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1 BBenenne

1.1 KpaTkuii uncropudeckuit 003op

Kenezobemon 1O CpPaBHEHHIO C JAPYTMMH CTPOMUTENIBHBIMU MaTepHalaMU
MOSIBWJICS CPABHUTEIBHO HEJJABHO U MOYTU OAHOBpeMEHHO B EBpornie u Amepuke. Ero
ucTopus HacuuTbiBaeT He Oosiee 150 ner. OgHako K HACTOSALIEMY BpPEMEHHU OH
MOJIyYMJI CaMO€ IHPOKOE PACIPOCTPAHEHHUE B CTPOUTENIBCTBE, UMEET CBOIO UCTOPHIO
Y CBOMX BBIJAIOIIUXCS IEATEIIEH.

[TosiBneHue >kene300€TOHHBIX KOHCTPYKLUH CBSI3aHO € OOJBIIMM POCTOM
IIPOMBILJIEHHOCTH, TPAHCIIOPTA U TOPTOBIIA BO BTOPOM monoBuHe XIX B.

UccnenoBanns nokpeituil [lapckocensckoro JIBopua mnokasanu, 4TO PyCCKHUE
mactepa enie B 1802 r. nmpuMeHsin apMUpPOBaHHbBINA OE€TOH, OHAKO OHU HE CUUTAJIH,
YTO MOJIYYHJIM HOBBIM CTPOUTENbHBIA MaTepUall, U He NaTEHTOBAJIH €TO0.

[lepBbiM m3menUMEeM U3 kene300eToHa ObLIa JIoJKa, mocTpoeHHas JlamGo BO
Opanuuu B 1850 r. IlepBbie maTeHThl HA U3TOTOBJIEHUE M3ACIHUNA U3 KeIe300eTOHA
ObuT mostyueHsl Monbse B 1867... 1870 rr. B 1892 r. ¢panuysckuii unxenep O.
['enHeOUK PEIOKUIT MOHOJIUTHBIE JKeNIe300€TOHHbIE PEOPUCTHIE MEPEKPHITUS U PSI
IPYTUX PallMOHANBHBIX CTPOUTEIBHBIX KOHCTpYKIMi. B Poccun xene3obeTon cranu
npUMEHSITh ¢ 1886 T. U1 IEPEKPHITUI 110 METAJUTMYECKUM OajiKaMm.

B 1885 r. B I'epmanun wnxk. Baiic u npod. baymmurep npoBenu mnepBbie
Hay4yHbIE OIBITHl MO ONpPEAEIECHUIO0 MPOYHOCTH U OTHECTOMKOCTH KE€JIe300€TOHHBIX
KOHCTPYKIUH, COXPAaHHOCTH *eJie3a B OETOHE, CHJI CLETIJICHUs] apMaTypbl ¢ 0€TOHOM
u np. Torma xe BrepBele wuHX. M. KEHeH BpICKazam npearonoKxeHue,
NOATBEPKACHHOE ONBITAMHM, YTO apMarypa MOJDKHA pacIlojlaraTbCs B TEX 4YacTAX
KOHCTPYKIIMH, [JI€ MOKHO OKHUJATh PACTITUBAIOLINE YCHIIHUS.

B 1886 r. M. Kénen mpemioxui mepBblii METOJA pacdeTa >Kelae300€TOHHBIX
IUTMT, KOTOPBIM CIIOCOOCTBOBANl Pa3BUTHIO MHTEpeca K HOBOMY Marepuany u Ooiee
IMPOKOMY PacIpOCTPAaHEHHUIO kenie300eToHa B ['epmanuu u ABctpo-Benrpun.

B 1891 r. tananTnuBedmuii pycckuit ctpoutens npod. H. A. Benemobckuit
NEPBBIM MPOBEJT CEPUI0 UCHBITAHUM KENEe300€TOHHBIX KOHCTPYKIIMI: IUIUT, OajoK,
apoK, pe3epByapoB, CUIOCOB iJid 3epHa, MocTa npojérom 17 m. B 1911 r. B Poccuu
ObUTM M37aHbl TEPBbIE TEXHUYECKUE YCIOBUS M HOPMBI JUISl >KEJI€300€TOHHBIX
COOPYXKECHUMU.

Konen XIX B. MOXHO cuMTaTh Ha4ajioOM I[IEPBOTO 3Tala B Pa3BUTHU
xene300eroHa. C 3TOro BpeMEHU MOBCEMECTHO BOILIET B MPAKTUKY U METOJ pacyera
OETOHHBIX KOHCTPYKLMHA MO JOMYyCTHUMBIM HAIPSHKEHUSM, OCHOBAaHHBIM Ha 3aKOHaX
CONPOTHUBJIEHUS YIIPYTHUX MAaTEPUAIIOB.

B 1904 r. B r. Hukomaese no npoekty uHxkeHepoB H. IlsTHunkoro u A.
BapeiHrkoBa ObUI MOCTPOEH NEPBBI B MUPE MOPCKOW Masik M3 MOHOJIMTHOIO
xese300eToHa BbICOTOM 36 M, co creHamu ToimuHOW 10 cm BBepxy u a0 20 cMm
BHH3Y.

BrnepBble uaes npeaBapuUTEIbHOTO HANPSKEHUS 3JIEMEHTOB, padoTarouuX Ha
pacTspkeHue, Oblla BBIIBUHYTA U OCyIllecTBIIeHa B 1861 T. pyCCKUM apTHUILIEPUHCKUM
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uHxk. A. B. I'agonuHbIM TPUMEHUTENIBHO K HW3TOTOBJIEHUIO CTAJIBHBIX CTBOJIOB
APTUUICPUNCKUX OPYIHUN.

[Tocne peBosOIMU KEIE300€TOHHOE CTPOUTENLCTBO B Poccuu momyuniio
HEBUJIAHHBIN B MuUpe pazMax. HeoOXoanuMoCcTh MakCUMAaJIbHO SKOHOMUTh MaTepuail u
CHUKaTh CTOMMOCTD K€JI€300€TOHHBIX KOHCTPYKIMNA BBIHYXJajda COBETCKYIO IIKOJY
YUYUTHIBATh BCE HauboJjee MepeoBoe B €BPOIEUCKON M aMepUKAHCKOW MpPaKTHKE U
IIMPOKO  pa3BUBaTh COOCTBEHHbIE TEOPETHUUYECKHUE U  IKCIEPUMEHTAIbHbBIC
UCClIeIoBaHUus B OOJACTH >Kejae300eToHa. JTo, B CBOI OYEpellb, CIOCOOCTBOBAJIO
3HAUUTEILHOMY PACUIMPEHHUIO MPUMEHEHUS KeIe300€TOHA B THUAPOTEXHUYECKOM U
KUITUITHO-TPAXKIAHCKOM CTPOUTEICTBE.

B 1925... 1932 rr. coBerckue yuenbie B. M. Kennpim, A. @. Jloneirt, A. A.
I'Bo3ges. I1. JI. [Tactepnak u npyrue Ha 0a3ze MIMPOKUX SKCIEPUMEHTAIBHBIX padoT
pazpaboTtanu oOlue METOAbl pacyeTa CTaTUYECKH HEOINPENSIUMBIX CTEPKHEBBIX
cuUcCTeM (apoK M pam), KOTOpbIE€ MO3BOJIMIM 3alPOCKTUPOBATh U MOCTPOUTH MHOTO
YHUKQJIbHBIX JUIs CBOEIO BPEMEHHU OOIIECTBEHHBIX U MPOMBIIUICHHBIX 3/IaHUN U3
xenezoberona: llenTpanbnbiii tenerpad, Hom «3Bectuii», 31aHUsT MUHHCTEPCTB
JIETKOM TNPOMBIUUJICHHOCTH MW 3emuenenuss B MockBe, mnouramMmt U Jlom
npoMbllIeHHOCTH B Xapbkose, Jloma CoBetoB B Jlenunrpane, Muncke, Kuese u
P APYTUX KPYIIHBIX COOPYKEHUU.

B ruapoTexHHMUEeCKOM CTPOMTENLCTBE BIEPBbIC Kejie300€TOH ObUT MPUMEHEH
npu ctpoutesbcTBe Bonxosckoit I'D9C (1921... 1926 rr.), kpynHe#mieid 1mo Tomy
BpeMernu. Benen 3a Bonmxosckoit I'DC 6p1mu moctpoensr Jaenpol DC (1927... 1932
rr.), Hmwknae-CBupckas I'2C (1928... 1934 rr.), B KOTOPBIX OETOH W KeNe300€TOH
MPUMEHSUTHCH eliie 0oJiee MUPOKO.

[Ipumepno B 1928 1. xkene300€TOH CTal MIMPOKO MCIOJIB30BAThCS B
CTPOUTENILCTBE TOHKOCTEHHBIX MPOCTPAHCTBEHHBIX KOHCTPYKIUM: Pa3HOOOPa3HBIX
o0osoukax, ckiagax, marpax, cBojax u kymnoinax. CoBerckuit yuensiii B. 3. Biacos
MEPBBIM pa3paboTayl OOIIMI MPAKTUIECKUN METOJ] pacuera 000J0YeK, 3HAYUTEIHHO
omepeauB 3apyO0exHyl0 HaykKy B A3Toil oOnactu. [lepBblii TOHKOCTEHHBIN KYIIOJ
3HAUUTEIBHOTO AuameTpa (28 M) ObL1 mocTpoeH B 1929 r. B MockBe aiis maHeTapus,
a caMblil OOJBIION B TO BpEeMs IJIaJKUN KyMHOJ IuaMeTpoM 55, 5 M ObUT COOPYKEH B
1934 r. Han 3putenbHbBIM 3asioM TeaTpa B HoBocubupcke. KoHcTpykuuio Kymosa
paszpaboran unx. b. @. Marepu no uzaee u noxa pykosojctsom I1. JI. [Tacrepnaka.

[IpuMeHeHuEe B CTPOUTENBCTBE PAMHBIX U TOHKOCTEHHBIX IMPOCTPAHCTBEHHBIX
CUCTEM C MCIOJIb30BAHUEM UX )KECTKOCTU U MOHOJUTHOCTHU CIEAYET CYUTATh BTOPHIM
ATANoM B pa3BUTHUU KeJIe300€TOHA.

B 1936 1. 8 CCCP BnepBbie ObLI MPUMEHEH MPEIBAPUTEIHHO HAMPSKEHHBIN
KeJe300€TOH /TSI M3TOTOBIICHUS OMOpP KAHATHOW CETH Ha 3aKaBKA3CKUX >KEJIE3HBIX
noporax. [llupokoMy BHEIpPEHUIO NPEABAPUTEIHHO HANPSAKEHHBIX JKEJI€300€TOHHBIX
KOHCTPYKIMI BO MHOTOM CIIOCOOCTBOBaNIM paboThl yueHblx B. B. Muxaiinosa, A. A.
I'Bo3neBa, C. A. JImutpuena u ap.

Ha ocHoBe riny0okoro uzyueHnusi Gu3nyecKux M yrnpyrorjiacTUueCKuX CBOMCTB
XKee300eToHa, a TaKKe IKCIEpUMEHTaNbHbIX NaHHbIX A. @. Jloneiit, A. A. I'Bo3ieB
u gpyrue (1931... 1934 rr.) co3manu TEOpUIO pacueTa >Kejle300eToHa T
paspymaromumM ycunusaM. OHa Obu1a nosioxkeHna B ocHoBy HopM (OCT 90003-38), mo
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KOTOPBIM  pPAaCCUMTBHIBAIM BCE MPOMBIIIJIEHHbIE W TPAKIAHCKHE 3JaHUS U
COOpYKEHU.

upokyr0 MHAYCTPUATU3ALUIO KEJIE€300€TOHHOIO CTPOUTENIbCTBA, PAa3BUTHE
OPEIBAPUTEILHO  HAINPSIKEHHBIX  KOHCTPYKIMUH, BHEAPEHUE BBICOKOIPOUYHBIX
MaTepHaJIoB U pa3pabOTKy HOBOTO METOJAA pacyeTa *Keae300€TOHHBIX KOHCTPYKIIMMA
ClIelyeT CYMTaTh HAyaJOM TPEThEro JdTama B Pa3BUTUU  KEJIE300€TOHHBIX
KOHCTPYKIMI. Bplgamommmcs NOpUMEPOM TPETHETO ATala MOXKET CIIYKUTh
noctpoeHHast B 1965 r. 6aimHsa bosblioro MOCKOBCKOTO TeneneHTpa o01ei BhICOTOM
522 m.

Ilon xamenHviMu KOHCMpYKYusAMY TIOHHMAIOT HECYLIME M OIPaKJAroIIue
KOHCTPYKLMH 3/1aHUM U COOPY’KEHUH, BBIIIOJIHEHHBIX ITyTEM COEIMHEHUS OTAEIIbHBIX
KaMHEW WM KaMEHHBIX U3/JEJIMI CTPOUTEIIBHBIM PACTBOPOM.

KameHHble KOHCTPYKLMHU - HamOoJiee APEBHHE, MOCKOJIBbKY MPOCTEHIINE KX
BUIbI MO’KHO OBUIO BBIMOJIHITH MPUMUTHBHBIMUA HHCTpyMEHTaMH. B TeueHne MHOTHX
BEKOB OCHOBHBIM CTPOUTEIBHBIM MaTEpHUAIOM ObLI KaMeHb. MI3BECTHBI COOPYIKEHHUS
U3 HEoOpaOOTaHHBIX €CTECTBEHHBbIX KaMHEHW elle KaMEHHOro Beka. Bo MHorux
CTpaHaX COXPAHUJIOCH OOJIBIIOE KOJWYECTBO BBLAAIOIIMXCS MaMSTHUKOB KaMEHHOIO
3oq4yecTBa (KpemocTtu, coOOphl, ABOPIBI W Kpemiau). [lozke it KaMEHHBIX
KOHCTPYKIIMI TNPUMEHSUIM E€CTECTBEHHBIM KaME€Hb, KUPIUY - KaK ChIpel, TaK U
0000KeHHBIA. MHOTHE TOJIbl KUPIUY ObLT OCHOBHBIM MaTE€PUAIOM.

XKenanue 3014MX COBEPILIEHCTBOBATh KOHCTPYKIMU TpPeOOBAIO pa3pabOTKU
cmocoboB ux pacuéra. B 1638 1. Tamunedi BHepBble ONPEACIHII HECYIIYIO
cnocoOHOCTh m3rnbaemoro Opyca. B konme XVIII B. Kynon npemnioxun Teoputo
pacd€ra KaMEHHOTO CBOJA.

B nepBoMm onybnukoBanHoM B Poccun HaydHOM Tpyie O TPOYHOCTH KaMEHHOM
KJAAKA OBLJIO M3YYEHO HAIPSIKEHHOE COCTOSIHUE KAaMEHHOM KIAaJKU MpU CHKATHH.
ABtop B. A. TacreB moka3zaj, 4TO MpU CHKATUM KIAAKH KaXIbld KHAPIHY
NOJIBEpraeTcsi M3rudy M B HEM BO3HHUKAIOT HANpPSDKEHUS C)KaTusd, cCpe3a H
PaCTSKEHMUS.

K cepenune 30-x rr. MeToapl pacyeTa MPOYHOCTH KaMEHHBIX KOHCTPYKIIMI
y>Ke ObUIM OCHOBAHbI Ha OOJIBILIOM SKCIIEPUMEHTAIbHOM Marepuaie. 3a nepuoj c 30-
x 10 50-x rr. mpou3onuia CyIIECTBEHHAs SBOJIIOIUS KAaMEHHBIX KOHCTPYKLHHI U
MaTepHaJIOB. 3HAYUTEIBHO paclIMpUiIach 00JACTh NMPUMEHEHHUS KHUPIUYHBIX CTEH,
ObLJI0O BHEJAPEHO apMUPOBAHUE KHUPIHUYHOM KIAJAKW HA OCHOBE TEOPUHM pacuera
ApPMOKAaMEHHBIX KOHCTPYKLIHM.

B 30-e rr. coBerckMMH Yy4E€HbIMH ObUIM pa3padOTaHbl HOBBIE METO[bI
IpOU3BOJCTBa PabOT B 3UMHEE BpPEMs, B TOM YHUCJIE M KAMEHHbIX. MHOTOYHCIIEHHBIE
UCCIIEIOBaHNs TMPOYHOCTH KIAJKH, BBIIOJHEHHONM METOIOM 3aMOpa)KMBaHUs
pacTBopa ¢ TBEPAECHHUEM €ro MOCJIEe OTTanBaHUs, HOBBIE M3JAaHUs COOTBETCTBYIOIINX
HOPMATHBHBIX  JIOKYMEHTOB  IO3BOJWJIM  JIMKBHJIHMPOBaTh  CE30HHOCTh B
ctpoutenscTBe. C 1931 r. B 3uMHee BpeMs KJIaJKy Hadajau BECTU 0€3 TEIUISIKOB.

B paszButum T€OpUM U NPAKTUKU KAMEHHBIX KOHCTPYKUMH Beiauka posb B. I1.
Hexkpacogna, JI. . Onumuka, C. A. Cemenuona, C. B. ITonsikoBa, FO. M. lBanosa, B.
A. Kawmeiiko, A. U. PabunoBuua, 1. T. Korosa, H. U. KpaBuenu u qpyrux coBeTCKuX
YUEHBIX.



KameHHble KOHCTPYKIHMHU BO3BOMST M3 HMMEIOUIMXCS HAa MECTaX MaTepHUasoB.
OHuU TpOCTHl B U3TOTOBJICHHUH, JOJITOBEYHBI U OTHECTOMKHU. OJIHAKO WX BO3BEJICHHE
CBSI3aHO CO 3HAYUTEJILHBIMHU TPYIOBBIMU 3aTpaTaMU: KaMEHHbIE KOHCTPYKIIMH UMEIOT
CPaBHUTEIIBHO OOJIBIIIYID MaccCy, BBICOKYHO TEIJIONPOBOJHOCTh. JIJisl MOBBIIICHUS
YPOBHSI MEXaHU3alluu KJIAJOYHBIX pabOT U COKpAIEHUS CPOKOB CTPOUTEIILCTBA B
HACTOSIIIIEe BPEMSI IPUMEHSIOT KPYMHbIe OJIOKU U MMaHENIu 3aBOJICKOr0 U3rOTOBJICHUS
U3 KUPIINYA, JIETKUX U STYEUCTHIX OETOHOB.

1.2 O6acTH NpUMeHEHHS KeJ1e300€TOHHBIX U KAMEHHBIX KOHCTPYKIUI

KameHHble ©  apMOKaMEHHblE KOHCTPYKUMU HCHOJB3YIOT BO  BCEX
KJIINMAaTHYECKUX PAalOHaX.

KameHHbIe KOHCTPYKIIMM MPUMEHSIIOT B KQYECTBE HECYIIUX KOHCTPYKIUN ISt
BHELICHTPEHHO-C)KAaThIX  3JIEMEHTOB C  OlFPAaHUYEHHBIM  3KCLUEHTPUCUTETOM
OPWIOKEHUS! BHEIIHUX CHJI. APMOKAaMEHHbIE KOHCTPYKLHMH pPacIIUpSIOT 00J1acTh
NPUMEHEHHUS KaMEHHBIX KOHCTPYKIMH, NOpuOiIMXKasgs HUX K KeIe300€TOHHBIM.
KameHnHble KOHCTPYKLUMU HEIOCTATOYHO COBEPUICHHBI JJISl 3IaHUNA U COOPY>KEHHI,
MOJIBEpraloluxcsi  JTAUHAMUYECKUM  BO3JCUCTBUSM, [UJIsi  CTPOMTENLCTBA B
CEHCMUYECKUX paloHax, B YCJIOBHSX BO3JEHCTBUS  arpecCUBHOM  CpEIbl,
CHUCTEMAaTHUYECKUX TEXHOJIornueckux temnepatyp Bbime 100°C, B 30Hax Be4HOU
MEpP3JI0ThI, MPOCAJOYHBIX M HAOyXalomUX TPYHTOB M Ha MOJpadaThIBAEMbIX
TeppuTopusix. Hapsily ¢ HCKYyCCTBEHHbIMM KaMEHHBIMM MaTepuanamu (KUpIud,
MyCTOTEJbIC KEPAMUYECKUE WM OCTOHHBIE KaMHH, CIUIOIIHbIE KaMHU W OJOKH U3
JETKUX W SYCUCTBHIX OETOHOB) PEKOMEHIYETCS MPUMEHSTHh MPUPOJHBIE KaMEHHBIC
MaTepHalTbl (M3BECTHSK, TY(), BEIMWIMBAEMBIC W3 MACCUBOB TOPHBIX MTOPO/I.

Kene300eTOHHBIE KOHCTPYKUMH IIMPOKO HCIHOJIB3YIOT B KANUTAJIBHOM
CTPOUTENBCTBE NIpH Bo3aeicTBUM Temneparyp He Bbie 50 °C u He Huxke -70 °C. B
KOKIOM OTpaciu MNPOMBIIIJIEHHOCTH W SKWIMIIHO-TPAXXIAHCKOM CTPOUTEIHCTBE
UMEIOTCSI 3KOHOMHYHBIE (OPMBI KOHCTPYKIMH U3 COOPHOrO, MOHOJUTHOTO WM
COOPHO-MOHOJIMTHOTO KeJIe300eTOoHA.

Bo wMHoOrmx cnydasx KOHCTPYKIHMH U3  kene300eroHa  (0coOEHHO
IpeIBApUTEIHLHO HAIPSKEHHOTO0) LIeJIecoo0pa3Hee KaMEHHBIX WK cTalbHbIX. K HUM
OTHOCATCSA: AaTOMHBIE PEAKTOPbI, MOIIHbIE MPECCOBbIE YCTPONCTBA, MOPCKUE
COOPYKEHHMsSI, MOCTBI, a’3pPOJAPOMBI, JOpPOTrH, (PaOpHUUHO-3aBOJCKHE, CKJIAJACKHE U
OOIIIECTBEHHbIE 3/1aHUS M  COOPYXKEHMs; TOHKOCTEHHBIE IPOCTPAHCTBEHHBIC
KOHCTPYKIIMH, CHJIOCBI, OyHKEepa U pe3epByapbl; HaIllOpHbIE TPYyOOIPOBOIbL;
dbyHIaMEHTBI O] MPOKATHBIE CTAHBI M TI0JT MAIIMHBI C AJMHAMUYECKUMU Harpy3KaMu,
OalllHU, BBICOKHE JBIMOBBIE TPYOBbl, CBau, KECCOHHbIE OCHOBAHMUSI, IOAIIOPHBIE CTEHBI
Y MHOTHE JPYTU€ MAaCCUBHBIE COOPYKEHUS.

Bbonbuioe nmpuMeHneHune xene300€TOH HaXOAUT MPHU YCTPOMCTBE HAOEPEKHBIX,
TEMJIO- WU TUIPOIJEKTPUUYECKUX CTAaHUMM, IJIOTHH, IIIO30B, JOKOB MU JPYruX
TUAPOTEXHUYECKUX  coopykeHuil.  JKene300eToH ~ sBISETCS  HE3aMEHUMBIM
CTPOUTEIBHBIM  MATE€pUAJIOM B  CAHUTAPHO-TEXHUYECKOM U  MOJ3EMHOM
ctpoutTenbcTBE. OH B 3HAYMTENILHOW CTENEHU BBITECHWI APEBECHHY M METAUl MpH
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TOPHBIX pa3paboTkax. B cTpouTenbCTBE Kene300€TOHHBIX CYJIOB U IJIABYUYUX JOKOB
Poccust nocturia 3HauyuTENbHBIX pe3ysibTaToB. Ha M3roToBieHUE KEJI€300€TOHHBIX
JMHEMHBIX KOHCTPYKIMKA pacxodyercs B 2..3 pa3a, a Ha H3rOTOBJIEHUE IUIUT,
HacTUioB, TpyO B 10 pa3 MeHbIlIe METalJIa, YEM Ha CTAJIbHbIE KOHCTPYKIIUU.

1.3 IlepcniekTUBHI Pa3BUTHSA

Kamennble KOHCTPYKIMHM U3 IITY4YHBIX MaTEpHaIOB (KUPIHY, KEpaMHKa,
0JIOKM) TIPOJOJDKAIOT 3aHUMAaTh OONBIIONW O0BEM B COBPEMEHHOM CTPOMTEIHCTBE.
Pa3BuTHE KaMEHHBIX KOHCTPYKLUM UIET MO IMyTHU YKPYITHEHHS IITYYHbIX MaTEPUAIOB
Y IPUMEHEHUS KPYITHBIX KAMEHHBIX OJIOKOB U TMTaHEIEH.

Kenezo0eToHHbIE KOHCTPYKIIMH, OCOOCHHO MpPEIBAPUTEIHLHO HAIMPSKEHHBIE,
MOJYYUSIM MacCOBOE€ HCIIOJb30BAaHUE B CTPOUTEIHCTBE U HMEIOT IIHPOKYIO
MEPCIIEKTUBY ISl JAIbHEHIIIETO Pa3BUTHS.

OCHOBHBIMM  HAIlPaBJICHUSIMU B  COBEPIICHCTBOBAHUU  >KEJE€300€TOHHBIX
KOHCTPYKIHUM (CHUXKEHHE CTOMMOCTH MPU OJHOBPEMEHHOM IOBBIIICHUH KaueCTBa)
SIBJISTIOTCSI:

1) ynoBnerBopeHue TpeOOBaHUMN HETPEPHIBHO pa3BUBAIOIIMXCA « TeXHUUECKUX
IIpaBUJI HO IKOHOMHOMY PAacXOJI0BaHHUIO CTPOUTENbHBIX MaTepuasioBy (TI1-101-81);

2) NpUMEHEHHE KOHCTPYKTUBHBIX PEUICHUHN, CHUKAIOUIUX MACCy KOHCTPYKIUH
U TO3BOJIAIONIMX HAMOOJEe MOTHO UCIOJIb30BaTh: (PU3MKO-MEXaHUYECKUE CBONCTBA
UCXOJHBIX MaTEPHAIOB, MECTHBIC CTPOUTEIbHBICE MaTEpHaNIbl, OCTOHBI BBICOKHX
kiaccoB (40 u BeIIIe), JIETKHE OETOHBI, XOJOAHYIO MPOMUTKY OETOHOB MOHOMEPAMHU U
BbICOKOIIpOouHyt0 apmatypy (1000 MIla wu BbllIE), MEXaHU3UPOBAHHOE U
ABTOMATU3UPOBAHHOE U3TOTOBJICHUE KOHCTPYKIIHIA;

3) TOBBIIIEHUE  JIOATOBEYHOCTH, HAJEHKHOCTH U  TEXHOJOTMYHOCTH
KOHCTPYKIIMH, CHI)KEHHME MX  NPUBEIEHHBIX  3aTpaT, MAaTepUATIOEMKOCTH,
SHEPro€MKOCTH, TPYI0EMKOCTH U3TOTOBJICHUS U MOHTAXA;

4) pa3paboTka HOBBIX, YTOUYHEHHE M YMPOIIECHHUE CYIIECTBYIOUIUX METO0B
pacueta KOHCTPYKIUW, OCOOCHHO MPOCTPAHCTBEHHBIX, TOHKOCTEHHBIX U C
IpeIBapUTEIbHBIM HANPSHKEHUEM apMaTyphl;

5) pa3BuTHE€ METOJOB pacyeTta C  Hcnoib3oBanuemM OBM u
BBICOKOTPOU3BOJIUTEIBHBIX MeTOJ0B KoHcTpyupoBanus (CAIIP), TexHomoruu
U3TOTOBJICHUS M BO3BEIEHUS KOHCTPYKIUNU COOPHBIX, COOPHO-MOHOJHUTHBIX U
MOHOJIUTHBIX;

6) TOBBIIIICHWE KA4YEeCTBA, YIPOUYHEHUE W YJCIIEBICHUE CTHIKOB COOPHBIX M
COOPHO-MOHOJIMTHBIX KOHCTPYKIIH;

7) w3ydeHne  (QUBMKO-XMMHYECKMX W  MEXaHWYECKUX  IPOIECCOB
B3aMMOJICHCTBHSI CTAJIBLHOW apMaTyphbl ¢ 0€TOHOM B TeisiX Hambomee d(pPeKkTuBHON
OOpBLOBI ¢ TTOSBICHUEM U PACKPHITHEM TPEIINH B KOHCTPYKIIHSIX;

8) COBepIIEHCTBOBAHUE METOAOB MOI00pa U U3rOTOBJICHUsI OeTOHA (0COOEHHO
JIETKOTO M STYEUCTOr0), C TEM YTOOBI MOITy4yaTh KeIe300€TOH € 3apaHee 3aJaHHBIMU
CBOMCTBAaMH;

9) noBeIIEHUE CEHCMUYECKON U TUHAMUYECKON CTOMKOCTH KOHCTPYKIIUM;
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10) yBennuyeHue NONTOBEYHOCTH KOHCTPYKLUMU B 3[JaHUSAX C arpecCHUBHBIMU
CpelaMH, a TAaKKE IPU SKCIUTyaTallii B HU3KUX U BRICOKHX TEMIIEpaTypax.

