHUH, MPOBEJICHHBIX Ye-
pe3 TOUKY 0OpbIBa CTEPIKHEM:
W = Q - Qinc.

2Qsw

YtoObI 00phIBaEMbIl CTEPKEHb BKIIIOUUIICA B padOTy, HAYMHAs C Ce-
yeHus [-1, Bemuunny w He0OX0AMMO YBEJIMUUTH Ha JIMHY aHKEPOBKH, KO-
TOpasi npuHUMaeTCs paBHOM 5d (rae d — muaMetp oOpbIBA€MOIro CTEPKHS).
[Ipu 0OpbIBE paCTAHYTHIX CTEP>KHEW B MPOJIETE UX HAJ0 3aBOJIUTH 3a Ce-
YEHUE TEOPETUUECKOT0 OOphIBA HA JUIMHY HE MEHEE

w = Einc 4 54, (5.59)
2Qsw

rae Q — pacuerHas nonepeuHas cuwia B cedenuu 0-0 Teoperrueckoro o0-
pbiBa CTePKHS; Qine = As,incRsSINQ — MonepedHasl cuja, BOCIpH-
HUMaemasi OTTU0aMHU B TOM K€ CEUEHUHU.

JliHa 3amycka NpoJ0JIbHBIX PACTAHYTBHIX CTEPXKHEH 3a ceueHue, B
KOTOPOM OHM MEPECTal0T TPEOOBAThHCS MO PACUETy, JOJDKHA OBITH TAKKE
He Menee 20d u He menee 250 mm.

Jliist onipenieneHus MecT oOpbiBa WJIM OTTHOOB CTEP>KHEH Hapsiay C
AMIOPON M3THOAIOIIMX MOMEHTOB B TAKOM € MAaclITade CTPOSIT TaK Ha3bl-
BAEMYIO JIIOPY MOMEHTOB apMaTypbl, MPEJICTABIISIONIYI0 CO0O0M 3miopy
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MOMEHTOB, BOCIIPUHUMAEMBIX CEUCHUSIMU AJIE€MEHTa C (PAKTUUYECKU HMe-
IOIIEUCS pacTAHYTOM apmarypoul. [Ipu mocTpoeHnr 3TOM 3MOPHI MOMEH-
Thl BHYTPEHHUX CHUJI (HECYyLIUE CHOCOOHOCTH CEUYEHHUI) MOTYT OBITh BbI-
YUCJIeHbI 110 (hopMyJie

M = R Az,
/i€ Zp — IJICYO BHYTPEHHEW Maphl, ONPEAEIsIEMOE U3 pacyeTa.

Onopsl MOMEHTOB apMaTyphl TP OTCYTCTBUM OTTHOOB UMEIOT CTY-
MeHYaTyo (GopMy; BbICOTA KaXKJOT0 €€ YCTyIa COOTBETCTBYET BEIUYMHE
MOMEHTA, KOTOPBII BOCIIPUHUMAJICS CEYEHUEM C OOPBHIBAEMBIM CTEPKHEM.
Onropa MOMEHTOB apMaTyphbl Ha BCEX y4acTKax JIOJDKHA Orubarth 3MIOpY
M3rudarommx MOMeHToB (puc. 5.12, a).

I I

1
| ¥ 4

2
A
A J

I 8
74 llfllj

2h,/2

0)
Puc. 5.12. Mecra 00pbIBOB (@) 1 0TTHOOB (0)

IIPOIOJIBLHOM PACTSAHYTOM apMaTyphl

99



[Ipu oTrubaHuM paCTAHYTHIX CTEpPKHEW Hayajio OTruda JOJIKHO
OBITh PACIOJIOKEHO HA PACCTOSHUM HE MEHEE 4eM /,/2 OT CeUeHHUs, B KO-
TOPOM OTTMOAEMBbIN CTEPKEHb MOJHOCTHIO HCIOJb3YETCS MO MOMEHTY
(ceuenue III-11I Ha puc. 5.12, 6). Konery otrubda cienyer pacmnojaratb He
OJINJKE TOTO CEUEHHMs, B KOTOPOM OTOTHYTBHIM CTEp:KEHb HE TpeOyeTcs 1o
smope MoMeHTOB (ceuenue [V-1V Ha puc. 5.12, 6). Tlpu cobmrogenuu
ATUX YCIIOBUW OTrUOAEMbIil CTEPKEHb B HAKJIOHHOM CEYEHHUU pabdOTaeT C
MJICYOM BEIUYUHOU Zin. , KOTOPOE HE MEHBIIE IUIeYa Z, B BEPTUKAIBLHOM
CEUYCHUMU.

B npumepe, nokazaHHoMm Ha puc. 5.12, a, no HauOoJIbIIEMy MOMEH-
Ty nojoOpaHa apMarypa W3 YEThIpEX CTEp:KHEH OJMHAKOBOTO JUAMETPA,
ux (pakTHYEeCKas IUIOMIAb HECKOJBKO OO0JbIle, YeM TPeOyeTcCs, MO3TOMY
M; > M. Tlpu HamepeHnn 00OPBaTh JBA CTEPHKHS OMPEACISIIOT MECTO MX
TEOPETUUECKOTO OOpBIBA, KOTOPOE HAXOJUTCSA HA MEPECECUCHUH 3MMIOpbl M
C TOPU3OHTAIBHOM JIMHHUEH, OTCEKAIOIIEH OPAUHATY, PABHYI0O MOMEHTY,
BOCIIPUHUMAEMOMY JBYMS CTEpKHSMU. OTIOXKHUB OT 3TOTO MecCTa OOJib-
mee u3 IByx 3HaueHuil 20d wim w, HaXoasIT MeCTO (haKTHYECKOTo 00phIBa
CTEp>KHEH, 4TO 00€CTIEYUT PAaBHOMPOYHOCTh HOPMAJILHOTO U HAKJIOHHOTO
ceuennit I-1 u II-1I1.

[Ipu oTrubaHuM pacTSIHYTHIX CTEPKHEH YCIOBHE PABHOMPOYHOCTH
no MoMmeHTy HopmasbHoro ceuenus III -III (puc. 5.12, 6), B koTOpOM
OTru0aeMblid CTEPKEHB UCIIOJb3YETCS MOTHOCTHIO, U HAKJIOHHOTO CEUCHUS
[II-IV obGecneunBaeTcs, MOCKOJIBKY Hauajio OTru0a pacrojioXeHo Ha pac-
CTOAHHU He MeHee 4yeM h,/2 or ceuenmsa III-III, a xonern orruba — He
OJIMKEe CeueHusl, B KOTOPOM CTepkKeHb He Tpedyercs (ceduenue IV-IV).
Ha puc. 5.12, 6 koHel otruba pacnosiokeH B ceueHuu V-V Mo KOHCTPYK-
TUBHBIM COOOPAXKEHUSIM, OJIHAKO €r0 MOKHO pacrojiaraTh JICBEE CCUCHUS
IV-1V B no6om mecTe.
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6. C’KATBIE DJIEMEHTBI
6.1. KOHCTPpYKTHBHBIE 0COOEHHOCTH CHKATBIX 3JIEMEHTOB

K cxkareiM 35eMEHTaM OTHOCSTCS KOJIOHHBI IMPOMBINUIEHHBIX U
IPaXIaHCKUX 3JaHUM, CTOMKH dCTaKal, dJIEMEHTHI paMHBIX KOHCTPYKIIUH,
dbepm, apok u Jip.

Takue 31eMeHThl apMUPYIOT OPOJI0JIBHONW pabouel apMaTypoil, CBs-
3aHHOM B ITONEPEYHOM HAIPABJICHUU IOMEPEYHBIMHU CTEPKHSAMHU WIIU XO-
MyTamu (puc. 6.1). Hecymast cmocoOHOCTh TaKHUX 3JIEMEHTOB OOecCIeurBa-
€TCsl COBMECTHOM paboTol Ha cxaTue OeTOHAa W MPOJIOIBLHON apMaTyphl,
NpUHUMAarONIel Ha ce0a yacTh Harpy3ku. HazHaueHnue nmonepedyHoit apma-
Typbl (XOMYTOB) COCTOUT B MPEIOTBPAIICHUHN MPEKIECBPEMEHHOTO BBIITY-
YUBaHUS THOKOM MPOJI0JILHON apMaTyphl.

h

L]
Puc.6.1. ApMupoBaHue C)KaThIX )KeJIe300€TOHHBIX 3JIEMEHTOB:
1 — npoxonpHas apMarypa; 2 — XOMYThI

[Ipu cxxaTum xKene300€TOHHOTO AJEMEHTa Mo mepe aedopMupoBa-
HUsI O€TOHA HaNpsHKEHUS B MPOAOJBHOM apMarype Bo3pactaroT. OgHako
BBUJy CPABHUTEIHLHO MaJjOW MpeAesIbHOM CKMMAeMOCTH OETOHa Harps-
XKEHHSI B MPOAOJIBHOM apMaType MOTYT JOCTUTHYTh JIMIIb HEKOTOPOIO
npeaena. [loatomy npu npuMeHEHUH apMaTyphbl U3 CTAJIEW MOBBIICHHOU
MPOYHOCTU MOCJIEHASI HE MOXET ObITh MOJIHOCTHIO MCIOJb30BaHa. [pe-
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JIEIbHOE PACUETHOE COMPOTUBIICHUE apMAaTyphl, pabOTaroIIEl Ha CKAaTHE,
cocTaBisieT Ry (cM. 1. 3.6).

