BBeaeHue

B XIX Beke moHsATue "apxuTeKTop" B IUTEPATYPHOM U YCTHOM PYCCKOM SA3BIKE
03HAYAJIO YEJIOBEKA, KOTOPBIA CIOCOOECH CIPOEKTUPOBATh MOCTPOUKY U PYKOBOAMTH
€€ COOPYKEHUAMH U OBbLIO IOYTH PABHO3HAYHBIM NOHATHIO "UHKEHEP". [To3:xke (B
HACTOSIIECE BPEMsI) O0SI3aHHOCTH apXUTEKTOPA CMECTUIIMCH B OCHOBHOM K
pa3pabOTKE apXUTEKTYPHOM YaCTH MPOEKTA, YTO HE OTMEHSET TPEOOBAHMIA TaHHOMN
npoeccun K HAJTMYUIO 3HaHUH B ChEpE MHKEHEPHOTO MPOCKTUPOBAHUS - 3HAHUIA O
MEXAHUYECKUX U (PU3MYECKUX CBOMCTB MATEPHAIIOB AJIl TEXHUYECKOTO
MCIIOJIb30BAHUS X BO3MOXKHOCTEH MPU CO3AAHUU CBOMX ITPOEKTOB. B nanHOM
y4€0HO-METOAMYECKOM IMOCOOMU TAKOTCSI OCHOBHBIE CBEACHUSA O CONPOTUBIICHAN
KeNe300€TOHa, TUMAaX U OCHOBAX pacyeTa KeJIe300€TOHHBIX KOHCTPYKIMUH.

Jleknus 1. CymHOCTB kesie300eToHa. KpaTkui
UCTOPUYECKUU 0030p CTAHOBJIEHUS U PA3BUTHSA
»KeJie300e TOHHbIX KOHCTPYKU M. [lepcneKTUBbI pa3BUTHUS
»KeJ1e300€ TOHHbIX KOHCTPYKI M. YueOHass U HOpMaTUBHasA
JIUTEPATypa M0 pacyeTy »Kej1e300eTOHHbIX U KaMeHHbIX
CTPOUTEIbHBIX KOHCTPYKLUH.

1.1 CymHOCTB KeJie306eToHa

Kes1e300€eTOH — 3TO KOMITO3UTHBIA MaTepua (MIacTUYHas OCHOBA (OETOH)
apMUPOBaHA MPOYHBIM HAMOJHUTEIEM — CTAIbHBIMU CTEPKHAMU UJIM apMaTypPHBIMU
u3enusiMu ). KOMIOHEHTHI Kene300€ToHa paboTarOT MO Harpy3KOoi Kak €IMHOE
LEJIOE.

BeToH — 3T0 UCKYCCTBEHHBIH KaMEHb, KOTOPBII COCTOUT W3 IEMEHTA, BOJIBI,
MEJIKOTO 3aMOJTHUTENS, KPYITHOTO 3aMOJTHUTENS U 100aBOK.

beron XOpomo COMMPOTHUBJIACTCA C:KUMAIOIMUM HAIIPAXKCHUAM M IIOYTH HC
COIIPOTHUBIIACTCA PACTATIMBAIOLIUM. Cranb IMPAKTUYCCKN OAMHAKOBO XOPOIIO
BOCIHPHUHUMACT U CKMMAIOIIUC U PACTATNBAOMINC HAIIPAKCHHA.

CoBmecTHas pabota 6eTOHA M apMaTypbl 00ECIEUNBACTCA:

[.  cumamu cuemnieHust apMaTypbl ¢ OETOHOM, KOTOPBIE BO3HUKAIOT IO
NOBEPXHOCTH UX KOHTAKTa MPU TBEPACHUM OETOHHOW CMECH;
II. OnW3KKMMH 1O 3HAYEHUIO KO (PUIMEHTAMK TUHEHHOTO PACIIMPEHMS

Gerona - (7 - 1076 + 10 - 1076 —) u cramn — (12 - 107° —);
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[II.  HagekHOM 3alMTON apMaTypbl OT BHEITHUX BO3ACHCTBUIA clloeM OETOHA




PaccmoTpum aBe Oanky — HEAPMHUPOBAHHYIO U3 OETOHA U APMUPOBAHHYIO
KENE300€TOHHYIO, KOTOPHIE HATPYKEHBI aHAJIOTMYHON HArpy3KOM
(COCPENOTOYEHHBIMU CUJIaMU P, KOTOPBIE BO3PACTAIOT OT HYJIA 0 MAKCUMAIILHOTO
3HAYEHUS MPU KOTOPOM OaJika pa3pyLuuTcs).

PaccMoTpuM 6€TOHHYI0 OAJIKY MPAMOYT0JbHOTO ceveHusi b X h,
HArpy’KCHHYIO, KaK OKa3aHo Ha puc. 1, cunamu P, KoTopeie OyayT MEHATh CBOU
3HAYEHUS OT HYJs 10 MAaKCUMAIbHOTO 3HAYEHUS, TPU KOTOPOM Oaika pa3pyLIHTCA.

Ha puc. 2 nokazana cxema nedopmaiiuu 0ajiku, MoJioKEHUE HERTPaATbHOM
JIMHUM U STIOPa HOPMaJIbHBIX HAMPSKEHUH B CEUCHUH.

Huxe HEMTpalibHOM JTMHUU BO3HUKAIOT PACTATUBAIOIINE HAMIPSKEHUS, BBIIIE —
CKMMArOIIME. BETOH MMEET pa3HbIE PACYETHBIE COMMPOTUBIICHHUS TP CHKATUU U
pacTsKeHUU. PacueTHOE CONPOTUBIICHHAE OETOHA MPU PACTIKEHUU Ry, 3HAYUTEIBHO
MEHBIIE PACUECTHOTO COMPOTUBIICHHS OETOHA TpH CcxkaThK Ry, . [1o3Tomy, Koraa
pacTsiHyTas 30Ha OCTOHHOH OAJTKK UCUEPIAET CBOKO HECYIIYIO CMTOCOOHOCTh
(HampsKEHHsI TOCTUTHYT PACYETHOTO COMPOTHUBIICHUS IPHA PACTAKEHUN ),
HaMpsHKEHUs B CHKAaTOM 30HE €/1Ba NOCTUTHYT 5 ... 10% OT mpouHocTH O€TOHA Ha
ckatue. B 3TOT MOMEHT Oalika pa3pyliuTCs BHE3AMHO (XPYIKO) MPU BO3HUKHOBEHUHT
NEPBOM ke TPEIIMHBI B OCTOHE PACTSHYTOM 30HHBI.