OCHOBHBIM HANpaBJICHUEM TEXHUYECKON MOJUTUKHU B O0JACTH CTPOUTENILCTBA
SABJISIFOTCSI CHUPKEHUE €T0 CTOMMOCTH, SJHEPTOEMKOCTH U TPYAOEMKOCTH IIPU BBICOKOU
JOJITOBEYHOCTH U HAJEKHOCTH 3JaHUM, NOBBIIIEHUE TEXHOJOTUYHOCTH KAaK
OTJEJIbHBIX 3JIEMEHTOB, TaK M KOHCTPYKUMH B 1enoM. K Hacrosiemy BpeMEHH
HauOOJbIIEe PACHPOCTPAHEHUE B KUIUITHO-TPAKIAHCKOM CTPOUTEIHCTBE MOTYYHIH
MOJIHOCOOPHBIE KapKacHble W OecKapKacHble MHOTOJTAXHBIC 3/IaHUS U 3[aHUS U3
00BEMHBIX JIEMEHTOB.

Ilon xaprxacnvivu TOHUMAKOT 31aHUSI, OCHOBHOM HECYIIEH KOHCTPYKUIHEH
KOTOPBIX SIBIICTCS KEI€300€TOHHBIN KapKac, COCTOSIINN U3 KOJIOHH M PUTENIeH WK
U3 OJHUX KOJIOHH (Tpu Oe3purenbHON cxeme). bespurenbHas cxema yMEHbBIIAeT
KOJIMYECTBO MOHTAKHBIX 3JIEMEHTOB, OOLLYIO0 MACCY JKEJI€300€TOHHBIX KOHCTPYKIIHA,
UCKIIFOYAET YCTPOMCTBO TPYNOEMKMX KOHCOJIEM HAa KOJIOHHAX W YNPOLIAET MOHTAaX
kapkaca. KapkacHble 31aHUs M3-32 OTHOCHUTEIBHO OOJIBIIOT0 KOJIMYECTBA COOPHBIX
AJIEMEHTOB OKAa3bIBAIOTCS 00Jiee TPYAOEMKUMHU B U3rOTOBJIEHUM U MOHTaXK€ U MEHEe
SKOHOMHUYHBIMU IO CPABHEHUIO C OECKApKACHBIMU 37aHUAMU. OHU LEIECO00pa3HBbI
IIpY BBICOTE 3/1aHUK HE MeHee 10 3Taxkel ¥ MHUPOKOM NPUMEHEHUH B OTPAXKIAIOIINX
KOHCTPYKIUSAX (TaHeNIu HapyHbIX U BHYTPEHHUX CTEH), MaHEISIX Meperopoiox,
NEPEKPBITUAX JETKUX TEIJI0- U 3BYKOU3O0JISIIITUOHHBIX MaTEPHAIIOB.

[lox 6eckapkachbiMu TOHUMAIOT 3[1aHUSA, B KOTOPBIX MOJHOCTHIO OTCYTCTBYIOT
KOJIOHHBI, pureiau U 00Bsi3kU. COCTOST OHM U3 KPYIHBIX DJIEMEHTOB (Yalle BCEro
pa3MepoM Ha KOMHATy) — I[IaHEJIE CTEH, MEPEropoJoK W IUIMT MEPEKPBITUH.
beckapkacHble KpynHOMNaHENIbHbIE 3HaHUA CTPOSIT B OCHOBHOM C HECYIIMMU
MOTIEPEYHBIMU CTEHAMU C marom a0 6 M u Oonee. B Takux 37aHUSX TOJIHOCTHIO
UCTIOJIB3YIOT HECYIIYI0 CIOCOOHOCTh MOMEpPEYHbIX CTeH. llaHenmu Hapy>XKHBIX CTEH
BBITIOJTHSIOT TOJIBKO TETUIO3AIIUTHBIE (YHKIMH, TOJTOMY WX H3TOTOBISIOT U3
JIETKOTO MECTHOT'O MaTepuaa.

B OeckapkacHbIX 3[jaHUSX, 10 CPABHEHUIO C KapKacHbIMU, B cpeaHem Ha 20%
COKpallaeTcs YUCIO MOHTHUPYEMBIX 3JJIEMEHTOB M BBIPABHMBAETCs HX Macca,
BCJICJICTBHE YETO CHUKAKOTCS CPOKHU CTPOUTENHCTBA U YMEHBIIAKOTCS MPUBEIACHHBIC
3aTparbl. B HMX mOpencTaBisieTcs BO3MOXHOCTh II€peJayd  yCWIMH  4Yepe3
NOACTWIAKOLIMKA PACTBOPHBIN cioi, 4To no3BossieT Ha 60... 70% cokpartuth maccy
METAJUIMYECKUX 3aKJIaAHBIX 4YacT€d W TOBBICUTh KANUTAIbHOCTh 3JaHUM B
OTHOILIEHUY TOBPEXKACHUS 3aKIaHBIX CTAIBHBIX JETaJIei KOPPO3UEH UK OTHEM.

[lox 30anusamu uz 06vemHbIX S1eMermo8 TOHUMAIOT 3/1aHUSI, MOHTUPYEMbIC U3
KPYIHBIX O0OBEMHBIX OJIOKOB. X KOHCTpYKTHBHasi cxeMa B OOJIBIIMHCTBE CIy4yacB
aBysieTCsl OecKapKacHOM. DTH 3aHUs OCOOCHHO MEPCHEKTUBHBI, TaK KaK B OOJBIICH
CTENICHU OTBEUAIOT TPEOOBAaHUSAM WHIYCTPUATIU3ANUA U  TO3BOJAIOT IOYTH
MTOJTHOCTBIO TIEPEBECTH CTPOUTENILCTBO 3JaHWM HAa 3aBOJICKOW KOHBEUWEDP, BKIIKOYAS
BEChb KOMIUIEKC CAaHUTApPHO-TEXHUYECKUX, DBJIECKTPOMOHTAXKHBIX M apXUTEKTYPHO-
OTIENOYHbIX paldoT. Ha cTpouTenbHON IUIOIIAJKE BBINOJHAIOT JHIIb MOHTAaX
TOTOBBIX KBAPTHUP.

MHorosTakuble MPOU3BOACTBEHHbIE KapKacHble 3/aHud C OaJOYHbIMU
NEPEKPBITUAMHU  MOJYYWIM  IIHPOKOE  PACIHpPOCTPAHEHME B  XHMMHUYECKOM,
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PAIMOTEXHUYECKOM U JPYTUX OTPACIAX NPOMBINIIEHHOCTH. 110 3TOM cxeme cTposT
TaK)K€ MHOTHE OOIIECTBEHHBIE 3/1aHMS.

VYBenuueHue uuciaa dTaxed CKa3blBA€TCS TIJIABHBIM 0OOpa3oM Ha YCUJIEHUHU
CEUYECHMS] KOJIOHH U BEPTUKAJIbHBIX CBA3EBbIX JuadparM HIKHUX JTaXe, 4To
MEHbLIE BIUSET Ha 3aTpaTbl MaTEpPUAJOB U OONIYI0 CTOMMOCTH 3/aHHS, YEM
YBEJIMYEHHUE TOJIIMHBI HECYIIMX IaHeled B OeCKapKacHbIX 3JaHMsIX. B KapkacHbIX
3JIaHUSX LEJI€CO00Pa3HO TOPU30OHTAIbHBIE HArPy3KHU NEPENaBaTh SJIpy KECTKOCTH U3
MOHOJIUTHOTO Jkene3o00eToHa. Kapkac 31aHus IPUBSA3BIBAIOT K SIIPY )KECTKOCTH U OH
BOCIIPUHUMAET TOJIbKO BEpTUKaJIbHbIE HArpy3ku. [Ipu Oonbiinx pasmepax B IUIaHE U
00JBIION BBICOTE 3JaHUS C MOHOJHUTHBIM SIJPOM IKECTKOCTU OKa3bIBAIOTCA
HKOHOMHUYHEE KapKacHbIX 3/1aHui O€3 si/ipa )KeCTKOCTH.

MHorostaxHble 31aHUA C 0€30aJOUYHBIMM NEPEKPHITUSIMH  COOPY’KAIOT Ha
NPEAUPUATAAX  [HIIEBOM  NPOMBINUIEHHOCTH,  XOJOAWIBHUKAX W JIPYIHUX
IPOM3BOJICTBAX C MOBBIIICHHBIMU TPeOOBaHUAMM K 4MCTOTE nomelneHuil. Hanbonee
SKOHOMUYHBI MHOTO3TaXKHbIE 3/1aHHSI C YKPYITHEHHOM CETKOM KOJIOHH (6 % 12; 6 x 18;
12 x 12 M), Tak Kak OHM 00ecrneurnBarOT OBICTPYIO M PALMOHAIBHYIO MEPECTPOUKY
TEXHOJIOTUM MPOU3BOJACTBA. B  MHOTO3TaXXHBIX NIPOU3BOJACTBEHHBIX 3JAHUAX
1eJ1ecCO00pa3HO MPUMEHSATh MPEBAPUTEIBHO HAMNPSHKEHHbIE PUTENU C BHEIIHUM
apMupoBaHMEM. MOHOJIMUTHBIE JKEJI€300€TOHHbIE NEPEKPBITUS WU TOKPBITUS C
BHEIIHEW MNpO(QUIMPOBAHHON JIMCTOBOM apMaTrypod BO3BOAAT 0€3 NpPUMEHEHHUS
onanyOku. PopMoOi Il HUX CIYKUT NPOPUIMPOBAHHBIA HACTHJI, YJIOKEHHBIM Ha
HeCylIe KOHCTPYKIMH — OalOUHYyI0 KJIETKY, MPOTOHbI, HECYLIUE CTEHbI; HACTHII
UCTOJBb3yIOT B KauecTBE IOJAMOCTEH, a Mocie YKIaAKu OeToHa OH SBISIETCA
apMaTypoH IUINTBHL.

B wmensx co3maHus TUOKOW IJIAHUPOBKM 1IEXOB, MOJEPHU3ALMU U
YCOBEPIIECHCTBOBAHUS IPOM3BOACTBA B IIOCIEAHEE BpPEMsI BCE IIMPE BHEAPSIOT B
CTPOMUTENIBCTBO MHOI'OJTAKHBIE IPOM3BOACTBEHHBIE 3IaHUA C TEXHUYECKUMHU
ATaXaMHU U MPOJIETAMU MEKTYITAXKHBIX MIEPEKPBITUM 10 36 M.
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2 O01IHe MoJI0KEeHu s

2.1 CymHOCTb xKeJie300eTOHA

[Tpounocts Oerona Ha pacTsbkeHue B 15-20 pa3 HUXKe, 4eM MPOYHOCTh Ha
cxatue. IlpenenbHass pacTsKUMOCTh OeroHa ¢, =0,015% (0,15 MM Ha 1 M), a

npenenbHas CxKUMaeMocTh ¢, =0,2% (2 MM Ha 1 wm). Huskas npouyHocth Ha

pacTsKEHUE He MO3BOJISIET UCIOJb30BaTh HEAPMUPOBAHHBIN OETOH B KOHCTPYKLHUSAX,
UCHBITHIBAIOIIMX pacTskeHue. [loaTomy u3 OeTOHAa BBIMOJIHSIIOT KOHCTPYKIIHH,
BOCIIPUHUMAIONIUE CXKHUMAIOIIME YCWIHA: CTEHbl, (YyHAAMEHTBI, KOJIOHHBI,
NOATIOPHBIE CTEHKU U JP.

Pa3zpymienne OeTOHHBIX OaJOK MPOUCXOIUT OT pa3pbiBa HIKHMX HamOoJiee
pPacTAHYTBIX BOJIOKOH (B COOTBETCTBUM C pucyHKoMm 1, a). Ilpm stom Hecymas
CITOCOOHOCTh C)KAaTOW 30HBI OAJIKK MCIOJIB3yeTcs He Oojiee yem Ha 5...7%. [loatomy
PaCTAHYTYIO 30HY OallKl YCHUJIMBAIOT ITYTEM BBEACHUS YNPOUYHSIONIUX AJIEMEHTOB,
qamie BCEro, B BUJAE CTalbHOM apMarypbl. OTHOCUTENBHOE YMJIMHEHUE CTaJIbHOU
apMaTypbl MPU PACTSKEHUU B THICSUY pa3 MPEBHIIIAET OTHOCUTEIBHOE YJIJIMHEHHE
OeToHa.

[Ipu nmocTtaTo4yHOM apMUPOBAHHMM KEJIE300€TOHHAs Oajika pa3pylIuTCs IpHU
MOJIHOM HMCUEPIIAaHUU HEeCyIIel COCOOHOCTH CKaTOW 30HBI OeTOHA (B COOTBETCTBUU
C pUCYHKOM 1, 0).

X _ _i___F_L ___________ J_F_Jf___ -1, U;f

B,

il

Pucynok 1. Cxema paspyiienus 6amku:

a — bemoHHoU,; 6 — dcene30bemonnou, 1 — Hynesas (HelimpanvHas TuHUs), 2 —
corcamas 30Ha 6anku; 3 — pacmauymas 30Ha 0aiKu; 4 — HopMaibHble MpPeuuHbl,
5 — HaknoHHbIE Mpewunbl, 6 — cmanbHas apmamypa;

7 — pazpyuieHue 0emona CHcamotri 30Hul
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Kenezobemon — 3TO KOMIUIEKCHBI CTPOUTEIBHBIM Marepuang, B KOTOPOM
0eTOoH U apMaTypa, COeIMHEHHBIC B3aUMHBIM CLICTIJICHHEM, paOOTaIOT MO Harpy3Kou
KaK €IMHOE€ MOHOJIUTHOE TeNo. beTroH mnpenHa3sHayaeTcs Il  BOCHPUATHS
IPEUMYIIECTBEHHO C)KMMAIOIINX YCUIINH, @ apMaTypa — PaCTATMBAKOLIUX.

2.2 JIOCTOMHCTBA U HEAOCTATKH 7KeJIe300€ TOHHBIX KOHCTPYKIU

K docmouncmeam xene300€TOHHBIX KOHCTPYKIIMM OTHOCSITCSI:
BBICOKAsI TPOYHOCTH:
OoJIbIIas JOITOBEYHOCTE;
BBICOKAsi CTENIEHb OTHECTOMKOCTH;
CTOMKOCTh MPOTUB aTMOC(EPHBIX BO3JCHCTBUN;
MaJible PKCIUTyaTaIllMOHHBIC PACXObl HA COJICPIKAHUE;
TUTUCHUYHOCTD;
SKOHOMHUYHOCTh BBUY MTOBCEMECTHOM JOCTYMHOCTHU ChHIPbSI.
Heoocmamxu xene300€TOHHBIX KOHCTPYKITUH.
3a cyer CIeIuIeHHs ¢ apMaTypoi 0eToH paboTaeT Moj| Harpy3KOil COBMECTHO C
apmarypoii. [IpenenbHas pacTssKUMOCTh OETOHA B THICAYY pa3 MEHbIIE MPESTbHON
PaCTSKUMOCTH  CTaJIbHOM apMaryphl, MOSTOMY TP COBMECTHOM pPacCTSKECHUU
IETHHOCTh OETOHA COXPAHSETCS TOJBKO B HAauyaJdbHBIM TEPHOJ SKCIUTyaTaruu (B
COOTBETCTBUM C pUCYHKOM 1, 6). HampsnkeHust B apmaType B mepuoja oOpa3oBaHUS
TPEIIMH BCET/Ia HE3HAYUTEIBHBI TI0 CPABHEHUIO C TMPEACIBHONW MPOYHOCTHIO
apMaTypBhl.
C yBenWueHWEeM BHEIIHEH HArpy3Kd B HM3THOAaeMbBIX Oankax MPOUCXOIUT
pPa3BUTHE IO BBICOTE CEUYCHHS OaNKU TPEIINH, PE3KO YMEHBIIAETCS BBICOTA CXKATOMN
30HBI, CHI)KAETCS KECTKOCTh OAJIKH, YTO TIPUBOJIUT K BO3PACTAHUIO MPOTHOA.
C y4eToM BBIIIEU3IIOKEHHOTO K HEJIOCTaTKaM KeJie300€TOHHBIX KOHCTPYKIIH
0e3 mpeIBapUTEIbHOTO HAMIPSKEHUSI OTHOCSATCS:
® HU3Kas TPEIIMHOCTOMKOCTH BCIIEJCTBUE CIA00TO BKIIOUEHHUS B pabOTy apMaTyphl
B Iepuoa o0pa3oBaHUs TPENIMH, OBICTPOE HMX PACKPBITHE M OBICTPBIA POCT
nporu0oB;

® HEpAIMOHAIBHOCTh WCIOJB30BAaHUS B IKEIC300€TOHHBIX KOHCTPYKIUAX 0e3
IPEIBAPUTEITHLHOTO HANIPSHKCHUS BHICOKOIIPOYHON apMaTyphl;

® HEBBITOJIHOCTh HMCIOJIb30BaHUSI OCTOHOB MOBBIIICHHOW W BBICOKON MPOYHOCTH,
MO3TOMY KE€JI€300€TOHHbIE KOHCTPYKLUMU O€3 MpeaBApUTENBHOrO HaIpPSKEHUS
o0namgaroT OONBIION MAaCCOW, YTO OTPAHWYMBACT BEIMYMHY TIEPEKPHIBAEMBIX
POJIETOB;

e (QoJbIas TPYA0EMKOCTh IIPH U3TOTOBJICHUY;

e (QoJbIas 3ByKO- U TEIJIOMPOBOJTHOCTb.
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2.3 Buabl xej1e300eTOHHBIX KOHCTPYKIMI

1. CbopHble KoOHCMpYKYyuu — KOHCTPYKLIMHM, BO3BEJCHHE KOTOPHIX Ha
CTPOUTEIBHOM IIOIIAJIKE MPOU3BOIAT U3 3apAHEE U3TOTOBIEHHBIX JIEMEHTOB.

2. Mononumnvie KoHcmpyKyuu — KOHCTPYKUHMH, BO3BEIACHHE KOTOPBIX
OCYILIECTBIISIIOT HEMOCPEICTBEHHO HA CTPOUTEIBHOM TUIOMIAIKE.

3. Cb6opHO—MOHONUMHBlIE KOHCMPYKYUU — KOMIUIEKCHBbIE KOHCTPYKIIMH, B
KOTOpPBIX COOpPHBI W MOHOJMUTHBIA >Kele300€TOH, YKJIaJblBA€MbIi Ha MeCTe
CTPOUTENBLCTBA, pA0OTAET MO HATPY3KOM KaK OJHO LEJIOE.
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3 beron

3.1 O0uue cBeaeHus

I[JBI oOecneueHus ,ZIOJ'II‘OBC‘IHOﬁ )41 HOpMaHBHOﬁ OKCILTyaTalluu O0ceTOoH JJIA

’KeJ1e300€ TOHHBIX KOHCTpYKHI/Iﬁ JOJDKCH HMMCTDb HGO6XO,Z[I/IMBIC I OTOTIO (I)I/ISI/IKO-
MEXaHMYECKHE CBOMCTBA:

® IIPOYHOCTH;

e XOpouiee CIEIJICHUE C apMaTypoKu;

® HENPOHUILIAEMOCTb ISl 3aIUTHI apMaTyphbl OT KOPPO3UH;

e crernuagbHble TPeOOBaHMS: MOPO30CTONKOCTb, KAPOCTOUKOCTh, KOPPO3HMOHHAS
CTOMKOCTb U JIp.

3.2 Knaccudukanus 6eTOHOB

1. 1o cmpyxmype:
a) TUIOTHBIE;
0) KpyIHOIIOPHUCTHIE;
B) MOPHU30BaHHBIE;
I') SYCHCTHIC.
2. Ilo nnromunocmu:
a) 0co60 Tspxemse (p > 2500 kr/vd);
6) Tsoxensie (p = 2200 + 2500 kr/m);
B) obJerdeHHsIe (dame MenkosepHucTsie) (p = 1800 + 2200 kr/m’);
r) nerkue (p = 800 + 1800 kr/a’).
3. Ilo 6udy 3anornumeneii:
a) Ha IUIOTHBIX 3aMOJHUTENSAX (1eOCHbB, MECOK, TPaBU);
0) HAa TOPHUCTBIX 3aAMOJHUTENSX (€CTECTBEHHBIX — TMeM3a, MepJIuT,
PaKyIIEYHHK; UCKYCCTBEHHBIX — KEPAM3HT, IIIJIAK);
B) Ha CIICIUAJLHBIX 3aNOJHUTEIIAX.
4. Tlo 3eprosomy cocmasy:
a) KpYIHO3EPHUCTHIE;
0) MEJIKO3EepHUCTHIC.
5. Tlo ycrosusam meepoenus:
a) OETOHBI ECTECTBEHHOI'O TBEPACHMUS;
0) OeTOHBI, TMOJBEPrHYThIC  TEIJIOBJIAXHOCTHOM  00paboTKe  mpu
aTMOC(EpPHOM JIaBIICHUU;
B) OCTOHBI, TMOJBEPrHYThIE aBTOKJIABHOW OOpabOTKE TP BBICOKOM
JIABJICHUU U TeMIIepaType.
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3.3 Ctpykrypa 0eToHa

Crpykrypa OeToHa oOKa3blBaeT OOJbIIOE BJIUSHUE HA MPOYHOCTh U
nedopMatuBHOCTh OeToHa. CyliecTBEHHbIM (PaKTOPOM SIBISIETCS KOJIUYECTBO BOJIBI,
MPUMEHSIEMOM JIJIsl MPUTOTOBJICHUS OETOHHOM CMECH, OIICHUBAEMOE BOJIOIIEMEHTHBIM
orHouieHuem B/LI. i1 XUMHUECKOTO0 COEMHEHUS BOJBI C LIEMEHTOM HEOO0XOIUMO,

yTto0bl B/I] =~ 0,2; ogHako s JOCTHXKEHHS JOCTATOYHOM MOJBHXKHOCTH U
yaoOoykiaasiBaeMoctu OeronHod cmecu B/I1=0,5...0,6 (moaBwxHbIE OETOHHBIE
CMECH); B/11=0,3...0,4 (>xectkue OeTOHHBIE cMecH). M30bITOUHAST XHUMUYECKH

HECBsA3aHHAs BojJa oOpasyeT MOphl W KamWUIIPhl B IIEMEHTOM KaMHE, a 3aTeM,
UCHapssich, 0OCBOOOXKIaeT ux. Takum obOpazoM, ¢ ymeHbinenuem B/L] ymenbmiaercs
MOPUCTOCTH IIEMEHTHOTO KaMHSI M IPOYHOCTh OETOHA YBEIMYUBACTCS.

Cmpykmypa 6emona TPEACTaBISET COOOW MPOCTPAHCTBEHHYIO DPELIETKY W3
IIEMEHTHOTO KaMHS, 3alI0THEHHYIO 3epHAMU TTecKa U MICOHs pa3IMdHON KPYITHOCTH H
¢GbOopMBI, TPOHU3AHHYIO OOJBIIUM YHCIOM MHKPOIOP M KaMWUIAPOB, KOTOPHIC
coJiepkKaT XUMHUYECKH HECBSI3aHHYIO BOJY, BOJISTHBIE TIAphl U BO3YX.

3.4 CoOcTBeHHbIC AeopManuu OeTOHA

beron o6namaer CBOWCTBOM YMEHBIIAThCS B OO0bEeMe MpPH TBEPACHUH B
OOBIYHOW BO3AYIIHOW cpene — ycaoka Oemona. OHa cBsizZaHa C  (UBHKO-
MEXaHUYECKUMH MPOLECCAaMH TBEPJCHUS U YMEHBIIIEHUEM 00beMa LIEMEHTHOTO Telis,
norepeil M30BITOYHOW BOABI B  pe3ylbTare MCHApEeHUsT M TUApaTaluu C
HEeMpopearupoBaBUIMMH YaCTUIIAMH LIEMEHTA.

Ycanke OeToHa MPENSATCTBYIOT  3alOJHUTENH, KOTOPbIE CTaHOBATCSA
BHYTPEHHUMH CBSI3SIMHM, BBI3BIBAIOIIMMU B I[IEMEHTHOM KaMHE HadaJbHBIC
pacTITrMBaIOIIUE HATPSKCHHUS.

HepaBHOMepHOE BBICHIXaHUE OETOHA, CHApYXH OOJbIIE, a BHYTPH MEHBIIIE,
NPUBOJUT K HEPABHOMEPHOW yCajJKe, YTO BEJAET K BO3HUKHOBEHHIO HAYAIbHbIX
ycaodouHvlx  HanpsodiceHuu. OTKpBITBIE, OBICTPO BBICHIXAlOIIUE CcJou OeToHa
UCTIBITBIBAIOT PACTSIKCHHE, BHYTPCHHHE OOJiee BIAKHBIC OKa3bIBAIOTCS CXKATHIMU. B
OCTOHE MOSIBIISIOTCS YCAOOUHblE MPEUJUHDL.

YMEHBIINTh HAYAJILHBIC YCAI0OYHbBIC HATIPSKCHHSI MOKHO:

® KOHCTPYKTHUBHBIMH Mepamu (apMHpPOBaHHUE, YCTPOMCTBO yCaIOUHBIX IIBOB);
® TEXHOJOTMYECKUMU Mepamu (MoA0Op CcOCTaBa, YBIAXKHEHUE  CPEbl,
yBJIQXKHEHHE MIOBEPXHOCTU OETOHA).

3.5 IIpouHocTh OeTOHA

[IpounocTh 6€TOHA 3aBUCUT OT MHOTHUX (PAaKTOPOB, KaK-TO:
® CTpPYKTypa O€TOHa;
® Mapka IIeMEHTa;
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BOJIOIICMEHTHOE oTHomeHue B/LI;

BUJT MEJIKOTO U KPYITHOT'O 3aITOJTHUTEIS;
YCIIOBHS TBEP/ICHHUS;

BUJ] HAIIPSDKEHHOTO COCTOSTHHUS;

dbopma u pa3Mepbl ceUeHNS;
JUTUTEIBHOCTD JCHCTBUS HArPY3KH.

3.5.1 KyOukoBasi npO4HOCTH

Jlnist onpezienieHust MpOYHOCTH OETOHA HAa OCEBOE CXKAaTHE OOBIYHO UCIIBITHIBAIOT
B Ipecce OETOHHBbIE KyObl C pazMepoM pebOpa 150 MM, Xxapaktep pa3pyllieHHs
KOTOPBIX OOYCIIOBJIEH HAJIWYHEM WU OTCYTCTBUEM CHJI TPEHHS, BO3HUKAIOIIUX HA
KOHTAKTHBIX TIOBEPXHOCTSIX MEXKIY MOAYIIKaMHU IIpecca U TpaHsIMu Kyo0a.

1. Hecma3zanmsiii ky6 (B COOTBETCTBUU C PUCYHKOM 2, a).

Cunibpl TpeHHs MEXAy TOIYyIIKaMU Tpecca W TpaHsIMHU KyOa MpemsTCTBYIOT
CBOOOJHBIM TOINEPEUYHbIM AePOopMalUsIM KyOa U COOTBETCTBEHHO YIPOYHSIOT OETOH
cBepxy u cHu3zy. [lo Mepe yaaiienust oT TOpUEBbIX I'paHel KyOa BIUSHUE CUII TPEHUS
YMEHBIIIAETCs, MOATOMY TOCIIE pa3pylieHus Ky0 npuodperaer Gpopmy 2-Xx mupamuj
CBEpXY U CHU3Y.

2. Cma3zaHnbli Ky6 (B COOTBETCTBUH C PUCYHKOM 2, 0).

Ecnmn ycTpaHuts cwibl TpEeHHsT CMa3KOM KOHTAKTHBIX ITOBEPXHOCTEM,
IPOYHOCTHh OETOHHOTO Ky0a OyJIeT MeHbIIe, ToTepeyHbIe 1e(opMaIiuy MPOSIBISIOTCA
cBOOOMHO, TPEIIMHBI pa3phiBa  CTAHOBSATCS  BEPTUKAIBbHBIMH. BpemeHHOe
COTIPOTHUBJICHUE CXKATUIO OeToHa 1yist Kyba ¢ pedbpom 150 MM paBHO R, ¢ pedpom 200
MM - 0,93 R, ¢ pebpom 100 mm — 1,1R. D10 00OBsACHSETCS M3MeHeHHEM 3¢ ¢eKTa
000MBI C ©3MEHEHUEM pPa3MepoB Kyoa.