[Ipu HE3HAUUTENBHBIX SKCIEHTPUCUTETAX MPOJOJIBHOTO YCUIIUSA TO-
NEPEYHbIC CEUYEHUsSI DJIEMEHTOB HA3HAYAIOT MPEUMMYUIECTBEHHO KBaJIpaT-
HBIMU.

Pa3mepsrl mornepeyHbIx CeUYeHUM MpHu ACHCTBUU OOJIBIIIMX MOMEHTOB
YBEJIMYUBAIOT B MJIOCKOCTHU JACHCTBUSI MOMEHTA. B 3TUX cilyyasix 11eieco-
00pa3Hbl CeYEHUs MPSIMOYTOJILHOE, IBYTABPOBBIC U T.II.

Pa3Mepnl CTOPOH MPSIMOYTOJBHBIX CEYEHUN KOJIOHH TMPHU BEIMYUHE
ux 710 50 CM NPUHUMAIOT KPATHBIMHU 5 CM, MPHU OOJIBIIMX BEJIMYMHAX —
kpatHbiMu 10 cm.

VY4uThiBas BHICOKYIO COMPOTUBIIAEMOCTh O€TOHA CKUMAIOUIUM YCH-
JIUSIM, B CXKaThIX JIEMEHTaX AKOHOMUYECKHU BBITOJHO MPUMEHSITH OCTOHBI
BBICOKHX KJIACCOB.

B kadecTBe mpo10JIbHON apMaTyphl 1IEIE€CO00Pa3HO UCIIOIB30BAHUE
ropsitaekaraHou apmatypsl kinacca A400 u A500, a a1t monepeyHoro ap-
MUpOBaHus — apMaTtypsl kitacca A240 mu6o B500.

[IpofonsHy0 apmaTypy cleayeT Ha3HadyaThb I10 BO3MOXKHOCTH
oospmmx guaMeTpoB (12—40 mm), Tak KaK B 3TOM CiIydae CTEPKHU MEHEE
ruokd. B 0co00 MOIIHBIX KOJOHHAX MOTYT TPUMEHSATHCS CTEPKHU
OOJIBIIMX TMaMETPOB, OJIHAKO KJIacC OETOHA IMPHU 3TOM JOJKEH ObITh HE
Hxe B20.

B nomnepeyHoM cedeHUM CTEP>KHU MPOOJIBLHON apMaTyphl pacroJia-
raroT y MOBEPXHOCTEH AJeMEHTa ¢ COOJII0JIeHUEM HEOOXOIUMOro 3allluT-
HOTO CJIOS OETOHA U NIPEUMYIIIECTBEHHO HAa PABHBIX PACCTOSHUSAX JAPYT OT
apyra. ApMatypHble CTEpPKHU OObEAUHSIOT B apMaTypHble Kapkachl. Kap-
Kachl MOTYT ObITh CBAPHBIMU WJIM BS3aHBIMU (pHUC.6.2).

BNy F 1
MpubBapra 1

a) 0)
Puc.6.2. ApmupoBaHue CKaTbIX 3JIEMEHTOB KapKacamHu:
@ — CBapHBIMHU, 6 — BSI3aHBIMH
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[IpocTpaHCTBEHHBIE CBapHbIE KapKachl 0Opa3ylOTCS COEIUHEHHEM
CTEp>KHEH Ha CBapKe, a B BSI3aHBIX KapKacax OTIEIbHBIE CTEP>KHU MPO-
JI0JIHOW apMaTypbl OOBEJIUHSIOT B MIPOCTPAHCTBEHHBIE KapKachl XOMYTa-
MU U BS3aJIbHOM MPOBOJIOKOM (puc. 6.2, 0). PaccTosiHue Mexay mpoi0iib-
HBIMH CTEPXHAMH JIOJDKHO NMPUHUMAThCS HE MeHee 30 mm UM HE MEHee
HauOOJIbIIIETO MaMeTpa crepxkHeil. Ecnu cTepkHu npu OETOHMPOBAHUU
AJIEMEHTa 3aHMMAIOT BEPTHUKAJIBHOE IMOJIOKEHHE, TO PACCTOSIHUE MEXKIY
HUMHU JJis1 00JIETYEHUsI YKJIAJKU OE€TOHA YBEJIMYMBAIOT HE MEHEE YEM JI0
50 mm. st obecnieuenus 3(hPEeKTUBHOTO BOBJICUECHUS B pabOTy OETOHA U
PABHOMEPHOTO paclpeae/icHUusT HanpsbHKeHUW U aedopManuii, a Takxke ¢
IEJIbI0 OTPAHUYCHUS IIUPUHBI PACKPBITUS TPEIIUH HauOOIbIINE PACCTOS-
HUS MEX]y OCSIMU CTEp>KHEH MpPOJI0JIbHOW apMaTyphl JIOJKHBI OBITH HE
oonee 400 MM B HaMpaBJICHUH, MIEPIICHIUKYJISIPHOM K TJIOCKOCTH M3ruoa,
1 500 MM B HampaBJICHUH IIOCKOCTH M3ruda. B skene300€TOHHBIX CTeHAX
PACCTOSTHUSA MEXK]Ty CTEPKHSIMH BEPTUKAJIBLHON apMaTyphbl MPUHUMAIOT HE
OoJiee IBYX TOIIIMH CTeHbI U He Oosee 400 Mm.

[Tonepeunbie CTEPKHU (XOMYThI) JOJIKHBI ObITh CKOHCTPYHUPOBAHBI
TakK, 4TOObl 00ECIeUnBaTh 3aKPEIJICHUE CHKATHIX MPOJOJBHBIX CTEPHKHEH
OT OOKOBOT'O BBIITYYMBAHUSI BO BCEX HaIpaBlieHUsAX. B CBapHBIX Kapkacax
BCE MOMEPEYHBIC CTEPIKHU MPUBAPUBAIOT KO BCEM YIJIOBBIM CTEPIKHSIM.

XOMyThI BSI3aHBIX KapKacoB JOJDKHBI ObITh pa3MEIIEHbI TaK, YTOOBI
MPOJIOJIBHBIE CTEPXKHU, IO KPaWHEW MEPE 4Yepe3 OJIMH, Pacloyarajvuch B
MecTax nepernbda XoMyToB, a CaMy MEPEeruObl — Ha PACCTOSHUSX HE OoJiee
400 mm mo mupuHE ceueHus dieMeHta. [Ipu mmpuHe rpaHu He Oojee
400 mm ¥ yucae MPOAOIBHBIX CTEPKHEHN y KaKJ0W rpaHu HE 00Jiee YeThl-
pexX JIOITyCKAaeTCs BCE MPOI0IbHBIE CTEPKHU OXBATHIBATH OJTHUM XOMYTOM.
Bo Bcex apyrux ciiydasx yCTaHaBJIUBAIOTCSI JTOTIOJIHUTEIIbHBIE XOMYThI
WJIM CTEPIKHU C KPIOKaMM — IIMWIbKY (puc. 6.2, 0).

[Tonepeuynbie CTEP>KHU WJIM XOMYTHI JIOJKHBI pacIiojiaratbCsi Ha pac-
CcTOsSTHUAX He OoJiee 15d (d — HauMeHbIIM AUaMETpP TMPOJIOJIBHBIX CKATHIX
crepkHeii) u He 6onee 500 mm. Ecnu comepikanue c:kaToi MPOAOJIbHOM
apMaTyphbl, YCTaHABJIMBAEMOM Y OJHOW U3 TpaHel sieMmeHTa, 6onee 1,5%,
MOTIEPEUHYIO apMaTypy CleayeT YCTaHaBIMBaTh ¢ marom He 6osiee 10d u
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He 6osnee 300 mM. B mpenenax cThika cxaToOW apMaTyphbl BHAXJIECTKY Oe3
CBAPKH PACCTOSHHUE MEXITy XOMYTaMH JIOJKHO ObITh He Oonee 10d.

JlnaMeTp momnepevyHbIX CTEPXKHEN B BSI3aHBIX KapKacax MPUHUMAIOT
He MeHee 6 mm 1 He meHee 0,25 HanOoJbIIero [uamMeTpa npoaoJIbHOM ap-
Matypbl. B cBapHBIX Kapkacax JWaMmeTp MONEPEeHYHOM apMaTypbl MPUHU-
MalT HE MEHEE JHUaMETpPa, yCTAaHABIMBAEMOTO W3 YCIOBUS CBAapKU C
HauOOBIINM AUAMETPOM MPOAOJILHON apMaTyphl.