PaccmoTpuM Teneps kKes1e300eTOHHYI0 0aJIKy MPSIMOYT0JIbHOTO CeYeHHs C
TAKUMH KE pazMepamu b X h, kak y OETOHHOH OanKku, HArpyXKEHHYIO KaK MOKa3aHo
Ha puc. 1. Apmatypy pacronoXuM B PaACTSIHYTOM 30HE JJ1s1 BOCIIPUATHS
pacTAruBaoIIMX HanpsKeHuid. [lnomaabs apMaTypsl U €€ PaCUETHOE COMPOTUBIICHUE
nox0epeM TakuM 00pa3oM, YTOOBI HECYINAs CHOCOOHOCTh PACTAHYTON apMaTypsl
OblLj1a TakKas ke, Kak U HECYIIas COCOOHOCTh CKaToi 30HbI OeToHA. Takas Oanka
CHOCOOHA BBIACPKATh rOpa3ao OOJBIIYIO HArPY3KY, 4eM Oalika 0€3 apMUPOBaHHMS.
Korna O0eToH B pacTsHyTOM 30HE MCUEPMAET HECYIIYIO CIIOCOOHOCTh, MPAKTUYECKU
BCE PACTITMBAIOUINE HAMPSHKEHUs BOCIPUMET apMaTypa. B Takoii 6ajike MOKET ObITh
NOJTHOCTBIO MCIOJIb30BaHA HECYIIas CIOCOOHOCTh OETOHA Ha CHKaTUE U apMaTyphl Ha
pactskeHue. [I]
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Puc. 2. Hanpsiscenust u degpopmayuu 8 6emoHHoU 6as1ke 8 MOMeHM Havaaa paspyuwenus [1]
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Puc. 3. Hanpsiscenust u degpopmayuu 8 xene306emoHHOU 6a1Ke 8 MOMEHM HAYaaAd
paspywenus [1], [3], [4]



1.2 KpaTKuil HCTOPUYECKUA 0630 CTAHOBJICHUSA U PA3BUTHA

’KeJ1e300eTOHHBIX KOHCTPYKI A
[TosiBneHME Kene300€ TOHHBIX KOHCTPYKIMI CBSA3aHO C OOJIBIIMM POCTOM
MPOMBILLIJIEHHOCTH, TPAHCIIOPTA U TOPrOBJIA BO BTOPO# mosoBuHE XIX B.

Kene300eToH Mo CpaBHEHUIO C APYTUMU CTPOUTEIBHBIMU MaTepUaIaMu
MOSIBUJICS CPABHUTENBHO HEJIABHO U NIOYTH OJHOBPEMEHHO B EBpornie u AMepuke. Ero
UCTOPHUS HacUUTHIBAET He Oonee 150 net [2].

1849 r. nepBoe uzaenne u3 Kene300eToHa - J1oKa, noctpoeHHas XK. Jlam60 Bo
OpaHuuy.

[lepBbic MATEHTH HA U3TOTOBIICHUE U3JEINN U3 KEJIE300€TOHA ObLIN
MOJIYYECHBI MAPHKCKUM caloBHUKOM JKo3edpom Monne B 1867... 1870 rr.

1861 r. nepBas uues NpeaABapUTEIBHOIO HAMIPSIKEHUS JIIEMEHTOB,
paboTaronMX Ha pacTsHKeHKE, Oblla BBIABUHYTA M OCYIIECTBICHA PYCCKUM
apTHIIEpUACKUM MHXK. A. B. ['a10IMHBIM IPUMEHUTENIBHO K U3rOTOBJICHUIO
CTaJIGHBIX CTBOJIOB apTUIIEPUUCKUX OPYAUH.

1884 r. narentsl XK. Monbe KyrieHsl pupmoii Opeiitar u ['eiianyk B
Hefimranre u pupmoit Manrenmreiin n XKocco B Opdendaxe, a B 1885 r.
uHxenepom [ A. Baiicom u3 Bensl.

B 1885 r. B ['epmanuu nnx. ['.A. Baiic u npod. baymmHrep npoBenu nepeie
HAYYHBIC OMBITHI 110 OMPEACTICHUIO MPOYHOCTH W OTHECTOMKOCTH KENE300E TOHHBIX
KOHCTPYKIMH, COXPAHHOCTH XKelle3a B OETOHE, CUJI CLEIUIEHUS apMaTypbl ¢ 0ETOHOM
u p. Torna e Brepsbie HHK. M. KEHEH BbICKa3al MPEAIOI0KeHHE,
MOATBEPKIACHHOE OIBITAMH, YTO apMaTypa J0JLKHA PAacnoyiaraTeCs B TEX YaCTAX
KOHCTPYKLUH, TA€ MOKHO 0KMJIATh PACTATUBAOLLUE yYCUIIHS.

1886 r. un:x. M. KEHEH MpeaoKu MEPBBI METOM pacueTa Keae300€ TOHHBIX
IUIAT, KOTOPBIA CIOCOOCTBOBAJT Pa3BUTHIO MHTEPECA K HOBOMY Marepuaity u 0osee
HIMPOKOMY PACIPOCTPAHEHHIO kee300eToHa B ['epmanum u Apctpo-Benrpuu. B
Poccum xene300eToH cTanu npuMeHATh ¢ 1886r. mis nepexpbiTuii no
METAITMYECKUM OaIKam.

K xonny XIX Beka cjaoxuiiach B 00IIUX Y€pPTax TEOPUs pacuéra
KEJIE300€TOHA IO JOMYCKAEMBIM HAMPSHKEHUAM Oytarogapst paboTam UcclieJoBaTeei
u uHkeHepoB KoHcuaepa, 'ennebuka (Opanunmsa), Kénena, Mépiua, baxa, ['pada
(I'epmanus) 1 Ap., OCHOBAHHASA HA METOJAX COMPOTHUBIICHUS YIIPYTUX MATEPHAJIOB.
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Puc. 4. [lepsblil 8 Mupe 3cene306emoHHbII MASIK — Hene306emoHHbtll wedesp Eeponbi 6bia
nocmpoex Ha Oxcapckoll koce 86.au3u 2. Hukoaaesa. [5], [6]

1891 r. TaanTnuBemMiA pycckuii ctpoutens mpod. H. A. benemoOcknii
NEPBLIM MPOBEJ CEPUIO UCTIBITAHUIM KEJIE300€TOHHBIX KOHCTPYKLMIA: IUT, OaJloK,
apoK, Pe3epByapoB, CUIIOCOB JUIsl 3€pHA, MOCTa MPoNaEToM 17 M.

1911 r. B Poccuu ObuTH U3AaHBI IEPBHIE TEXHUYECKUE YCIIOBUS K HOPMBI JIJIs
KEJIE300E€TOHHBIX COOPYKCHHUIA.

1892 r. ¢ppanuy3ckuii naxeHep ©. ['eHHEOUK MPEATTOKHAT MOHOJIUTHBIE
KEJE300€TOHHBIE PEOPUCTBIE MEPEKPHITHS U PSII APYTUX PALMOHATIBHBIX
CTPOUTENBHBIX KOHCTPYKLUH.

1904 r. B r. Hukonaese o npoekry uHxkeHepoB H. IIaTHunkoro u A.
BapeiiHukoBa Obl1 MOCTPOEH MEPBBIA B MEPE MOPCKOM MAasK U3 MOHOJIUTHOTO
&KeJe300eToHa BBICOTOM 36 M, co cteHamMu TouMHON 10 cm BBEpXY 1 10 20 cMm
BHHU3Y.

L]



Puc. 5. Monier Joseph (?Ko3e¢ Monbe) ppanyy3ckuli cadosHuk, o00uH us usobpemamenet
scenezobemoHa 1823-1867. [51]

Puc. 6. [Ipogpeccop I'eo3des Anexcell Anekceesuu (1897—1986). [66]



Ilocae peBosronum xeyne300eToHHOE CTpouTeNbcTBO B CCCP mony4uio
HEBHJIAaHHBIH B Mupe pazmax. Heo0X0auMoCTh MaKCUMAJTbHO SKOHOMUTh MaTepuall u
CHUXATh CTOUMOCTD KEJI€300€TOHHBIX KOHCTPYKIMI BBIHYK/1ala COBETCKYIO IIKOJTY
YUUTHIBATh BCE HAUOOJIEE TIEPEOBOE B EBPONEHCKON U aMEPUKAHCKOM MPAKTUKE U
IIUPOKO Pa3BUBATh COOCTBEHHBIE TEOPETUUYECKUE U SIKCIICPUMECHTAJIbHBIC
UCCJIEAOBAHMS B 00J1aCTH JKeJIE300€TOHA. DTO, B CBOK 0YEPE/Ib, CIOCOOCTBOBAJIO
3HAYUTEJILHOMY PACUIMPECHUIO IPUMEHEHUS KEJIe300€TOHA B TUIPOTEXHUYECKOM U
KUIALITHO-TPAKIAHCKOM CTPOUTEIILCTBE.