Pucynok 2. Xapakrep pa3pyuieHusi 0eTOHHBIX KyOOB:
a — HeCMA3aHHbIU KV, O — CMA3AHHBLU KVO,
A — nonepeunvie depopmayuu 6emona
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3.5.2 Ilpu3mMeHHasi NPOYHOCTH

Tak kak »xejae300€TOHHbIE KOHCTPYKIMH MO (opMe OTJIMYAKOTCA OT KyOOB,
OCHOBHOW XapaKTEPUCTUKOW TPOYHOCTH OETOHA CXKAThIX OJJIEMEHTOB SIBIISCTCS
NpU3MEHHAss TPOYHOCTh R, — BPEMEHHOE COMPOTHBICHHE OCEBOMY CXKATHIO
0eToHHbIX npu3M. [Ipru3MeHHas NpOYHOCTh MEHbIIIE KyOMKOBOM, 1 OHA YMEHbIIIAETCA
C YBEJIIMYEHUEM OTHOIIEHUs h/a (B COOTBETCTBUMU C PHUCYHKOM 3). BuusHue cuiu
TPEHUS] Ha CPEJIHIOI0 YaCTh MPU3Mbl YMEHBIIIAETCS C YBEIIMUYECHUEM €€ BBICOTHI U TIPU
h/a=4 3Hadenue R, CTAHOBUTCS CTAOUJILHBIM U PaBHO NMpUOIM3uTENIbHO 0,75R.

Pucynok 3. Xapakrep pa3zpyuieHus: 06 TOHHON TPU3MBbI

3.5.3 [IpouHoCTH O€TOHA HA 0CEBOE PACTSKEHHUE

[IpounocTs OeToHa Ha pacTsbkeHue B 15...20 pa3 MeHbIIe, 4eM NPU CKATHUU.
[loBpiieHHE TPOYHOCTH OETOHA HA PACTSDKEHHE MOXKET OBITh JOCTUTHYTO
YBEJIMUEHUEM pacxoja IeMeHTa, yMmeHblneHueM B/Il, mpumeHenuem meOHS C
IIEpOXOBATOM IOBEPXHOCTHbIO. BpeMeHHOe CcONpoTHBIEHHE OETOHA OCEBOMY
pPacTSKEHUIO Rp, ONPEACNIAIOT UCIIBITAHUSMMU:

1) Ha pa3pbiB — 00pa310B B BUJE BOCBMEPKH (B COOTBETCTBUH C PUCYHKOM 4, a);
2) Ha packajplBaHHE — 00Pa310B B BUJIE LIWJIMHIPOB (B COOTBETCTBUU C PUCYHKOM

4, 0);

3) Ha u3rud — 6ETOHHBIX 0aJIOK (B COOTBETCTBUU C PUCYHKOM 4, 8):
M M 3,5M
R, =—-= = (1)
w bh bh
1,7 —
6
IJI€ y — YYUTHIBAaeT KPUBOJMHEHHBIM XapakTep OSIIOpbl HANpsDKEHU B OeTOHe

PaACTSIHYTOM 30HBI.
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Pucynok 4. Cxembl ucnibITaHusi 00pa3LoB ISl ONpeAeSICHUs IPOYHOCTH OETOHA

IIp1 OCCBOM PACTAXKCHUUN !
a - Ha paspbles, O — Ha pacKkajivledHue, 6 — Ha uzeuo

3.5.4 IIpoyHoCcTH 0E€TOHA HA CPe3 U CKAJIbIBAHUE

Cpe3 — pasnelieHHe »3JIEMEHTa Ha 2 4YacTU 10 CEYEHHIO, K KOTOPOMY

PUJIOKEHBI NEPEePE3bIBAIOIINE CUIIbI (B COOTBETCTBUM C PUCYHKOM 5, a). BpemenHoe
CONMPOTHUBJIEHUE OETOHA Ha Cpe3: R, =2R,,.

ComnpoTuBiieHre OETOHA CKaJbIBAaHUIO (B COOTBETCTBHU C PUCYHKOM 5, 0)

BO3HHUKACT IIpH n3ruoe Oaok A0 TIOABJICHHA B HHX HAKIIOHHBIX TPCHIWH!:
R ~1,5..2R,,.

a)

NADCKOCME

cpesa

Pi 0)

NAOCKOLCMb

1 L

'Tp/z Tﬁ/z

Pucynox 5. Cxembl ucnsiTanusi 00pa3ioB Ha cpe3 (a) U ckajgbiBaHue (0)
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3.5.5 Kinaccsl u Mmapku 0eToOHa

KauecTBO KOHCTPYKIIMOHHOTO O€TOHA XapaKTepU3yeTcs KiIaccaMu M MapKaMu
B 3aBUCMMOCTHM OT Ha3HAYeHHUs KeIe300€TOHHBIX KOHCTPYKUMH U YCIOBHM
skcryataiui. CTpoOMUTENbHbIE HOPMbI YCTaHABIMBAIOT CIEAYIOIIME HOKA3amenu
Kauecmea Oemona:

e kJjacc 0eToHa Mo MPOYHOCTU Ha OCEBOE CKaTue B;

KJ1acc OETOHA M0 MPOYHOCTH HAa OCEBOE pacTsKeHue By;
MapKa 1o MOPO30CTOUKOCTH [
MapKa 1o BOJIOHENPOHULIaeMOCTH W
Mapka I10 cpeiHen mioTHOCTU D;
MapKa [0 CAMOHAIPSKEHUIO S),.
Knaccom 6emona no npounocmu na ocesoe cocamue B (Mlla) HazpiBaeTcs
BPEMEHHOE CONMPOTUBJIECHUE CKATHIO OETOHHBIX KyOOB ¢ pazMepamu pedpa 150 mm,
UCIBITAHHBIX B COOTBETCTBMM CO CTaHAAPTOM uyepe3 28 CYyTOK XpaHEHUs Npu
temreparype 204+2°C ¢ y4eToM CTaTUCTHYECKOM HW3MEHYMBOCTH IPOYHOCTH (B
COOTBETCTBHUH C PUCYHKOM 6).

Pucynoxk 6. Kpusble pacnpeneneHus
MIPOYHOCTH,
KaK CJIy4YalHOU BEJINYMHBI:
n u R — coomeemcmeenno xonuuecmeo
Ky008, UMeruux 0OUHAKOBYIO
NPOYHOCMb, U 8eIUYUHA NpOYHOCIU, | —
onvlmHvle 3HayeHus n u R, 2 -

n

meopemuyiecKkas Kpueas,
xapakxmepuzyrowas pasopoc npouHoCcmu
R ¢ yuemom CMamucmu4ecKkoll

usmenuusocmu (kpusas I aycca)

CpeoHnee  3nauenue BpeMEHHO20  CONPOMUGIEHUS. OEMmOHA  CoHCAmuio,
YCTAHOBJIEHHOE TTPH UCIIBITAHUM MAPTUH CTAaHAAPTHBIX KYyOOB:

R =(n-R+n,-R+.+n-R)/n, (2)
rae ny, My, ..., Ny — YUCJIO CIy4aeB, B KOTOPHIX OBUIO YCTAaHOBJIEHO BPEMEHHOE
COMPOTUBJICHUE COOTBETCTBEHHO R, R, ..., R}, n — o011ee Yuciao UCTIbITaHU .

CpeoHnee ksadpamuunoe OMKIOHEHUe NPOYHOCMU OemoHa 8 napmuu,
XapaKTEPU3YIOIEE U3MEHUYNBOCTh MPOYHOCTH:
S - \/nlAf + A+ n A

n-—1

: 3)

rae Ai=Ri-R,.;; Ao=R>-R,; ...; Ai=R-R,, — OTKJIOHEHHUS.
Koagpgpuyuenm sapuayuu npounocmu 6emona 8 napmuu:
V=S /R, . 4)
Haumenvuwee xonmponupyemoe 3Hauenue — BPEMEHHOE COIPOTHBIICHHE B —
PacIoJIOKEHO Ha PACCTOSIHHUH ).S,, BIIEBO OT 3HAYCHHUS R, T.C.:
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B=R,-xS,=R,(1-2V,), (5)
IJI€ ¥ — YUCII0, TTOKa3aTeNlb HAJIEXKHOCTH.

Ucxons w3 3HaueHus yV, OLEHUBAIOT OOECHEYEHHOCTh TapaHTUPYEMbIX
3HAUEHUU TPOYHOCTH OeToHa HEe MeHee B. B HopMax Ha MPOEKTUPOBAHME
YCTaHOBJIEHAa 00ECTICUEHHOCTH (JOBepUTEIbHAs BEpOsATHOCTH) 0,95. DTO mMeeT MecTo
npu y=1,64.

R, =B/(1-1,64V) (6)

Jlis TsxensiX OETOHOB yCTaHOBIIEHBI Kiacchl B 7,5 + B 60.

AHanoruyHeiM 00pa3oM OMpeaeNsioT Kiacc 0eToHa MO MPOYHOCTH Ha OCEBOE
pacTsiKEHUE.

Knacc bemona no npounocmu na ocesoe pacmsicenue: B, 0,8 ~ B, 3,2

Mapka 6emona no mopozocmouxocmu — XapaKTEPU3YETCS YHUCIOM
BBIJICPKUBAEMBIX O€TOHOM ITUKIIOB MOMEPEMEHHBIX 3aMOPAKUBAHUS U OTTAUBAHUS B
HACBIILIEHHOM BOJIOM cocTosiHuu. [locie onpenesieHHOro yucia MUKIOB IPOU3BOJIST
UCTIBITaHMsI OETOHHBIX KyOOB Ha cxkatue. CHKEHUE MPOYHOCTH Ha 15 % mpu Takom
KOJIMYECTBE IIUKJIOB OINpPEAEISIET MapKy OeToHa 1o Mopo3ocToiikocTH. £ 50 + F 500.

Mapka 6emona no eodonenponuyaemocmu — XapaKTepU3yeTcs MpeaeabHbIM
IaBICHHEM BOABI (KI/cM’), TIPH KOTOPOM ellle He HaOII0JacTCs ee MpOoCAunBaHHe
yepe3 UCIBITBIBAEMbIN CTaHAAPTHBIN oOpazen. W2 + W 12.

Mapra b6emona no cpeowuetl niomHocmu — TapaHTHUPOBAHHAs COOCTBEHHAas
macca GetoHa (Kr/M°): Tspkenstii 6eton D 2200 + D 2500.

Mapka 6emona no camonanpsidcenuro - 3HAYEHUE MPEABAPUTEIIHHOIO
HanpspkeHus: B O6erone, Mlla, co3maBaemMoro B pe3yibTaTe €ro paclIMpeHus: Mpu
korddunrente npogosibHoro apmupoBanus u = 0,01, U KoHTponupyeTcs Ha
oOpaszmax-npusmax pazmepom 10x10x40cwm.

S,0,6 =S, 4.

IIpoyecc meepoenus 6Gemona 3HAYUTEIBHO YCKOPSETCS NPU MOBBILICHUU
TEMIEpPaTypbl U BIAXKHOCTU cpenabl. llpu OnaronpusTHBIX YCIOBHUSX TBEPACHUS
OpOYHOCTH, O€TOHa MOXKET HapacTaTh TrojamMHu. [BepAeHue OeToHa TIpU
OTPULIATENBHOM TEMIIEPATYPE PE3KO 3aMEUISETCS WU MTPEKPAILAETCS.

3.5.6 IIpoyHoOCTH 0€TOHA NPH VIUTEJIBHOM /1eliCTBUM HATPY3KH
[Ipenen AAUTENBHOTO CONMPOTHUBIIEHUS OETOHA OCEBOMY CXKATHIO COCTABIISET
Ry = O09R,, TX. 1pU JAJIUTEIBHOM JAECWCTBUM HArpy3Ku II0J BIUSHUEM

Pa3BUBAIOIIMXCS 3HAUYUTEIBHBIX HEYNPYrux aepopmanuii OETOH pas3pyliaeTcs MpH
HaIPSKEHUSIX, MEHBIINX, YeM R,
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3.5.7 IIpoyHOCTH 0€TOHA MPU MHOTOKPATHO NMOBTOPSIEMbIX HATPY3Kax

[Ipu nelicTBMM MHOTOKPAaTHO TIOBTOPSIEMBIX HArpy30K IPOYHOCTh OeToHa
CKATHIO TOJ] BJIMSHHEM Pa3BUTHS CTPYKTYPHBIX MHUKPOTPEIINH YMEHBIIIACTCS.
ITpenen mpounoctu 6eToHa (npeden evinocausocmit) Ry 3aBUCHT OT 4YHMCIA LUKIIOB
Harpy3Kd — pasrpy3Kd 7 ¥ OTHOIICHHS MMOTIEPEMEHHO BO3HHUKAIOIIMX MUHHUMAIbHBIX
¥ MaKCUMAJIbHBIX HANPSDKEHUN p=0o,. /o, .

Tpu n ~ 10" R;= 0,5+0,7 R,

3.5.8 Jlunamuuyeckas MPpOYHOCTHL 0€TOHA

[Ipy puHamMuyYeckoil Harpy3ke OOJbLIION MHTEHCUBHOCTH, HO MaJlod
IPOJOJDKUTEIHLHOCTH, HMEET MECTO YBEJIMYEHHOE BPEMEHHOE COMPOTUBIICHUE
OeToHa  —  OuHamuueckas  NPOYHOCMb.  DTO  SIBIIGHHE  OOBSICHSCTCS
HHEProNoOrjomaoIIe CIOCOOHOCThIO OeToHa, pPaboTalolIEero TOJIbKO YIOPYro B
TEYEHUE KOPOTKOIO MPOMEXKYTKA HArpy>K€HUs JTWHAMUYECKOM Harpyskoil. UYewm
MEHBIIIE BpeMs T HArpyXeHus, TeM OoJblie Kodgduyuenm OuHAMUYECKOU

npounocmu bemona k, :%. ITIpu 7=0,1 cex R;= 1,2R,.
b

3.6 lepopmaTuBHOCTH OEeTOHA

Buowi oegpopmayuii bemona:
1. O6beMHBIE — BO BCEX HANpaBICHUSIX IOJ BIMSIHUEM YCaJIKH, U3MEHEHUS
TEMIIEPATYPBI U BIAKHOCTH.
2. CunoBbl€ — OT AEHUCTBUS BHEIIHUX CHUJL.
beroHy CBONCTBEHHO HEIMHEWHOE Ae(POpPMHpPOBAHUE, TOITOMY CHIIOBBIC
nedopMalii B 3aBUCUMOCTU OT XapaKTepa MPUIOKEHUS HArPYy3KU U JJIMTEIbHOCTH
ee JAeiicTBus nensaT Ha 3 BuAa: jAepopMalMy MPU OJAHOKPATHOM 3arpy>KeHUU
KpaTKOBPEMEHHOHN Harpy3kou, aegopMaluu MpHu JUIUTEIbHOM JEHCTBUU HArpy3Ku U
nepopMaly Npyu MHOMOKPATHO MOBTOPSIOLEMCS IEHCTBUN HArPy3KH.

3.6.1 JlepopManuu npu OJHOKPATHOM 3arpy:KeHUHM KPATKOBPEMEHHOM
HATPYy3KOH

Hedopmanus Oetona: s, =¢, +&,, (B COOTBETCTBUU C PUCYHKOM 7), (7)

rIe &, — ynpyras neopManus, €, — ynpyromiacTuyeckas aeopmanus.
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Pucynok 7. JIlnarpaMmma 3aBUCHMOCTH MEXAY HaNPSOKEHUSIMU U 1ehopManusMy B
OETOHE MPU CIKATUU U PACTSHKCHUU:
1 — obnacmu ynpyeux oegpopmayuii; 1l — obracms niacmuueckux deghpopmayuti;
1 — 3aepyska; 2 — pazepys3Ka, €y, — NPEOenbHAsl CHCUMACMOCb, Epy, — NPEOETIbHASA
DACMAICUMOCIb, Eqy — O0JIA HEYNPY2UX 0eopMayuli, 60CCMAHABIUEAIOWUXCS NOCTIE

pasepy3xu

Ecnu oOpazen 3arpy:xaTh 1o 3TanaM U 3aMepsaTh JAepopMaliuu JBaK]Ibl — Cpa3y
MIOCJIC TPUJIOKCHHUSI HATPY3KH W 4Yepe3 HEKOTOPOE BPEMsS TOCIE BBIACPKKH MO
HArpy3KOM, MOJYyYUM CTYICHYATYIO JUHUIO (B COOTBETCTBUU C PUCYHKOM 8&). Ilpm
JOCTaTOYHOM YHCJIC 3arpy»XKEHUH, CTyneHYaTasl JUHUS 3aBUCHUMOCTU 0) — &, MOXKET
OBbITh 3aMEHEHa TUIaBHOM KpuBOoW. Takom oOpazoM, ympyrue aedopmanuu OeToHA
COOTBETCTBYIOT JIMIIb MTHOBEHHOW CKOPOCTH 3arpykKeHusi oOpaslia, a HEynpyrue
Pa3BUBAIOTCS BO BPEMEHHU.

O,

“ | >0, >
Pucynok 8. [luarpamma op, — ¢, B Pucynok 9. luarpamma op, — &5 B
cKaToM OETOHE MPHU Pa3TUIHOM C)KaToM OETOHE MPHU PA3THUHON

YHUCJIC OTAIIOB 3aIpyKCHHA CKOPOCTH 3arpyKCHUA
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C yBeIMYEHHEM CKOPOCTH 3arpy’KeHus V Ipu OJJHOM U TOM K€ HAIPSLDKEHUH 0
Heymnpyrue neopManny yMEHbIIAIOTCS (B COOTBETCTBHH C PUCYHKOM 9).

3.6.2 J[lepopManum npu JJINTEJIbHOM JAeiICTBUM HATPY3KHU

[Ipu pnuTenbHOM  JOEHCTBUM HArpy3ku OOHapyXMBAaeTCs IOCTEHNEHHOE
CHIDKEHUE CONPOTHUBIICHUs O€TOHa (HUCHAAAroIlas BETBb AMATPAMMBI o) — &). llpu
JUINTEIbHOM JIEHCTBUM Harpy3ku Heynpyrue nedopmannu O€TOHa C TEYEHHEM
BPEMEHU YBEIMYHUBAIOTCS.

VYyactok 0-1 (B coorBercTBHM ¢ pucyHkoMm 10) xapakrepusyer nedopmaiumu,
BO3HUKAIOIIME TIpU 3arpykKeHUU. Y4acTok 1-2 XapakrepusyeT HapacTaHHE
HEYNpyrux aedopMaiuii mpu NOCTOSTHHOM 3HaYCHUH HAIPSHKCHUN.

CpoiicTBO ~ OeTOoHa,  XapakTepu3ylollleecs  HapacTaHHEM  HEYIMPYTrHux
nedopMalii ¢ TEYEHUEM BPEMEHU IpPU IOCTOSHHBIX HAINPSKEHUSAX, HA3bIBAIOT
noazyuecmuoio bemona

[Ipu nnuTenbHOM JEWCTBUMM TIOCTOSHHOM HAarpy3ku, eciu jaedopmanuu
MOJI3YYECTH HApacTaroT CBOOOJIHO, HANpPsHKEHUs] B OETOHE OCTAOTCS MOCTOSHHBIMH.
Korna cBsi3u B O6eroHe (Hampumep, apMaTypa) OTpaHUUYUBAIOT CBOOOJHOE pa3BUTHE
[OJ3y4eCTH, TO HANpsHKEHUs B OETOHE YMEHbLIAITCA. TO €cTb MPOMCXOAUT
nepepacnpeziesieHue BHyTPEHHUX HaIpsKEHUN MeX Ty OETOHOM U apMaTypoOu.

o,

Pucynok 10. [luarpamma o, — €, B CKaTOM
OeToHe npu
PA3JINYHON JUTUTEINBHOCTH 3arpy>KEHUS

CBoiicTBO 0€TOHA, XapaKTEPU3YIOIIEECS YMEHBIIEHUEM C TCYCHUEM BPEMEHHU
HANPsDKCHUH MPY TOCTOSHHOW HavYallbHOW Je(opMaliuu & , HA3bIBAIOT perakcayuetl

HaNpsi#CeHUu.

[Ipupona monsydectTu OeToHA OOBACHAETCS €ro CTPYKTYPOH, IIUTEITbHBIM
MPOLECCOM KPUCTAUIM3ALMU W YMEHBIIEHUEM KOJWYECTBA TeEJs NPU TBEPACHUU
HEeMEHTHOro KaMHs. (C TEUYeHMEM BpPEMEHH NPOLECC MEpPEpaclpeeIICHUs
HANpPSDKEHUM C TEJIEBOM COCTABIISIONIENM HAa KPUCTAINIMYECKHM CPOCTOK M 3€pHA
3aMoJHUTENEH 3aTyXaeT U Ae(OPMUPOBAHUE TPEKPAILIAETCS.

Benuuuna pedopmanuii Mmoa3ydyecTd B KOHEYHOM HUTOI€ HE 3aBUCUT OT
CKOpOCTH Harpykenust oOpasua. Ilom3yuyecTp OeToHa yBENMUYMBAETCS C POCTOM
HampsDKeHW. 3arpyXeHHbIi B paHHEM Bo3pacTte OeToH oOnagaer OoJbliein
NoJI3y4YecThio, ueM cTapblid. [lon3ydyecth GeToHa B Cyxoil cpeie OoJiblIe, YEM BO
BnaxHoi. C ysemuuenueM B/I] m komuyecTBa 1eMEHTa Ha eIUWHHUIY OObeMa
OCTOHHON cMecH moi3ydecTh Bo3pacTaer. C TMOBBIIIIEHUEM TPOYHOCTH 3€pPEH
3aMOJHUTENCH, TOBBIIIICHUEM TMPOYHOCTH OETOHA, ero Kiacca TMOJA3y4ecTh
YMEHBIIAETCS.
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3.6.3 Jlepopmanum 6eTOHA NMPHU MHOTOKPATHO MOBTOPSIOIIEMCH AeiiCTBHM
HAIPy3KHU

MHorokpaTHOe MOBTOPEHUE ACHCTBUS HArpy3KH MPHUBOJIWT K HaKAIIMBAHUIO
Heynpyrux aegopmauuid (B coorBeTrcTBUM C pucyHkom 11). Ilocnme Oonbioro
KOJINYECTBA IMKJIOB O3TU JepopMaluy IOCTENEHHO BbIOMPAIOTCS, IOJI3Y4YECTb
JOCTUTAET MPENIEIbHOI0 3HaUeHUs1, 0ETOH HaYMHAET paboTaTh yIpyro.

C KaxIpIM MOCIENYIOIINUM LIUKJIOM KPHUBasi 3aBUCUMOCTH 0 — €, MOCTEIIEHHO
CTaHOBUTCSI IIPSIMOM, XapakTepu3ymollel ynpyrytw pabdoty. Takoi xapakrep padbOThI
HaOmonaercs npu o, <R, . Ilpu OonblIUX 3HAYEHUAX o, HEyHOpyrue AedopMaluu

HaYMHAIOT HCOIPaHWYCHHO PAaCTH, IIPpU 3TOM KPHUBU3HA 0, — &, MCHACT 3HAK.

- gb

Pucynok 11. JluarpaMma 3aBUCUIMOCTH MEXy HaIPsSHKCHUAMH U AeOpMAIUsIMH B
0eToHe MPU MHOTOKPAaTHOM IMOBTOPHOM 3arpy>kKeHu 0eTOHHOro o0pasua:
1 — nepeuunas kpueas,; 2 — KoHeuHas Kpueas

3.6.4 IlpenenbHblie nepopmanu 0eTOHA Nepe pa3pylieHHeM

OTO0 TpeneNnbHas CKUMAEMOCTh &,, M TIPEJCIbHAs PACTSIKUMOCTD &,, . 3ABUCAT
OT:
IIPOYHOCTH OCTOHA;
KJ1acca OeToHa;
cocTaBa Oe€TOHA;
JUTMTEIILHOCTH TIPWJIOKCHHS HATrPy3KH.
[Tpu cxxatum B cpeHeM ¢, ~2,5-107.

[Ipu pacTsHkeHUM B CpeaHEM &, ~1,5-107".
[Tpu n3rnbe B KpaiftHEM CKaToOM BOJIOKHE B CPEIHEM &, ~3,5-107.
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3.6.5 Moayas gepopmanuu

Hauanvnwiii mooynv ynpyeocmu 6emorna (B COOTBETCTBUU C PUCYHKOM 12) npu
ckatuu E, COOTBETCTBYeT JHINb YIPYrUM JedOopMamusaM, BO3HUKAIOIIUM TIPH
MT'HOBCHHOM 3arpyKCHHH:

E, =tga,. (8)

Mooynv noanvix degpopmayuti bemona (B COOTBETCTBUHU C PUCYHKOM 12) mpu
CKatuh E, COOTBETCTBYET TIONHBIM JaedopManusM; SBISCTCS  BEITHMYHHOU

IIEPEMEHHOU
E, =tga, )
A€ o — YyroJl HAakKJIOHA KacaTelbHOW K KPUBOW 0, — &, B TOYKE C 3aJaHHBIM
HaNPSIKEHUEM.
o,
&y
|
& &
Gb( g i
|
|
|
l Pucynoxk 12. Cxema st
a, I OIIPEACICHUS MOAYJIA
a |fo | g, nedopmanuu 6eToHa
! )y

Jliis pacdera kene300€TOHHBIX KOHCTPYKIIUNA TOIMB3YIOTCS CPEOHUM MOOYaeM
WIA MOOYIeM YAPY2ONIacmuyHocmu OemoHna, TPeCTaBIAIOMUM co00il  TaHTeHC
yria HakjJIOHA CEKylled B TOYKE Ha KPUBOU o) — &, C 3a/IaHHBIM HAMPSHKCHUEM (B
COOTBETCTBHUH C PUCYHKOM 12):
E; =1ga,. (10)
3aBUCUMOCTh MEXIY HadaJdbHBIM MOJYJIEM YNPYTOCTH OETOHAa M MOIyJeM
YIPYTOILIACTUIHOCTH

o,=¢E,=¢,E = E,=VE,, (11)
rae v = fe . K03 PHUIHEHT yIpyromacTuIHbIX aedopmariiii 6eToHa; v U3MEHSIETCS
€y
or 1 no 0,15.

C yBenuueHHEM YpPOBHS HaIpsOKEHUN B OETOHE M JUIMTENBbHOCTH JIEUCTBHS
HArpy3ku KO3(PQGULIHUEHT V yMEHbBIIIAECTCS.
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4 Apmartypa

4.1 Buabsl apMatypsl

1. ITo mamepuany:
a) cTajbHasi,
0) CTEKJIOIUIACTHUKOBAS;
B) YIUICILJIACTUKOBAS.
2. Ilo nasuauenuro:

a) pabouas — OTO apMarypa, KOTopas ONpeleNseTcs pacyeToM U
o0ecrneuyrBaeT NPOYHOCTh KOHCTPYKIIUY;
0) KOHCTpYKTHUBHAsi — OJTO apmaTypa, KOTOpas Takxke OOecreunBaeT

IPOYHOCTh KOHCTPYKTHBHBIX 3JEMEHTOB W y3JI0B, HO pacyeToM HE
OTIpeeNsIeTCs, a YCTAaHABIWBACTCA W3 MPAKTHKWA TPOCKTUPOBAHHS H
JKCIUTyaTalluui KOHCTPYKLIUH;

B) apMmarypa KOCBEHHOT'O apMHPOBAaHHUS — 3TO apMaTypa, yCTaHaBIIMBaeMas
B CXaThIX JJICMEHTaX B OCHOBHOM B MeCTaX OOJBIIUX JIOKAJIbHBIX
HANPSDKEHUH, JIJIS1 CACPKUBAHUS MTOMIEPEUHBIX eopManuii;

I) MOHTaXHas — apmarypa, ciyKamas JUisi oOecredyeHHs] MPOEKTHOTO
MOJIOKEHUST paboydeil U PaBHOMEPHOIO pacHpeieNieHus] YCHINM MEXITy
OTIIETIbHBIMH CTEPXKHSIMU paboueii apMaTyphl.

3. o cnocoby uzeomosnenus:

a) crep)kHeBas, ropsuekatanas (d = 6...40 mm);

0) mpoBoJsio4HAsl, XOMOAHOTAHYTas (d = 3...6 MM).

4. Tlo eudy nogepxnocmu:

a) TIajaKas;

0) nepuoanyeckoro npoduis (pudaeHas).

5. Tlo cnocoby npumenenus:

a) HampsraeMmasi, TOJBEprHYTas MPEIBAPUTEIPHOMY HATSKEHHUIO [0
IKCILTyaTaIliH;

0) HeHampsiraeMas.

6. Tlo uzeubnoti sccecmxocmu:

a) ruOkas (CTep>KHEBas M MPOBOJIOYHAS);

0) »xecTkas (U3 MPOKATHBIX MPOPUICH).

7. o cnocoby ynpounenus:

a) TePMUYECKHU yIPOYHEHHAs, T.€. MOJABEPTHYTasI TEPMHUUECKOM 00padoTKE;

0) ynpoyHeHHasi B XOJIOJHOM COCTOSTHHH — BBITSIKKON WJIM BOJIOYEHHUEM.