B cedenun mpojoJibHYIO apMaTypy pasMenialoT B COOTBETCTBUM C
XapakTepoOM CTaTHYeCKOoW paboThl anemeHTa. [Ipu nelcTBUM MOMEHTa B
OJIHOW TJIOCKOCTH PabOvyr0 MPOJIOJIBHYIO apMaTypy pacloJiararoT o Ko-
POTKUM CcTOpOoHaM ceueHud. [lo IIUHHBIM CTOpPOHAM CEYEeHHWH, mapa-
JICTILHBIM TUIOCKOCTH JISWCTBUS MOMEHTA, Ipu ux pasmepe 6omee 500 rmm
ClielyeT yCTaHaBJIMBAaTh KOHCTPYKTHUBHYIO apMaTypy JMaMEeTpOM HE Me-
Hee 12 mm Tak, 4TOOBl PACCTOSTHUE MEXKY IPOJOJIbHBIMU CTEP>KHSIMU HE
npesbimano 500 mm (cm. puc. 6.2, 6).

YtoObI NpeOTBPATUTH MPOAOJILHBINA U3rH0 CTEpKHEH, Korja ux 0o-
Jiee YEeThIpeX WIM MPU HATMYUU MPOJIOIBLHON apMaTyphl, BAOIL JUIMHHBIX
CTOPOH, KpoMe OOBIYHBIX, CTaBSAT JIOMOJHUTEIIbHBIE XOMYTHI, dopMa U
pa3Mepbl KOTOPBIX 3aBUCIT OT pa3MepPOB CEUCHUM M KOJMYECTBA MPOJI0JIb-
HOI apMaTypsl (CM. puc. 6.2, 0).

MuHuManbHbIE pa3Mephl MOMEPEYHBIX CEUCHUM CHKATHIX AJIEMEHTOB
JOJDKHBI OBITh TAaKUMU, YTOOBI UX THOKOCTH [y/i B JIIOOOM HAaNpaBJICHUU
He npeBbimana 120 — s KOJIOHH, SBJIAIOIIMXCS 3JIEMEHTAMM 3JIaHUH,
1 200 — gy1s1 IpoyuX.

B cxarbix xene300€TOHHBIX 3JIEMEHTAaX IUIOIIA b CEYCHHS Mpo-
JOJIBHOM PacTSAHYTOM apMaTyphl, a TAaKXKe C)KaTO#, eclii oHa TpedyeTcs 1o

pacyeTy, BRIpKSHHYIO B MPOICHTaX OT IUIOMIAAM CEYCHHUS OeTOHaA, Ug =
As
bhy
MOYTOJIbHBIX cedeHuit l,/h < 5) u 0,25% npu [,/i > 87 (11 NpIMOyTroib-

HbIX ceueHuid [,/h > 25). Ilpu mpoMeKyTOUHBIX 3HAUYCHUSIX THOKOCTH [

+100% cnenyet npunumMate He menee 0,1% nipu [,/i <17 (nns nps-

OTIPEACIISIOT 0 UHTEPTIOJISIITUH.

B cxatbIx sjeMeHTaX CyMMapHBIM MPOIEHT MPOJI0JIBLHOTO apMHUPO-
BaHUsA OOBIYHO HE TmpeBblmaeT 3-5 %, a ONTUMaNbHBIM CUYHUTACTCS
0,8—-1,5%.
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6.2. O0mMe pac4éTHbIE MOJT0KEHUS

[Ipu pacuere CxKaThIX KEJIe300€TOHHBIX JIEMEHTOB JIOJIKEH YUUThI-
BaThCs CIIy4alHBINA SKCIIEHTPUCHUTET €, OT HEYYTEHHBIX B pacueTe (paKTo-
POB, KOTOPBIM B CTAaTHUECKU OMPEACTMMBIX KOHCTPYKIIUSIX JOJDKEH CYyM-
MUPOBATHCS C IKCIEHTPUCUTETOM TMPOJOIBHOIO yCUJIUS, OMpPEACICHHBIM
M3 CTaTMYECKOIro pacyeTa. 3HaYCHUS CIAy4ailHOTO 3KCIICHTPUCUTETA IPH-
HUMaroTcs He MeHee: 1/600 nirHbBI JIeMEHTa UJIH PACCTOSHUS MEXIy €ro
CEUEHMSIMHU, 3aKPEIICHHBIMU OT cMelieHus; 1/30 BBICOTHI CEUEHHS U HE
Menee 10 mm.

XapakTep pa3pylICHUs CKATBIX >KeJIe300€TOHHBIX 2JIEMEHTOB 3aBH-
CUT OT BEJIMYMHBI IKCIICHTPUCUTETA MPOJIOJLHON CHIIBI U CTEIIEHH apMH-
POBaHMS CXKATOW 1 PACTSIHYTOM 30H AJIEMEHTA.

[Ipu 3arpykeHuu 3JeMeHTa NPOJ0JIbHONU CHIION ¢ OOJIBIIUM JKCIIEH-
TPUCUTETOM HWJIU MPU HAIMYMH B PACTSIHYTOM 30HE 3JIEMEHTAa HE OYCHB
CHUJIBHOM apMaTypbl pa3pylIeHHE HAYMHACTCS CO CTOPOHBI PaCTSIHYTOM
rpaHu dJeMeHTa. BHavase mosBISIIOTCS TPEUIMHBI B OETOHE, KOTOPBIE IO
Mepe YBEJIMYCHHUS HAMPSHKEHUH B apMaType PacKphIBAIOTCS BCE IITHPE;
HEeUTpaJIbHas OCh TIepeMeraeTcs OJke K cxkaTout rpanu. Korma pactsany-
Tasg apMmaTypa JOCTUraeT mIpejesia TeKy4eCTH, HAUYMHACTCS pa3pylliecHUue
AJIEMEHTAa, KOTOPOE COMPOBOXKAACTCS JIOCTHKEHUEM MpPEJeIbHBIX COMpPO-
TUBJICHUH TaK)Xe B C)KaTOM OETOHE M CKaTOW apMmaType. DTOT BHUJ pa3py-
IIIEHUs] BHEIICHTPEHHO CXKAThIX AJIEMEHTOB (CITy4aid IMEepBhIil) HAOM01aeTCs
IIPpH OTHOCHUTEIBHON BBICOTE CXKAaTOM 30HBI & < &g, THE &p ONpenenseTcs
o popmyiie (5.4).

IIpu 3arpykeHun dJIeMEHTa NPOAOJIBHOM CUJIOM C MaJIbIM DKCLECH-
TPUCUTETOM WJIA IIPU CUJIBHOW PACTSIHYTOM apMaType CEYEHUE DJIEMEHTa
MOYKET OKa3aThCs MOJHOCTHIO CXKAThIM WJIM UMETh HE3HAYHTEIILHYIO pac-
TSHYTYy10 30Hy. COOTBETCTBEHHO, apMaTtypa S’ cxkara, a apmarypa S, pac-
MOJIOKEHHAsI y TpaHu, Oojee yAAJICEHHOW OT MPOAOJbHON CHIIBI, MOXET
OBITH M CXATOM, M pacTIHyTOW. Pa3pylieHue sjieMeHTa B 3TOM Ciydae
HAYMHAETCSA CO CTOPOHBI CXKATOM 30HBI O€TOHA (CiIyuyaid BTOPOM) MpH CO-
omoeHnu ycioBus & > &p.
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6.3. Pac4éT nNpoYHOCTH 3JIEeMEHTOB
10 MEePBOMY CJIy4ar0

Pacuer o nepBoMy cityyaro cxkatus (Ciydail O0JbIINX 3KCUEHTPU-
CUTETOB) MPOU3BOJIUTCA U3 YCIOBUS, YTO B MPEAEIHLHOM COCTOSIHUU TOCIIE
JOCTH>KEHHUSI PAcuE€THOIO COMNPOTHUBIICHHS] B PACTSHYTOM apMarype pac-
YETHBIE CONMPOTUBJICHUS JOCTUTAOTCS TAKXKE B C)KAaTOM OETOHE M CXKATOU
apmatype. Cxema eUCTBYIONIUX YCWINN B MPEIEILHOM COCTOSIHUU MOKa-
3aHa Ha puc. 6.3, a. PacuetHbie QopMysbl MOTYyYAOT U3 ABYX YCJIOBUH
PaBHOBECHUSl — PAaBEHCTBA HYJIIO MPOEKIMA Ha OCh 3JEMEHTa BCEX CHI,
MPUJIOKEHHBIX K PACCMATPUBAEMON YacTH 3JIEMEHTa, U CYMMbl MOMEHTOB
T€X K€ CHUJI OTHOCUTEIBHO OCH, MPOXOJSIICH Yepe3 TOUKY MPHUIIOKEHUS
PABHOJICHMCTBYIOIIEH YCUJIMK B PACTIHYTOM apMaType.
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Puc.6.3. Cxema neiicTBUs yCUIIMI B IONIEPEYHOM CEUYEHUU BHELIEHTPEHHO
C>KaTOro JIeMEHTa (EPBBIN Cayyail)

JI71s1 3JIEMEHTOB, 3arpy KEHHBIX MPOJOJbHOM CUJION C AKCIEHTPUCH-
TE€TOM, PACIOJIOKEHHBIM B IUIOCKOCTH OCU CHUMMETPUHU MONEPEYHOro Ce-
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yeHus 000l cuMMeTpruuHoil ¢hopmsbl (puc. 6.3, 6), pacueTHbie (HOPMYIIbI
UMEIOT BU/T
N < RpAp + R, . A; — R Aq; (6.1)
Ne<RpSp+RscSs, (6.2)
Trac Sb = Abe nu SS: A'SZS.