1921... 1926 rr. xe1€300€TOH ObLJT TPUMEHEH NIPU CTPOUTENILCTBE BOIXOBCKOM
I'DC, kpynHeHIeH Mo TOMy BpEMEHHU — BIIEPBHIE B TUAPOTEXHUYECKOM
CTPOMTEILCTBE.

Puc. 7. HHaceHep-mocmocmpoumens beaenrobckuil Hukoaaii Anoanonosuy (1845-1922) [67]

1925... 1932 rr. coBerckue yuensie B. M. Kenapim, A. @. Jloneir, A. A.
I'Bo3nes. I1. JI. [TacTepHak u Apyrue Ha 0a3e IMUPOKHAX SKCIEPUMEHTAIBHBIX Pa0OT
pa3paboTaju o0IIME METOJIBI PACYETA CTATUYECCKU HEOMPEIETUMBIX CTEPIKHEBBIX
CUCTEM (apOK M paM), KOTOPBIE TTO3BOJIUIIM 3aAMPOCKTUPOBAThH U MOCTPOUTH MHOTO
YHUKAJIBHBIX JIJIS CBOETO BPEMEHU OOIIECTBEHHBIX U MPOMBILIJICHHBIX 3/JTaHUH U3
xene3oderona: [{entpanbubiii Tenerpad, lom «M3BecTuit», 3naHusI MUHUCTEPCTB
JIETKOM MPOMBIIJIEHHOCTH U 3emiieiesind B MOCKBE, mo4TamT U Jlom



ITPOMBILUIEHHOCTU B XapbpKoBe, Jloma CoseTos B JIenunrpane, Muncke, Kuese u
PAX APYTUX KPYIHBIX COOPY/KEHUU.

1927... 1932 rr. J{nenpol OC.
1928... 1934 rr. Huxne-Crupckas ['2C.

Puc. 8. Pocculickull u coeemcKkull UHxiCeHep, apxumexkmop, uzobpemame.is u npenodagamentd
Jloneiim Apmyp ®epdurnandosuy (1868-1933)

IIpumepHo B 1928 r. xene300€TOH CTaJl LIMPOKO MCIIOJIb30BATHCA B
CTPOUTEIHCTBE TOHKOCTEHHBIX IPOCTPAHCTBEHHBIX KOHCTPYKIIUINA: PA3HOOOPa3HBIX
000J104Kax, CKIaaax, marpax, cBojaax u kynosax. CopeTckuii yueHsiid B. 3. Biacos
NEPBLIM pa3padoTa OOIIMA MPAKTHYECKUI METOJT pacueTa 000JI0UYEK, 3HAUUTEITLHO
ONepeIMB 3apy0eKHYIO HAYKY B 3TOM 00J1aCTH.

1929 r. nepBbIii TOHKOCTEHHBIA KYTIOJ 3HAYUTEILHOTO quaMmeTpa (28 M) ObLt
MOCTPOEH B MOCKBE 1S IIAHETAPUSL.

1931... 1934 rr. Ha OCHOBE TITyOOKOT0 U3y4eHUs (PUBHUECKUX U
YIPYTOIUIACTUYECKUX CBOMCTB 5KENE300€TOHA, & TAKKE SKCIIEPUMEHTAIIBHBIX JAHHBIX
A. @. Jloneit, A. A. I'BO3/I€B U IPyTUE CO3JAJIM TECOPHIO pacueTa xKejne300€ToHa Mo
paspymarommmM ycuaaM. OHa Obl1a nosiokeHa B ocHoBy HopM (OCT 90003-38), mo



KOTOPBIM PACCUNTHIBAIM BCE TIPOMBINIJICHHBIC U TPAKIAHCKHE 3aHHS U
COOPYKEHHUS.

1934 r. camblii 0OIBIIOH B TO BpeMs MIAJAKHA KynoJl AMaMeTpoM 55,5 M Obin
COOPY>KEH HAaJl 3pUTENIBHBIM 3a710M Tearpa B HopocnOupcke. KoHCTpykimio Kymosia
paspabotan k. b. @. Matepu no uaee u noa pykosoactsom I1. JI. ITacrepraxka.

[IpuMEHEHNE B CTPOUTENIBCTBE PAMHBIX U TOHKOCTEHHBIX IMTPOCTPAHCTBEHHBIX
CUCTEM C UCTIOJIb30BAHUEM MX KECTKOCTA U MOHOJIMTHOCTH CIIEAYET CYUTATh BTOPHIM
3TaINoOM B Pa3BUTHH KeNe300€TOHA.

1936 r. 8 CCCP BriepBbi€ OBl MPUMEHEH MPEABAPUTEIBHO HANPSKEHHBIN
KEJIE300€TOH JJI1 U3TOTOBJICHHS ONIOP KAHATHOW CETH HA 3aKABKA3CKUX JKEIE3HBIX
noporax. [IIupokoMy BHEAPEHUIO PEABAPUTEIHLHO HAMTPSKEHHBIX KEJIE300€TOHHBIX
KOHCTPYKIMI BO MHOTOM CIIOCOOCTBOBAIM paboThl yueHbIX B. B. Muxaiinosa, A. A.
I'soznera, C. A. /Imutpuesa u ap.

[upOKYIO MHIYCTPUATUIALMIO JKEJI€300€TOHHOTO CTPOUTENILCTBA, PA3BUTHE
NPEIBAPUTENILHO HAMPSKEHHBIX KOHCTPYKIINMA, BHEAPEHUE BBICOKOMPOYHBIX
MaTepUalioB U Pa3padOTKy HOBOTO METOJIa pacyeTa Kejle300€TOHHBIX KOHCTPYKIIUi
CJIETyeT CUMTATh HAYaJIOM TPETHETO Tama B Pa3BUTHH KEJIE300€TOHHBIX

KOHCTPYKIIHH.

1955 r. co3nan B CCCP 1 mpuMEHAEMBII B HACTOSIIECE BPEMS €IMHBIIA METOA
pacuera CTPOUTENbHBIX KOHCTPYKIMH 11O MPEACIbHBIM COCTOSIHUSIM, OCHOBHBIE
MOJIOKEHUST KOTOPOTo u3oxkeHsl B padotax H.C.Crpenenkoro, B.B.Kypaesa
(MeTamuyeckue KoHCTpykiuu ), B.M. Kenapima, A.P. Pxxanuiipiaa (CTpouTenbHas
mexanuka), A.A.I'so3aesa, .M. IN'onpnenOnara, K.3. Tansa (;xkene300€TOHHBIE

KOHCTPYKLMM) U JP.