Pacuernble miomany nomepevHbIX CEYEHUM M Macca apMarypbl, COPTAMEHT
ropsiYeKaTaHoOl CTEPKHEBOW apMaTypbl NEPHOIUUECKOTO MPOPUIIL, OOBIKHOBEHHOU U
BBICOKOIIPOYHOM apMaTypHOM IIPOBOJIOKU MPUBEIECHBI B IPUIOKEHUHA b HacTosero
y4eOHOT0 T0COOus.
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4.2 OU3NKO-MeXaHNUYECKHUEe CBOMCTBA CTaJIeH

XapakTepuCTUKHU MPOYHOCTU U Je(HOPMATUBHOCTH CTaJel yCTaHABIMBAIOT I10

auarpamme o — &, MOJlydaeMOM U3 UCIHBbITaHUKW O00pa3lioB Ha pacTsHKEHUE.
l'opsiuekaTanas apmaTypHasi CTajdb, UMEIOIIAasl Ha AUarpaMMe IUIOMIAJIKy TEKYy4YeCTH,
o0nazaeT 3HAYUTENbHBIM YJJIMHEHUEM JI0 pa3pbiBa (MArKasi cTajib) (B COOTBETCTBUU
¢ pucynkoMm 13, a). Hampsbkenue, npu koTtopoMm aedopmanivivi pa3BUBAIOTCS 0e3
3aMETHOr0 YBEJIMYEHUs] HArpy3KH, HA3bIBACTCS U3UYECKUM NpeoeioM MmeKyyecmu
apMaTypHOM CTalli o, .

a)

0)
o o
B 5
o]
P I
P S
o +—— 0,2 ]
" /
ozl /
0,02
(@) roy
S [
oy
iy
a

y F———=

-
-

==
R
T~

Pucynok 13. Jluarpammel o, — & Ipy pacTsHDKEHUHM apMaTypPHOU CTalM:
a — MACKASL MANI0Y271epOOUCAsl CIMAL C NAOWAOKOU MeKyYecmu,

O — 6bICOKONPOYHAA, 1ec2UPOBARHAA CMAllb C YCIO6HbIM npedeﬂom mekKkyuecmu

llogviuenue npoynocmu cmasieu TOCTUTAIOT CIEIYIOIIUMHU METOAAMMU:

OYyTeM BBEACHUS YIVIEPOJA W JIETUPYIOIIMX J00aBOK (MapraHew, Xpow,
KPEMHUM, TUTAH U JIp.);

TEPMUYECKMM YIIPOYHEHHMEM - 3aKajauBanue crainu (Harpes 10 800...900°C u
ObICTPOE OXJIAXKIEHHUE), 3aTEM YaCTHYHEIM oTmyck (Harpes no 300...400°C u
MOCTETIEHHOE OXJIAXICHHE);

XOJIOAHBIM J1e)OPMUPOBAHUEM — MPHU BBITSIKKE B XOJOJHOM COCTOSIHUU JO
HANPSHKEHUS o, >0, CTalb YIPOYHAETCH; IPH IIOBTOPHOM  BBITSIKKE

IIJIaCTHYCCKUC I[eCI)OpMaL[I/II/I YKE BBI6paHBI, HAIpsHKCHUC o, CTAHOBUTCA
HOBBIM UCKYCCTBCHHO IIOJAHATBHIM IIPEACIIOM TCKYUCCTU O ;

XOJIOAHBIM BOJIOYEHUEM - BOJIOYEHHE 4YEPE3 HECKOJIBKO II0CIIEI0BATEIIBHO
YMEHBIIAIONIMXCA B JHAMETPE OTBEPCTHUM B XOJIOJHOM COCTOSIHUM JUIS
ITOJIyYEHHSI BBICOKOIIPOYHOU ITPOBOJIOKHU.

BrICOKOJIETMPOBAaHHBIE M TEPMHUYECKH YIPOYHEHHBIE apMaTypHbIE CTalu

MNEPEXOAT B INIACTHYCCKYHO CTAHUIO IMOCTCIICHHO 0e3 SIPKO BBIpa)I(eHHOﬁ II0IMaaKu
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TEKY4YECTH (B COOTBETCTBUM C PUCYHKOM 13, 0). Iy Takux cranell yCcTaHaBIMBAIOT
YCR06HbIL npedel meKyuyecmu o,,, TPH KOTOPOM OTHOCHUTENLHBIE OCTaTOYHBIE

nedopmanuu coctapistor 0,2%.

K ¢uzuueckum ceoticmeam craneit OTHOCATCS:

® [IJJACTUYECKHE CBOWCTBA — XAPAKTEPU3YIOTCS OTHOCHUTENIbHBIM YUIMHEHHEM
IpU HUCTIBITAHUM Ha pa3pblB. CHMKEHHE IMJIACTUYECKUX CBOMCTB MPHUBOJUT K
XpYIKOMY (BHE3aITHOMY) pa3pbIBy apMaTypbl;

® (CBAPUBAEMOCTb — XAPAKTEPU3YETCS HAAC)KHOCTBIO COCAVHEHUS, OTCYTCTBHEM
TPEIIMH M JPYyTHX I[OPOKOB MeETajula B IIBaXx. XOPOILIO CBapUBAIOTCS
MaJOyIJIEPOJUCTBIE M HU3KOJErMpoBaHHble cTaid. Henab3ss cBapuBaTh
TEPMHYECKH YIPOYHECHHbIC W YNPOYHEHHBbIC BBITHKKON CTAIH, T.K.
Tepsiercd 3G eKT YNPOUHEHMS;

® XJIAJIHOJIOMKOCTb - CKJIOHHOCTh K XpPYIOKOMY pa3pyLICHUIO MpH
OTpHIIATEIbHBIX Temieparypax (Hike -30°C);

® DCOJIOTMYECKHE CBOWCTBA — XapaKTEPU3YIOTCS IOJI3YUECThIO U PENAKCALlUEH;

® VYCTaJIOCTHOE pa3pylieHue — HaOMomaeTcs MNpu JACHCTBUU MHOTOKPATHO
MOBTOPSIIOILIEHCS 3HAKOIIEPEMEHHOM HAarpy3ke M HMEET XapakTep XPYHKOIo
pa3pylleHus;

® JWMHAMWYECKAas MPOYHOCTh — HAOIIOAACTCS NPH KPAaTKOBPEMEHHBIX Harpy3Kax
00JIBIIION MHTEHCUBHOCTH.
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4.3 Knaccudgukanusa apmarypsl (Tadamnuna 1)

Tabmma 1
HaumenoBanue u kiacc d, Mmm [Ipenen OTHOCHUTEIBHOE Monynb
apMaTrypbl TEKy4eCTH, yanuHeHue, % YIOPYTOCTH,
MlIla MlIIa
CrepxxHeBas
ropsiaeKaTaHas:
riaagkas kiaacca A-I 6...40 230 25 21-10*
MEPUOANYECKOTO
poQ TSI KJIaCCOB:
A-II 10...40 300 19 21 - 10*
A-III 6...40 400 14 20 - 10*
A-IV 10...22 600 8 19 - 10*
A-V 10...32 800 7 19 - 10*
A-VI 10...22 1000 6 19- 10*
CrepxxHeBas
TEPMHUYECKH
YIPOYHEHHAs KJIacCOB:
At —1lc 10...38 400 - 20 - 10*
At —-1Vc 10...28 600 8 19 - 10*
AT-V 10...28 800 7 19 - 10*
At -VI 10...28 1000 6 19- 10*
OOBIKHOBEHHAS
apMmarypHas poBOJIOKa
MePUOTUUECKOTO
npoduis kiaacca Bp-1 3...5 500 - 17- 10*
BeicokomnpouHas
apMmaTypHas
MIPOBOJIOKA:
3...8 1530 4...6 20 - 10*
rimanakas kiaacca B-1I1
TIEPHOIYECKOTO 3...8 1530 4...6 20 - 10*
npodust kinacca Bp-11

[IpuMedaHue: NONOTHUTENbHON OykBOH «C» yKa3plBaeTcsi Ha BO3MOXHOCTb CTBHIKOBAHHUS
cBapkoii, OykBoi «T» - Ha TepMHUUYECKOE YIPOUHEHHUE apMATYPBhI.
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4.4 llpuMeHeHNe apMATYPbl B KOHCTPYKIMAX

B kauectBe HeHampsraemoil paboueil apmatypbl npumenstor A — III. [Ins
KOCBEHHOI'0 apMUpOBaHuUs UCNOJIb3yOT Bp — I. MHorma Moxer npuMeHSATbHCA B
KauecTBe paboueit apmatypsl A — II. A - | UCONB3YIOT B KaueCTBE MOHTAXKHOU U
JUIS TIONIEPEYHBIX CTEPIKHEN KapKaCOB.

B kxauectBe HamnpsiraeMoi apMatrypbsl IpuMeHstoT: AT - [Vc, At — V, At — VI,
A-IV,A-V,A-VLB-I,Bp—-ILK-7,K-19.

Xopomo cBapuBarotTca: A—-1 — A-VI, At —1Illc, At—IVc, Bp—L

Hean3s cBapuBath: AT — V, AT — VI, B — 11, Bp — II, T.x. Tepsiercs a3dpdext
YIPOUYHEHHS.

4.5 ApMmaTypHbIe CBAPHbIE H3/1eTUs

1. Csapuvie cemxu Bp—-1d=3..5mMm;A—-1,A-1II d=6...10 mm):
a) PYJOHHBIC (A = 5 MM);
0) miockue.
MakcumanpHas mupuHa ceTku — 3800 MM; JyIMHA OTPAaHUYMBAECTCA MACCOM
cetku He 6omee 900...1300 kr u He 60see 9000 mMMm.
OcHoBHbIe mapameTpel cetok B coorBerctBuM ¢ ['OCT  8478-81 (B
COOTBETCTBHHU C PUCYHKOM 14):
D-V Py
d—u k

OUAM.NPOO.CIMEPIAHC — WLA2.NPOO.CIEPIHC

¢y

ONIUHA.C800.KOHYOB.NPOO.CIEPIHC

wupuna X ONUHA.CEMKU

ouam.nonep.cmepic — ula2.nonep.cmepic ONUHA.C800 . KOHYOB.NONEP.CIEPIIC.
D
Va d k
a) -
=
= =
B a) 6)
k *) ======g
|
N
[=U/2 GRu/2
0
d k
0) =
P ======G
= <
k
& Pucynok 15. CBapHbie KapKachl:
=25 AR o
| a — NJIOCKUlL,
Pucynok 14. CBapHble CeTKU: 6 — npocmpancmeenHblii

a — pYJIOHHAsL NOCTle PA38ePMKIUL,
0 — naockas
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2. Csapnvle kapkacwl (B COOTBETCTBUU C PUCYHKOM 15):
a) IUIOCKUE;
0) MpOCTpaHCTBEHHbIE.
CooTHoIlIEHHE TUAMETPOB CBAPUBAEMBIX TMOMEPEYHBIX U  MPOJOJIBHBIX

CTEp>KHEW OJKHO ObITh HE MeHee 1/3...1/4.
4.6 ApmatypHble IPOBOJIOYHbIE U3/1eJIHS
Haubonee spdexrtuBHas Hampsiraemasi apmatypa — karam (B COOTBETCTBUH C

pucyakom 16, a). Ilepumoamueckuii mpoduib kaHaTa o00eCIEYMBAET HAJIEKHOE
clieILIeHne ¢ OETOHOM, a 0OJbIIas INHA O3BOJISIET H30€KaTh CTHIKOB.

a) (. (-7 K-19 0)

& 88

Pucynok 16. ApmaTypHbl€ TPOBOJIOYHBIE U3ICIIUS:
a — apmamypHuvle Kanamol, 6 — apMamypHbiii Ny4oK

ApmamypHvie nyuxu (B COOTBETCTBUHM C PHUCYHKOM 16, 6) coCTOST U3
OTJICJIbHBIX MapajlIeIbHO PACcHOJIOKEHHBIX ITPOBOJIOK WK KaHATOB. IIpoBonoku (14,
18 wmnm 24 mT.) WIM KaHaThl pacMoiaraloT MO OKPYXKHOCTH C 3a30pamMu |
00OMaThIBAIOT MSTKON MTPOBOJIOKOM.

4.7 CoequHeHus1 apMaTypbl

1. Csapnble cmuiku (B COOTBETCTBUU C PUCYHKOM 17, a, 0, 8)
2. Cmulku apmamypwsl 6Haxaiecmky oe3 ceéapxu (B COOTBETCTBUM C PUCYHKOM 17,
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[ =
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0) r)
f @ ]

Pucynoxk 17. CoenuneHust apMaTyphbl:
a — KOHMAKMHAs C8APKA «8CMBIKY, O — 020845 86AHHAS CBAPKA,
8 — C8APKA C HAKNAOKAMU, 2 — BHAX]IeCKY» 6e3 c8apKu
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[Tepenyck koH1OB cTepxkHeil Ha 20...50d. JlomyckaeTcs NPpUMEHSTh B MECTax,
r7ie IPOYHOCTh apMAaTypPhl UCHOJIb3YETCSI HE MOJTHOCTBIO.

4.8 Hemeraummueckas apmarypa

Cmexnonnacmukosas apmamypa — TOJIYy4YaeTCs U3  CTEKJIOBOJIOKOH,
O0OBEIMHEHHBIX B apMAaTypHBIA CTEP>KEHb C MOMOINBIO CBS3YIOUIMX IJIACTUKOB U3
CUHTETUYECKUX CMOJL.

Jlocmouncmea: 00nagaeT BBICOKOW MPOYHOCTHIO M HHU3KUM  MOJYJIEM
YIOPYTOCTH.

Heoocmamku: CKJIOHHOCTh K pa3pylICHUIO OT TICIOYHBIX pEaKIuil u
CTapeHUE, XapaKTEPU3YyEMOE CHIKEHUEM ITPOYHOCTH BO BPEMEHH.
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5 Keaezooeron. CBoiicTBa

5.1 Cuensienne apMaTypsbl ¢ 0€TOHOM

HanexxHnoe cuersieHre apMmaTypbl ¢ OETOHOM, NPEMATCTBYIONIEE CIIBUTY
apMatypel B OCTOHE, SIBISIETCS OCHOBHBIM  (DakTOpoM, 0OECICUYHBAIOIINM
COBMECTHYIO pabOTy apMaTyphl 1 OETOHA B )KeIIe300€TOHE.

HanexxHoe clieruieHne apMatypbl ¢ OETOHOM CO3MA€TCS mpemsi OCHOBHbLMU
Gpaxmopamu:

1) conmpoTuBieHHe  OCTOHAa  YCHIIMSAM )
CMSATHA W  cpe3a, OOYyCIOBIEHHOE .
BBICTYIIAMM Ha IIOBEPXHOCTH apMaTypel | & N
(B COOTBETCTBUU C PUCYHKOM 18), T.e.
MEXaHUYECKOE 3allCIUICHUE apMaTyphbl T s
3a 6etoH (75% oT oOIIel BEIHMYHHBI
CLETUICHHU ). Cueruienue Pucynok 18. Cueruienue apMarypsl
pudneHoit apmarypst B 2...3 TIEPHONYECKOrO TPoduIIs ¢ 6ETOHOM

pa3a BbIIIE, 4YE€M T[JIAJKON
apmatypsl. HamexHo caMOaHKepyIOTCS BUThIC KAHATHI;
2) 3a cUeT CWJI TPCHHUS, BO3HUKAIOIIMX Ha IMOBEPXHOCTH apMaTyphl Oiaromaps
00KaTHIO CTepKHEH OETOHOM IIPU €0 YCaIKeE;
3) ckieuBaHue (aaAre3us) MOBEPXHOCTH apMaTyphl ¢ OETOHOM.
Pacnipenenenne HanpspKeHUH CHEIUICHUS apMaTypbl ¢ OETOHOM IO JTMHE
3aJIeIK CTEPIKHSI HEPAaBHOMEPHO (B COOTBETCTBHM C pucyHKOM 19). HamGombrme
HANPSDKCHUS 7, JEHCTBYIOT BOJIM3M 3aJICTIKM M HE 3aBUCAT OT JIJIMHBI aHKEPOBKHU

crepkas [ . B pacuerax HCIONB3YIOT CPEIHEE HANPSIKEHUE CLEIUIEHHS, PABHOE
OTHOHICHHUIO YCHUIINA B CTCPIKHC Nk miomaaun 3aa€JIIKU.

,=N/ u), (12)
rac u — nCpuMeTp CCUCHUA CTCPIKHA.
Crie10BaTeNbHO, AJIMHA 30HBI AHKEPOBKU

, apMaTyphl YBEJIMUYMBAETCS C BO3pacTaHUEM €€
MPOYHOCTU U jJuamMerpa (T.K. U3 (POPMYJIbI
BUJHO,  YTO  HANpsDKEHHE  CLEIJICHUs
1 ﬁ__ YBEIMYMUBACTCS CO CHUXXEHHEM JHaAMETpa

| apMaTyphbl).

S [T .
T s W—L : Pucynok 19. Pacnpenenenue HanpsiKeHUM
3 CIEIIJICHUS apMaTyphl C 6ETOHOM
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5.2 YcnoBusi COBMeCTHOI padoThI 0€TOHA K AapMAaTYpPbI

1) cuemnenue apMatypsl ¢ OETOHOM, UCKITIOYAIOIIEE IPOJEPTrUBAHUE apMaTyphl B
Oerone;

2) NpUMEpHOE pPaBEHCTBO KO3PPUIMEHTOB TEMIEPATYpHOTO  yIJIUHEHUS
(ykopoueHus) OeroHa W apMaTypbl, TaKk Kak B MaTepualax C pa3HbIMU
KO3 PUIMEHTAMH JIMHEWHBIX TeMIIepaTypHbIX JedopMaluil Mpu Inepenanax
TEMIEPATypbl BO3HUKAIOT COOCTBEHHBIE HAIIPSDKEHHUS, YTO CHHXKAET CLEIUICHUE
MEX]ly MaTeprajlaMu.

a, =(0,7+1,0)-1072pa0™"; a, =1,2-1072pao™";

3) crnocoOHOCTh O€TOHa HAJEKHO MPEAOXPAHIATH apMaTypy OT KOpPpPO3UU U

JICCTBUS OTHSI.

5.3 AHkepoBKa apMaTypbl B 0eTOHE

Ankepogka — 3TO 3aKperieHre KOHIIOB apMaTypbl B OETOHE.
AHKepoBKa 00eCTIeYrBaETCS:
® BBICTYIIAMU NEPUOAUYECKOIO MPOdUIIs apMaTyphl:

)
W

i ~

)
L3

e 3arumbamu apMmatypsl (kiacc A - 1):

A
4
ks

¢ CTCPIKHAMHU ITOIICPCUHOI'O HAITPABJICHUA:

¢ IIpH IIOMOIIH CIICOUAJIBHBIX daHKCPOB Ha KOHIAX CTGp)KHGfI:
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5.4 3amumTHBIN CJ101 0€TOHA B KeJIe300€eTOHHBIX YJIEMEHTAaX

3awummusiti  cnot HEOOXOAMM IS OOECTIEYEHHS] COBMECTHOM paboThI

apMarypsl ¢ OETOHOM, 3alIUThl apMaTypbl OT BHEIIHUX BO3ACHCTBUM, BBICOKOW
TEMIIEPATYPBI, ATPECCUBHOM CPEABI U T. 1.

KoHcTpykTuBHBIE TpeOOBaHMS K 3aIIATHOMY CJIOI0 O€TOHA B JKEJIE300€TOHHBIX

koHcTpykiusax npuseneHsl B CHull 2.03.01-84* «beToHHble U Xeie300€TOHHBIC
KOHCTPYKIII.

)

2)

3)

4)
S)

5.5 CoOcTBeHHBbIC HATIPSIKEHUS B Kej1e300eTOHe

P 3HAYUTEIILHOM TIepenajie TeMIepaTyp BOSHUKAIOT BHYTPEHHUE HAIPSKEHUS,
MPOUCXOIUT CHUKEHUE TMPOYHOCTU OETOHA, MPOYHOCTH CUEIIJICHUS apMaTyphl C
OCTOHOM;

T.K. apMmaTypa obnamaer moxayieM ynpyroctd, B 10...20 pa3 mnpeBsilaroniemM
Monynb nedopmannu OeToHa, TO KorAga OETOH HCHBITHIBAET IJIACTHUYECKUE
nedopmari, apMarypa — TOJIBKO yIOPYTHE, COOTBETCTBEHHO apMaTypa
BOCIIPUHUMAET YacCTh HATPY3KH U pasrpykaeT O€TOH, CACPKUBasi B HEM Pa3BUTHE
nedopMariiii moa3y4ecTH, T.€. IPOUCXOIUT TIePepacIpECIICHIE YCUITHI;

ycaJika U MOJI3y4ecTh JICHCTBYIOT OJJHOBPEMEHHO ¥ COBMECTHO BIIHMSIOT Ha padoTy
KOHCTPYKITUH TI0]T HAarpy3KOW;

penakcanus HarpspDKeHUH apMaTyphl B O€TOHA;

HamNpsDKEHUE OT TMOJIBYyYeCTH OeTOHa MpU OBICTPOM pasrpyKCHHUU TSKEIO U
JUTUTEHHO HArPYKCHHBIX KOHCTPYKIMI. B MOMEHT CHATHS Harpy3ku oOpaTUMBbIC
(ynpyrue) nedopmaruu OSTOHA BBI3BIBAIOT B OETOHE HayajbHBIC HAIPSIKCHUS
pacTshKeHHUs, KOTOpPhIE MOTYT TPEBBINIATh MpeAed MPOYHOCTH OeToHa Ha
pacTsiKEHUE.

5.6 Koppo3us xkene300eTOHA U MePbI 3aIUTHI OT Hee

Kopposus 6emona — n3-3a HEIOCTATOUYHOM TUIOTHOCTH OE€TOHA; OT BO3JCHCTBUSA

GunbTpyrolEed BOABI, pa3pylIalollel LEeMEHTHbIH KaMeHb (Oelible XJOMbs Ha
MOBEPXHOCTH OETOHA); O] BIUSIHUEM Ta30BOM WJIN KUJIKOW arpecCUBHOM CPeibl.
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Kopposus apmamypst — TPOAYKT KOPPO3UH HMEET OONbIIUKA 00BEeM, YeM

apmarypa, COOTBETCTBCHHO CO3JA€TCs 3HAYUTEIBHOE NABICHHE HA OKPY)KAIOLIUN
cioii OeroHa, BIOJb CTEPKHEM BO3HMKAIOT TPEIIMHBI W OTKOJbl OETOHa C
OOHa)KEHUEM apMaTyphbl.

Mepwi 3auyumsvl OT KOPPO3UH KeJle300eToHa:

CHIDKEHHE (PUIBTPYIOIIEH CITocOOHOCTH OeTOHA (cIier. 100aBKu);
MOBBIIIIEHHUE IIJIOTHOCTH OETOHA;

YBEIMYCHHUE TOJIIMHBI 3aITUTHOTO CJIOSl OCTOHA;

PUMEHEHHUE JIAKOKPACOYHBIX MTOKPBITHIA, OKJICCYHON U30JISAIINN;
IPUMEHECHHUE KUCIIOTOCTOMKHX OETOHOB.
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6 OcHOBBI TEOpPUM CONPOTUBJICHHSI JKejie300eTOHA

OcHosHbvle 3a0auu:

1. OueHka HaNpsHKEHHO-IE()OPMUPOBAHHOTO  COCTOSIHUSI — KEJIe300€TOHHOMU
KOHCTPYKIIUH.

2. Omnpenenenune KOHGUTYpaAILUU JIEMEHTA.

Omnpenenenue miomaan 6eToHa.

4. Omnpenenenue TpeOyeMOro KoJIM4ecTBa paboueit apMaTyphl.

W

6.1 Craguu HanpsizkeHHo-aepopmupoBannoro cocrostnus (HAC)

PaccmMoTpuM Tpu XapaKTepHBIX CTaJAUU HAIPSHKEHHO-Ie()OpMHPOBAHHOTO
COCTOSIHMSI B 30HE UMCTOTO M3THOa kKele300€TOHHOTO 3JIEMEHTa MPU MOCTEIEHHOM
YBEIMYEHUH HATPY3KHU.

I cragusa. B mnavane [ cragum OETOH pacTAHYTOW 30HBI COXpaHSET
CIUIOLIHOCTb, pa0OTaeT yHpyro, 3MIOpbl HOPMAIbHBIX HANPSKEHUN B OETOHE CKATOU
U PaCTSAHYTOW 30H OJM3KH K TPEYroJibHbIM (B COOTBETCTBUHU C pucyHkoM 20, a).
Ycunus B pacTsHYTOM 30HE BOCHPUHMMAaeT B OCHOBHOM OeroH. HampsikeHus B
apMaType HE3HAUUTEIIbHBI.

Cragust | — cragus ynpyroii pabGotbl snementa. C yBEeIMYEHHEM Harpys3Ku
pa3BUBAIOTCS HEyNpyrue jaepopmanuu pacTIHYTOM 30HBI, SMIOpa HANpPSKEHHM
CTAHOBUTCS KPUBOJMHEHHOW (B COOTBETCTBUMU C pucyHkom 20, 6). Benmnunna
HaNpsOKEHUN MpUOIMKAEeTCd K BPEMEHHOMY CONPOTHBIICHHIO OETOHAa Ha OCEBOE
pactspkenue. Konery I cragun nactymaet, korna nedopManud yIUIMHEHUST KpaHUAX
BOJIOKOH  JIOCTUTHYT ¢, ~1,5-107 (mpeneibHas  pacTsHKUMOCTB).  Bmecto

KPUBOJIMHEMHON JIIOpbl HANPSHKEHUW B  paCTSIHYTOM 30HE JUIA  YHPOILIEHHUS
MPUHUMAIOT TIPSMOYTOJIBHYIO C OPIUHATON Ry, (R ser).

a 0
) o, << R, ) o, <R,
y ] g .
LeHmp. 0Ck UeHmp. OCk
——— _ —¥ B - T W
HUn. RuHuS _HUA. AURUA
N N z:
7 J—— 1 = ——
T, << R,, ﬁbra::%n
C}_S << RS gs = 20:Rbm

Pucynok 20. I cragus HAC:
a — nauano I cmaouu; 6 — xoney I cmaouu
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[Io I craguu paccUMTHIBAIOT 3JIEMEHTHl Ha O00pa3oBaHUE TPEIIMH U
nedopmanuu — 10 00pa3oBaHUs TPEUIUH.

I cragmsa. B OeroHe pacTSHYTOH 30HBI MHTEHCHUBHO 00pa3yroTcs U
pacKphIBalOTCA TPEUIMHBL. B MecTax TpeluH pacTAruBaoIIne YCUIUs BOCIPUHUMAET
apmatypa U OETOH HaJ TpEUIMHON moj HyJNeBoM nuHueil. Ha ydacTkax Mexmay
TpeIMHAMH — apMaTypa U 6eToH paboTaioT elle COBMECTHO.

[Io mepe Bo3pacTaHusi HArpy3Kd HANpPSDKEHUS] B apMaType MPUOJIMKAIOTCS K
IpeAeiy TeKyuecTH R, T.e. mpoucxoaut kouer I cragun.

Onropa HOPpMAJIbHBIX HANPSHKECHUN B

o, < N
0y < R, OeToHe CKAaTOW 30HBI M0 MEPE YBEITUUYCHUS
] Harpy3kd 3a CuUeT pa3BUTUS HEYHPYTHX
HUA. AUHUS M j = nedopmanuit UCKPUBIIIETCA (B
N _ cooTBeTCTBUM C pucyHKoM 21). Craaus II
.é S Uenmp. or, COXpAHSAETCS — 3HAYMTENBHOE  BpeMs,
Y B XapakTepHa A1 DKCIUTyaTal[MOHHBIX

A
] . Harpys3oK.
\7 R I[To II cragum  pacCYUTHIBAIOT
o, <R, o - BCJIMYMHY PACKPBITHS TPEIIUH ¥ KPUBU3HY
AIIEMEHTOB.

Pucynok 21. II cragns HIC

I cragma. Cragua paspymieHus osnemeHta. Camass  KOpoTKas IO
NPOJOKUTENBHOCTH cTaaud. HanpsokeHus B apMarype JOCTUTAlOT —Ipefena
TEKy4eCTH, a B OETOHE — BPEMEHHOTO COMPOTHUBJICHUS OCEBOMY CKaThi0. beToH
PaCTSHYTOW 30HBI U3 PAOOTHI AJIEMEHTA TTOYTH MOJIHOCTHIO UCKITFOYAETCS.

2 XapaKmepHuixX CIV4as paspyuleHus.

1. ImacTrnueckuii xapakTep pa3pyLieHus.

HauunaeTcsi ¢ mposiBlieHUs TEKy4eCTH apMaTyphbl, BCIEACTBUE YEro OBICTPO
pacTeT nporud U pa3BUBAIOTCS TPEIIUHBI.

VYyacTok 3JeMeHTa, Ha KOTOPOM HAOJIIOJAeTCsi TEKy4ecTb apMarypbl U
IUIaCTUYECKUE JAeQopMalMi CXKAToro OETOHA, HCKPUBISETCS MHPU IOCTOSTHHOM
IOpEIeIbHOM MOMEHTE (B COOTBETCTBUUM C pPHUCYHKOM 22, a). Takue ydacTku
Ha3bIBAIOTCS NIACMUYECKUMU UAPHUPAMU.

Hanpspkenust B cxaToil 30He O€TOHA JTOCTUIal0T BPEMEHHOI'O CONMPOTHBIICHUS
COKAaTHIO U IPOUCXOIUT €ro pa3apodaeHue.