[TonoxxeHne HEUTpaIbHON OCU (MPU MPOBEPKE MPOYHOCTHU HJIEMEH-
Ta) yJOOHO OMNpeNeNsiaTh W3 YpaBHECHHUS MOMEHTOB OTHOCHUTEJIBHO OCH,
MPOXOJAIIEN YEPE3 TOUKY ITPUIIOKEHUS MPOJIOJIBHON CUJIBI:

RySpn £ Rg Ase’ — R;Age = 0, (6.3)
rae Spv = Ap(e-zp) — CTATUCTUYECKUIT MOMEHT IUIOIIAIM CEUCHUS CXKATOU
30HbI OE€TOHAa OTHOCHUTEIIBHO OCH, MPOXOJSIIEH Ye-

pe3 TOUKY NPUJIOKEHUS CUITBI N.

[lepen BTOpbIM craraeMbiM (opmyJibl (6.3) 3HAK IUIFOC TPUHUMAET-
csl, Korja cuwia N pacrioJioKeHa 3a MpejeiaMu pacCTOSHUSL MEKy PaBHO-
JNEWCTBYIOIIMMU YCWINN B apMarype S U S', ¥ 3HaK MHUHYC — B OCTJIbHBIX
CIIy4asix.

AHasiornusbie (OPMYJIbI, MOJTYUYEHHBIE JJISi CEUYCHUS MPSMOYTOJIb-
HOI (hopmbl (puc. 6.3, 8), UMEIOT BU/T

N < Rpbx + R; . A; — R Aq; (6.4)

N-e < Rybx (hg — ) + Ry Ay (he — a'). (6.5)

[lepBbIii WiieH MpaBoOM YacTH ypaBHEHHs (6.5) UMEET TaKoW e BUJ,
KaK B M3rH0AeMbIX 3JIEMEHTaX, HO3TOMY B COOTBETCTBHU C BBIPAKCHUSIMU
(5.6), (5.10) u (5.21) 510 ypaBHEHHE MOXKHO ITPEJCTABUTH B BUJIE

N-e < a,,bhiR, + R, A(hg — a’). (6.6)
[TonosxeHre HENTpaIbHON OCH OMPEACINM, UCTIONB3YS (6.3):
R, bx (e — hy + g) + R, Ale' —R.A.e =0, (6.7)
OTKyJa
x = (hy—€) + \/ (ho — e)? + AT, (6.8)

[ToncTaBUB MOJYyYEHHOE 3HAYEHHE BBICOTHI CHKATOW 30HBI B (6.4),
OTPENIEIISIOT HECYIIYIO CLIOCOOHOCTH 3JIEMEHTA.
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6.4. Pacuer NpOYHOCTH 3JIEMEHTOB 110 BTOPOMY CJIY4al0

[Ipu ManbIX SKCIEHTPUCHUTETAX MPOJOJHHOM CHUIIBI HANPSKEHUS B
apMatype S, pacrojio)KeHHON y rpaHu, 0ojiee yJIaJeHHOW OT Cujbl N, HE
BCErJa JOCTUTAlOT PACUCTHBIX COMPOTUBIICHUW. DTa apMarypa MOXKET
oKazaTbCcsi clabo cxarod (puc.6.4,a) wumm cnabo  pacTIHyTOM

(puc. 6.4, 6).

N
e e v
F
-« hl—uq- e el
]
a Py 3 < zs > r""a I & za ..ra'
— it -
.i,l 2
N
T N

'«"%# A, : //;4/ A,
B ] : h

A

L
~
Y

aly/.%}ﬁ “1 / %%%2
A |l h:: J. Y, LL.

=

Q) 0)
Puc. 6.4. Cxembl A€iCTBUS yCUIIUMI B TIOTIEPEYHOM CEYEHHUH CKATOrO 3JIEMEHTA (BTOPOM
CiIydaii): a — pu ciiabo cxkaToil apmaTtype S; 6 — ipu cnabo pacTsiHyTo apMaTtype S
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DONeMEeHTbl paccUuThIBalOT 1o (opmynam (6.1)—(6.8), B KoTOphIE
BMECTO COMNPOTHUBIICHUS R; MOACTABISIOT HANPSKEHUE Gy, ONMPEICIIEMOE
o (5.15).

B ciyuae o4yeHb MaJIbIX 3KCIEHTPUCHUTETOB MPOJIOJIBHOTO YCHIIUS,
KOTJla Bce ceueHue Ckato U A;< A; B pe3yibTaTe CMEIICHUS IICHTpa Ts-
AKECTH CEUYECHUSI B CTOPOHY apMarypel S, a TakKe BCJIEIACTBHE Mepepac-
NpEACICHUs] YCUJIMM, BBI3BAHHOIO TOJI3YYECThIO OE€TOHa, pa3pylleHHe
AJIEMEHTa MOXET HauaThCsl CO CTOPOHBI OoJiee crnaboil apmarypsl S. Bo
n30eKaHue 3TOro0 HEOOXOJIUMO MPOBEPUTH MPOUYHOCTH 30HBI, OOJiee y/a-
JICHHOW OT IPOJIOJIbHOM CHIIBI N.

C 9TOl LENbI0 COCTABISIOT YPaBHEHHE MOMEHTOB, aHAJOTUYHOE
(6.2), HO OTHOCUTEIBHO OCH, NPOXOJSIIEH Yepe3 LEHTP TAKECTU apMaTy-
pb1 S’

Ecnu Hago ompenenuTh HECYUIYH0 CIOCOOHOCTh AJIEMEHTa IpH 3a-
JAHHBIX €ro pa3Mepax M IUIOMIAASX CeUeHUs apMaTypsl S 1 S’, TO cCHavamna
CJeyeT ONpPENEeIUTh IMOJOKEHHE HEUTpaibHOW ocu (BenuuunHy x). Jlis
ATOTO HCIOJIL3YIOT ypaBHEHHE (6.3), B KOTOPOM Yepe3 X BBIPAKEHO Sp.
BMecTo R, TTOICTABISIOT HANIPSIKEHUE 05, KOTOPOE TAKKE BBIPAKEHO UEPE3
x. B pe3ynbTaTe moiiy4aeTcsi KyOM4ecKoe ypaBHEHHUE, U3 KOTOPOIo OIpe-
nensiercs X (popmyna ananoruyna (6.8)). 3aTeM, MoACTaBIsIs B popmyITy
(6.1) HaliieHHbIC 3HAYCHUS X U HANPSHKEHUS g5 (BMECTO Rj), BBIUUCISIOT
HCKOMOE ycuiue V.

Jlerko 3aMeTUTh, YTO B OTJIUYHE OT M3rMOAEMBIX JIEMEHTOB HECY-
1jasi CioCOOHOCTh BHEIEHTPEHHO CHKAThIX AJIEMEHTOB 3aBUCUT HE TOJIBKO
OT Pa3MEPOB CEUCHUSI U APMUPOBAHUS, HO U OT AKCIIEHTPUCUTETA MPUIIO-
YKEHUS BHEIIHEN COKUMAKOIIEN CHJIBI V.