1967 r. OcrankuHckas Tenedamss. Bec 0osee 32 Teicad TOHH, BO3BEIcHA HA
MOHOJIMTHOM KOJIBLIEBOM KEJIE300€TOHHOM (DyHIAMEHTE IUPUHOM 9,5 MeTpa,
BBICOTOM 3 METpa U AuamMeTpoM (OMUCaHHON OKpY>KHOCTH) 74 meTpa. B
JECATHYTOJIBHOM KeNIe300€TOHHOM JIeHTe (PyHAAMEHTA C TOMOILBIO CHCTEMBI
KOJIbLICBOM HANPSIKEHHOM apMaTypsl (OHA COCTOUT M3 104 My4YKOB, B KaXKI0M My4YKE
1o 24 NpOBOJIOKH AUAMETPOM 5 MUJUTUMETPOB Ka)k/1as) CO3/IaHO MPEABAPUTENBHOE
HAMPSHKEHUE — KK/l MyYOK HATSHYT FUAPABIMYECKUMU IOMKpPAaTaMu ¢ CUJION
0K0J10 60 TOHH.
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Puc. 9. OcmanKkuHckas meaebawHs 2. Mocksa [7]




Puc. 10. OdHa u3 cambix 8bicokux cmamyti 8 mupe — Poduna Mams Ha Mamaesom KypzaHe —
nocmpoeHa us Jxcesne3obemora [22]

1.3 IlepcnieKTUBBI Pa3BUTHA XKeJ1Ie300€TOHHbIX KOHCTPYKLIUHA

Kenez00eToHHbIE KOHCTPYKIMK, OCOOEHHO MPEABAPUTEIBHO HAMPSKEHHBIE,
IOJIy4rJIi MaCCOBOC UCIIOJIb30BAHHUC B COBPCMCHHOM CTPOUTCIIBCTBC U UMCIOT
IAPOKYIO TIEPCIIEKTUBY I JATBHENILIETO PA3BUTHA.

OCHOBHBIMY HaNpaBJICHUSIMH B COBEPIICHCTBOBAHUM JKEIE300CTOHHBIX
KOHCTPYKUMH (CHHKEHUE CTOMMOCTH NP OJTHOBPEMEHHOM TOBBILICHAN KAYECTBA)
ABJIAFOTCA:



IIpruMeHeHe KOHCTPYKTUBHBIX PEIIECHUHM, CHIKAIOIIUX MacCy KOHCTPYKLIHANA U
NO3BOJIAIOIIAX HAN0O0IEe TOTHO UCTIONIB30BaTh. (PU3UKO-MEXAaHNYECKHE CBOWCTBA
UCXOIHBIX MATEPUAIIOB, MECTHBIE CTPOUTEIBHBIEC MATEPUATIbI, OETOHBI BBICOKHX
KJIACCOB, JIETKKE OETOHBI, XOJOIHYIO MPOMUTKY OETOHOB MOHOMEPAMHU U
BBICOKOITPOYHYIO apMaTypy, MEXaHA3UPOBAHHOE M aBTOMAaTU3UPOBAHHOE
M3TOTOBJICHAE KOHCTPYKIIHAMA.

[ToBsIlIEHUE TONTOBEYHOCTH, HAAEKHOCTH U TEXHOJIOTMYHOCTH KOHCTPYKLIUNA,
CHIKCHHUEC UX NIPUBEACHHBIX 3aTpaT, MaTePUaATIOEMKOCTH, SHEPro€MKOCTH,
TPYAOEMKOCTH U3TOTOBJICHUSA U MOHTaXa.

Pa3paboTka HOBBIX, YTOUHEHUE W YIPOLICHUE CYIIECTBYIOIINUX METO0B
pacuera KOHCTPYKIHMi, 0COOEHHO MPOCTPAHCTBEHHBIX, TOHKOCTEHHBIX U C
NPEABAPUTEIBHBIM HAMPSKEHUEM apMaTyPBhl.

PazsuTre MeTOH0B pacyera ¢ ucnonb3oBanueM OBM u
BBICOKOITPOU3BOIUTENLHBIX METOI0B KOHCTpyHpoBanus (CAIIP), texnonoruu
W3TOTOBJICHHS M BO3BEJICHUS KOHCTPYKIMI COOPHBIX, COOPHO-MOHOIUTHBIX U
MOHOJIUTHBIX.

[ToBbIlIEHNE KaYeCTBA, YIIPOUYHEHUE U YACIIEBIEHUE CTHIKOB COOPHBIX U
COOPHO-MOHOJIUTHBIX KOHCTPYKIHH.

N3yuenne GU3MKO-XMMUYECKMX U MEXAHUYECKUX MPOLIECCOB B3aUMOACHCTBUS
CTaJIbHOM apMaTypsl ¢ 6€TOHOM B LeNsIX HanoOonee 3pPeKTUBHONH GOPBHOBI C
NOSABJICHUEM U PACKPHITUEM TPELIMH B KOHCTPYKIIUAX.

CoBEpIICHCTBOBAHUE METOIOB MOA00PA U U3TOTOBJICHHS O€TOHA (0COOEHHO
JIETKOTO U STYEUCTOT0), ¢ TEM YTOOBI MOJIyYaTh KEIC300ETOH C 3apaHee 3aJaHHbIMA
CBOWCTBAMU.

IToBbllIEHHE CEHCMHAYECKON U TMHAMUYECKON CTOMKOCTH KOHCTPYKIIUH.

VBenmueHue T0NroBEYHOCTH KOHCTPYKLIMNA B 3AHUAX C arPECCUBHBIMU
CpEelaMH, a TAK)KE ITPU SKCIUTYyaTalluy B HU3KHAX U BBICOKMX TeMIieparypax.[52]

1.4 PekoMeHayeMasd yyeOHasd U HOPMaTUBHAA JIMTepaTypa no
pacyeTy XKeJjie300eTOHHbIX U KAMEHHBIX CTPOUTE/IbHBIX KOHCTPYKL MM
I.  Csucrynos B.B., JIomyHoB A K. OCHOBBI CONPOTUBIICHUS
xene300eTona. Kypce nekumii mo qucummnze «Kene3o0eToHHbIe 1
KAMEHHBIE KOHCTPYKIMW»: YueOHoe nmocobue. — H.Hosropox:
Huxeropoackuii rocy 1apCTBEHHbIN apXUTEKTYPHO-CTPOUTEIBHBIN
yausepeuteT — 2012, — 83 c.



II. bBaiikos B.H., Curanos 2.E. Kene306eTonHbIe KOHCTPYKIMU. OOLIMiA
Kypc Yueb. ans By3os / U3a. 6-¢, penpunt-Hoe. — 2010. M.: Crpoiinznar
— 768 c.

III. IIpoekTHpoBaHKE KAMEHHBIX U ADMOKAMEHHBIX KOHCTPYKIUH : Yuel.
nocobue juig cryaeHToB no crer. 290300 - "[Ipom. u rpaxa. cTp-Bo"
HanpasisieHust 653500 "Crp-Bo" / benos Anaronmii UBaHOoBUMY,
[lenerreBa Tatesana AnapeesHa. - Mocksa: Uza-so ACB, 2003. - 239 c.

IV. baiikoB B.H., Curanos 3.E. XKene300€TOHHbIE KOHCTPYKIMH : 0OIIMH
Kypc : yue0. st By30B. - Mocksa: Ctpoituzaar, 1991. - 767 c.

V. bonmapenko B. M. XKene300eTOHHbIE 1 KAMEHHBIE KOHCTPYKIIHH !
yueOHuK 1151 By30B / B. M. Bounapenko, J[. I'. CyBopkuH. - Mockaa:
Bricm. mk., 1987, 2-¢ u3panue M. Bricmas mkosna, 2002r. 876 c.