2. Ilpu wu30BITOUHOM COJIEPXKAHUU PACTAHYTOH apMaTypbl HPOUCXOAUT
XpymnKoe (BHE3aITHOE) pa3pylIeHHE OT MOJTHOTO MCUEPIaHUs HECYIIeH CIOCOOHOCTH
C)KaToil 30HBI OETOHAa NPU HEMOJHOM HCIIOJIB30BAHUM MPOYHOCTU PACTAHYTOU
apMarypsl (B COOTBETCTBUU C PUCYHKOM 22, ).

III cranust ucnonb3yercs B pacdyeTax Ha MPOYHOCTD.
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a) o, =R, 0) o, =R,

HYA. AUHUS ?x
i S = M )
M Vé LBHmD. OCk LEHMP. OCk
I — 1 [~
HU/. AUHUSA
N Oy = Ry, N
3 - % -
c,=R o, <R

& iy iy &

Pucynok 22. III cranus HIC:
a — 1 cnyuaii paspywenus; 6 — 2 cuyuatl pa3pyueHus

6.2 MeTon pacuyera 3Kene300€TOHHBIX KOHCTPYKLIMH MO TIpeaeabHbIM
COCTOSIHUAM

[Ipu pacuere Mo 3TOMy METOlY YETKO YCTAHABIMBAIOT MPEEIbHBIE COCTOSHUS
KOHCTPYKIIMH M HCIOJB3YIOT CHUCTEMY pacyeTHBIX KOA(P(UIIMEHTOB, BBEICHUE
KOTOPBIX TapaHTHUPYET, YTO TAKOE COCTOSIHUE HE HACTYIIUT TMPU CaMBIX
HEOJIaroNpPUATHBIX ~ COYETAHUAX HArpy30K W TMpPU HAUMEHBIIMX 3HAYCHHSX
IIPOYHOCTHBIX XAPAKTEPUCTUK MATEPUATIOB.

JIist mpeniebHBIX COCTOSTHUM | Tpynmbl ycIoBHUE TPOYHOCTH 00ECTIEYMBACTCS,
€ClId yCHUJIME, BO3HHMKAIOUIEe B 3JEMEHTE OT BHEIIHUX BO3JACUCTBUN, HEe Oyner
IIPEBBIIATH MIPEAECIBHOTO YCUIIUA, KOTOPOE MOJKET BBIIEPXKATh JJIEMEHT, T. €. IIPU
COOI0O/IEHNY HEPaBEHCTBA:

F<F, (13)
rae F — ycunue oT pacyeTHbIX Harpy3ok (M, N wmu Q); F, — npeaenbHOe yCUIIME,
KOTOpPOE MOKET BbIAEPkKaTh JEMEHT (MUHUMAJbHAS HECYIasi CIIOCOOHOCTh CEUEHUs
3JIEMEHTA).

[To I rpynme mpeneabHbIX COCTOSHUM BBITIONHSIOT PacueThl MO0 00pa30BaAHHIO
TPELIUH, PACKPBITUIO TPELIUH U PaCyeT 110 NEPEMELIEHUSAM.

CuuTaercs, 4YTO TPEUIMHBI, HOPMAJIbHBIE K MPOJIOJIBHON OCH, HE MOSBIIAOTCH,
€ClIi yCHWJIME, BO3HHKAIOUIEe B DJEMEHTE OT BHEIIHWX BO3ACUCTBUN, HE Oynaer
IPEBBIIATE BHYTPEHHETO YCWIHS, KOTOPOE€ MOXKET BOCIPHUHSITH CEUYCHHE IIepen
0o0pa30BaHUEM TPELINH:

F<F

(14)
rae F — ycunue OT HOpMaTUBHBIX Harpy3ok (M wnu N); F.,. — BHyTpEeHHEE yCUIIHE,
KOTOPOE MOJKET BBIIEP)KaTh JJIEMEHT Iepea 00pa3oBaHUEM TpPEIIMH, T.e. NpHU
HaIPSDKEHUSIX B PACTSHYTOM 30HE CEYEHUSI PABHBIX Rpy,.

CuuTaercs, 4To IIMPUHA PACKPBITHS TPEIIMH, BOSHUKAIOIIUX B JJIEMEHTE OT
BHELIHUX BO3JECHUCTBUI, HE OyIEeT MPEBBIATH JOIMYCTUMOMN, €CIM €€ 3HA4YCHHE

MEHBIIIE NPEIEITBHON:
acrc S acrc,u > (1 5)
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TA€ Q. — PACYETHOE 3HAYCHME IIMPHUHBI PACKPBITHS TPELIUHBL, A, — NPEIEITBHO
JOIyCcTUMasl IIUpUHA packpeiThs TpewuHbl (npuBeaena B CHull 2.03.01-84*
«beToHHbIe U Kee300€TOHHBIE KOHCTPYKLIHUW) .

PacueT no nepemeleHusM 3aKI04aeTcsl B ONPEAEICHUH Mporuda 3JeMeHTa u
CPaBHEHUU €r0 C NpeJIeIbHBIM MPOruOoM:

[ (16)
rae f — mporu® dJaeMeHTa OT BHENIHUX BO3ACHCTBUH; f, — TpeneNbHbI MPOruod
3JIeMEHTa, JOMYCTUMBIM MO ycioBHsM 3kciutyarauuu (npuseaedn B CHull 2.01.07-
85* «Harpy3ku u BO3ACHCTBUS).

6.2.1 /IBe rpynnbl npeaejbHbIX COCTOSTHUM

IIpedenvhbimu CUNTAIOTCS COCTOSIHUSL, IPU KOTOPBIX KOHCTPYKIUH NE€PECTAIOT
YZIOBJIETBOPSATH NPEABSBIAEMbIM K HUM B IPOLIECCE IKCILIyaTalluu TPEOOBAHUSAM, T.€.
TEPSIOT CIOCOOHOCTb COINPOTUBIATHCS BHEUIHMM Harpy3kaM M BO3JACHCTBHUSIM WIH
IIOJIy4arOT HEJOIYCTUMBIE IEPEMELICHUS WM YPE3ZMEPHO PACKPBITHIE TPEIIVHBI.

Xene3zo0eToHHbIE KOHCTPYKLUMH JIOJDKHBI  YJOBJIETBOPATH TPEeOOBAHUAM
pacyera 110 ABYM I'PYIIIaM IPEAEIbHBIX COCTOSHUN.

IIpeneabnbie coctostnuss [ rpynmbl  (Tpylma  HENPUTOAHOCTH K
AKCIUTyaTalum):

® [I0TEps] MPOYHOCTHM WM HECYIIEH CIOCOOHOCTH BCJEACTBUE pa3pyLICHUS
OeTOoHa WM pa3pbiBa apMaTyphl;

® [I0TEPS YCTOMYMBOCTH;

® YCTaJIOCTHOE Pa3pyILICHUE.

IIpenenbnsbie cocrosinusa 11 rpynnel (rpynna HENPUTOJHOCTH K HOPMaJIbHOM
AKCIUTyaTalm):

® ype3MepHbIE MPOTruObl UM BBITHOBI;

e 00pa3oBaHUE TPEIINH;

® UYpPEe3MEPHOE PACKPBITHE TPEIIHH.

Pacuer mo mnpenenbHbIM COCTOSIHUSM KOHCTPYKLHH IIPOU3BOAAT I BCEX
CTaJui: U3rOTOBJICHUE, XPAHEHHE, TPAHCIIOPTUPOBAHNUE, MOHTAXK U DKCILTyaTalusl.
Yennusg B CTaTMYECKU-HEOINPEAEIUMBIX KOHCTPYKLUAX ONPENEIAIOT C  Y4ETOM
Heynpyrux naedopmanuii OeToHa W apMaTrypbl, YTO OYEHb CYIIECTBEHHO TIpHU
JUIMTEIIBHOM BO3JICUCTBUM HArpy3KH, a TaKXE YUYHUTBIBAETCS IE€pEpaclpeicicHue
YCUIINN.

6.2.2 Kinaccupurkanusa Harpy3ok. HopmaTuBHbie U pacyeTHbIC HATPY3KH.
1. I1o npupoode 603nuKkHOGEHUSL:
a) TEeXHOJOrMYeckue (OT Beca JIOAEH B KWIbIX M OOIIECTBEHHBIX 3IaHMSIX,
000py/10BaHUS ¥ KPAHOB B IPOMBIIIJICHHBIX 3/1aHUSX);

0) armocdepHbie (OT CHera, BeTpa, I3MEHEHHUI TeMIIepaTypbl, TOJIOJIEN);
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B) COOCTBEHHBIN BEC HECYIIUX U OTPAXKIAIOLINX KOHCTPYKIINM;
I') CeliCMUYECKHUE, B3PhIBHBIE BO3ACHCTBUS, IOXKAP, NPOCATKA IPYHTOB.
2. Ilo onumenvHocmu Harpy3Ku OBIBAIOT:
a) MOCTOsIHHBbIE (COOCTBEHHBIM BEC, JaBJIEHUE TIPYHTOB, MpEABAPUTEIILHOE
HaIpsHKEHUeE);
0) BpEeMEHHBIE:

- IUTENbHBIE (BEC CTAIIMOHAPHOTO 000PYI0BAHHUS HA MEPEKPHITUSX; JaBICHUE
ra3oB, XHUAKOCTEH, CBIMy4YUX TeJ; JJIUTENbHAsI 4YacThb KPAHOBBIX, CHETOBBIX
Harpy3oK u T.1.);

- KpPaTKOBPEMEHHbIE (JI0JIM, KPATKOBPEMEHHAs YacThb KPAHOBBIX, CHETOBBIX
HArpy30K, BETPOBbIE HAPY3KH);

- ocoOble (ceficMUYecKHe, B3PBIBHBIC BO3JEHCTBUS, OTKa3 OOOpYIOBaHUS,
IpOCajKka OCHOBAHUM ).

3. Ilo nanpasnenuio:
a) BEpTUKaJIbHbIC (HArpy3Kd OT Beca KOHCTPYKUUU U BpEMEHHbIE (II0JE3HbIC)

Harpy3Km);

0) ropu3OHTaNIbHBIE (BETPOBask Harpy3Ka);
B) HaKJIOHHBIE.
4. Ilo kauecmay:
a) pacrpeielieHHBIE;
0) cocpeloTOUYCHHBIE.
5. Ilo npumenenuio 6 pacuemax:
a) HOPMATUBHBIE;
0) pacyeTHbIC.

NHorma npuMeHSIOT TEpPMUH ''moNe3Has Harpys3ka', T.e. Harpyska,
SBJISTFOITIASICS.  YCTIOBHEM  (DYHKIIMOHAIBHOTO WCIIOJIb30BAHUS TOW WM HWHOU
KOHCTPYKITUH WJIH BCETO COOPYKEHUS B IIEJIOM.

Harpysku, oTBedaromuie HOPMajdbHBIM YCIOBHSM 3KCIUTyaTalldd, Ha3bIBAOT
HopmamugHeimu. HopMaTHBHBIE HArpy3ku OT TEXHOJOTHYECKOTo 00OpyAOBaHUs
NPUHUMAIOTCS [0 TAclopTaM 3aBOOB-M3TOTOBUTENCH, aTMocepHble — TIO
pe3ynbTaTaM MHOTOJIETHUX HAOJIOJICHUH, MOJIE3HbIE HATPY3KU OT JIHOJEH U3 pacueTa
BO3MOYXHOT'O CKOIUICHHS Ha €IMHUIIC IJIOIIAIU U T.]I.

Harpy3sku, oTBevaroiume npeaeabHbIM MaKCUMaIbHBIM 3HAUEHUSIM, MOSIBICHUE
KOTOPBIX BO3MOXKHO B PE3yJIbTaTe BIIMSHUS HEYYTCHHBIX (PAKTOPOB — HA3BIBAIOT
pacuemuviMu.

Ilepexox OT HOPMATMBHOW HAarpy3Kd K pacueTHOM OCYLIECTBISCTCS IMYTEM
YMHOKEHHUS Ha KOd(PPUITMEHT HAZS)KHOCTHU IO HArpy3Ke:

g’ =q"-y,. (17)

Kak mpaBuno, Ha coopykeHHe ICHCTBYET HE OJHAa, a HECKOJbKO Harpy3okK.
[Ipu pacuere KOHCTPYKIMK HEOOXOAMMO BBHIOpAaTh Hambosee HEOIAronpusTHOE UX
coyemanue. 1looTOMy B HOpMax Ha MPOEKTUPOBAHWE YCTAHOBIICHBI JIBE KATETOPHUH
PacCUYETHBIX COYETAHUN HATPY30K:

"  OCHOBHble COYemaHusi, COCTOSIIINE U3 TIOCTOSHHBIX, JIUTENBbHBIX U
KpPaTKOBPEMEHHBIX HAarpy30K;
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" 0cobvie couemanusi, BKIFOYAIOIINE KPOME MOCTOSHHBIX, JJIUTENbHBIX U
KpPaTKOBPEMEHHBIX Harpy30K OJIHY M3 0COOBIX HArPY30K.

Eciii B OCHOBHOE code€TaHME BXOAWUT OJHA BPEMEHHAas Harpyska, ee
NpUHUMAIOT 0e3 cHmkeHus. [Ipu nByx u OoJjiee BpeMEHHBIX Harpy3kax OCHOBHOIO
COUYETaHMSI HUX YMHOXAIOT Ha KoIpuyuenm couemanus y, YUUTHIBAIOIINAN
MEHBIIYI0 BEpPOSATHOCTH COBMECTHOIO JIEMCTBUS pPACUCTHBIX 3HAdYeHUW. Jlid
BPEMEHHBIX JJIMTEIIBHBIX HArpy3okK w, =0,95, 1 KpPaTKOBPEMEHHBIX w, =0,9. B
0COOBIX coveTaHusiX y, =095, a w, =08, MPU 3TOM 0COOYIO0 HArpPy3Ky MPUHUMAIOT
0€3 CHUKEHUSI.

6.2.3 HopmaTuBHbBIC M pacUeTHBIC CONPOTUBJICHUS 0eTOHA

Hopmamusnvle conpomuénenus 6Oemona — 3TO CONPOTHUBIEHUE OCEBOMY
CKaTHI0 OETOHHBIX MPU3M (IIPU3MEHHAs IPOYHOCTD) R, U CONPOTUBIECHUE OCEBOMY
pacTsLKEHUIO0 Ry, KOTOpPbIE ONPEIENAIOTCS B 3aBUCHUMOCTH OT Kiacca OeToHa o
npoyHocTH (ripu obecnieueHHoctH 0,95).

Pacuemunvie conpomuenenus 6emona NOIy4aoT MyTEM AEJIEHUS HOPMATUBHbIX
COTIPOTUBIICHUI Ha COOTBETCTBYIOMINE KO (HUIIMEHTHI HAZCKHOCTH 110 MaTepHAITy:

R
R, == - pacyeTHOE COMNPOTHUBJIICHME OETOHA OCEBOMY CXAaTHIO, TIE ¥, -
}/bc

KO3 PUIIUEHT HAJISKHOCTH 110 OETOHY MPH CKATHH, 3aBUCSIIUN OT BuJa OeTOHA.

R
R, = 7/}”” - pacyeTHOE COIPOTHUBIICHHE OETOHA OCEBOMY PACTSKEHUIO, TIE y,, -
bt

KOA(GOUIIMEHT HAJSKHOCTH TO0 OCTOHY MPU PACTHKEHUM, 3aBHCSIIMA OT BHIA
OeToHa.

[Tpu pacuere 371eMEHTOB KOHCTPYKIIMI pacueTHbIE COMPOTHBICHUS OeTOHA R,
U Ry B OTHENBHBIX CIy4YasX YMEHbBIIAIOT WIM YBEIMYMBAIOT YMHOXECHHUEM Ha
COOTBETCTBYIOIIME KOIPUIIMEHTH yCJIOBUS paboThl OETOHA y,, KOTOpHIE
YUUTBIBAIOT  Clenylomue  (pakTopbl:  JUIMTEIBHOCTh  JEHCTBUA  HArpy3KH;
MHOTOKPATHYIO MOBTOPSIEMOCTb HArpy3Kd; YCJIOBHS, XapakTep U CTaAui0 pabOThI
KOHCTPYKIIMH; CIIOCOO €€ U3rOTOBJICHUS; pa3Mephbl CEUEHUS U T. 1.

6.2.4 HopmaTuBHbBIE U pacyeTHbIE CONPOTHBJICHUSI APMATYPbI

Hopmamuenvie conpomuenenus apmamypvl R, yCTaHABIMBAIOT C YYETOM
CTaTUCTUYECKOM M3MEHUYMBOCTU IPOYHOCTH M IPUHUMAIOT PAaBHBIMH HaWMEHbBIIHUM
KOHTPOJIUPYEMBIM 3HAYCHHUSIM IIpeneia TeKy4ecTH, (PU3MYECKOTO WM YCIOBHOTO
(paBHOTO 3HAYEHHUIO HaIPSKEHUH, COOTBETCTBYIOIIHX OCTaTOYHOMY
oTHocuTeabHOMY Yy uiMHeHuto 0,2%). JloBepurenbHas BEpPOSTHOCTh HOPMATHUBHOIO
conpoTuBieHus apmarypsl — 0,95.
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Pacuemnuvie conpomusiieHusl apmamypol pacmAiceHuro ONpCaAcIsAtOT ACJICHUCM
HOPMATHUBHBIX COHpOTI/IBJIeHI/Iﬁ Ha COOTBCTCTBYHOHIIUC KOB(I)(bI/II_II/ICHTI)I HagCKHOCTH

R
110 Marepuaily:. R =-—",
Vs

r7e y,- KodQPuueHT HaAe)KHOCTH IO apMaType, 3aBUCSIINI OT Kjlacca apMaTyphl.

Pacuemnvie conpomuenenus apmamypsl cocamuio TPH HATHYUKM CLETUICHUS
apMmartypsl ¢ 6eToHOM: R = R_, HO HE Oosiee 400 MI]a.

[Ipu pacuere 371€MEHTOB KOHCTPYKLHI pacyeTHbIE CONPOTUBIICHUS apMaTypbl
B OTACJBHBIX CIly4asX YMEHbBIIAIOT WJIH YBEJIWYUBAIOT YMHOXEHUEM Ha
COOTBETCTBYIOIIME KOI(PPUIMEHTHl YCIOBHUS pabOThl apMaTypbl )y, KOTOpBIE
YUHUTBIBAIOT BO3MOYKHOCTb HEMOJIHOIO UCIOJIb30BAHUS MPOYHOCTHBIX XapaKTEPUCTUK
apMaTypbl B CBA3M C HEPaBHOMEPHBIM paclpe/le]ICHUEM HANpsHKEHUH B CEYEHHH,
HU3KOM MPOYHOCTHIO O€TOHA, YCIOBUSIMU aHKEPOBKH U T.I.

IIpu pacuere »31€MEHTOB Ha JEHCTBHE IONEPEYHOM CUJIBl pacuemHoe
conpomuenenue PpacmsdiCeHUur0 NonepeyHou apmamypbl CHUKAIOT BBEIACHHEM
Kod(ppuiueHTa yciaoBuil pabOThl B CBSI3U C HEPABHOMEPHBIM HarpyXeHHEM
HONIEPEYHBIX CTEPXKHEN Y5 = 0,8: R, =0.8R, .

6.2.5 KoagpuuueHTsl METOAA NPEACJIbHBIX COCTOSIHU I

[Ipu pacuere mo mpeaenabHBIM COCTOSHUSIM KOHCTPYKILHIO PacCMaTpUBAIOT B
npenensHoM cocTosiHuU. Bcee dakTopel, ompenenstonue padoTy KOHCTPYKLIHUU
(Harpy3ku, CBOMCTBAa MaTe€pUAIOB, YCIOBUS pabOThI U T. [1.), YYUTHIBAIOT pa3/ieiibHO.

Jnst storo BBOmAT cuctemMy AudGepeHIIMPOBaHHBIX  KO3(PPUIIMEHTOB
HAJECKHOCTHU: TI0O HArPy3Ke; 10 MaTepuaiy; 1Mo CTeNeHU OTBETCTBEHHOCTH. OTIAEIBHO
YYHUTHIBAIOT BEPOSTHOCTH COBMECTHOTO JIEHCTBUS HECKOJIBKHX BPEMEHHBIX Harpy30K
(ko3 duinmeHToM coyeTaHUM ) U OCOOEHHOCTH PabOThl  KOHCTPYKIUN
(k03QduLMEeHTOM yCIOBUN PabOTHI).

" KOO(Q(QUUMEHT HAJEKHOCTH IO HArPy3Ke y, YYUTBIBAET BO3MOXKHOE

OTKJIOHCHHE HArpy30K B HEOIArONMPHUATHYIO CTOPOHY OT WX HOPMATHBHBIX 3HAUCHHUM,
KaK B CHJIy €CTeCTBEHHOW M3MEHUYMBOCTU HArPy30K, TaK U OTCTYTUICHUA OT YCJIOBHMA
HOPMAaJIbHOW DKCILTyaTarlvH.

Kosppunuenter y, ycranosnenst B CHull 2.01.07-85* “Harpysku wu

BO3JCUCTBUS .
* ko3h(ULMEHT HAAEKHOCTH N0 HazHayeHutro y, (KodpduuueHTt

OTBETCTBEHHOCTH)  YYMTHIBAET CTENEHb OTBETCTBEHHOCTH  COOPYXKEHUS U
oOecrieynBaeT 3aJJaHHBIN ypOBEeHb HaZeKHOCTU. Ha 3ToT KOadduimeHnT ymHoxkaercs
BEJIMYMHA JIEUCTBYIOIIUX HArpy30K.

31aHust ¥ COOPYKEHHUS MO CTETEHH OTBETCTBEHHOCTH, KOTOpasi OMpeesieTcs
pa3zMepoM MaTepuaibHOTO U COLMAIBLHOTO yliepOa Mpu OTKase, AeNAT Ha TPH Kiacca

(YpOBHS).
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Kuaace I. OcHoBHbIE 37aHHS UM COOPYKEHHsSI OOBEKTOB, HMEIOIIMX 0CO000
BaXXHOE HApOJHOXO3SMCTBEHHOE MW (WJIM) COLMAJIbHOE HA3HAYEHUE, - TJIaBHBIC
kopnyca TOC, ADC, ueHTpajibHbIE Y3JIbl JOMEHHBIX I€4Yeil, JIBIMOBBIE TpPYOBI
BbicoTOM Oonee 200 M, TeleBU3MOHHBIE OaliHu, pe3epByapbl i1 HePTH WU
HEe(TEPOLYKTOB BMECTHMOCTBIO CBbIe 10 THIC. M, KpBITBIE CIOPTHBHbIC
COOpPYKEHMsI C TPUOYHAMHU, 37aHUsI TEATPOB, KUHOTEATPOB, LIUPKOB, KPBITHIX PHIHKOB,
y4eOHBIX 3aBEIECHUM, JETCKUX MAOLIKOJBHBIX YUYpPEXKACHUN, OOJIbHUIL, POIUIIBHBIX
JIOMOB, My3€€B, T'OCYJIJapPCTBEHHBIX apXUBOB U T. I1. y, =1

Kaace II. 3manuss u coopyXeHHs OOBEKTOB, HMEIOLIUX OrPAHMYEHHOE
HAPOJHOXO3SIMCTBEHHOE U (WJIM) COIMAIbHOE 3HaUY€HHUE (OOBEKThI MPOMBIILICHHOTO,
CEJIbCKOXO3SIICTBEHHOTO, JKWJIUIIHO-TPAKJAHCKOIO HA3HAY€HUsT M CBSI3U, HE
powmenmue B I u III knaccesr). y, =095

Kaace III. 3ganust u coopyxeHus: OOBEKTOB, HMMEIOIIMX OrPAHHMYECHHOE
HApOJHOXO3SIICTBEHHOE U (WJIM) COLMAlIbHOE 3HAUY€HHUE, - CKIaAbl 0e3 IpOIECcCCOB
COPTHUPOBKM U YIAKOBKH IS XPAHEHHS CEIbCKOXO3SMCTBEHHBIX MPOAYKTOB,
yIOOpEeHHI, XUMUKATOB, Yyris, Topda W 1p., TEIUIHIIBI, TApPHUKH, OTHOITAKHEIC
KWIbIE JI0Ma, OMOPBI MPOBOJHOM CBSI3H, ONOPbHI OCBELIEHUS HACEJIEHHBIX IYHKTOB,
BPEMEHHbIE 3[aHUS U COOPYKEHUS, OTpafbpl U T. . ¥, =0,9

* go3(pduuments ycinoBuid pabOTBI  y,, ¥, TMO3BOJAIOT OLECHUTH
HEKOTOPbIE OCOOEHHOCTH MAaTEPHAIOB U KOHCTPYKLUUW B LIEJIOM, KOTOPbIE HE MOTYT
ObITh OTpa)KEHbI B pacyeTax MPSMbIM NyTeM. 3Ha4eHHS KOIP(PULIUEHTOB y, , 7,
npusenensl B CHull 2.03.01-84* «beToHHBIE U %Ke1e300€TOHHBIE KOHCTPYKITHN).

" K03()PUIHMEHTH HANEKHOCTU MO MaTepuaiam y,., 7, , 7, YUATHIBAIOT
U3MEHUYMBOCTh MX MPOYHOCTHBIX CBOMCTB. 3HaueHUs KOXDOUIMEHTOB y,., 7, , 7,

npusenensl B CHull 2.03.01-84* «beToHHBIE U %Ke1e300€TOHHBIE KOHCTPYKITN.
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7 U3rudaemMsbie 3JI€eMEHTDBI

7.1 KoHCTpYKTHUBHBIE TPEOOBAHUA K APMUPOBAHMUIO 3JIEMEHTOB

B nensax obecrieueHus MPOYHOCTU TMPHU IKCIUTyaTallMK, TPAHCIOPTUPOBAHUH,
XpaHEHUH WU MOHTaXe, I BOCHPHUATUS HEYYUTHIBAEMBIX PACUY€TOM pPa3IMYHBIX
ycwinii (ycallouHbIX, TEMIIEPAaTypHbIX), a TaKke TpeOyemMou JOJTOBEYHOCTH W
COBMECTHOM paboThl apMaTypbl U O€TOHA MUHUMAJIbHBIM MPOIEHT apMUPOBAHUS [
paboueit TpoI0ILHON apMaTyphbl MPUHUMAIOT PAaBHBIM:

g = (18)

Ab
rine Asmn, — MUHMMAaJIbHAs IUTOIIA[b CEYeHUsi pabodeil MpOJOJbHON apMaTyphl,
A, =b-hy- TUIOIIAJb HOPMAJILHOIO ceueHUsi 0e3 yueTra CBECOB IMOJIKU TaBPOBBIX U

JIBYTaBPOBBIX CEUYCHUM.
MuHUMalIbHBIN MPOLEHT apMHUpPOBaHUS paboyeil MpOJOJBHOW apMarypbl B
u3rubaemMpix djemMeHTax 4, =0,05. MakcumanbHOe colepkaHue pabdoueit

IpOAOJIBHON apMaTypbl B HOPMaJIbHBIX CEYEHMSIX 3JIEMEHTOB MPUHUMAIOT He Oosee
3%.

KonctpyktuBHble TpeOoBaHHMs K MHUHHUMAIbHBIM PACCTOSHUSAM  MEXIY
crepxkHsiMu  apmatypel npuBegensl B CHull 2.03.01-84* «beronneie u
&KeJe300€TOHHbIE KOHCTPYKLIAN.

7.2 KoncTpyupoBanue IJIMT

IInuma — miockas KOHCTPYKIIMS, TOJIIMHA KOTOPOH 3HAYUTEIHHO MEHbIIE
IIUPUHBI U IJTUHBI.

Munumanvuas monwuna naum:
40 MM — IUTATHI TOKPBITUH;
50 MM — TUTUTBI IEPEKPBITUH KUIBIX U OOIIECTBEHHBIX 3/IaHHM;
60 MM — IJTUTHI IEPEKPHITUI TPOMBIIIICHHBIX 3aHHM.

Ilpooonvroe apmuposanue naumsl — CTEPKHHU YKIIAJIBIBAIOTCS MapajlieIbHO
HAIPaBJICHUIO U3TH0Aa MIIUTHI.

[TuTEI MOTYT OBITH OTHONIPOJETHBIMA U MHOTOIPOJIETHBIMH (B COOTBETCTBUU
C pUCYHKOM 23), 0aJJOYHBIMU U ONEPTHIMU MO KOHTYPY, COOPHBIMU U MOHOJIUTHBIMH.

[1nuThl OOBIYHO APMUPYIOT CBAPHBIMU CETKAMU.

Jluamemp pabouux cmepoicreti CBApHBIX CETOK HE MEHEE 3 MM, BSI3aHBIX CETOK
HE MeHee 6 MM.