6.5. Yuer BJusiHuA poruda 3jeMeHTa

[Ton BIUsIHMEM BHEIEHTPEHHO MPHUIOKESHHON CHIIBI THOKHE dJIEMEH-
ThI U3TUOAFOTCS, YTO MPHUBOJUT K YBEIIMUCHHUIO HAYAJILHOTO dKCIICHTPHCH-
TeTa e, Npo1oabHON criibl N (puc. 6.5). [ToaToMy cxxaTbie Kene300€TOH-
HBIC 3JIEMEHTHI PAaCCUMTHIBAIOT IO JAC(POPMHUPOBAHHOM CXEME C YUYETOM
HEYyNpyrux jaeopmamnuii OETOHa W HAJTWYUS TPEIIMH B PACTIHYTOM 30HE.
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Korga xoHCTpyKIMs paccuuTaHa Mo HenepOpMHUPOBAHHOW CXEME, BIIUS-
HUEe Mporuda Ha BEIMYHMHY HKCIEHTPUCUTETA MPOJOJBHOTO YCUIUS OTHO-
CUTEJILHO IIEHTPA CXAaTUsl CEYEHUSl €, YUUTHIBACTCS YMHOMXEHUEM ATOU
BEJIMYMHBI HA KOA(DPUIIUEHT 7, paBHBIN

1
r’:

1-N/Ngy

S

Puc. 6.5. YBenuueHnue 3KkCEHTPUCUTETA
MPOAOIBHON CHIIBI B THOKHX 3JIEMEHTAX

Takum 00pa3om, paccTOsSIHUE OT MPOJOJIBHOW CUJbl N 10 OCH 3Jie-
MEHTa, UCITOJIb3yeMoe MpH pacuéTe o ¢popmynam (6.2) — (6.8), paBHO

€y = n(% + e,). (6.9)
[Ipu pacyeTe cTaTUYECKHA HEONIPEAETUMBIX KOHCTPYKIIUI B opMyJie
(6.9) mpunuMarot e;= 0 (cM. 1. 6.2).
3HaueHUE KPUTUUYECKON CHUIIbI N, IS 5KeNe300€TOHHOTO 3JIEMEHTA
omnpezensercs no Gpopmyiie
_m?D
cr T lg )
rje D =kyE, 1 +0.7EI . (6.10)
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PacuétHyto MJIMHY 3JIEMEHTOB l; MOCTOSTHHOTO TMOIMEPEYHOro ceve-
HUS 110 JJIMHE IPU ACUCTBUM ITPOJOJIBHON CUJIbI HPUHUMAIOT PABHOM:

a) U1 3JIEMEHTOB C MIAPHUPHBIM OMMpPAaHUEM Ha JIByX KoHIax — 1,0;

0) AJig DJIEMEHTOB C >KECTKOM 3aJeNKO (MCKIIIOYaroniel MoBOPOT
OTIOPHOTO

CEUYEHHUsI) Ha OJHOM KOHIIE M HE3aKPEIUIEHHbIM JPYTHM KOHIIOM
(koHcomb) — 2,0;

B) JIJIsl DJIEMEHTOB C IIAPHUPHBIM HECMEIIAEMbIM ONTUPaHUEM Ha OJ-
HOM KOHIIE, & Ha JIPyTOM KOHIIE:

— ¢ )KecTKoM (06e3 moBopoTa) 3aaenkoi — 0,7;

— C TOJATIMBOM (HOMyCKaroIed OTpaHHMYEHHBIN MOBOPOT) 3aiei-
ko — 0,9;

') JJIA 3JIEMEHTOB C MOJIATIMBBIM IAPHUPHBIM OMHUPAaHUEM (JIOIyC-
KAIOIUM OTPAaHUYEHHOE CMEIIICHHUE OTIOPhI) Ha OJHOM KOHIIE, @ HA JPYTroM
KOHIIE:

— ¢ ’KecTKo# (0e3 moBopoTa) 3aaenkoit — 1,5;

— C IOJIATJIMBOM (C OTpaHUYEHHBIM TOBOPOTOM) 3asienkoi — 2,0;

1) IJ1s1 3JIEMEHTOB C HECMEIIaeMbIMU 3a/I€JIKAMU Ha JIBYX KOHIAX:

— xecTtkumH (0e3 moBopoTa) — 0,5;

— MOJIATJIUBBIMU (C OTPAaHUYEHHBIM MTOBOPOTOM) — 0,8;

€) JUIsl BJIEMEHTOB C OTPAaHUYEHHO CMENIAEMbIMU 3a/ICJIKAMH Ha JIBYX
KOHIIAX:

— xecTtkumH (0e3 moBopoTta) — 0,8;

— MOJATIUBBIMU (C OrpaHUYECHHBIM TOBOPOTOM) — 1,2.

B ¢popmyne (6.10): [ u [y — MOMEHTBI HHEPIIUU TUIOMIAICH CeUCHUS
OeTOHa U BCEl MPOJOJILHOW apMaTypbl COOTBETCTBEHHO OTHOCHUTEIBHO
OCH, MPOXOSIIEH YEPE3 LIEHTP TAKECTH MOMEPEUYHOIO CEYEHHUSI DIIEMEHTA,
Eswn E, — Motynu yrpyroctu O€TOHA U apMaTypbl COOTBETCTBEHHO; k) =

0;35/((:0[(0;3 + 53))'
6.6. PacuéT 3j1eMeHTOB PAMOYTOJLHOI0 PO U

B mpaktuueckux 3amadax Npu HU3BECTHBIX pa3Mepax dJIEMEHTOB U
OPYTUX JAHHBIX MPUXOAUTCS ONpeneysiTb apMarypy As u A’s. ns atoro
CIEAYET MPEXKAE BCEro YCTAaHOBUTH, K KAaKOMY CJIy4ar0 BHELEHTPEHHOIO
CKaTHsl OTHOCHUTCSI paccMarpuBaeMas 3ajadya. Kak ykas3bIBajgoCh BBIIIE,
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nipu ¢ < g — nepBbIi ciydail, atipu ¢ > g — BTOpoi ciyuaid. OaHako
MpU MPOEKTUPOBAHUHU JIEMEHTA BeJInuMHA ¢ HEU3BECTHA, TIOATOMY CJIEIy-
€T OPUEHTHUPOBATHCA MO BEIWYMHE JKCcHeHTpucuteta. Ilpu e.n > 0,34,
AJIEMEHT 1eJIECO00Pa3HO 3aMPOCKTUPOBATH KaK paOOTAIOIIUMA IO IEPBOMY
ciy4aro, a ipu e, < 0,34, — 1o BTOpoMy CiIydaro.

[TonOGop apMaTypbl B CXaThIX 3JIEMEHTAaX 3aTPYJIHEH TE€M, 4YTO B
dopmysiax UCHONb3yeTCsl 3HaUeHUe N, 3aBUCAILEE OT IUIOIIATU apMaTy-
pbl S u S, KoTopas He u3BecTHA. [109TOMY pacueT BeayT MOCIEN0BATENb-
HbIMU npuOIxeHusiMu. [IpenBaputenbHO 3a4at0T #=1 U BBIUUCIAIOT A5 U
A’s. 3aTeM, UCHOJB3ysl MOJYYECHHYIO IUIOMIAAb apMaTypbl, OMPEACISIOT
Ncr u 5. Ilocae 3Toro onpeaensaroT HOBble 3HAaUEHUS A U A’y U CpaBHUBA-
IOT UX CO 3HAYEHUSIMU, MIOJyYEHHBIMU paHee. Eciii pa3HuIa He npeBblia-
eT 5 %, pacueT OKOHYEH, HHA4Y€ — PacyeT MOBTOPSETCS.

Haunbonee palmoHaIbHBIM MPEACTABISACTCS CIACAYIONIMN MOAXO:
€CJIM K JBYM YPaBHEHHUSIM PaBHOBECHs JOOABUTh YpaBHEHHE, CBSI3bIBAIO-
iee HampsHKEHUE C OTHOCUTEJIBHOM BBICOTOM cCxaToW 30HBI (popmyna
(5.15)), 1 BBECTH COOTHOIIICHHE MEXIY IUJIOMIAJIAMHU CXATON U pacTsIHY-
TON apMmaryp, TO MOJYYUM CUCTEMY ypaBHEHUH, pelias KOTOPYHO MOJIy-
YHUM UCKOMBIC BEIUYUHBI A5 U A s..

YnomsHyTas cCUCTeMa yPaBHEHUM UMEET BUJL:

Rbx+R A —c,A —N=0;
Ne—Ry,bx(hy—x/2)— R, A.(hy—a")=0;
1-x/hy
- &
o =kAq.

o, =2

N

- 1)Rs’

B nocnennem ypaBHEHUM CUCTEMBI KOA(DPUIIUEHT k ompeiensieT oT-
HOIIIEHUE TUJIOIIAJIA CKATOM apMaTyphl K IUIONIAAN ApMaTyphl PaCTAHYTOH,
3HAQYEHUE KOTOPOr0 PEKOMEHJIYETCS MPUHUMATh MO0 alpUOPHBIM COOOpa-
AKEHUSM.