VI.  CI163.13330.2012 BeTOHHBIE U 5K€NE€300€TOHHBIE KOHCTPYKIUU.
OcHOBHBIE MONOXKEHUA. AKTyanu3npoBanHas pegakuma CHull 52-01-
2003 (c Usmenennsimu N 1, 2, 3) [11]

VII.  CIT15.13330.2012 KameHHbBIE 1 apMOKAMEHHBIE KOHCTPYKIIVH.
AxrtyammsupoBanHas penakuus CHull [1-22-81* [12]

VII.  CII 52-102-2004 "IIpenBapuTeNbHO HAMPSKEHHBIE KENE300CTOHHBIE
KOHCTpyKumu" [13]

IX. (CI120.13330.2016 Harpy3ku 1 BO3AEHCTBUS. AKTyJIM3UPOBAHHAS
penakus CHull 2.01.07-85* [14]

X. TOCT 27751-2014 HaneKHOCTb CTPOUTENILHBIX KOHCTPYKLIUNA U
OCHOBaHUI. OCHOBHBIE TIOJIOXKEHHUS [15]

XI.  TOCT 21.501-2011 CITAC. [IpaBuna BeINOJHEHUS paboyei
JOKYMEHTALMU apXUTEKTYPHBIX U KOHCTPYKTUBHBIX PEIICHU [16]

XII. TOCT P 21.1101-2013 CIIAC. OcHoBHBIE TPEOOBAHUS K MPOECKTHOMN U
paboueii nokyMmeHTaruu [17]

XII.  ITocobue no npoekTupoBaHuto Kuibix 3aanuil/ [ {THUWUIIT xunuma
["'ockomapxutektypsl. Boim. 3. Konctpykuun sxunsix 3qanmii (xk CHull
2.08.01—85). — M.: Crpoiinzaar, 1989. — 304 c.

XIV. Pacuer MOHOJUTHOTO KEJI€300€TOHHOTO MEPEKPHITAS MHOTOITAXKHOTO
MTPOU3BOACTBEHHOTO 34aHUS [ DNEKTPOHHBIN PECYPC]| | METOM. YKA3aHUA
JUTSL BBIIOJTHEHUS pacueT.-rpad. paboTel nmo aucuuminne "Kene3o0er.
KOHCTpyKumu'" 1o HanpasneHuo 270800.62 "Crp-Bo" / Huxerop. roc.
apXuT.-CTPOUT. YH-T, Kad. xkene300eT. kaMm. U J1EpEeB. KOHCTPYKIIHIA,
coct. Hugonros Anekcanap Brnamumuposny, Mansinies Bnaaumup
Biiagumuposuy, bapeiHukosa Ajuta BUKTOpOBHA. - DIIEKTPOH. J1aH.
(1,19 MB). - H.Hosropon : HHI'ACVY, 2014. -1 CD ROM. - B
OMONHMOTEKE TAKKE HAXOUTCS MeYaTHas BEPCUS U3IaHUs.



XV. Tpyw, Jleonna MiBanoBruY. PacueT MOHOJIMUTHOTO 3K€€300€TOHHOTO
NEPEKPBITHS MHOTOATAXKHOTO IPOM3BOACTBEHHOTO 31aHus. [[pumepsl
pacuera : yueb.-metoa. nocodue / Tpyur Jleonnn UBanosuu,
BapsimankoBa Anna BuktopoBHa ; HUkerop. roc. apXur.-CTPOUT. YH-T.
- Huxnnit Hosropon : HHI'ACY, 2017. - 38 c. - B Oubnuoteke Takxe
HAXOAMTCA JIEKTPOHHAS BEPCUS U3TAHUS

XVIL.  Tpym, Jleonna UBaHoBUY. PacueT MOHOJMTHOTO KENE300€TOHHOTO
NEPEKPHITHS MHOTOATAKHOTO MPOM3BOACTBEHHOTO 31aHus. O0nme
yKazaHus : yued.-meroa. nocodue / Tpym Jleonnn Meanosuu;, Huxerop.
roc. apxXuT.-CTpouTt. yH-T. - Huxxauit Hoeropon : HHI'ACY, 2017. - 55
C.: Wi - bubmorp. : ¢. 42. - B OM0NIMOTEKE TaKKE HAXOIUTCS
AIIEKTPOHHAS BEPCUS U3JAHUS

Jleknua 2. Pu3nkKo-MmexaHM4YeCKHe CBOMCTBA 6eToHA: beTOH
KaK MaTepuaJ AJi XKeae300eTOHHbIX KOHCTPYKIUMU. CTpyKTypa
6etoHa. Kiiaccupukanusa 6eTOHOB O Pa3/JIMYHbIM NPU3HAKAM.
[IpoyHOCTH G€TOHA U PAKTOPDI, BJAUAKILHE HA HEEé.

2.1 CTpykTypa 6eToHa
berton =1 + B+ M3 + Kp3 + /I

[l — meMeHT (MOPTAaHALEMEHT, TIMHO3EMUCTHIN, UTAKO-NOPTJIAH IUEMEHT,
NYLIIOJIAHOBBIA MOPTAAHALEMEHT U JIP. ).

B — Bona (0e3 miueHku HePTEeNnpOyKTOB, JKUPOB M MACEN)

M3 — menkuii 3anoaHuTENb (MPUPOIHBIA KBAPLEBBIH MECOK C MOIYJIEM
KPYNHOCTH 1,5-2,5 — KpynHbIi, CPEAHMIA, MEJIKHUIL; LIJTAK; PAKYIIEYHHK H IP.).

Kp3 — kpynHblii 3anonHuTeb (1II€OCHD, TPAaBUiA, IEPIINT, TIEM3a, PaKYIICYHHUK,
KEpaM3uT, LIJIaK U Jp.).

L — no0aBku (TUTACTU(PUKATOPHI, XUMUUYECKUE TO0ABKH ISl YITYULICHUS
CBOMCTB OeToHA). [2], [1]

2.2 beTOH KakK MaTepuaJi AJif XKeJ1e300eTOHHbIX KOHCTPYKL Ui
beron kak marepuan a5 XKBK nomkeH 001anate onpeieaeHHbIMK, HAEPET
3aJJaHHBIMH (PU3HKO-MEXAHUYECKAMHA CBOMCTBAMH, OCHOBHBIE M3 KOTOPBIX:

[.  HeoOxoaumas mpoYHOCTH
II. Xopoliee CUCIUIEHUE ¢ apMaTypOi



III.  JlocTtaTouHasd MIOTHOCThH (HEMPOHUIIAEMOCTS) IS 3allUTHl apMaTypbl OT
KOPpO3UH

B 3aBucuMOCTH OT Ha3HAYEHUS KEIE300€TOHHONH KOHCTPYKIMU U YCIIOBUI €€
AKCIUTyaTauu OETOH JOJIKEH €IIE YAOBIECTBOPATH CIENUAIBHBIM TPEOOBAHUSAM:
MOPO30CTOWKOCTH MPH MHOTOKPATHOM 3aMOPaXMBAaHUK W OTTAWBAHUU (HATIPUMED,
JUTS OTKPBITBIX COOPYKEHUN, OTPAKAAFOIIMX KOHCTPYKIMH ), )KapOCTOHKOCTH MPU
JUINTEIIEHOM BO3JAEHCTBUUA BEICOKHX TEMITEPATYP, KOPPO3ZUOHHON CTOUKOCTH IPU
arpeCcCUBHOM BO3JICHCTBUM CPEabl U Ap. B 3aBUCMMOCTH OT 3TUX TpeOOBaHMI
CYIIECTBYIOT PA3IMYHbIC MPU3HAKK Kjaccudukanuu OeToHa. [2]

2.3 Knaccudpukanus 6eToHoB corsiacHo 'OCT 25192-2012
IIpu3Haku KaaccupuKaLum:

I.  OCHOBHOE Ha3HAUYCHMUE,
II.  cTOMKOCTH K BUIaM KOPPO3UH;
III.  Bua BsOXKyLIETO,
IV. Buj 3anomgHUTENEH;
V. cIpyKTypa;
VI.  ycnoBus TBEpACHUA,
VII. nmpoYHOCTH;
VII. Temn Habopa NpO4YHOCTH;
I[X. cpenHss miIOTHOCTS,
X.  MOPO30CTOMKOCTH,
XI.  BOJOHETPOHULIAEMOCTH,
XII.  HACTUPAEMOCTH.