Paccmosnue mesncoy ocamu pabouux cmepoicueti S, TOJDKHO ObITH HE Ooliee
200 mM, ecii BeicoTa TIUTHI # MeHee 150 mM. Ipu Beicote muthl 150 MM u Gosee
S1 = 1,5h. Ilonepeunvie cmepocnu pacnonarator ¢ marom S, = 250...300 mm (B
COOTBETCTBHH C PUCYHKOM 23, @), HO He pexke yeMm depe3 350 mm. OOrmiee ceueHne
MOTIEPEYHBIX CTEPKHEH nMpuHUMatoT He MeHee 10% cedyenus padodeil apMaTyphl.
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Tornwuna 3awumnozo cnosa sl MPOAOIBHON padouell apMmaTypbl B IIUTaX
npuHuMaercs He MeHee 10...15 mm.

a)

podcyoa apMomypa nonepedHas cpMamypn

52 N podoHos apHMomypn
NoNepe4Has 0OpHMAmypa
6) ‘ » p L L 1
% O O O % h Sﬁgh;HOH€6OH€€200MM.
I
/ 5 BepmuknALHOA
pudoyos apMompyu NonepesHLs apMamypo.
Pucynok 23. ApmupoBaHHE IUINT:

a — MHO20NPpOIEeNIHAAl MOHOJIUMHAA nauma,
O — OaHOI’lpOﬂel’nH(Jﬂ MHO2ONnyCcmomHas njiuma

7.3 KoncrpyupoBanue 0aJjioK

banka — 310 nuHeitHasE KOHCTPYKIIMS, pa3Mephbl MONEPEYHOT0 CEUEHUsI KOTOPOit
CYILIECTBEHHO MEHbIIIE JUIUHBI.

Koncmpyxkmuenuvle mpebosanus k pasmepam.
BeicoTa / kpatHO 50 MM, eciii 2 < 600 mm 1 kpatHO 100 MM, eciir /2 > 600 mm.
[Iupuna b~ (0,3...0,5)4, a umenno 100, 120, 150, 200, 220, 250 mM U Janee KpaTHO
50MM.

XKene3obetonnple  Oanku ~ OBIBAIOT  MPSMOYIOJBHOTO,  TaBpPOBOTO,
JIBYTaBpOBOT0, TPANELIUEBUIHOTO CEYEHUS (B COOTBETCTBUU C PUCYHKOM 24).

a) 0) B) r)
A

Pucynok 24. [lonepeuHnoe ceuenue 0anok:
a — npAMoy201bHoe, 6 — maspogoe, 8 — 08yMasposoe; MmpaneyuesuoHoe

banku apMupyroTcs CBapHBIMH M BSA3aHBIMU KapKacaMmH.

Munumanvuoiti ouamemp paboueu apmamypsr — 12 mMM. Munumanvubli
ouamemp HONEPeyHoU apmamypsl B CBapHBIX  KapKacax 3a/laeTcs U3 YCIOBUS
CBapUBAEMOCTH.

Lllae nonepeunvix cmepoicHel:
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- HA TPHUOTOPHBIX YyYacTKax iuHOW 1/4 mponera (B 30HE MaKCHMaJIbHOU
HONEPEYHOMN CHIIBI):

mpu h<450mMMm. ................. He Oosiee /1/2 v He Oosiee 150 mm;
mpu h>450MM. . . ... .. He Oosiee /1/3 u He 6osiee S00 mm;
- Ha OCTaJIbHOW YacCTH MpoJieTa. . . ... ...... He Oosiee 34/4 u He 60mee 500 MM.

Paccmosnua  meocdy npodonvHvimu cmepoicHAMU  CBAPHBIX W BSI3aHBIX
kapkacoB mnpuBeneHsl B CHull 2.03.01-84* «beroHHble u XKeae300€TOHHBIE
KOHCTPYKIIUNY.

7.4 Pacuer cedeHuil m3rub0aeMbIX 0aJIOK MO NMpeaebHbIM COCTOSIHUAM [
rpynnbl

7.4.1 O0muii cmocod pacyera MPOYHOCTH MO HOPMAJIBHBIM CeYeHUSM

PaccmoTpuM OJTHOMIPOJIETHYIO JKEJIE300€TOHHYIO Oaliky (B COOTBETCTBUHU C
PUCYHKOM 25), cBOOOJHO JISXkAIIYI0 Ha JIBYX OMOpax, CAMMETPUYHO 3arpyKCHHYIO
JBYMSI COCPEIOTOYCHHBIMY crilaMu. Ha onpeneneHHo# CTyIeHn 3arpyKeHusl B Oake
o0pa3yloTcsi HOpPMajlbHbIE M HAKJIOHHBIE TPEUIMHBI, B COOTBETCTBHUH C 3THUM
POYHOCTh U3TMOAEMBIX 3JIEMEHTOB PACCUMTHIBAIOT KaK MO HOPMAaJIbHBIM, TaK U IO
HAKJIOHHBIM ceueHUsiM. [IpOYHOCTh HM3rMOaeMbIX KeIe300€TOHHBIX KOHCTPYKIUN
paccuutbiBatoT 1o 11 craquu HJC.

s N

/r HOpHT ML & MpELLHY HOLKADHHEIE MPE LW LHB /r

o

Pucynok 25. Cxema nzrubaeMoit sxesne300€TOHHOW Oanku:
a-a — HopManvHoe cevenue, 6-6 — HaKIOHHOe ceyeHue

As
| .
4 s } — _,t/
‘=‘\
_ I N, =R,4,
5 ME <
I~ < As

N, =R.A,

T

Ny
|

I

|

|

1

|

I

7 |

Pucynox 26. CxeMa ycunuii npu pacuere NpoYHOCTH U3ru0AEMbIX 3JIEMEHTOB
110 HOPMAJIBHOMY CEYEHHIO
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B pacuerHoii cxeme ycuiuid (B COOTBETCTBUU C PUCYHKOM 26) MPUHUMAIOT,
YTO HA DJEMEHT JEWUCTBYeT u3rumbarommii MoMeHT M, a B apmaType U OeToHe
JNEUCTBYIOT YCHUJIUS,, COOTBETCTBYIOIIME HANPSIKEHUSIM, PaBHBIM PACUETHBIM
CONMPOTHUBJIEHUAM (TIPU YCIOBUH, YTO XapaKTEpP pa3pyLIECHUSI CEUEHUS] COOTBETCTBYET
1 caywato III cramgum HJIC, xoraga B pacTsHyTOM apmaType U CXaToM OETOHE
JOCTUTHYTHI MIPEACIIbHBIEC COMPOTUBIICHUS).

B OeroHe cxaToil 30HBI CIIOXKHYIO KPHUBOJUHEHHYIO SMIOPY HANPSKCHUN
3aMEHSIOT PSIMOYTOJIbHOM, T.€. HalpsbKeHHE B OETOHE R, MPUHUMAIOT OJMHAKOBBIM
10 BCEH BBICOTE CaTOM 30HBI. [Ipu 3TOM NMpUHUMAIOT, YTO OETOH PACTSHYTOU 30HBI
He paboraer oy, = 0.

Ceuenue reMeHTa MOXKET ObITh 000 CUMMETPUYHOMN (OPMBI.

B pactanyToll 30HEe MMeeTcs apMarypa IUIONIaAbl0 ceueHust A; ¢ pacyeTHbIM
CONIPOTHUBIICHUEM PACTSIKEHMIO R, B C)KAaTOM 30HE - apMarypa IUIOLIaJbI0 CEYCHHUS
A’y ¢ paCYETHBIM CONIPOTUBIIEHUEM CHKATUIO Rj..

PaBHOzeliCTBYIOIIIE HOPMATBHBIX HAMPSHKEHUI B apMaType U OETOHE:

N, =RA,; N/ =R, Al N, =R,4,,
rae A,- IIomaas ceueHust 0€TOHA CKAaTOW 30HBI.

N3 ypaBHEHUs paBEeHCTBA HYJIIO CYMMBI NPOEKUMN BCEX HOPMAIBHBIX yCUIMHN
Ha MPOJOJBHYIO OCh 3JIEMEHTAa MOXKHO ONpPENETUTh IUIOIIA/b CEYeHHs] OeToHa A
C)KaTOU 30HBI, a 110 HEU BBICOTY CKATOW 30HBI X.

R A -R,A, —R A =0.

OOmiee yciaoBHEe NPOYHOCTH M3rM0aeMbIX JIJIEMEHTOB 0 HOPMAJBHBIM
CEYCHUSIM: MOMEHT BHEIIHMX CHJI He [0/LKeH IPeBOCXOAMTh MOMEHTa
BHYTPEHHHUX YCHJHMH, T.€. NPOYHOCTH DJIEMEHTA JOCTAaTOYHA, €CJIA BHEIIHUHN
pacueTHbIi  KM3ruOAKIMA MOMEHT HE MPEBOCXOJIUT PACUYETHOM HeCcyllel
CIIOCOOHOCTH CEUYEHHUs, BBIPAXKEHHOW B BHJE OOpAaTHO HAIpPaBICHHOTO MOMEHTa
BHYTPEHHHUX CHUJL.

M, <M

Heut eHymp *
VYciioBUE NPOYHOCTH MPU MOMEHTAX, B3ATHIX OTHOCUTEIBHO OCH, IPOXOIAIIECH
yepe3 TOUKY MPUIIOKEHHS PAaBHOICUCTBYIOLIEH YCUIMM B PACTSHYTOM apMaType Aj:
M,, <RAz +R_A (h,—a'). (20)
BricoTy cxkaToil 30HBI X I CEUEHMM, XapaKTep pa3pyLICHUS KOTOPBIX
cootBercTByeT 2 ciyuaro III cragum HJC, xorpa paspyunieHue MNPOUCXOJUT IO
cKaToMy OETOHY XPYNKO, a HaNpsDKEHUsS B PACTAHYTOM apMarype MpeaelbHOTO
3HAYEHUS] HE JOCTUTaOT, TAKKE OIPEICIA0T U3 YCIOBUS PABEHCTBA HYJK CYMMBI
IIPOEKIMHA BCEX HOPMAJIBHBIX YCWJIMH Ha MPOJOJIBHYIO OCh 3JIEMEHTA, HO B 3TOM
ciay4dae R 3aMEHSIOT HAIIPSDKEHUEM o, < R, .

Ha ocHOBe »KCIEpUMEHTOB YCTAaHOBJIEHO, YTO HAMNPSHKEHUE o, 3aBUCUT OT
OMHOCUMETILHOU 8bICOMbL CHCAMOLL 30Hbl bemoHa & = x/h, .
I'panuynas omuocumenvHas 6bicoma CHcamou 30Hbl bemona &, = x, /h,, IpH

KOTOPOM pacTATMBAIOIIME HAINpPSDKEHUS B  apMaTrype HAyMHAKOT JOCTUIaTh
IpeleabHbIX 3HAYeHUW o, — R , 3aBUCUT OT Kjacca OeToHa M Kjacca apMaTypbl U

49



Haxoaurcs no (opmyne (25) CHull 2.03.01-84* «betonnsie U xene300€TOHHBIC

KOHCTPYKITU.
Takum o0pa3om, ceuenus, padotatromue mo 1 cuywaro Il cragum HJC,
(21)

YAOBJIETBOPSIIOT YCIIOBHUIO:
S < S
Ceuenusi, He YJOBJICTBOPAIONIME JAHHOMY YCJIOBHIO, COOTBETCTBYIOT 2
CIIyvaro.

7.4.2 Pacyer MNPOYHOCTH IO HOPMAJBHBIM CEYECHUSIM 3JIEMEHTOB

NMPSIMOYI0JIbHOI'0 M TABPOBOI0 NpoQuien

DJIeMEeHThl _NPSIMOYI0J1bHOT0 npodujisi ¢ OJAMHOYHONW _apMaTypoii (B

COOTBETCTBUH C PUCYHKOM 27).
BbIcoTy ckaToil 30HBI X ONPENEISAIOT U3 YPaBHEHUS! PABEHCTBA HYJIO CYMMBbI

HpOGKHI/Iﬁ BCCX HOPMAJIBHBIX yCI/IJII/Iﬁ Ha IIPpOAO0JIbHYIO OChb 3JICMCHTA:
RYAS'

RA -Rbx=0= RA =Rbx= x= .
R,b

: A

// I A N R, bx
= |
An :DXM S

%
. RA

Pucynoxk 27. IIpsMOyroJIbHOE CEYeHHE C OIMHOYHOM apMaTypOU U CXeMa YCHIIAN

hy

Ycnosue npounocmu no corcamotii 3oue:
M,.. < R,bx(hy—0,5x). (22)
Ycnosue npoivrHocmu no pacm;mymoﬁ apmamype.
M,,..<RA(h, —05x). (23)

Jlanubie (opMyJibl IPUMEHSIIOT MPU YCIOBUU & < &, .
B npakrtuke nns pacuera npsIMOYTOJbHBIX CEYEHUU C OJMHOYHOW apMaTypoi

UCIIONB3YIOT mabauunsiii memood. C 3Toi nenbio ¢popmyisl (22) u (23) npeobpasyroT

CICAYIOIIUM 00pa3oMm:
M =R, -b-x(h, —0,5x) = R, -b-x-ho(l—o,shl)sz ‘bx-hy(1-058)=R, -b-x-hy & =
0

=Rb.b.hl.h0.h0.§=Rb.b.g.hg.§=Rb.b.h§.am,

;¢=(0-059); a,=5-¢.

0
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M

o =" 24
"SR bR (24)
M:RS-AS(hO—O,Sx):RS-AS-ho(l—O,Shl):Rs-As-ho-g.
0
AS:L, (25)
Rs'ho.é,

Jns kodddunumenToB «,, & W ¢ cocTaBlieHa TaOmuna (mpuioxeHue A
HacTosimero ydeOHoro mocobus). [lo dopmyne (24) ompenensror «,, 3aTeM IO
TaOJUIE B 3aBUCHMOCTH OT «, HAaxOIsAT cOOTBeTcTBytomme ¢ u ¢ . [IpoBepstor
ycrnoBue ¢<¢&,. Ecnm ycrnoBue BBITIONHSETCS, HAXOAAT TpedyeMoe KOJIUYECTBO
apmatypsl 1o dpopmyie (25).

DJIeMeHThl _NPSIMOYI0JbLHOI0 _Npodusi ¢ 1BOWHOH _apmarypoii (B
COOTBETCTBUH C PUCYHKOM 28).

Ecniu mnpu pacuere nOpoYHOCTH DBJIEMEHTA NPSIMOYTOJIBLHOIO mpoduiist ¢
OJMHOYHOM apMaTypou OKa3aiaocCh, 4YTO & > &,, 3HAUUT MPOYHOCTH CHKATOM 30HBI

0eToHa HEeJJOCTAaTOYHO U apMaTypa B 3TOM 30HE TpeOyeTcs IO pacyeTy.

A/S Rb
b 2
__ R.S(’:I.;
% ) R ﬁ\ o
— = = —————_D__lT__ b DX
Ayt T g
A As R A,

Pucynok 28. [IpsiMOyrojibHOE CEUYEHHE C IBOMHOM apMaTypoi U cXxemMa yCUIui

Ycnosue  mpounocmu _no  cocamoui _3one  M3rubaeMoro  3JIEMEHTa,
apMUPOBAHHOI'O IBOMHOW apMaTypoMu:
M, <R, -b-x(h,—05x)+R_A' (h,—a"). (26)

BHeul

W3 ypaBHEHUs paBEHCTBA HYJIK CYMMbI MPOEKIUI BCEX HOPMAIbHBIX YCUIUU
Ha MPOJI0JIBHYIO OCh 3JIEMEHTA!
_RA R A

RbH

Ecin mpu pacdere HPOYHOCTH DJIEMEHTa MPSAMOYTOJBHOTO Hpodmis ¢
OJVMHOYHOM apMaTypod OKa3ajioCh, 4YTO ¢&>¢&,, NPUHUMAKOT & =&,, 3aTeM IO
TabJIMIIe HAaxXOIAT COOTBETCTBYIOIIEEe 3HaueHue «,,. Popmyny (26) npeobpasyem

RA —Rbx—R A =0= RA -R_A =Rbx= x

CleIyoIuM 00pazoM:
MeHem S RI) b ’ xR (hO - O’SXR) + RscA's (hO - a’) 7
M Sa’"R .Rb bhO2 +RscAls(hO _a’)‘ (27)

6Heu
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TpebOyemyro momaae cxatoil apMaTypbl A’y MOKHO ONIPENETUTh U3 (POpMyJIbI
(27):
14=A4—aw~&,bw§
T R Ay —d)
N3 ypaBHEHUs paBEHCTBA HYJIIO CYMMBbI IIPOCKIUN BCEX HOPMAJBHBIX YCUIMHI
Ha TPOAOJBHYIO OCb DJJIEMEHTa HaxoAiAT TpeOyeMyro IUIOIIALb pPaCTSIHYTOU
apMaryphl:

R A +R,b R A" +RbE N
RSAS _Rbbe _RALA_: = 0 :> As = = SR h XR = s g R b §R 0 .

A s

DJieMEHThI TABPOBOTO MPOduis.

PacyeTbl  MpPOYHOCTH  HEKOTOPBIX  JKENE300€TOHHBIX  KOHCTPYKIIHA
(MHOTOIYCTOTHBIC M PEOPHCTHIC TUIUTHI MEPEKPBITUI) CBOASTCS B MTOTEC K pacyeTy
TaBPOBOT'O CEUCHUs (B COOTBETCTBUH ¢ pUCYHKOM 29). TaBpoBoe ceueHnne odpasyercs
U3 NOJIKU U pebpa.

OCHOBHOE MPEUMYIIECTBO TaBPOBOTO CEUYEHUS Mepe]l MPSIMOYTOIbHBIM — 3TO
OTCYTCTBUE <(JIMIITHETO» OETOHAa B PACTSIHYTOM 30HE, TOITOMY B CpPaBHEHUU C
IPSIMOYTOJIEHBIM TaBPOBOE CEYCHHE 3HAYMTEIBHO BBITOJHEE, T.K. MPU OJAHOWU M TOU
kKe Hecylled crnocoOHOCTH (OETOH pacTSHYTOW 30HbI HE BIMSET HAa HECYUIYIO
CIIOCOOHOCTH) pacxoj 0€TOHA 3HAYUTEIHLHO MEHBIIIE.

a) L hn_ngx. o, ] f{: Dbg:x. oA |
‘ hbegx. nod, S ‘ Hf = hnegx. noa. ‘
1
- —J— =
| F::::’“ .
hHUJK. noa, DHIJ)N_ nan. i / DHLI)H. naa.
HUXHAA pOCMAHUMOA NaAKd As
B podome He yqacmbyem
b
ht
h.l’
b : ; —— As
b7] " 1
0) o]
b,=b,+b,

Lby] C |

Pucynok 29. [1nuTel NEPEKPHITUN U UX PACUETHBIE CEUYCHHUS:
a — MHO2ONYCmMmomHuas nauma, 6 — pebpucmas nauma

[Ipu GousbIION HMIMPUHE MOJOK YYaCTKU CBECOB, Ooliee yJajieHHBbIE OT pedpa,
HampspDKeHbl MeHbie. [losTomMy B pacdeTsl BBOJAT TOJIBKO YacTh IIOJIKH,
y4acTBYIOIIEH B paboTe — He 0oJiee MOJTOBUHBI PACCTOSHUS B CBETY MEXIY pedpamu
c u He Oomee 1/6 mpomera paccMaTpuBaemMoro 3JeMeHTa (B COOTBETCTBHH C
pucynkom 30, a).

52



[Ipu KOHCOJIBHBIX CBECax MOJIOK (B COOTBETCTBUU ¢ pucyHkoMm 30, 6) BBOaUMAs
B pacyeT IIMpPUHA CBeCa JI0JKHA COCTABIISATh:

-IpM A 200k .. He bonee 67

-1pu 0,05h<h} <O01h .............. He 6osee 34 ;

-TpH hy <005k ... CBECHI II0JIOK B pacyeTe HE YUYUTHIBAIOT.

a) DHDJ'I
1 4 2| T
L
‘p C
DH{JH
0)
L

Pucynok 30. Y4yacTku CBECOB TaBpPOBBIX CEUEHUI, BBOAUMBIE B PACUETHI:
a — 6 cocmase MOHOIUMHO20 Nepekpbimusl, 6 — NPu KOHCOIbHBIX C8ECAX NOJIOK

ea pacuemnulx cnyyas 8 a1emenmax magposo2o npouis
PacueTHplii cirydaid 3aBUCUT OT MOJIOKEHUS TPAHMIIBI CKATOW 30HBI OETOHA.
1 ciywai. I'panuia ¢KaTtod 30HBI IPOXOIMT B IOJIKE x </} . B oToM ciy4dae

TaBpOBOC CCUYCHHUC PACCUMTBHIBAIOT KaK MpPsIMOYIOJbHOEC C pa3sMepamMu b}xh(B

COOTBETCTBUM C PUCYHKOM 31), MOCKOJIbKY OETOH B PacTSHYTOM 30HE Ha HECYILYIO
CIIOCOOHOCTB HE BIIUSIET.

i '
X b; X BL:

|
NS
T~

I
=
-

_-
=
vy

p| Mol | | -

-
L J
ga
|

|

|
L_
-—
.

1__

Pucynoxk 31. 1 ciayuail moyioxeHUs! TPAHUIIBI C)KATOW 30HBI O€TOHA
B DJIEMEHTaX TaBPOBOTO MPOduIIs

2 cayyail. ['panuna cxkatodl 30HbI HaXOAMTCS B peOpe (B COOTBETCTBUHU C
pucynkom 32). Pacuer nmpoBoadr 1o ¢gopMysiaM TaBpOBOTO MPOQPHIIS.

b
x =4
o |

™0

Mo

Pucynox 32. 2 cnydaii moo)eHus TPaHUIIbl CKaTOW 30HBI O€TOHA
B DJIEMEHTaX TaBPOBOTO MPOdUIIs
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Onpeodenernue pacuemno2o cuyyas

[Ipu pemiennn nOpsaMoi 3amaud, T.€. KOrja HEOOXOAUMO OMpPEACIUTh
TpeOyeMoe KOJIMYECTBO PACTSHYTOM apMaryphl, MPEANojararoT, 4YTO HIKHSIS
rpaHuIla CKaTOM 30HBI MPOXOAUT MO HUXKHEW TpaHU TMOJKU (B COOTBETCTBUMU C
pucyHkoM 33), onpenensitoT BEIUYUHY HECYIIeH CIOCOOHOCTH TaBPOBOTO CEYECHUS
Ha M3THO M CPAaBHUBAIOT C BEJIMYMHON M3rM0aroIero MOMEHTa OT JICUCTBUS BHEIITHUX
Harpy3oK.

M,y <M, =R, b} -1, (hy—0,5h}) - TPAaHHLA CKATOM 30HBI HAXOIAUTCS B MOJIKE,

eHew

M, 2M, =R, b} -k} (hy—0,5h,) - rPaHALIA CXKATOM 30HBI HAXOMTCS B PEOPE.

6Heul
i
b,

R
hi=yx ~° o
ih;ZX L Rbf:rff.'f
M

¢

o | -
: ;t a R_A,

g

Pucynok 33. K onpeneneHuto pacueTHoro ciryyas
B AJIEMEHTaX TaBPOBOTO MpOoduIis

[Tpu pemenun oOpaTHOM 3ajayu, T.e. Koraa TpeOyeTcs MPOBEPUTH HECYILYIO
CHOCOOHOCTh 3JIEMEHTa NpPU H3BECTHOM  KOJMYECTBE  apMaTypbl B 3JEMEHTE,
IPaHULA CXXAaTOM 30HBI ONPENENACTCS W3 YPAaBHEHHUS DPAaBEHCTBA HYJIO CyMMBI
IPOEKIMHA BCEX HOPMAJIBHBIX YCWIMH Ha IPOJOJBHYIO OCb DJIEMEHTA:
_RA

R,

NPAMOYTOJILHHUK, a IIPH X > /', - CEYCHUE TaABPOBOT'O IPOQUII.

RA -RDx=0; x npu  x<h,  pacuYCTHbIM  CCYCHHCM  SBJIACTCS

Pacyer apMaTypbl pacTAHYTOI 30HBI B 3JIeMEHTAX TABPOBOro npoduias (B
COOTBETCTBUH C PUCYHKOM 34).

b
]
* ihf
h o s
AN
b
N Rb pobHodedcmbywuns Youaud
i R.(D'. =D, b oxamod aoHe checab nonok
e 2N S
= B9 R by
M{=F,] T " poBHodedcmbyowa s youaul
o b cxamol 3oHe pedpa
R A

R}

Pucynox 34. K pacuety pacTsiHyTOl apMaTyphl B 3JIEMEHTaxX TaBPOBOTO MPOuUIIs
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Ycnosue npounocmu no cocamotii 3oue:
M < R, (b}, —b)h) (hy —0,5k!) + R,bx(h, —0,5x) (28)
3ameHsst R,bx(h, —0,5x) Ha R,bhja, W3 yCIOBHUS MpoyHOCTH (28) ompeaensior

3Ha4YECHUE «,,:

_ M —R,(b, —b)h}(hy —0,5h})
" R,bh;
3HaueHue &. [Iposepsaror ycnoBue &< &,.

N3 ypaBHEHNs paBEeHCTBA HYJIIO CYMMBI NPOEKUMN BCEX HOPMAJIBHBIX yCUIMHN
Ha IIPOJOJIBHYIO OCh JJIEMEHTA:
R, (b}, —b)i}, + Rpx—R A, =0
OIIPEAEIAIOT HEU3BECTHOE KOJIUYECTBO TPeOYEMOI pacTsIHYTON apMaTyphl:
RO =)y + Ribx R, (] ~b)hj + RybSh,
’ R R

s s

o

, 3aT€M IIO Ta6J'H/IL[€ HaxogAT COOTBETCTBYIOIICC

Ecmu ¢& > &, , HeoOxoauma apmatypa B CKaTOM 30HE.

Pacyer apMaTrypbl C:KaTOi 30HbI B 3JIEeMEHTAX TAaBPOBOro mpodwuis (B
COOTBETCTBHUH C PUCYHKOM 35).
b’

A W e o Ry(BY — DI,
% 7 ;“hf R, A
M

| Do A, G: Rl TN T R, b,
o=k

[ 18 a Rs ‘_15

b

Pucynok 35. K pacuery cxaToif apMaTypbl B 2JIEMEHTaX TaBPOBOTO Mpoduis

[IpunumaeM ¢ = &,, T.e. 0ETOH CKAaTON 30HBI paboTaeT 10 Mpeena.

YcnoBue NpoOYHOCTH:
M < R, (b, —b)h (hy —0,5h}) + R,bx (hy — 0,5x,) + R
Ucnons3yss  R,bx,(h, —0,5x,) = R,bhjcc,, ™3 ycioBus mpouHoctr (29)

Al (hy—a'). (29)

ONPEIENSIOT HEU3BECTHOE KOJMYECTBO TPEOYEMON CKATOM apMaTyphbl:
2
_M-R, (b, =b)h); (hy —0,5h} )= R,bh;a,,
Rsc (hO - a’)
N3 ypaBHEHUS paBEHCTBA HYJIIO CYMMBbI IIPOEKIIUNA BCEX HOPMAJIBbHBIX YCHIIMI

Ha IIPOJIOJIBbHYIO OCh DJIEMEHTA:
R, (b} —b)h, + R,bx, + R A —R A, =0

sc S

!

OTIPEIEIISIIOT HEU3BECTHOE KOJIMYECTBO TPEeOyeMOii pacTIHYyTOW apMaTyphI:
RO b R+ RA, Ry (b =)y + RybEhy + R, A

sc \ sc \

N R R

N N
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7.4.3 PacueT NpOYHOCTH 3JIEMEHTOB M0 HAKJIOHHBIM Ce4eHUAM

Ha npuonopHbIX yyacTkax moj A€MCTBUEM MONEPEUHON CUIIbI U U3rUOAIOIIET0
MOMEHTa B CEUYECHUAX, HAKJIOHHBIX K IIPOJOJBHOM OCH JJIEMEHTA, Pa3BHUBAIOTCS
HanpsHKEHHO-1e()OPMUPOBAHHBIE COCTOSIHUS, KaK U B HOPMAJIbHBIX CEYEHUSX.

I'maBHBIE pacTAruMBarOLIME U IIABHBIE CKMMAIOIIME HAIPSOKEHUS ACHCTBYIOT
[IOJT YIJIOM K OCH (B COOTBETCTBUH C PUCYHKOM 30).

AUHUA 200 HEI X CHUM, HANP.

IR AR NN RERERY!

a
\N‘-b———

e -
r% \ AUHUA 210bHeN X pO.cm. HA.Np. WQ
a
Wi
a 0) O )
F

Pucynox 36. JIMHMY rIaBHBIX CKUMAIOIINX U PACTATUBAIOIINX HAIMPSKEHUN

Ecnu rnaBHbIE pacTATMBAIOIIME HANPSIKEHUS o, IPEBBICAT CONPOTHUBIICHUE

OeToHa pPacTsKEHUIO R, BOSHUKAIOT HAKJIOHHBIE TPEIIUHBI. PacTaruparomue ycuins
B HAKJIOHHOM TpelIrHEe nepefaroTcs Ha apMarypy. llpu panpHeleM yBeIUdeHUU
Harpy3Kd HaKJIOHHBIC TPEUIUMHBI PACKPBIBAIOTCS, HANPSKEHUS B apMarype JOXOMIST
0 TMpedelia TEKy4ecTH M MPOUCXOAUT pa3pylIeHHE »3JIeMEHTa BCIEICTBHE
pasnpoOseHusi O0eToHa HaJ BEPIIMHONW HAKIOHHOW TpEHIMHBI (B COOTBETCTBUU C
pucyHkom 37).