[IpumepHoe 3HaueHue koddduuueHta k£ MOKHO BBIUHUCIUTH IO

dbopmye:
e

0,5(hg —a’)’
[Ipu cummeTpuuHOM apmupoBanuu (As = A’s) koapduuuent k=1.
Jiist mepBoro ciyyast pacu€ta (¢ < {r) npuHUMaeMm g, = Rq.
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Pacdyer mo mpoYHOCTH NPSMOYTOJBHBIX CEYEHUH BHELEHTPEHHO
CKATBIX 3JIEMEHTOB C apMaTypo#, pacloJIOKEHHON y TMPOTHUBOIOIOKHBIX
B IUJIOCKOCTU M3ruba CTOpPOH CeuYeHus, INpu YyciIoBuu ey < h/30 u
lo/h < 20 nomyckaeTcsi BBINOJHSTH MO YIPOIIEHHOW METOJIUKE, YCIOB-
HO TIPUHHUMAs UX IEHTPAIBHO CKaThIMU, U3 YCIIOBUS

N < @(RyA + Ry A to1), (6.29)
rie A — miomaab 0ETOHHOTO CeUeHUs; Ay = As+A's; @ — kKodhduiu-
€HT MPOJOJBLHOTO M3rvda, 3aBUCAIIMI OT JJIMTEILHOCTU JIEH-

CTBHUSI HArPY3KU U THOKOCTH JIEMEHTA.

[Ipy KpaTKOBpEMEHHOM JEUCTBUM HArpy3Kd 110 HHTEPHOJAINN
npuaumaeMm @ = 0,9 npu lo/h =10 u ¢ = 0,85 pu [y/h = 20.

ITpu nmuTenbHOM JIEMCTBUM HATPY3KHU:

Knacc 6erona ¥ mpn_Lo/h pasiiom

6 10 15 20
B20 — B55 0,92 0,90 0,83 0,70
B60 0,91 0,89 0,80 0,65
B8&0 0,90 0,88 0,79 0,064
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7. PACTAHYTBIE DJIEMEHTbI

K pacTsHyThIM »1€MEHTaM OTHOCSITCS, HAalpUMEP, HWKHUE MOsACA
dbepM, 3aTSHKKU apoK, CTEHKH PE3epBYapoB U TPyO U ap.

[Tpu 0ONBIIMX KCUEHTPUCUTETAX MPOAOJIbHBIX YCUIUN PACTAHYThIC
AJIEMEHTBI APMUPYIOT TAK K€, KAK BHELIEHTPEHHO CKaThle. B 3Tux ciryya-
AX YaCThb CEUYCHMSI OKa3bIBAETCA CKaToM. [IpH mManbIX 3KCHEHTPUCUTETAX,
KOIJla BCE CEUYEHUE PACTAHYTO, apMarypa B HEM pPacCIOJaracTcs paBHO-
MepHee. B pacTsHyThIX 35ieMeHTaX 0c000€ BHUMaHUE CIEeTyeT oOpariaTh
Ha COEUHEHMUS PACTSIHYTBHIX CTEPKHEW, KOTOPHIE BBIIOJIHAIOT NPEUMYLIE-
CTBEHHO cBapHbIMHU. [Ipu BbpIOOpEe nuaMeTpa M KOJUYECTBA apMaTyphbl
MPEANOYTEHHE  CIIEAyeT OTHaBaThb apMaType MajblX JIUaMETPOB
pu OOJIBIIOM KOJIMYECTBE CTEPKHEW C paBHOMEPHBIM UX paCTpe/ieIICHU-
€M [0 CEYEHHIO, TaK KaK MPU PacCPEIOTOUCHHOM apMUPOBAHUU PACTSTU-
BAIOIIIME HANIPSDKEHUSI B CEUYCHHM PACIPENENSIOTCS paBHOMepHee. Creny-
€T YUYUTHIBaTh, OJHAKO, YTO CJIMIIIKOM OOJIBIIIOE YUCIIO CTEP>KHEU MOXKET
BbI3BATh YBEIIMYECHHUE PA3MEPOB CEUECHUSI, @ TAKKE YCI0KHEHUE MPOU3BO/I-
cTBa paboT.

B pacTsHyTBIX 3jIeMeHTaxX U3 0OBIYHOTO KeJIe300€TOHA U3-3a MaJoi
€ro pacTsSKUMOCTU B OETOHE MOSIBISIOTCS TPEIIUHBI MPU HAMPSIKCHUSIX B
apMarype, 3HAYMTEIbHO MEHBIIUX PacyeTHOro compotusieHus. C mo-
MEHTa 00pa30BaHUsI TPEUIUH PACTATUBAIONICE YCUJIME IMOJHOCThIO BOC-
MIPUHUMAETCS TOJBKO MPOJIOJIBHOM apMAaTypOU, IIEPECEKAOIIEN TPEITAHBI.

[Ipu oceBOM pacTsHIKEHUU pacyeT MPOU3BOIUTCS U3 YCIOBHS

N < RA;. (7.1)

[Ipy BHELIEHTPEHHOM PACTSIKEHUM DJIIEMEHTOB MPSMOYTOJIBHOTO Ce-
YEHUsI C apMaTypou, COCPEIOTOUEHHON y JIBYX MPOTUBOIOJOKHBIX I'pa-
HEW, NEPHeHAUKYISIPHBIX TIOCKOCTH CUMMETPUU (TJIOCKOCTH JIEHCTBUS
CHUJI), pacyeT BeIyT B 3aBUCHMOCTU OT MOJIOKEHUS PABHOJICHCTBYIONICH
NpoNOJIbHBIX cuil N. Ecim criia N nprioKeHa MEKAY PaBHOJCHUCTBYIO-
mmMu ycunui B apmatype Ay u A's (puc. 7.1, a), yciaoBusi paBHOBECHS
MMEIOT BU/L:

Ne < R,AL(h, —a'); (7.2)
Ne' < R;A (h, — a). (7.3)
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Puc. 7.1. Cxembl AeficTBUS yCUIIMI B IOTIEPEYHOM CEUEHHH PACTSAHYTHIX 3JIEMEHTOB!
@ — IPU MAJIBIX; O — IPpU OOJIBLIINX SKCLIEHTPUCUTETAX

ITpu pacnionoxkeHnn NpoOJOILHON CHIIBI N 32 IPEICIIaMHA paCCTOSTHUS
MEXK]ly PaBHOACHCTBYIOIIMMU yCcWMid B apmatype As u A's (puc. 7.1, 6)
4acTh CeUeHHUs OylIeT cxkaTa. BbICOTY C:KaToOM 30HBI ONPEACIIAIOT U3 ypaB-
HEHMUS MTPOEKIIMI BCEX CUJI HA MPOJIOJIBHYIO OCh 3JIEMEHTA:

R A, — R; A — N = R, bx. (7.4)
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IIpu x < égh, nMeeM mepBBIN clydall pacueTa; MpoBepKa MPOYHO-

CTH 3JIEMEHTa TIPOU3BOIUTCS TIO PopMyJIIe
Ne < Rybx(h, — 0,5x) + R, A;(h, — a'). (7.5)

IIpu x > &g h, B ycnoue (7.5) moactaBisitor X = ERh,,.

Ecoun mpomonbHas pacTATHBAIOmas CHJIa W PaBHOICHCTBYIOIIAS
YCUJIMH B apMaType PacIoJIOKEHbI Ha OJHOM MPSIMOM, SJIEMEHT CUHTAIOT
PaCTSHYTBHIM IICHTPaIbHO. B 3TOM ciTydae ero mpo4HocTh 00ecIeunBacTCs
TOJIBKO €r0 MPOJOJIEHBIM ApMHPOBAHMEM U yCJIOBHE MPOYHOCTH 3aITUCHI-
BACTCS CIEIYIOIINM 00pa3oM:

N < RyAsor (7.6)

rae Agtor — IUIOLIAAb CEYEHHUS BCEH IPOIOJILHON apMaTyphl.
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8. KOCOM N3rub
1 KOCOE BHEHEHTPEHHOE C)KATHE

Kocoli u3ru6 nmMeetr Mecto, Korja miocKOCTh U3rudaroero MoMeH-
Ta (WM TUIOCKOCTh JEUCTBUS BHEIIHEH Harpy3kKd W peakiuid, pacroJio-
KEHHBIX B TOW K€ MJIOCKOCTH) HE COBIAJAET HU C OJAHOW M3 TJIABHBIX
MJIOCKOCTEH, MPOXOAIIUX YePe3 IIaBHbIE OCU MHEPIIMU CEUYEHHUS AJIEMEH-
Ta. Ecnu onopHbIe yCTpoCTBa 3J1€MEHTa TaKOBBI, YTO CIIOCOOHBI BOCITPH-
HUMATh KPYTSAIIMHA MOMEHT (HampuUMep, MpHU >KECTKOM 3allEeMJICHUH KOH-
I[OB 3JIEMEHTA) U TJIOCKOCTh BHEIIHEN HArpy3KW HE MPOXOAUT Yepe3 IeH-
TpaJIbHYIO MPOJOJBHYIO OCh 3JEMEHTa, TO KOCOW M3rud OyAeT MpOoHuCXo-
JIUTh COBMECTHO C KpydeHueM. [Ipu oTCyTCTBUU MOCIETHETO B 3JIEMEHTAX