Knaccudukaiivs no 0CHOBHOMY HA3HAYEHHUIO:

I.  KOHCTPYKLMOHHBIE,
II. cnenmanbHbIE (HAMPUMED, TETUIOM3OJSLMOHHBIE, PAJHAllMOHHOCTOMKKE,
JEKOPATUBHBIE).

Knaccudukaiiys no croikocTH K BUIaM KOPPO3UH:

I. A - GETOHBI, IKCIUTyaTUPYEMBIE B Cpee 0€3 PUCKa KOPPO3UOHHOTO
Bo3acicTus (XO);
II. b - GeTOHBI, SKCIITyaTUPYEMBIE B CPENIE, BBI3BIBAIOIICH KOPPO3UIO MO

neiicteuem kapoonmn3zanuu (XC);

[II. B - 6eTOHBI, SKCIUTyaTUPYEMBIE B CPEJIE, BBI3BIBAIOLIEH KOPPO3UIO MO
neicteuem xyopuaos (XD u XS);

IV. T - 06eToHBI, SKCILUTyaTHPYEMBIE B CPEJIE, BBI3BIBAIOLIEH KOPPO3UIO MO
JEHCTBUEM MONEPEMEHHOTO 3aMOpakuBaHus U oTranBanus (XF);



V. ]I - OETOHBI, SKCITyaTUPYEMBIE B CPEJIE, BHI3bIBAIOIIEH XUMUYECKYIO
KOPpO3HIo (XA).

Knaccudukanysa no Buay BSKYIIEro:

[. uemenTHsiC,
II. W3BECTKOBHIC,
III. mnakoBeI€;
IV. runcossie;
V. choeumanbHbIe (HampuMep, NoJUuMEPOETOHbI, OETOHBI HA MAarHE3HATbHOM
BSKYILEM).

Knaccudukanus nmo Bugy 3anoJIHUTEJICI:

I.  Ha IIOTHBIX 3aMOJTHUTENAX,
II. Ha MOPUCTHIX 3aNOJHUTENAX
III.  Ha cnenMalibHBIX 3aMOJIHATENSAX (HAMPUMEDP, METAIITMYECKAs TPO0b,
BCIICHEHHBIW TPaHYJIMPOBAHHBIN MOJIUCTAPOI).

Knaccudukanus mo crpykrype:

.  mIOTHOM CTPYKTYPHI,
II.  mOpU30BaHHON CTPYKTYPHI;
III.  A4YencTol CTPYKTYPHI,
IV.  KpynHONOPUCTOHN CTPYKTYPHI.

Knaccudukanys no ycjioBUsIM TBepAeHUS .

[.  TBepIEHUS B ECTECTBEHHBIX yCIOBUSX,
II. TBEpACHMS B YCIOBUSAX TEIUIOBOH 00pabOTKU Mpu aTMOCHEPHOM
JABJICHUW,
III. TBEpACHHA B yCIOBUAX TEIJIOBOH 00pabOTKM MPH AABJICHUN BBILLIE
atMocgepHOro (OETOHBI aBTOKJIABHOTO TBEPACHMUS).

Krnaccugukanys nmo npo4HocTH:

I.  cpeanelt mpo4yHOCTH (KJIacc MPOYHOCTH MpH Cxkatuu B 1o BS0
BKITKOUMTEITLHO),
II.  BBICOKOMPOUHBIE (KIACC MPOYHOCTH NMpH ckaThuK B paBen BSS u BhilIE).

Knaccudukanms mo ckopocTi HaGopa NPOYHOCTH:

I.  OwicTpOTBEpACIONINE,
II. wmemneHHOTBEpPACIOLIME.

Knaccugukauus no cpeaHeii nJioTHOCTH:



I.  oco0o nerkue (Mapku Mo cpeaHe maoTHocTu Menee DS00);
II. nerkue (Mapku no cpeaneit maotHoct oT D800 mo D2000);
III.  Tsoxenbie (Mapku no cpeanei mmotTHoctr 6osee D2000 mo D2500);
IV. oco0o Tsxenbie (Mapku 1o cpeaHeit mioTHocTH Oosiee D2500).

Knaccnukaumu no octaibHbM npu3Hakam npuseacHa B ['OCT 25192-2012

[8]. [2]
2.4 lIpoyHOCTHL 6eTOHA M PAKTOPHI BJIMAKIINE HA Hee

2.4.1 ®aKTophbl 0OKa3bIiBaWIIMe BJIUAHNE Ha IPOYHOCTb 6€TOHA

MexaHuueckue CBOWCTBA 3aNOJIHUTENEH M LIEMEHTHOTO KAMHSI CYIIECTBEHHO
OTJIMYAIOTCA IPYT OT APyra, KpOME TOTO, CTPYKTypa 0€ToHa N300MIyeT AeEKTaMH,
nopamu U MyCTOTaMHU, T.€. CTPYKTypa OeToHa HepaBHOMEpHA. [103TOMY MPOYHOCTH
OeToHa 3aBUCUT OT MHOTHX (DaKTOPOB:

@aKTOpbI, CBA3AHHBIE C COCTABOM 0ETOHA U YCJIOBHUSIMH €I0
MPUTr0TOBJICHUS (3€PHOBOM COCTAB, MPOYHOCTH 3AMOJIHATENICH, XapaKTep
NOBEPXHOCTEH 3aMOTHUTENCH, MapKa IEMEHTA, KOJIMYECTBO LIEMEHTA, KAYECTBO
VILUTOTHEHHS OETOHHOM cMecH TpH (POPMOBAHMM, KOJIMYECTBO BOABI - B/1]
(BOJIOLIEMEHTHOE OTHOUIIEHUE)).

®akTopbl, CBSI3aHHBIC C TIPOAOJIKUTEIBHOCTHIO U YCIOBUAMU TBEPACHMUS
(BpeMsi TBEpACHUS, TEMIIEPATYPA, BIAKHOCTh U JIABJICHUE CPEIbI).

®daxTopsl, CBA3aHHBIE C POPMOIA, pazmepaMu 00pa3La 1 yCIOBUAMHU
HarpyxeHus [2]

2.4.2 Buabl IPpOYHOCTH 6eTOHA

IIpoyHOCTH HA 0CEBOE CKATHE:
KyOukoBasi R (ucnbiTaHue KyOOB Ha CxKaTue, cTaHaapTHeii pazmep 150 X 150 X
150MM) DakTopsl, OKa3bIBAIOLIME BAUSHUE NPU UCTILITAHUN KyOUKOB — HATMUKE WU
OTCYTCTBHE TpeHHM (CM. puc. 11) u pazmep 006pa3uos.
Npu3MeHHasi (BPEMEHHOE COMMPOTUBIIEHUE OCEBOMY CKATHIO OCTOHHBIX MPU3M) R,
(McTIBITaHUE MPU3M Ha CXKaTue, cTaHAapTHBIA pazmep 150 X 150 X 600 mm).
®dakTopbl, 0KA3BIBAIOIIKE BIMSHUE HA UCTIBITAHUE MPU3M OTHOLIEHUE h/a —
OTHOILICHUE BBICOTHI K pa3Mepy nonepeyHoro ceuenud. [lpu h/a > 4 snusiHue cun

h
TPEHUSA NPAKTUYECKHA UCKITFOUEHO, TIPH 4 < -< 8 — BIMsIHME TMOKOCTH Oy THUMO HE

CKa3bIBacTCs (CM. puc. 12).