F pa3dpodneHue DemoHn,
Had BepwuHou mpew.

Pucynok 37. Cxema  paspylieHus
% 3JIEMEHTA M0 HAKJIOHHOMY CEYEHHIO

\~
/"

NN
LN

HOKNOHHOA MpeWUHO

Paspymienne m3rn6aeMoro sjieMeHTa Mo HAKIOHHOMY CEYCHHIO MPOUCXOIMT
110 OTHOMY U3 /Mpex 803MONCHbIX CIYYAes.

1. Pazopobnenue bemona HAKIOHHOU CHCAMOU NOJOCHI MeNCOY HAKIOHHbIMU
mpewunamu (B COOTBETCTBUU C pucyHKOM 38). IIporcXomuT mpw Majiol MIUpHHE
CCUCHHsS, KOTJa TJABHBIC CXKUMAIONINE HANPSHKCHHUS TMPEBBIMIAIOT PACueTHOE
COMPOTHUBJICHUE OETOHA CHKATHIO R),.

56



HOKAOHHOA CXOMOA NON0CO

A
>
Yy, L Pucynox 38. Paznpobnenue 6eTona
j// HaKJIOHHOM CKaTOW MOJIOCHI MEXIY
“~
?I HAKJIOHHBIMU TPEUTMHAMHU
QT HOKAOHHE e MPpellUHEl

DKCIepUMEHTAILHO ~ YCTAHOBJICHO, 4YTO  IMPOYHOCTh  JKEJI€300C€TOHHBIX
3JIEMCHTOB I10 HAKJIOHHOW II0JIOCE MEXJY HAKJIOHHBIMH TpEIIMHAMHU OOecIedcHa,
eciu coOJII01aeTCs yCIOBHE:

0<03¢,,¢,R,bh,, (30)
rie  ¢,- KodhOUIMEHT, YYUTHIBAIONINN BIUSHAE XOMYTOB, HOPMAJIbHBIX K
IPOJIOJIBHOM OCH DJIEMEHTa, ompenensercs mo ¢opmyne: @, =1+5au, <13, 1O
a=E/E,, u,=A,I/Ibs); @,- onpenensercsa no popmyne: ¢, =1-pR,, 1A [ —
kod(punueHT, 3aBucsaIui oT Buja 6etona; R, - B Mlla.

Ecan YCIOBHUC HC CO6J'II-0I[a€TC}I, HCO6XOI[I/IMO YBCIMYNUTL PAa3sMCPbl CCUCHUA
WJIA TIOBBICUTH KJIacC OETOHa.

2. Cogue no HAKIOHHOMY CceueHuro om Oelicmeus nonepeunou cunvl (B
COOTBETCTBHUM C PUCYHKOM 39).

g
7

|~
?. Pucynok 39. Casur 1o HakJIOHHOMY

|~

e
<

== CEUCHUIO OT JICMCTBUS MOMEPEYHON CUIIbI
Té HOKAOHHOA Mpeuw uHd
| a
A
ObpazoBanue HAKIOHHOW TPEIIMHBI IPOUCXOIUT MPH 7, =0, = 9 >2,5R,,.

0

Ilpn paspyuieHur NPOUCXOIUT B3aUMHOE CMELICHHWE YacTed DJIEMEHTa I10
BEPTHUKAJIU.

Pacdyer mpoOYHOCTH HAKIOHHBIX CEYEHUW HA [JEUCTBUE IIONEPEYHOM CHIIbL
IPOU3BOJAT B 00513aTEIBHOM HOPSIKE.

Ecan kacarenpHble HANpsDKEHUsS HE JOCTUIAlOT MAKCUMAJIbHOIO 3HAYEHMS,
HaKJIOHHBIE TPEIIMHBI HE 00pa3yroTCsl.

T.e. ecniu Q <2,5R,,bh,, HONIEPEYHAsL apMaTypa CTABUTCS KOHCTPYKTUBHO.

[Ipn pacnosioKeHUH COCPEeNOTOYEHHON cuibl F O6nu3ko Kk omnope (a/h <
1....1,5) TpemMHOCTONKOCTh HAKJIOHHBIX CEUEHUN YBEIMYMUBAETCS TEM OOJIbIIE, YeM
omke cuta F k onope.
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3. H310M no HaKIOHHOMY ceuenuio om Oeucmeus us2udarowe2o momenma (B
COOTBETCTBHUH C pUCyHKOM 40).

Pucynoxk 40. N310m o
HAKJIOHHOMY CE€YEHUIO OT
JENCTBUS N3TUOAIOIIEr0 MOMEHTA

HOI[ BOSI[CﬁCTBHGM I/I3FH6aIOHICFO MOMCHTaA TIJIaBHBIC PaCTATINBAIOIINC
HAIIPSOKCHUA HAYWMHAKOT IIPCBLIIIATL COIIPOTHUBIICHUC PACTAKCHHIO O, >R

bt,ser 9
00pa3yloTcs HAKJIOHHBIE TPEIIMHbBI C MaKCUMaJbHBIM PACKPBITUEM B PACTSHYTOU
30He. beToH pacTsaHyTOW 30HBI BBIKIIOYACTCS M3 PAOOThI, U BCE PACTATHUBAIOIINEC
yCUJIASL TIEpeNaroTcss Ha apmarypy. llpoumcxoauT B3aMMHBIM MOBOPOT YacTeu
aJeMeHTa OTHOCUTENbHO TOYKHM M (pucyHok 40). Ilpu cmabom 3aaHKEpUBAHHUU
apMarypa BbIIEpPIrUBaeTCs, MPU XOPOIIEM — C)KaTas 30Ha OEeTOHA COKpallaeTcs o
BBICOTE M PA3pyILIAETCS.

Pacyer mpoYHOCTH MO HAKJOHHLIM CEeYEeHHSIM HA JAelicTBHE MONmepevyHoH
CIJIBI 3JIEMEHTOB € NONePeYHOH apMaTypoi (B COOTBETCTBUU C PUCYHKOM 41).

/ ;] ’ﬂ‘.s 1[ q "
Y sw' sw | Hey
rpmf W

Pucynoxk 41. Cxema ycHiinii B HAKJIOHHOM CEYEHUH MPU PACUYETE €r0 MO MPOYHOCTH
Ha JEUCTBUE TIONIEPEYHON CHJIIBI

IIpoyHOCTH 37EMEHTa IO HAKJIOHHOMY CEYEHMIO Ha JIEMCTBUE IONEPEYHOMN
CHJIBI 2JIEMEHTOB C IIONIEPEYHOM apMaTypoi 00ecrIeunBaeTCsl yCIOBUEM:
0<0,; 0, :Qb+st+Qs,inc’ (31)
rae Q — mnomepeyHas CWJIa OT BHEIIHEHW HArpy3KH, PAcHOJIOKEHHOM IO OJHY
CTOPOHY OT paccMaTpPUBAEMOr0 HAKJIOHHOTO CEUECHUS;
Q) — onepeyHoe yCuiue, BOCIpUHUMAaeMOe OETOHOM, OIpeesseTcs no GopMyJie:
0y (149, +0,)R, bhg
0, = c

> @, (1+ 9, +¢,)R, bh,, (32)
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rae: ¢,,- Ko3(pUIMEHT, yYUTHIBAIONIMK BJIMSHUC BUAAa OCTOHA (IS TSKEIOTO
OetoHa ¢,, =2);
@,- KOdQQUUMEHT, YYUTBHIBAIONIMI BIMAHUE CKATBIX MOJNOK B TAaBPOBBIX U

b —b)h'
JIBYTaBPOBBIX DJIEMEHTAX, ompenessiercs mo Gopmyne: ¢, = 0,75g <0,5, rae
(1]

b, <b+3h);
@,- KO3(QQHUIMEHT, YYMTHIBAIOIIMI BJIUSHHE MNPOAONBHBIX CHI (YYeT BIMSAHHS
IIPEBAPUTENLHO-HAIIPSHKEHHOM — apMaTypbl),  OIpPeaesseTcs nmo  Qopmyie:

N
o =01 " <05,

R,.bh,

3navenue (1+¢, +¢,)BO BCEX Clydasx IPUHHUMAETCS He Oonee 1,5.

@,;- K0d(hOUITMEHT, YYUTHIBAIOIIMN BIMsSHUE BUJa OeToHa (I TsKeIoro OeToHa

®,; =0,6).
ITonepeunsie ycunust Q,, ¥ Q,, ONPENEIATCS KaK CyMMa IPOEKIMH Ha

HOpPMaJIb K IIPOJOJIBHOM OCH 3JIEMEHTa IPENEJIbHBIX YCWIMH COOTBETCTBEHHO B
XOMYTax M OTru0ax, nepeceKkaronux OrnacHyo HaKIOHHYIO TPEIIHHY.

Kene300eTOHHBIE JJIEMEHTHI PEIKO apMUPYIOTCS OTrHOaMH, IOATOMY B
YaCTHOM ciiy4dae Q,, . MOKHO HPUHATH PAaBHBIM HYIIIO.

s,inc

JU1st 3JIEMEHTOB € IIONEPEYHON apMaTypod B BHUJIE XOMYTOB, HOPMAJIbHBIX K
IIPOJOJIBHOM OCH OJJIEMEHTa M MMEKIIMX IIOCTOAHHBIX WIar s B IIpelenax
paccMaTpuBaeMOro HaKJIOHHOI'O CEYCHMS, 3HAYCHHE C) COOTBETCTBYECT MHUHHUMYMY
BbIpaxkeHus Q, + 0,,, ONpeAesieMoMy 1o Gpopmyiie:

w

= ¢b2 (1 + ¢n + ¢f )Rbtbh(? , (3 3)

qSW’
rac ¢, — YCHIMC B XOMYyTax Ha CAWMHHIY JIMHBI 3JICMCHTA, OIIPCACIIACTCA II0

R A
dopmyne: ¢, =%, IIpu 5TOM JJIs1 XOMYTOB, yCTaHaBJIMBACMbIX IO pacyery,

, @ (1+ @, +,)R,b
JIOJDKHO YIOBJIETBOPATHCS YCIOBHE: ¢q,, > 5 .

JInst TakMX SJIEMEHTOB 3HaueHue Q. omnpenensercs no Gopmyre:
st = qswCO * (34)

KOHCTPYKTHBHBIC __TPeOOBAHMS 1O APMHMPOBAHUIO _ NONEPEYHBIMH
CTePKHAMHU.

[Tonepeunass apmarypa B  OallOYHBIX M  I[UIMTHBIX  KOHCTPYKIIUSX,
YCTaHABIINBAECTCSA:
- HA TPHUOTOPHBIX YyYacTKax iuHOW 1/4 mponera (B 30HE MaKCHMaIbHOU
NONEPEYHOMN CHJIBI):

mpu h<450mMMm. ................. He Oosiee /1/2 u He Oosiee 150 mm;
mpu h>450MM. . .............. .. He Oosiee /1/3 u He 6osiee S00 mM;
- Ha OCTaJIbHOW YacCTH MpoJieTa. . . ... ...... He Oosiee 34/4 u e 60mee 500 MM.



PacyeT nMpo4YHOCTH MO HAKJOHHLIM CEYEeHHUSAM HA JAelcTBHE MOonmepevyHoM
CIJIBI DJIEMEHTOB 0€3 MONepPeYHOol ApMATYPhI.
[Ipo4HOCTH BPNEMEHTA MO HAKJIOHHOMY CEYEHHMIO HA JCUCTBUE IOIEPEYHOU

CHJIBI DJIEMEHTOB 0€3 MOMEPEUHON apMaTyphbl 00ECIIEYMBAETCS YCIOBUEM:
1+ ¢ )R, bh?
QS(/)M( ®,)R,,bh, , (35)

c
rJIe NpaBas 4YacThb YCJIOBHMS NpUHUMAaeTcs He Oonee 2,5R,bh, W HE MeHee

@,;(1+¢,)R,,bh, .
Koadpdunuent ¢,, yauteiBaeT BIusHUE BUJa OeToHa (U1 TsDKeIoro OeToHa
Py =1,5).
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8 BHelleHTPeHHO-C:KATHIE JIEMEHTBI

B npouecce pabGoTel peanbHONW KOHCTPYKIIMHM BCErjla MPUCYTCTBYIOT
ciiy4yaiiHple (akTOpbl, KOTOPbIE MOTYT MPUBECTH K CMEILIEHHIO PACYETHOM TOYKHU
npuioxkeHus: cuiibl N. Kpome Toro, m3-3a HEOJHOPOAHBIX CBOMCTB OeToHa (pa3Has
neOpMaTUBHOCTh M MPOYHOCTH JaXKE B IMpe/esiaX OJHOI0 CEUCHHs) HAINpPSIKEHUS B
CEYCHUU CTAHOBATCS HEOJUWHAKOBBIMHU, 4YTO TaKXe€ IMPUBOJUT K CMELIECHUIO
IPOJOJABHOM CHWIIBL. [l LEHTpalbHO-PACTSHYTHIX 3JIEMEHTOB 3TO HE OINACHO, T.K.
nociie o0pa3oBaHUs TPEUIMH B HUX pabOTaeT TOJIBKO apMarypa, HANpSOKEHUS B
KOTOpPOM IO JOCTHMKEHUM TEKY4YECTH BBIPABHHMBAIOTCA. B CKATBIX AJ€MEHTax Hae
HEOOJBIIION  DKCIEHTPUCUTET TMPUBOJUT K HEPABHOMEPHOCTH  HOPMAJIbHBIX
HaIIPSDKEHUM M K MCKPUBIICHUIO IPOJIOJIBHOM OCH, YTO OINACHO B CMBICIE ITOTEPH
YCTOWYHUBOCTH.

[TosTOMy pasnu4aroT 2 BUJa SKCLIEHTPUCUTETOB: pacuemuvle U CIyuauHble.

Pacuemnwiii skcyenmpucumem e, MONY4YalOT U3 CTAaTUYECKOro pacyera (B
COOTBETCTBHUH C PUCYHKOM 42).

o Ni M=N-ey; e =L,
1 M

| Pucynok 42. BHenEeHTpEeHHO-CxKAThIN
| 3JIEMEHT C PACYETHBIM IKCLIEHTPUCUTETOM
l

''''''''''''''''''''''''''''''''''''''''''''''''''''

Cryuaiinwiii 9xcyeHmpucumem e, — BeIMUYMHA HeomnpexaesneHHas. [IpuunHoi
BO3HUKHOBEHHUSI ~ MOTYT  SIBJISITbCSI ~ HETOYHOCTh ~ MOHTaXa,  HEOJHOPOJHOE
OeTOHUpOBaHUE, NIEPBOHAYAIbHAS KPUBU3HA DJIEMEHTA, CIy4YailHble TOPU30HTAIbHBIE
CWJIBI M Apyrue ciydaiinbie Gaktopbl. CiaydailHblil SKCHEHTPUCUTET MPUHUMAIOT HE
Menee 1/600 mmmHBI 3neMeHTa, He MeHee 1/30 BBICOTHI ero ceueHus U He MeHee 10
MM.

B cratuuecku-onpeneauMbIX CUCTEMAX: e=¢, +e, .

B CTaTUYCCKHU-HCOIIPCACIIUMBIX: e =¢,, HO HC MCHCC ¢, .
K »aementam co CﬂyqaﬁHBIMH OKCOCHTPUCUTCTAMH OTHOCATCA CHKATbIC

aneMeHThl (epM. B ocTambHbIX choydasx OOBIYHO JKCLUEHTPUCUTETHI HMEIOT
PaCUETHYIO BEJIUYUHY.

8.1 KoncrpynpoBanue BHEIIEHTPEHHO-CKATHIX 3JIEMEHTOB

BHeHeHTpeHHO—C)KaTI)Ie QJICMCHTbBI ueﬂecoo6pa3Ho BBIIIOJIHATL C Pa3BUTbLIMU
IMONCPCYHBIMHA CCUCHHUAMU B IIJIOCKOCTHU I[CﬁCTBHH MOMCHTA.

61



JUIs cKaThIX 3J€MEHTOB MIPUMEHSIOT OETOH KJIAaCCOB IO IPOYHOCTH HA CKaTUE
B15 + B30, apmarypy knaccoB A-II, A-III. Jluamerp npoAoiapHON CTpEKHEBOM
apMaTypsl Uil MOHOJIMTHBIX KOHCTpykKuud 12...40 mm. B kadecTBe mnornepeyHoin
UCITONB3YIOT apMaTypy Kiaccos A-I, Bp-1.

[IpoonbHYI0 W MONEPEUYHYIO apMaTypy OOBEIUHSAIOT B IUIOCKHE U
IPOCTPAaHCTBEHHBIE KapKachl: CBapHbIE WJIM BsI3aHblE, C JKECTKOM WM C THOKOU
apMaTypoi (B COOTBETCTBUU C PUCYHKOM 43).

a)

0)

= B) r)

L 2 (@)

WNUNbKO

Pucynoxk 43. IIpuMepbl apMUPOBaHHUs CKATBIX AJIEMEHTOB:
a — ceapHoll kapkac, 6 — c6apHOU KapKac ¢ RPOMENCYMOYHbIMU CIEPHCHAMU,
8 — BA3AHBIU KAPKAC, 2 — KAPKAC C AHCECMKOU apmMamypou

1
p | I— 1Y

,—/
1

2

e

7,

1
N
!

]

ApMupoBaHHe IS CKATHIX AJIEMEHTOB MOKET OBITh
CUMMETPUYHBIM H HECUMMETPUYHBbIM. CHMMETPUYHOE
apMUpOBaHWE TPUMEHSAETCS B  Cllydyae  JICUCTBUSA
CIIy4alHOT'O AKCLUEHTPUCUTETA, T.K. HEU3BECTHO, C KAKOU
CTOPOHBI JCHCTByIOIIas cuiia OyJeT pacmoyioKeHa OT
JVUHUM  UEHTpA  TsOKECTH. TakkKe  CUMMETPUUYHOE
apMHUpOBAaHUE IMPUMEHAECTCA B  Cllydyae  JCUCTBUSA
U3TUOAIONUX MOMEHTOB pa3HBIX 3HAKOB, OJIM3KUX 10
BEJIMYMHE.

Pucynok 44. Cxema apMupoBaHus
CHKATBIX DJIEMEHTOB:
1 — pabouas apmamypa, 2 — nonepeuHas apmamypad

Hacpimienne nonepeyHoro ceyeHus MHNPOAOJIBHOM apMaTypou OLEHHMBAKOT

A,
K03 (PULIMEHTOM apMUPOBAaHUS i IO popMyIie: u=—1

bh

MuHuManibHasi IUIOIIAJb CEYEHHS CXXATOM M PACTSIHYTOW MPOJOJIbHOU
apMaTypbl BO BHELICHTPEHHO-CXKATBIX JIEMEHTaX JOMyCKaeTCs paBHOM, Yo:

0,05................ npu A<17; A=1,/i.
0,1......... ... ... npu 17 < 1 <35;

02, 0 npu 35< 1 <83;

0,25 . ... npu 1 >83.
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Tonmuua 3ammUTHOTO ClIos A7 pabouyuX CTEp>KHEH a AOKHA OBITh HE MEHee
nuaMeTpa cTpexHeld u He MmeHee 20 MM (B COOTBETCTBUM C PUCYHKOM 44).

Komonuer ceuennem 10 400400 MM MOXHO apMHUpPOBATh YETBIPbMS
IPOJOJIbHBIMU CTPEXKHSAMHU (B COOTBETCTBUM C PUCYHKOM 43, @), IPpU PACCTOSIHUSX
Mexay pabouumu crpexHsmu Oonmee 400 MM, crieayeT mpeaycMaTpuBaTh
IPOMEKYTOUYHBIE CTEPKHU (B COOTBETCTBUH C PUCYHKOM 43, 0).

[Tonepeunble CTpPEXHH MPEAOTBpaAlIalOT OOKOBOE BBINyYHMBAHUE pabOUUX
cTepkHel. PaccTositHue MeXIy HUMHU S JOJDKHO OBITh MPH CBAPHBIX KapKacax He
oonee 20d, npu Bsizanblx — 15d, HO He Oonee 500 MM (d — HAUMEHBIIMN JTUAMETP
IPOJIOJIBHBIX CHKATBIX CTEpKHEN). PaccTosHme s OKpyTIIAOT 10 50 MM.

[IpumeHsTh O4eHb THOKHE CXKAThIe DJIEMEHTHI HEPAIIMOHAIBLHO, MOCKOJIBKY HUX
HECyIas CHOCOOHOCTh CUIILHO CHIIKAETCS BCJIEACTBHE OOJBIION 1e(hOpPMAaTHBHOCTH.
g xomonH A =1,/i<120.

8.2 Pacuer npo4YHOCTH BHELEHTPEHHO-CKATHIX JJIEMEHTOB

CyliecTByIOT 2 pacueTHBIX CIIyvas.

I cmyuau (&E<¢&,). BHeneHTpeHHO-CXKaTble 2JIEMEHTHI C  OOJBIIUMU
AKCIIEHTPUCUTETAMH TPOJIOJABHON CHUJIbI (B COOTBETCTBHUM C PHUCYHKOM 45, a).
DJIeMEHT BeJieT ce0s, Kak u3rudaeMbiil. YacTh ceueHus pacTsiHyTa, UMEET TPEILIUHBI,
pacTAruBarollee yCwine BOCIPUHUMAETCS apMaTypoil. YacTh ceueHusl C:KaTo BMECTe
¢ apMmarypou. PaspymeHue HadyMHAeTcs C JOCTHIKEHUS Mpelesia TEKy4yeCTh B
pacTSHYTOU apMaType, 3aBepIIaeTCsl pa3pyIlIEHUEM CKATOM 30HbI OETOHA.

2 cnyyau  (E>&,). BHEUEHTpPEHHO-COKAThle  AJEMEHTHl € MajbIMU
AKCIIEHTPUCUTETAMU (B COOTBETCTBHH C PUCYHKOM 45, 6). CeyeHue aub0 MOITHOCTHIO

cxaTo, MO0 Ooiblie wacThio. Bcerma paspymiaercs BCICICTBHE Ppa3pyIICHHS
OEeTOHAa C)KATOU 30HHI.

R af
2) | 0) i
| e, | | I/ %
| )
= o
R{/-' M}R@; ot T R, A
> A Z 4,
) Z i 1 -

<Ly h, Ly h,

Pucynoxk 45. JIBa pacyeTHBIX Cily4yasi BHELIEHTPEHHO-CKATBIX 2JIEMEHTOB:
a — cayuatl 60IbLUWUX IKCYSHMPUCUMEMO8, O — CAYUAL MALbIX IKCYEHMPUCUMENM OB
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Cay4aii 60JbIINX IKCIHEHTPUCUTETOB (B COOTBETCTBUU C PUCYHKOM 46).
Hanpsokenuss B apmarype U O€TOHE paBHbI PACUETHBIM CONPOTUBJICHUSM:
Gb = Rb’ O-s = Rs ; Gsc = Rsc :

HewnsBecTHy0 BBICOTY C3KaTOM 30HBI OETOHA HAXOAST U3 YPaBHEHUS PaBEHCTBA
HYJIIO CYMMBI ITPOEKIMNA BCEX HOPMAJIBHBIX YCHJIMHM Ha MPOJOJIBHYIO OCh DJIEMEHTA!
N-R_ A +R A,

R,b

hi2 e, N+RA -R A —-Rbx=0= x=

7 7 l
1

all | |a

Pucynok 46. Pacuernas cxema
- BHELICHTPEHHO-CKaTOT0 AJIEMEHTA
I.

” T ¢ OOJIBIITNM 3KCIICHTPUCUTETOM

Yenosue oocmamounou Hecyweﬁ cnocobrocmu:
M, <M, ; N-e<R,-b-x(h,—0,5x)+R A\ (h,—a"); e=e,+h/2—a. (36)

snew enymp 2

[Ipu monmbope apmaTypbl HEM3BECTHBI Cpa3y 3 BEIWYHHBL A, A W X

[Ipunumaem x=x,; £=¢&, :Z—R.
0
_ RbbéRhO +R.§LA_S’ _N . r _ ]v.e_OKleebbh(]2

A

' R, T Ry —d)
Ecmu npu pacuere 4. <0, apMarypod HYXHO 3aJaTbCsi U3 MUHHMAJIBHOIO
IIPOLIEHTA ADMUPOBAHHUS.
[Ipu cumMmMeTpUYHOM apMUPOBAHUH, KOoTJa A, = A'; R, =R, :
N = Rybx: x:i; A=A = N-e—R,bx(h, —O,Sx).
R,b R, (hy—a’)

Ecmm A4, =4 <0,10 4, =4 = ;. bh,.

Cay4aii MaJbIX IKCIIEHTPUCUTETOB (B COOTBETCTBUU C PUCYHKOM 47).
Ycnosue docmamounoii Hecyujeli cnocobHocmu:
N-e<R, -b-x(h,—0,5x)+R A (h,—a'). (37)
HewsBecTHy0 BBICOTY C3KaTOM 30HBI OETOHA HAXOAAT U3 YPAaBHEHUS PaBEHCTBA
HYJIFO CyMMBbI IPOEKLHM BCEX HOPMAJIBHBIX YCUJIMM Ha MPOJOJIBHYIO OCh 3JIEMEHTA!
N+o. A —R_A —Rbx=0.
Jls Gerona knacca B30 u Huxke ¢ HeHanpsiraeMol apmatypoit A-1, A-11, A-111:
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0 OOblyHO B Cilydac MajlblIX OJOKCHCHTPHCHUTCTOB

a a’ PadrOHAJIbHO CUMMCTPUYIHOC apMUPOBAHUC.

N o = M—l R
: ’ 1-&, v
hi2|
|

Y Pucynok 47. Pacuetnas cxema
' BHEIICHTPEHHO-C)KaTOTO AJIEMEHTa
R, bx Ls C MaJIBIM 3KCIICHTPUCUTETOM

o A,

8.3 Yuer BiausiHUA rHOKOCTH HA HECYUIYI0 CIIOCOOHOCTH BHELCHTPEHHO-
CKATBIX JJIEMEHTOB

['uOkuit BHELICHTPEHHO-CHKATBIN 3JIEMEHT IOJ] BIUSHUEM
_ /N MoMeHTa mporubaercs, BCIEACTBUE YETO  HAYalbHBIN
f AKCLIEHTPUCUTET e, MPOJOJIbHBIN cuiibl N yBenuuuBaercs (B
coorBeTcTBUM ¢ pucyHkoMm 48). Ilpu »53TOM BO3pacraer
U3ru0aomuil MOMEHT, M pa3pylieHHEe MPOUCXOAUT MpU
MEHbLIEH MPOJIOIBHOU cuiie N.

Pacuer TakuMx D3JIEMEHTOB CJIEAYET BBIIOJHATH IO
L nepopMHpoBaHHOM  cxeme. Jlomyckaercs — pacCUMThIBaTh
ruOKre BHEIEHTPEHHO-C)KATble DSJEMEHThl MpPH TUOKOCTH
\ TV A=1,/i>14paccunThIBaTh MO MPUBEICHHBIM BbIIlIe (OpMYIIaMm,

l'-.
Vo \\ HO C y4YeTOM DKCIICHTPHUCHUTETA, IMOJYYCHHOTO YMHOXCHHEM
T7777K7777 HAYaJILHOTO 3HAYCHUS e, Ha Kodddunuent i > 1.

1

n= N (38)
Pucynok 48. -
VYyer BnusiHus nporuda N,
rae N, — yCIOBHasl KpUTHYECKAS CUJIA, OlpeAensieMas mo
dbopmye:
6,4E
=20 AR 401 [+, |, 39)
o | 9] 04
Pp
rae /,- pacyeTHas JMHA DJIEMCHTA,
5,-  Kod(QuIMEHT, TpPUHUMAEMbIi  paBHbIM  ¢,/h, HO HE  MeEHee

o

e,min

=0,5 —0,0112—0,0113,,, R,- B MIIa;
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@, - KO3(hPUIIMEHT, YYUTHIBAIOUIUN BIUSHUE JJTUTEIBHOIO JNEUCTBHS HArpy3Kud Ha
o M

nporu0 dJIeMEHTa B TPEASIbHOM COCTOSIHMM, PaBHBIM ¢, =1+ B—-, HO He Oonee
M

@, =1+, tae f — koaphunreHT, 3aBucAi ot Bujaa 6erona, M; u M — MOMEHTBI
OTHOCHUTEIILHO OCH, IPOXOIAIICH uepe3 IIEHTP HauboJjee pacTIHYTOrO WM HAaMMEHEe
C)KaTOTO CTEP)KHS apMaTypbl, COOTBETCTBEHHO OT JIEHCTBUS TIOCTOSIHHBIX U
JUTATETBHBIX HArPy30K U OT JACUCTBHS MTOJTHON HATPY3KH;

@, - KOOQOULUUEHT, yYMTHIBAIOIIMI BIUSAHUE IIPEABAPUTEILHOTO HANPSKECHUS
apMaTypel Ha JKECTKOCTh DJJIEMEHTa, IPU PABHOMEPHOM OOXATUU CCUCHHUS
O €
s
0, OTIPENENAETCS NPH y,, <1, R, NpUHUMAETCA Oe3 ydera Kod()(PHUUMEHTOB yCIOBHI

HalpsAraeéMoi apMaTtypodl ompenensercs 1o Qopmyne: ¢, =1+12 rae

paboThl 6eTOoHA; ¢,/ h mpuHUMaeTcs He Oonee 1,5; 4 = E /E,.