U3 YIPYTUX MaTepuaIoB HOpMaJIbHbIE HapsokeHus (puc. 8.1)
o=+"x 422y, (8.1)

X

Iy

rae My =M cos f; M,= M sin [ .
YpaBHEHHE HYJICBOW JUHUHU TTOTYYUM U3 YCIOBHUS
M, M,

I, I,

N

BP ¥ wa y‘
My

a) 0) 6)
Puc. 8.1. K pacuery xkene300eTOHHBIX 3JIEMEHTOB C COCPEIOTOUYECHHBIM
apMUPOBaHUEM HA KOCOW M3THO:
a — TIOJIO’KEHHUE CWIIOBOM INIOCKOCTH Y HEUTPAIBHOW JINHUM B JJIEMEHTAaX U3 yIPYTIUX
MaTepUaNoB; O — cXeMa JIEHCTBYIOIIUX YCHIIUI B 5K€JI€300€TOHHOM JJIEMEHTE;
6 — K OIIPEJICTICHUIO Pa3MEPOB CKATOU 30HBI CEUEHUS
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OTa NuHUSA NPOXOAUT Yepe3 Hadyajlo KOOpAMHAT, KOTOPOE B 0OOIIEM
Cllydya€ MOXET HE€ COBIIaJaThb C LIEHTPOM TSKECTU CEUEHHUS. YTOJ €€

HAKJIOHA OMPEAEISAETCA U3 BBIPAKCHUS
tg zfzﬂ’_y:’”s_mﬁ’_y:’_ytg'g, (8.2)
y My I, M cos B I Iy
OTKyJa CIEIYET, YTO MPU KOCOM M3rude HyJeBas JUHUS HE NEPHEHINKY-
asipHa K cuitoBou uHuu. [lpu [, > [, yron 60 > f.

B ’kxene300eTOHHOM 3JIEMEHTE BCIEACTBUE HEYNpYyroi paboThl Oe-
TOHA U TPELIVH B PACTSIHYTON 30HE HEUTPaJbHAS OCh IIEPE]l Pa3pyLICHUEM
nepeMenaeTcsa U pacroiaraercsi K Haubosiee C:KaTtoMy BOJIOKHY OJMxKe,
yeM B JJIEMEHTe W3 ympyroro marepuana (puc. 8.1, 6). Ilnockocts I-I
BHYTPEHHEW Napbl CUJI B OOLIIEM MOXKET HE cOBNaAaTh ¢ MIOCKOCThIO II-1I
JEUCTBHS BHEIIHEW HArpy3kH, HO 00si3aTeNbHO eil mapasuienbHa. [loso-
KEHHE TIIOCKOCTH [-] B OCHOBHOM OIpeieniieTcs apMUpOBaHUEM PACTSHY-
TOW 30HBI. JTa IUJIOCKOCTh MPOXOJAUT Y€pEe3 TOUKY IPUIIOKEHHUS PaBHO-
JNEUCTBYIONIEH yCUIIMI apMaTyphl pacTsiHyTOW 30HBI Ny (B KOTOpOUl pac-
MoJjaraeTcsl Hayajao KOOpJAMHAT OCEH X—Y) mapajlieIbHO CUIIOBOM IIOCKO-
ctu II-II. Touka npunokeHUsT PABHOAEHUCTBYIOLIEH CKATOW 30HBI N
JOJDKHA TAKXKeE JIEKATh HA Cliefe IoCcKocTu I-1, uTto nmpu 3agaHHOM apmu-
POBAHUM CHKATOW 30HBI OMPEIEIAET IIOWAAb A, ITON 30HBI U BBICOTY X. B
AJIEMEHTax MPSIMOYTOJBHOTO CEUEHHUs C)KaTasi 30Ha MOXKET UMETh (popMy
TpPEYroJbHUKA WK Tpaneuuu (pu y; > b).

[Ipo4yHOCTh KOCOM3rHOAEMOr0 JEMEHTA IO HOPMAJILHOMY CEYEHHUIO
MPOBEPAIOT B IJIOCKOCTH NEPHNEHAUKYJISIPHOM JIMHHUM, OTPAHHUYHMBAIOIIECH
CXKaTYIO 30HY.

IIpu apmupoBaHuy, COCPEIOTOYEHHOM OKOJIO CKATOM U PACTAHYTOU
rpaHel, B IEPBOM citydae pacueTa (& < {r) yCIOBUS NPOYHOCTHU MOTYHaAOT
Y3 YPAaBHEHHUS MOMEHTOB OTHOCUTEIBHO OCH, IMPOXOJAILIECH 4epe3 TOUKY
«I (cwm. puc. 8.1, 6) npunokeHUs: paBHOACHCTBYIOIIEH YCUINI B apMa-
Type PacTsIHYTOU 30HBI.

M cos(8 — B) < (RpAp + R AY)zy. (8.3)

[Tmomane cxxator 30HbI A ONPEAETSAIOT U3 YPABHEHUS PABHOBECHS:

R Ag = RpAp + Rs As . (8.4)
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OTHOIIEHHE MOMEHTOB:
C= My/Mx = Ns(bo — ¥0)/Ns(ho — x0) = (b — ¥0)/(ho — X0), (8.5)
IJIe Xo U Yo — PACCTOSHUSI OT TOYKHU MPHUJIOKEHUS PaBHOJICUCTBYIOIIEH
yCWIMH B CXKATOM 30HE JO  CXKATbIX TI'paHEu
(cm. puc. 8.1, 6).
[Ipu oTcyTCcTBHMH apMaTypsl B CKATOU 30HE, T.€. ipu A’ = 0, mocnen-
Hero cjaraeMoro B ypaBHeHuu (8.4) He Oyaer. B 3Tom chiyuae:
Ap = 0,5x,y;1; xo = 0,33x; uy, = 0,33y; oTKyJa ciaeayeT ypaBHEHUE

X2 +3 (% - ho)x1 _ 28R 1, (8.6)

CRp
13 KOTOPOT'O OIpeesaeTcs X1, a 3areM u3 ypaBHenus (8.4) — y;. Ecnu x4

OKaXXETCS OTPHUIATENIbHBIM WM X1 > b, TO 3TO OyJeT 03Ha4aTh, 4YTO CXKa-
Tasg 30Ha uMeeT popmy Tpaneuuu. B nmpakTuke Takol ciydail BcTpeyaeTcs
peKo.

[Ipu TpanenueBugHOM hopMe cxxaToi 30HHI (puc. 8.1, 8) ee pazmepsl
X1 U X3 MOTYT OBITh ONpEJIEICHBI aHAIOTUYHBIM 00pa3oM. B sTom citydae
npaBas 4acTh ypaBHeHus (8.4) npumet Bun 0,5(x1 + x2)bRy, a B paBeHCTBE
(8.5) 3HaUEHUSA X0 U Yo OMPEACIATCS U3 CICAYIOIINX BhIPAXKESHUM:

xo = (1/3)(xf + x1%5 + x5)/ (%1 + x2);
Yo = (b/3)(x1 + 2x3)/ (%1 + x2).
B pesynbrare nojiyunm ypaBHEHUE
x2+ (b/c—cy)x; +¢c;(Bby/c —3hg+c¢;) =0, (8.7)
rae ¢; = 2(AR)/bR,.

N3  ypaBHenuss (8.7) omnpexaemsiercs Xx;, a U3  YyCJIOBHUA
R,As = Ryb (x1 + x,)/2 Haiigem x».

Pacuer snemeHTOB, paOOTarOMMX HA KOCOW M3ru0, JIOMyCKaeTCs
MPOU3BOJIUTH MyTEM MPOBEPKHU MPOYHOCTH HA MOMEHT, JICUCTBYIOIIUN B
miockoctu x. IIpu ceueHUAx nOpsMOYroJibHOW (OpMbI M TPEYrOIbHOM
cxartoi 30He (puc. 8.1, 6) yciaoBre MPOYHOCTH UMEET BUI:

My <Ry - O;5x1y1(h0 - x1/3) + RscAls(hO - a;) . (8-8)

[lnomans c:KaToM 30HBI ONPENEIIIETCA U3 YPAaBHEHUS PaBHOBECHS
(8.4), oTKya

Ap = x1y1/2 = (RsAs — Ry A5) /Ry (8.9)
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Pa3Mmep cxxaToii 30HBI 110 HanOOJIee CKATOM CTOPOHE CEUEHUS

xy = —t+ .t +24,M, /M, (8.10)

e t = 1,5(boMy,/M,;, — hy). (8.11)
Ecnu ynoBneTBopsieTcst ycioBue

x; < 1,54,/b, (8.12)

pacueTr mpou3BOJUTCS 0Oe3 ydeTa KOCOro M3ruba Ha JEHCTBHE MOMEHTA
M = M,.