Cunbl o oWl
mpeHus

(MA3KA

Puc. 11. Xapakmep paspyuieHuUs Kybuyeckux 6emoHHbIX 06pa3yos npu Haau4uu/omcymemauu

L
s

MeHZodamYuUKy

R

Puc. 12. OnpedeneHue hpudmeHHOU hpo4HOCMU 6€eMmoHa.

1

Rpt 1
IIpo4HoCTh Ha oceBoe pacTsikenue Ry, (k, = —* = — + —), 3aBucur ot

NPOYHOCTH [IEMEHTHOTO KAMHSI, TPUYMHBI TOTO YTO OHA MEHBIIIEC MPOYHOCTH HA
0CEBOE CXKATUE — HEOJJHOPOAHOCTh CTPYKTYPHI (cM. puc. 13) u cnadoe cuenieHue



HNCMCHTHOI'O KaMHA € KPYIIHBIM 3allOJIHUTCIICM, MOZKCT OBITH onpceaciicHa 1o

sMmmmpraeckoit gopmyie R, = 0.2333/R2.

P N

MUKPONOpA MUKPONOPA.

uau noAoCme uau noaocme

Puc. 13. CocmosiHue 6emoHH020 06pa3ya npu cxcamuu

IIpo4HOCTH MPHU Cpe3e U CKAJTBIBAHUH - COMTPOTHBIIEHUE CPE3Y 3€PEH
KPYIHBIX 3aMOJHUTENEH, paboTaIOIMX KaK ITOHKU B TUWIOCKOCTH CPE3a, OKA3bIBAET
cyuiecTBeHHoe BiusiHue. [Ipu cpese pacnpeaeneHue Hanps>KeHui no miomaau

CEUECHMS cuuTaeTcs paBHOMEPHBIM. Rgp = 0.2R, Rgp, = 2Ry, Rgp = 0.7/ Ry, - Ry

IIpouHocTh HA cMsITHE (CMATHE BOZHUKAET NPHU ONMUPAHUN HA OCTOHHBIE
MOBEPXHOCTU KOHCTPYKTUBHBIX AJIEMEHTOB — CKUMAEMBII AJIEMEHT HaXOAUTCS
MOJIHOCTHIO WJIM YaCTUYHO B OKPY>KCHUM HEHArPY>KEHHOTO OETOHA, TOATOMY,
CKUMAEMBIH OETOH UMEET MOBBIIIEHHYIO IPOYHOCT) Ry joc = @) * Ry, ¢ = 0.8 -

fhmax 1 < ¢ < 2.5 (cum. pue. 14),
Ap,loc
IIpouHoCTH 6€TOHA MPH JIMTEILHOM JefiCTBHH HATPY3KH R,y (1IPH
JUIMTEITBHOM JAEHCTBUM HATPY3KK U BBICOKUX HAMPSKEHUAX O] BJIUSHUEM
Pa3BUBAIOIIMXCS 3HAYUTEIBHBIX HEYNPYTHUX JAeopMalivii U CTPYKTYPHBIX
W3MEHEHUI OCTOH pa3pylIaeTcsl MPU HANPSIKEHUSIX, MEHBIITUX, YEM BPEMEHHOE
COTMPOTUBJIEHUE OCEBOMY CXKATHUIO R})



IIpouHocTh G€TOHA MPH JMHAMHYECKOM Harpy:keHum R; (I1pu
JMHAMHYECKON HArpy3Kke OOJIbIION HHTEHCUBHOCTH, HO MaJIOH NPOAOKUTEIBHOCTH,
Pa3BHUBAIOLICHCA BCIAEACTBHE YIAPHBIX M B3PBIBHBIX BO3JACHCTBUIA, HAOIO1aeTCs
YBEJIMYEHUE BPEMEHHOTO COMTPOTUBIIEHUS O€TOHA — JTUHAMMWYECKAs MPOYHOCTh. Yem
MEHBLIE BPEMS T HATPYKEHUA OETOHHOTO 00pa3iia 3aJaHHOM TMHAMUYECKOM
HArpy3Ko# (MM, 9TO TO 7K€ CaMoe, 4eM OOJIbIIE CKOPOCTh POCTA HANPSIKEHUH
MIla/c), Tem Gonbiie KO3(hHUIUMEHT TMHAMUYECKONH MPOYHOCTH OETOHA)

IIpoyHOCTH 0€TOHA MPH MHOTOKPATHO MOBTOPSIFOLIMXCS HATPY3KAX Ry
(Ilpm neiicTBMA MHOTOKPATHO OBTOPHBIX HAIPY30K C MOBTOPSAEMOCTBIO B HECKOJIBKO
MUJJTMOHOB LIUKJIOB BPEMEHHOE CONPOTUBJICHAE OETOHA CHKATUIO MO/ BIUSHUEM
Pa3BUTHUSA CTPYKTYPHBIX MUKPOTPEIIMH yMeHbIaercs). [1], [2]

Cwm. tak xe: [1], [21, [31, [91, [10].
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Puc. 14. K onpedeseruio npoyHocmu 6emoHa Ha cmsimue



Jleknuga 3. Pu3nKo-MexaHM4YeCKHe CBOMCTBA OETOHA:
Knaccel 1 mapku 6eToHa. lepopMaTUBHOCTh 6€TOHA. YcaaKa U
HaOyxaHHe 0eTOHa.

3.1 Kiraccel M MApKH 6€TOHA

B 3aBucumMocTH OT Ha3HAYEHUS KENE300CTOHHBIX KOHCTPYKIIMA U yCITOBHIA
skcmyatauu CIT63.13330.2012 beToHHBIE U KEIE300€TOHHBIE KOHCTPYKIIMH.
OcHoBHbI€ MO0keHUd [11] ycTaHaBIMBAET MOKa3aTe/v KauecTBa OETOHA,
OCHOBHBIMHU U3 KOTOPBIX SIBJISIFOTCS

Kuacce 6eToHa 1o npo4YHOCTH HA C:KaTHE B COOTBETCTBYET 3HAUEHUIO
KyOMKOBO#H pouHOCTH OeToHa Ha cxkatue, Mlla, ¢ obecrieueHHOCTBIO 0,95
(HOpMaTHBHAs KyOMKOBasi MPOYHOCTH ). Y KQ3bIBAETCS B MPOCKTE BO BCEX CYUAsAX.
IIpumep: knacc bemona B25 — xybuxosas npounocms maxoeo bemona cocmasisiem
25MIla c obecneuennocmuio 95%.

Kuacce 6eToHAa 10 Npo4YHOCTH HA 0CeBOe pacTskeHue B, cooTBeTCTBYET
3HAYECHUIO IPOYHOCTH OETOHA Ha OCeBOE pacTskeHne, Mlla, ¢ 00ecneueHHOCTBIO
0,95 (HopmaTHBHAs MPOYHOCTH OeTOHA). HazHavaercs B TEX cayvasx, KOrjaa 3ta
XapAKTEPUCTHKA UMEET TJIABEHCTBYIOLICE 3HAUCHUE U KOHTPOJIMPYETCS HA
NPOM3BOACTBE. [Ipumep: xiacc bemona By2 —npounocme maxoeo bemona na ocegoe
pacmsiocenue cocmasasiem 2MIla ¢ obecneuennocmoio 93%.