8.4. C:xaTple 3J1IeMEHTbI, YCHJIEHHbIe KOCBEHHBIM APMHUPOBAHUEM

Eciii B KOPOTKOM CKaTOM 3JICMEHTE YCTaHOBHTH IIONEPCUHYIO apMaTypy,
crocoO0Hy0 3(P(HEKTUBHO CIEPKUBAThH TOMEpeUYHbIe naedopMariii, STUM MOKHO
CYIIECTBEHHO YBEIMYUTh €ro HECYIIYI0 CIOCOOHOCTh. Takoe apMUpOBaHHE
Ha3bIBACTCS KOCBEHHBIM.

JUIs  KpyribIX M MHOTOYTOJIBHBIX IONEPEYHBIX CEYCHHH IMPUMEHSIOT
KOCBEHHOE apMHUPOBAaHUE B BHJIC CIIUPAJICH WM CBapHBIX KOJell (B COOTBETCTBHH C
pucyHkoM 49, a), s NPSAMOYTOJIBHBIX CEUCHHH — B BHJE YacTO pa3MEIICHHBIX
HOINEPEYHBIX CBAPHBIX CETOK (B COOTBETCTBHU C PUCYHKOM 49, 0).

2) 6)

- i Pucynoxk 49. CxxaTble 3J1€MEHTHI,
A, fl(,f YCUJIEHHBIE KOCBEHHBIM apMUPOBAHUEM:
ﬁ{/ a — CRUPAAMU UTU KOTbYAMU,
Z1 U\
I TTrm D4 O — ceapHvLIMU cemKamu
A " ' DL ™
e

l

X

KocBennoe apmupoBaHue TPUMEHSIOT BOJIM3U CTHIKOB COOPHBIX KOJIOHH, TTOJ
AHKEpaMHM U B 30HE AHKEPOBKHU IPEIBAPUTEIIBHO HANPSHKEHHOW apMarypbl s
MECTHOTO YCHJICHUSL.
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3T0 00BIACHAETCS MOBBIICHHBIM COMPOTHUBIIEHUEM OETOHA CXKATHUIO B Mpeeax
A1pa, 3aKII0YCHHOT0 BHYTPH CIIUPATIU WM CBapHOU ceTku. Criupainu, KOiblia, CETKH
no100HO 000KME CIAEpKUBAIOT IMONEpeuHble AepopManuu OETOHA, BO3HHUKAIOIINE
Opu TPOJOJIBHOM CKaTWM, W TEeM caMbiM OOYyCIIaBIMBAIOT IOBBIIICHHOE
COIIPOTHBIIEHUE OETOHA MPOJOIBLHOMY CXKATHUIO.

[lpu pacdere NPOYHOCTH CHKATHIX DJIEMEHTOB C KOCBEHHOW apMaTypoi
YUUTBIBAIOT JIMIIb YacTh OETOHHOro ceueHuss A., OrpaHMYECHHYI KpalHUMU
CTEP)KHSIMHU CETOK, KOJIbLIaMU MJIM CIUPAIbHOIN apMarypoil. Bmecto conporuBieHus
R, TpUMEHSIOT TPUBEICHHOE COINPOTHBIEHUE Rj,.;, KOTOPOE OMNpeAessieTcs Npu
apMHUPOBAHUM CBAPHBIMU CETKAMU, KaK:

Ryt =R, + ¢/leyR (40)

s,xy 2
riae R, — pac4eTHOE CONPOTUBIIEHUE apMaTYpPhl CETOK;
n Al +n, Al

SX°X

Ays

rae n, A,/ .- COOTBETCTBEHHO YHUCJIO CTEP/KHEH, IUIOLIAb MOINEPEYHOTO CEYEHHUS U

sx 27 x

- KO9(pPUIMEHT KOCBEHHOT'O apMUPOBAHUS CETKAMU,

Hy =

JUIMHA CTEP>KHS CETKU (B OCSIX KpalHUX CTEp>KHEMN) B OJIHOM HarpaBlieHuH (puc. 49,
0);
ny,A
A.r— muomane cedeHus: 0€TOHA, 3aKII0YEHHOTO BHYTPH KOHTYPa CETOK;

S — PacCTOSIHUE MEX/Iy CETKaMU;

@ — kod(pPurmeHT 3hPEeKTUBHOCTH KOCBEHHOTO apPMHUPOBAHMSI, OMPEICISIEMbINA IO
dbopmyie:

o1, - TO K€, B IPYrOM HalPaBJIECHNUH,

luxyRs,xy

, R;,, 1 R, B MIlIa.
R, +10° 2070

1
:7’1’ c =
4 0,23+ i

8.5. PacyeT NpoYHOCTH 3J1IeMEHTOB HA MECTHOE JIeCTBHE HATPY3KH

1. Mecmuoe cocamue (cmamue).

[Ipu MecTHOM C)KaTWW TMPOYHOCTH OETOHA BHINMIE, YeM OObYHO. [loBhIICHUE
IPOYHOCTH OETOHA 3aBHCHT:
- OT CXEMBI IPHIIOKCHUS HATPy3KH:

BHEWHSS HE202PUKEHHOSA HO.CMb DEMOHA
CAYKUM 0BOUMoU dAR 302PUMEHHDED,
oezpaHU4Ubas e20 pLOWUPEHUE

-
-
-

73000 IRLIREd

RS

(e

- OT BHJia OCTOHA;
- OT HAJUYHUs KOCBEHHOI'O apMHPOBAHUS B MECTE JIOKAITHBHOTO TIPUIIOKCHHS CUJIBI:
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HOAUYUE KOCDERHOZ0 apMupoborus /
nobslwaem npoHHOCMe S2MoHL

HpO?IBJ'IeHI/Ie YBCINYCHUA IIPOYHOCTH B MCCTC JIOKAJIbHOI'O IIPHUJIOKCHUA CHIIbI

BCTPCHACTCA:
- [IpX OINMMPAaHNH KOJIOHHBI Ha (bYHI[aMeHTI

—
= DHEWHAR He302pUH. YaCmE DemoHa
NOMOZO.EM HAZPYN. YOCMU HEe PA3PYWAMLCRA

- [IpX OIMMPAHHUU KOJIOHHBI HA KOJIOHHY:

UEHMPUpUW AR Npokaadxa

demarHE U Br cmuyn

~._ KDCBEHHOS 0pMamypa

i B

A

loc 2

\_nnowads crsmus Aioet

- NpU ONHUPAHUM KOJOHH WM JAPYTHUX DJIEMEHTOB Ha OINOPHbBIC IUIATHI (TUIUTHI
NePEeKphITUs, QYHIAMEHTHBIC ILTUTHI).

Pacuem npounocmu snemenmos na mecmuoe cocamue (cmamue):
a) 5JIEMEHTHI 0€3 KOCBEHHOTO apMHUPOBAHUS:
YcnoBre NpoYHOCTH: N<yR, A (41)
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rjae y — KodhGUIMeHT, 3aBUCAIIINN OT XapaKTepa pacupeeieHIs] MECTHON Harpy3KH;
IpU PaBHOMEPHO pacIpeeieHHON Harpy3ke y = 1, npu HepaBHOMEPHOM (IO
KOHIIaMU 0aJIOK, MPOroHOB, iepembIuek) y = 0,75;

Ry 10 — pacueTHOE CONMPOTHUBJICHUE OETOHA CMATHIO, OMpeaesisieMoe Mo Qgopmyre:
R, .. =a@,R,, Tle o — 3aBUCUT OT Kjlacca OeToHa, ¢, =3/4,,,/4,, , Ajpc; — IIIOMAND
cMITUA, Ajpc; — pacueTHas IJIOMab CMSITHS, BKIIOYAET YYaCTOK, CAHAMMETPUYHBIA 11O

OTHOIIICHUIO K TUIOMIAI CMATHUSA (CXEMBI Ui onpeneneHus 4;,.; npusenensl B CHull
2.03.01-84* «beronnsie u xe1e300€TOHHBIE KOHCTPYKIIUNY).

0) pJIeMEHTHI ¢ KOCBEHHBIM apMUPOBAHUEM B BHJIE CBAPHBIX MOIMEPEUHBIX CETOK:
YcnoBue NpoOYHOCTH: N<R, .4 (42)

oc,1°
rie R ,.q — IpUBEICHHAS MPU3MEHHAS MPOYHOCTh OETOHA MPHU pacdyeTe Ha MECTHOE
cKatue, omnpejensgemoe no opmyne: R,,, = R,p, +pu R, ¢ , 11 Ry, — pacueTHOE

CONpPOTHUBJICHUE apMatypel cerok, Mlla; ¢ — xkoabduuent >3¢dheKTuBHOCTH
o 1
KOCBEHHOT'O apMUPOBaHMs, OIpeAelseMblid 1o d¢opmyne: ¢=-————, TJA€
0,23+
M R nAl +n A [
p="" = LY . k0O(QOUIMEHT KOCBEHHOTO  apMHpPOBAHUS
R, +10 Ays

ceTkamu, rae n,,A .l - COOTBETCTBEHHO YMCIIO CTEP)KHEW, IUIOIMIAIb IOIEPEYHOIO

sx 2 x

CEUYCHMS] M JJIMHA CTEPKHA CEeTKH (B OCAX KpallHUX CTEep)KHEH) B OJHOM
HalpaBlIeHuu; n,, A4,/ - TO Xe, B JAPYrOM HanpaBlICHUU;, ¢, =3/4,.,/A,,, HO HE

oty
oomnee 3,5, Ajpe; — TUIOMATL CMATHUA, A, — paCUETHAS TUIOMIAIb CMSTHS, BKIIOYACT
y4aCTOK, CAMMETPUYHBIN O OTHOIICHHUIO K IUIOMIAJAN CMSATHUS;, @y — KOI(PDUIIMECHT,
YUYUTBHIBAIOIIUM BIMSHUE KOCBEHHOTO AapMHUPBAOHHMS B 30HE MECTHOTO CyKaTus,
3aBUCHUT OT CXEMbI MPUIJIOKEHUSI MECTHOM HArpy3KH.

2. Ilpooasnueanue.

PacueT Ha mpogaBaMBaHNE TPOUZBOIST JJISl CIEIYIONTUX KOHCTPYKITHIA:
- IUTUTHI TP JIOKATBHOM MTPUJIOKEHUN HATPY3KH;

- (pyHIAMEHTHI O] KOJIOHHHI;
- CBaliHbIE POCTBEPKHU.

[IponaBnmuBaHre MOXET BO3HHUKHYTh B KOHCTPYKIHSX, KOTJIa K HHUM
NpUIOKEHA Harpy3Ka Ha OrpaHU4eHHON muiomaau. [IporaBnuBaHue MPOUCXOAUT TIO
GOKOBO} MOBEPXHOCTH THPAMH/IbI, TPAHH KOTOPOil HAKIOHEHHI mox yriom 45° (B
cootBeTcTBUM ¢ pucyHkoM 50). IlponmaBnuBaHuiO CONPOTUBISETCS OETOH,
paboTaromuii Ha Cpe3 ¢ PaCYETHBIM CONMPOTUBJIECHUEM, PaBHBIM Rp,. O4eBUAHO, UTO
9YeM BBIIIE KJIacC OETOHA M YeM OO0JIbIIIe TUIONIalb OOKOBOW MOBEPXHOCTU MHUPAMHU/IBI,
TEM BBIIII€ COMTPOTUBIICHUE MPOIABIUBAHUIO.

YcioBue MpoOYHOCTH:

F<aR,u,h,, (43)

bt 'm
rae F — mpopaBiuBaromias cwia (IpUHUMAETCS PaBHOW Cuile, JNEUCTBYIOIIECH Ha
nUpaMuay TMpOJIABIMBAHMS, 32 BBIYETOM HArpy30K, MPUJIOKEHHBIX K OOJbIIEMY
OCHOBAaHHUIO MO IUIOCKOCTHM PACHOJIOKEHUS PACTAHYTOM apmarypsl); a —
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F kodhunuenT, 3aBuUCSIUA OT BUAAa OeToHa (IJIs
Jﬁ TspKenoro 6erona o = 1); u,, — cpeaqHeapuPpmMeTHIECKOE

// AN ,f;”\ 3HAUEHHH  [EPUMETPOB  BEPXHETO0 M  HIDKHETO

/‘“ N .| .- OCHOBaHMI  NHPAMHUIHI, obpasyrorieics npu

\ OpOJaBIMBAaHMK B  Ipeacnax pabodeil  BBICOTHI
: CEYeHHs.

Ecnu ycimoBue MPOYHOCTH HE COONIOAACTCS, a YBEIUYHTHh Rj, WIH /g HET
BO3MOXHOCTH, TO YCTAaHABJIIMBAIOT XOMYTBI, HOPMaJbHbIC K IUIOCKOCTH ILIUTHI, a
pacyeTt MpOU3BOJIAT U3 YCIIOBHS:
Pucynok 50. ITupamuna F<F,+08F,, HO HE Oosee 2F),

sw 2
IIPOJABINBAHHA rae  F, =aR,uh,, F,, oIpenensercs Kak cyMMmMa BCEX

bt™m
NONEPEYHBbIX  YCWUJIMH,  BOCIHPUHHMAEMBIX  XOMYTaMH,
NEPECEKAIONMMUA OOKOBBIE TpPaHW pPACYETHOM MHUpaMUIbl TPOJABIUBAHUA, TIO
dopmyne F,, => R A, ,r1e Ry, =175 Mlla He3aBHCHMO OT KJIacca CTAJIH.
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9 PacTaHyTBIE 3JIEMEHTHI

9.1 KoHCTPYKTHBHBIE 0COOEHHOCTH

Llenmpanvno-pacmsanymeie 31emMeHmul — 3TO BJIEMEHTbl, B HOPMaJbHOM
CEYEHUU KOTOPBIX TOYKA MPWIOKEHUS TMPOAOJBHOW pacTAruBaromend cuiasl N
COBNAJIACT C TOYKOW MPUIOKEHUS PABHOJICUCTBYIOIIECH YCUIHWU B MPOJOJIBHOU
apmarype.

K meHTpanpHO-pacTSIHyTBIM 3JIEMEHTAM OTHOCSITCS 3aTSKKH apOK, HUKHUE
mosica M HHUCXOJSIINE pacKochl (epM U Apyrue dSJIEeMEHThl (B COOTBETCTBUH C
pucyHkom 51).

U EHMp-pLCM.

WA AVAVAVA

UEHMp—pacm. LEHMp-paC.

Pucynok 51. [leHTpaibHO-PaCTSIHYThIE JIEMEHTbI

L{eHTpanbHO-PACTSHYTBIE  JJIEMEHTBI  NPOCKTUPYKOT, KAk  IPABUIIO,
IIPEABAPUTEIBHO-HANPSKEHHBIMU.

OcHoOBHbIE MPUHIMIIBL  KOHCTPYUPOBAHUS  LEHTPAIbHO-PACTSIHYTHIX
3JIEMEHTOB:
- CTep)KHEBYIO pabouyro apMarypy 0e3 MpeaBapUTEIHPHOTO HAMPSIKEHUS COSAUHSIOT
10 JUINHE CBapKOM;
- CTBIKM BHAXJIECTKy 0O€3 CBapKU JOMYCKAaIOTCA TOJbKO B IUIUTHBIX U CTEHOBBIX
KOHCTPYKIHSX;
- pacTsHyTas IMpeaBapUTEIbHO-HANIPSHKEHHAs apMaTypa B JIMHEHMHBIX 3JIEMEHTAX HE
JIOJ>KHA UMETH CTHIKOB;
- B IIONEPEYHOM CEYEHUM MPEABAPUTEIILHO HAMPSHKEHHYIO apMarypy pa3MeliaroT
CUMMETPHUYHO (UTOOBI N30€KaTh BHELICHTPEHHOTO 00KaTHsI DJIEMEHTA);

Bueyenmpenno-pacmsanymoele  snemenmol  — 3TO  DJIEMEHTBI, KOTOpbIE
OJTHOBPEMEHHO PaCTATUBAIOTCS MPOJOILHON CHIOW N M M3rHOar0TCS MOMEHTOM M,
YTO PaBHOCUJIBHO BHELEHTPEHHOMY PACTSIKEHUIO CWIOW N € DKCUEHTPUCUTETOM

=M /N e, OTHOCUTEIIBHO NPOJOJBHOM ocu 3yeMeHTa. Ilpm 3TOoM paznuyaror 2

Ciay4yas: KOrJa IpOJOJbHAs pacTAruBaromas cwia [N OpUIOKEHAa MEeXIy
PaBHOACUCTBYIOIIMMHU YCUJIMM B PACTAHYTOU M CXKATOW apMmaTrype, U IOJIOKEHHUE,
KOI'Zla CUJjia IPWJIOXKEHA 3a IIPEAeIaMU JAaHHOTO PACCTOSHUSA.

K BHELEHTPEHHO-PAaCTAHYTBIM 3JIE€MEHTaM OTHOCSTCS HIDKHHME Iosica
0€3pacKOoCHBIX (epM U ApYyTrue KOHCTPYKLHUU.
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BHELIEHTPEHHO-PACTAHYThIE 3JEMEHThl APMUPYIOT AHAJIOTMYHO H3rHOaeMbIM
JJIEMEHTaM, a IPU NOJIO)KEHNU N B IIPEAEIax CEYEHUsI — aHAJIOTUYHO apMUPOBAHUIO
LEHTPAJIbHO-PACTAHYTHIX 3JIEMEHTOB.

BHeleHTpeHHO-paCTAHYThIE TaKXKe OOBIUHO MOJIBEPratoTCs MpeABapUTEIIbHOMY
HaIIPSHKEHUIO, YTO CYLIECTBEHHO MOBBIIIAET UX TPEUIMHOCTOMKOCTb.

9.2 PacyeT NpO4YHOCTH HEHTPAJIbHO-PACTHYTHIX 3JICMEHTOB

Pa3zpymenune 1eHTpalbHO-PACTSHYTHIX 3JIEMEHTOB MPOUCXOIUT TOCIE TOTO,
Kak B OeTOHE 00pa3yloTCs CKBO3HBIC TPEIIWHBI, U OH BBIKIIIOUUTCS U3 PabOTHI, a B
apMatype HanpsDKeHHs! TIOCTUTHYT Tpejiesia TEKYYeCTH.
Hecymass cnocoOHOCTh IIEHTPANIbHO-PACTAHYTOrO JJIEMEHTa OOYyCIIOBJICHA
IpeIeTbLHBIM COMPOTHBIICHUEM apMaTyphl 0€3 ydacTust OeToHa:
N<R. A

rae Ry — pacyeTHOE CONPOTUBIICHUE ApMATYPhl PACTSKEHUIO,
Aj 10 — TUIOIIAJIb CEYEHHUSI BCEW MPOI0JIBbHOM apMaTyphl.

(44)

s,tot 9

9.3 PacueT NpO4YHOCTH BHEIEHTPEHHO-PACTAHYTHIX 3JIEMEHTOB

Pacuer nomkeH mpoOU3BOIWTHCS B 3aBUCUMOCTH OT IOJIOKEHHUS MPOIOJIBHOMN
cuibl N.

Cayuaii MaJbIX IKCHEHTPUCUTETOB (ITPO10JIbHAS cHila N MPUIIOKEHA MEXTY
PaBHOJICHCTBYIOIIMMHU YCUJIMM B pacTSHYTOH U cKaToW apMaType (B COOTBETCTBHH C
pUCYHKOM 52)).

d

il I -
5 RS‘.{S{
e VT h h| A Pucynok 52. PacueTHas cxema
R BHEIICHTPEHHO-PACTIHYTOTO JIEMEHTA C
I . - MaJILIM DKCLIEHTPUCUTETOM
a R.A,

B stom cnyuae BcE ceuenue pactsHyTo. B mpenenbHOM cocTosiHuu B OeTOHE
o0pa3yloTcs CKBO3HBIE MOIEpeYHble TpeliuHbl. beToH B paboTe He ydacTBYeT.
Pazpyumienne sneMeHTa MPOMCXOAUT, KOTZIAa HAIPSIKEHHsS B IPOJOJIBHOM apMarype
JOCTUTHYT MPEIEIBbHOrO 3HAYEHHUS:

Ne<R A'(h,—a'); (45)
Ne' <R A (h, —a'). (46)

Cay4aii_00JbIIHX IKCIEHTPUCUTETOB (TPOIOJIbHAS CWiia N TPHIOKEHa 3a
npeaeaMi PacCTOSHUS MEXKIY PaBHOACHCTBYIONIMMH YCWIMM B PACTIHYTOW H
cxaToi apmaType (B COOTBETCTBUU C PUCYHKOM 53)).
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a i RS‘—_{;
I fmt—|
== R, bx
) = Pucynok 53. Pacuernas cxema
L 1 h| =
o /\ BHELICHTPEHHO-PACTAHYTOIO DJIEMEHTA C
Al !\l - OOJIBIIMM DKCLUEHTPUCHTETOM
N € a R4,
N

Kak u npu usrube, yacTb ceueHus cxaTa, a 4acTb pacTsHyTa. Bciencteue
oOpa3oBaHMsl TpellMH B OETOHE PACTAHYTOW 30HBI PACTATUBAIOLINE YCHIINSA
BOCIIPUHUMAIOTCSI apMATYPOU.

Hecymas cnoco6HOCTh 351eMeHTa 00yCIIOBJIEHA MTPEIEIbHBIM COPOTUBICHUEM
PACTSKEHUIO apMaTypbl PACTAHYTOM 30HBI, @ TAKXKE IPENEIbHBIM CONPOTUBICHUEM
CKaThIo0 OETOHA U apMaTyphl CXKATOW 30HBI:

Ne < R,bx(h, —0,5x)+ R _A'(h, —a'); 47)
IIPH 3TOM BBICOTA C3KATOU 30HBI X ONIPEAEIAETCSA U3 YCIOBUS R A, — R A, — N = R,bx .
Ecian nmomydeHHoe 3HaueHUE x> &k, B YCIOBUE IPOYHOCTU IOICTABIIACTCS

x=3&,h,.
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Ipuioxenue A

Tabnuia aJig pacuera U3rudAeMbIX SJIEMEHTOB NPSIMOYTOJIBHOTO CeUEHUSI,
apMUPOBAHHBIX OJIMHOYHOM apMmaTypoii (Tabiuna A.1)

Taomuna A.1
E=x/h, g a, E=x/h, 4 a,
0,01 0,995 0,01 0,36 0,82 0,295
0,02 0,99 0,02 0,37 0,815 0,301
0,03 0,985 0,03 0,38 0,81 0,309
0,04 0,98 0,039 0,39 0,805 0,314
0,05 0,975 0,048 0.4 0.8 0,32
0,06 0,97 0,058 0,41 0,795 0,326
0,07 0,965 0,067 0,42 0,79 0,332
0,08 0,96 0,077 0,43 0,785 0,337
0,09 0,955 0,085 0,44 0,78 0,343
0,1 0,95 0,095 0,45 0,775 0,349
0,11 0,945 0,104 0,46 0,77 0,354
0,12 0,94 0,113 0,47 0,765 0,359
0,13 0,935 0,121 0,48 0,76 0,365
0,14 0,93 0,13 0,49 0,755 0,37
0,15 0,925 0,139 0,5 0,75 0,375
0,16 0,92 0,147 0,51 0,745 0,38
0,17 0,915 0,155 0,52 0,74 0,385
0,18 0,91 0,164 0,53 0,735 0,39
0,19 0,905 0,172 0,54 0,73 0,394
0,2 0,9 0,18 0,55 0,725 0,399
0,21 0,895 0,188 0,56 0,72 0,403
0,22 0,89 0,196 0,57 0,715 0,408
0,23 0,885 0,203 0,58 0,71 0,412
0,24 0,88 0,211 0,59 0,705 0,416
0,25 0,875 0,219 0,6 0,7 0,42
0,26 0,87 0,226 0,61 0,695 0,424
0,27 0,865 0,236 0,62 0,69 0,428
0,28 0,86 0,241 0,63 0,685 0,432
0,29 0,855 0,248 0,64 0,68 0,435
0,3 0,85 0,255 0,65 0,675 0,439
0,31 0,845 0,262 0,66 0,67 0,442
0,32 0,84 0,269 0,67 0,665 0,446
0,33 0,835 0,275 0,68 0,66 0,449
0,34 0,83 0,282 0,69 0,655 0,452
0,35 0,825 0,289 0,7 0,65 0,455
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IIpuioxenue b

PacyeTHble 1Ioma M nonepeyHbIX CEY4EHUM U Macca apMarTypbl, COPTAMEHT TOPSYEKaTaHON CTEP)KHEBOU apMaTyphl

NEPUOIUYECKOTO TPOPHIIL, OOBIKHOBEHHOW U BHICOKOIIPOYHOU apMaTypHOM POBOJIOKHU

Taomuna b.1
PacueTHbIe IUIOIAAHN TIONEPEYHBIX CEYEHHIT, CM” , TIpH CopTraMeHT ropa4cKaTaHOH CTEP)KHEBOH apMaTypbl COPTaMEHT
Jlua- YHCIIE CTCPIKHEH Mac-| Tua- HePUOIMYECKOro MpodHs U3 CTalH KIIACCOB apMaTypHOM npo-
MEeTp, ca [Metp, ' BOJIOKH
Kr/m
MM 1 2 3 4 5 6 7 8 9 110 M |A-II{ A-IIT | A-IV |Ar-VIc| A-V | AT-V | AT-VI | Bp-I B-11
M A-VI Bp-1I

3 [0,07110,14]10,2110,28{0,35]|0,420,49]0,5710,64 0,71 [0,052] 3 — e —_ -— — == — X X
4 10,126/ 0,2510,3810,50{0,63]|0,76|0,88|1,01 1,13 1,26 0,092] 4 — — — 2 — o == X %
5 10,1961 0,3910,590,7910,98 | 1,18 | 1,37 | 1,57 | 1,77 | 1,96 |0,144] 5 — - — — - — — X X
6 10,283{0,57|1085|1,13}1142]|1,70]|1,98]2,26]2,55|2,83(0,2221 6 — X - — — = e — %
7 10,385§0,77 | 1,15(1,541,92(2,31]2,69)3,08]3,4613,85]0302] 7 e = o= = — = == — %
g8 10,503} 1,0111,5112,01(2,51}43,02]3,52]4,02]4,53}5,03}0,395] 8 — X — — — - C
9 10,636]1,2711,9112,54|3,18]3,82]4,45}15,09|5,72}6,36{0499] 9 - — — - — - - - X
10 |0,785( 1,57 2,36 | 3,14 [3,9314,71| 5,5 | 6,28|7,07| 7,850,617 10 | X | X X X X X = ""
12 |1,131] 2,26 |3,3914,52|5,65|6,79}7,92(9,05]|10,18|11,310,888| 12 X X X - X X X = -
14 1,539 3,08 | 4,62 16,16 7.69 | 9,23 |10,77(12,31|13,85]|15,39(1,208| 14 X b'e X - X pd X - o
16 12,011]4,02 (6,03 18,04 110,05|112,06/14,07(16,08(18,10/20,11]1,578| 16 X e » X )4 b4 . - :
18 {2,545| 5,09 | 7,63 |10,18]12,72|15,27|17,81(20,36|22,90125,45]1,998] 18 X % Y X e X . - L
20 13,142} 6,28 | 9,41 |12,56]15,71]18,85(21,99{25,14|28,28(31,4212,466( 20 % % _ X % . B - .
22 {3,801} 7,6 | 11,4 115,20{19,00{22,81|26,61]30,41]34,21{38,01{2,984] 22 % % X X % o - _
25 14,909] 9,82 114,73119,63|24,54|29,45|34,36(39,27144,13149,09/3,853] 25 — e o o -
28 6,158(12,32{18,47{24,63(30,79{36,95] 43,1 |49,26155,42(61,58[4,834 28 | X | X _ < | X _ - _
32 [8,042]16,08[24,13]32,17(40,21(48,25{56,30(64,34|72,38(80,42}6,313] 32 [ X | X - — | _ 1 = _ : -
36 |10,18120,36(30,54140,72] 50,9 |61,08}71,26|81,44]|91,62(101,80 7,99 | 36 X X —_ — _ T _ . —
40 |12,56]25,12(37,68]50,24| 62,8 |75,36 87,92!00,4%113,011125,6(1 9,871 40 x X — - _ : . . —

[Ipumeyanue. 3naukoM « X» OTMEYEHDI TIPOKATHLIBAEMBIE TUAMETPbI.
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