VYpaBuenus (8.3)—(8.11) MOXHO MPUMEHSATH JIMIIb MIPU TIEPBOM CITY-
yae pacueTa, T.e. pu ¢ < g, TaK Kak B ATUX YPaBHEHUSIX MPUHITO, YTO
HaIpsHKEHUSI BO BCE apMaType pacTIHYTOM 30HBI IOCTUTAIOT PACUETHBIX
conpoTuBiieHU. OTHOCUTEIbHAS BBICOTA CKATOW 30HBI &; OMpEnesaeTcs
Ha HanboJiee cxkaTou cTopoHe ceueHus (puc. 8.1, 8) mo dhopmye

§1 = x1/(botg6 + hy), (8.13)
rae tgh = x2/24A,. (8.14)
Bricota cxaToil 30HBI X5, MOJCTaBisgseMas B BbIpakeHus (8.13) u
(8.14), onpenernsieTcst MpU HAMPSKEHUAX B PACTSIHYTOW apMaType, paBHbIX
R;. 3Hauenue x; onpeaensercs no dopmyse (8.10) npu A,, HalileHHOM U3
(8.9).
[Ipu ¢&; > &g HampsbkeHus B pacTAHYTOM apMarype Ay He JmocTura-
IOT pacYeTHOTO COMPOTUBIICHUS R, MO3TOMY B BbipaxeHus (7.4) wiu (8.9)
BMECTO R CIeQyeT MOJICTaBUTh ds;, KOTOPOE OMpPEIESAETCA TaK Ke, KaK
pu Tiockom u3rude (cm. m. 5.1.1).
[Ipu pacuere 53JIEMEHTOB C pacCpPeJOTOYECHHBIM apPMHPOBAHUEM
(puc. 8.2) HanpsiKEHUS B apMaTypPHBIX CTEPXKHAX Oy HEU3BECTHBI. Y CIIO-
BHE MPOYHOCTH, BBITEKAIOIEEC U3 YPABHEHUS MOMEHTOB B ILJIOCKOCTH,
MEPHEHIUKYIISIPHOU MPSIMON, OTPAHUYMBAIOLIEN CKATYH0 30HY CEUYCHMS,
MIPUMET BHU/T
M cos(6 — B) < R,Apzp — Xi=1 0siAsi(hor — ho), (8.15)

TJI€ Zp — PACCTOSIHUE OT IIEHTpa TSKECTHU CXKATOM 30HBI OETOHA JI0 OCH,
MMAPAUICIIBHOM HYJEBOW JIMHUM W NPOXOJAIIEH 4Yepe3 LEHTP
TSOKECTH HauOoJee PaCTSIHYTOrO apMaTypHOTO  CTEP>KHS;
hoi — pacCTOSIHUE OT i-I'0 apMaTypPHOTO CTEPKHSI JJO TOU K€ OCH;
1 — KOJIMYECTBO apMaTypPHBIX CTEP>KHEH.
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Puc. 8.2. Cxema elicTBYIOUIUX YCUIIUHA
B KOCOM3rn0aeMOM KeJIE300€TOHHOM DJIEMEHTE
C paccpe0TOUCHHBIM apMUPOBAHUEM

[Inomanb c:xatoi 30HBI OETOHA A, OMpPENeNAeTCs] U3 yCIOBUS paB-
HOBECHS
RyAp = Xiz1 0si4si - (8.16)
Jlist onpenenenust u3 ypaBHenus (8.16) miomaau cxaToil 30HbI Oe-
TOHA A, CleAyeT, 3aJaBIIUCh YIJIOM @, pEllIuTh 3TO YPaBHEHHE COBMECTHO
C BBIPOKECHUSIMU JJI ONPENENICHUS Og;, YUCIO KOTOPBIX JIOHKHO OBIThH
PaBHO YHMCIIy HEU3BECTHBIX HANPSKEHUH Og;. II0CKONBKY HEU3BECTHO X, TO
BHauaJie pacyeT BBINOJIHIETCS MPU BBIOPAHHBIX MPEANOI0KUTEIBHO BbI-
paXKEHUsX Ui 05;. Hanpumep, st cedeHust Ha puc. 8.2 g cTepxHs |
MOKHO NPUHATH Og; = Rs, a UL CTEPKHA S — Og5 = Ry, IISI OCTAJIBHBIX
crepxkHeil (2, 3 u 4) — BOCHONB30BATHCS 3aBUCUMOCTSIMU dg; = f (<)1),
npuBeAeHHBIMA B 1. 5.1.1. VIX 10/KHO OBITH CTOJILKO, CKOJIBKO HEM3BECT-
HBIX O, B JAHHOM ciydae Tpu: mepBoe mnpu &; = &, = x/hy,, BTOpoe
npu &; = & = x/hy3 u Tpetbe npu & = &, = x/hy, . [locne pemenus
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CHUCTEMBI YPaBHEHHM, U3 KOTOPHIX OYyIyT OMpPEIEIICHBl X U BCE HEHU3BECT-
HbIC HANpsDKEHUS B apMaTypHBIX CTEPIKHSX, IPOBEPSIOTCS MPHUHSATHIC
HavyajgbHbIC ycioBHs. IlockombKy B cTepikHe | HampspkeHHE O OBLIO
NPUHATO paBHBIM R, To nipu & = x/hy; < &g HaNpsHKEHUS B HEM CJie-
AyeT MPHUHATh PaBHBIMU NpeaeabHomy. Ecim ke & > &p, To s Hamps-
KEHUS B CTep)kHE | Takke CleayeT MPUHSITH 3aBUCHMOCTD
0; = f(x/hy;). HauanbHple yCIOBHS TPOBEPSIOTCS M B HEOOXOIUMBIX
CITydasx KOPPEKTUPYIOTCS M BO BCEX OCTAIBHBIX CTEPIKHSX.

Pemrenne cumTaeTcs OKOHUATEIHLHBIM B TOM Clydae, KOraa ITOCie
OYepEeTHOTO PENICHUS YPAaBHCHHS BCE MOJIYUCHHBIC 3HAUCHHS HaIpsiKe-
HUH O OKaXyTCS COOTBETCTBYIOIIMMH YCIOBHUSAM, NMPUHATHIM JUIS KX
onpenenenus. IlomydeHHbIE OKOHUYATEIbHBIC 3HAYEHUS BBICOTHI CHKATOM
30HBI X M HAMPSDKCHUSI Og; MCTOJIB3YIOTCS IS TIPOBEPKH YCIIOBUS MIPOY-
Hoctu (8.15).

Puc. 8.3. Cxema eliCTBYIOUIUX YCUIIUH
IIPU KOCOM BHELEHTPEHHOM CXKATHUU

[Ipu KOCOM BHEUEHTPEHHOM cxaTuu (puc. 8.3) NUHUS JEHCTBUS
MPOJIOIBHBIX CKUMAIOIIUX CUJI N HE JISKUT HU B OHOU U3 IJIaBHBIX IJIOC-
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kocteit unepumu. [lnockocts 1-1 BHyTpeHHeH napbl cui OyIeT TPOXOAUTh
yepe3 TOYKU IPUWIOKEHUs CUibl N U paBHOAEUCTBYIOLIEH N, yCUIIUN B
apMatype pacTsHyTod 30HBI (Touka «I'»). Ha creme 3Toi mIocKoCTH
JOJKHA JIC)KATh TAKXKE TOYKA NMPUIIOKEHUSI PABHOJECUCTBYIOIIEN YCUIUU
Ng B c3kaTOM 30HE CEUEHUS (TOUKA «0»).

YcnoBue mpoOYHOCTH MPEACTABISIET cO00M YypaBHEHHME MOMEHTOB B
IUIOCKOCTH, MEPIEHINKYJIIPHON JIMHUN, OTPAaHUYMBAIOILIEN CKATYIO 30HY,
OTHOCHUTEJIBHO OCH, IPOXOISIIEH Yepe3 LIEHTP TAKECTU CEUYCHUS CTEPIKHS
1, HamboJiee yIaIeHHOTO OT HEHUTpaabHOM TMHUU. OHO UMEET BUJ

Ne < RyApZp — Xi=; 05iAsi(ho1 — hoy). (8.17)

[1momiaap c:kaToi 30HbI CEYEHHUS A U HANIPSKEHUS Og; OTIPEAEISAIOT-
CAd M3 COBMECTHOI'O PELICHUs CUCTEMBI YPABHEHUW, B KOTOPYIO BXOIUT
YPaBHEHUE ITPOCKLNU YCUIMK HAa IIPOJOJIBHYIO OCh DJIEMEHTA

RyAp = Xi=1 05iAsi + N (8.18)
Y BBIPQKEHMS, CBSI3BIBAIOIINE HANIPSKEHUS Oy; ¢ & (popmyna (5.15)).

Pacuer BepeTcss METOJOM MOCJENOBATENbHBIX MPUOIMKEHUN TpH
MPUHATOM Ha4yaJbHOM 3HA4eHUU @, KOTOPOE B MPOIECCE pacueTa KOPPeK-
TUPYETCH.
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