Mapka 6eToHa Mo MOpo30CToiikocTH F COOTBETCTBYET MUHUMAIIBHOMY
YUCITY UMKIIOB IEPEMEHHOTO 3aMOPAKUBAHUS U OTTAMBAHUS, BBIICPKUBACMBIX
00pa3noM MpH CTAaHJAPTHOM HMCTIbITaHUK. HazHavaeTcs U1si KOHCTPYKIMIA, KOTOPBIE
MOABEPTAIOTCS B YBIIAXKHEHHOM COCTOSIHMM JIEHCTBHIO TIOTIEPEMEHHOTO
3aMOPAKMBAHUSA U OTTAUBAHUS (OTKPBITHIE KOHCTPYKIIMH, OTPaKIAI0IIHE
KOHCTPYKUMHU U T.1.). [Ipumep: mapra bemona no moposocmotikocmu F75 —
MUHUMATBHOE YUCTIO YUKIIO8 NEPEMEHHO20 3AMOPANCUBAHUSL U OMMAUBAHUS,
8bI0EPAHCUBACMBIX 00PAZYOM NPU CIAHOAPMHOM UCHBIMAHULU PAGHO 7 3.

Mapka 6eToHa o BogoHenpoHunaemMocT W cooTBETCTBYET
MAaKCHMAaJIbLHOMY 3HAYEHHIO 1aBjienus Boasl (B MIla - 10™1), eraepxuBacmomy
OeTOHHBIM 00pa3OM MPH UCTIbITAHUK. HazHavaeTcs 11s1 KOHCTPYKLMIA, K KOTOPBIM
NPEABABIAIOT TPEOOBAHKS HEMPOHULIAEMOCTH (PE3€pBYaphl, HAOPHBIE TPYOBI K
T.1.). [Ipumep: mapxa 6emona no eooonenponuyaemocmu W2, cieoosamenvio,
MAKCUMATbHOE OdBJIeHUe B00bl, KOMOPOe 8blOepIICUm bemoHHblll 00pazey npu
ucneimanuu, cocmasum 20 Mlla.



Mapka 0eToHa no cpeaHeii MIOTHOCTH D COOTBETCTBYET CPEIHEMY

w KT u
3HAYEHUIO O0BEMHON Macchl OETOHA (E) Haznauaercs nns KOHCTPYKIMiA, K

KOTOPBIM KpOME TPEOOBAHUI IPOYHOCTH MPEABSBIIAIOTCS TPEOOBAHUS
TEIION30JISLAN, U KOHTPOJIMPYETCS HA MPOU3BOJACTBE. [Ipumep: niomHocmes Oemona

mapru D900 cocmasnsiem 900 % [2]

3.2 lepopMaTUBHOCTh GETOHA
JMedopMaTHBHOCTb 6€TOHA — 3TO U3MEHEHHUE €TI0 (POPMBI U PA3MEPOB MO
BIIMSTHUEM PA3JIMYHBIX BO3JICHCTBUMN.

Beron — ynpyrommacTHieckuit MaTepra, B KOTOPOM, HAUMHAas C MaJTbIX
HaNpPsHKCHUN, MOMUMO YIPYTUX AedopMaluii €, MOABISIOTCS U HEYNPYTHE HIIH
IJTaCTHYECKUE &p;. T.€. mosHas nedopmaris 6€3 yyera ycaiku paBHa:

Ep = Ee T &y
Buasl neopmanmii B 6eToHE:

O0beMHBbIE — PA3BUBAIOIIKECS BO BCEX HAITPABJICHUAX MO/ BIUSHUEM yCAAKU
WU U3MEHEHHUSI TEMIIEPATYPhI

CunoBbie — pa3BUBAIOIIMECS B HAITPABICHUM ACHCTBUSA CUII. CUIIOBBIM
NPOAOJBHBIM Ae(OpMaLUsIM COOTBETCTBYIOT HEKOTOPHIE MONEPEUHbIE AcOPMALIH.

Cunoselie aepopmanyy B 3aBUCUMOCTH OT XapakTepa MPUIOKCHUS U
JUTATENBHOCTH ICHCTBUS HATPY3KH:

. nedopmanmu mpu OAHOKPATHOM MEPBUYHOM HArpyXEHUH
KPaTKOBPEMEHHOM HArpy3KOu,
II.  nmedopmanmm npu JUIATENBHOM ACHCTBUM HAIPY3KH,
III. npedopmanuu Mpyu MHOTOKPATHO MOBTOPSIIOIIEMCS ACHCTBHHA HATPY3KH.

HauOonbumii mpakTHYECKU MHTEPEC NPEACTABISIOT AeopManun OETOHA MPU
cxaTuu. J{is uzydenus AepOpMaTUBHOCTH UCTIOJIb3YIOT MPSIMOYTOJIbHBIE TIPU3MBI C
h/a = 4 nng uCKIIOYEHUS BAUSHUS CUJ1 TpeHud. Harpy3ky K mpu3Me MpUKJIa bIBatOT
O 3Tarnam (CTYNEHSAM), OJIHA CTYMEeHb 00bIYHO cocTapisier 1/10 =~ 1/20 ot
0’KHJIaeMOH paspymatomei Harpy3ku (cM. puc. 15). [lpu nocratouHo 0osbiomMm
YUCJIE CTYNEHEH 3aBUCUMOCTh MEXKITY HANPSLKCHUAMU U AcdopManuamMu OyAET B
BH/JIC TUTABHOU KPUBOW. [2]
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Puc. 15. luazpamma degpopmayuil 8 6emoHe npu CMyneH4amom npua0ICeHuU Hazpy3xu.

3.2.1 Jedpopmanyuy 6eTOHA NPU OJHOKPATHOM IIEPBUYHOM
Harpy>XeHUH KpaTKOBpeMeHHOI Harpy3Kou

JUTATETLHOCTH HArpy>KeHUsI OOBIYHO HE MpeBbIIIAET 60 MUHYT. J[Marpamma
0 — € JJI 3TOrO Cliyvast TOKa3aHa Ha puc. 16.

CreneHb KpHBOHHHeﬁHOCTH AuarpamMmel 3aBUCHUT OT:

[.  TpOmOMKHUTENILHOCTH NECHCTBUS HATPY3KH
II.  ypoBHA HaNpsKEHUI
III.  kmacca 6eToHa

Ynpyrue aedopmManun €, HCYE3ar0T Nocae CHATAA Harpy3ku. Okono 10%
IUIACTHYECKUX Ae(hOpMalid TaK K€ UCUE3AOT TOCTIE CHATHS HATPY3KH — 3TO:

I nedopmanus ypyroro nociaenaeHCTBHA £,y

II. ympyras cocTapisitolIas MIACTUYECKON AeOPMALIH &,
XapaKkTepU3yroas 00paTuMoe CIUTIOLMIMBAHKE MTyCTOT LEMEHTHOTO
KaMHS
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Puc. 16. Jluazpamma 3a8ucumocmu Mexco0y HaANPA#CeHuUsIMu u deopmayusimu 6emoHa npu pacmsixceHuu U cxcamuu (00HOKpamHoe nepeu4Hoe
Hazpyy}ceHue KpamkospemeHHOU Hazpy3Koll).



[Tocne pa3rpy3ku 6€TOHA OKOHYATENIFHO OCTAETCS OCTaTOHAs Aedopmartus,
BO3HUKAIOIIAs W3-3a HEOOPATUMOTO CIUTIONIMBAHUS MTYyCTOT IIEMEHTHOTO KaMHS 1
M3JI0MA HX CTEHOK &)1 .

0p = R}, - HanpsDKEHUE B MOMEHT, MPEAIECCTBYIONIMIA HaYaly MHTEHCUBHOTO
paspylicHus 0eToHa (YCIOBHAS BEJIUUMHA).

[Tpu HeBbIcOKMX HanpsukeHusax (o, < 0,5 R, ) npeBanupyroT ynpyrue
nedopmanuu (¢, = 0.8¢p), anpu g, < 0,2 - Ry GETOH MOKHO PaCCMAaTPUBATh Kak
VIPYTHil MaTepua.

[Tpu 0CEeBOM paCTSKEHUM TUarpaMMa o — & UMEET TOT KE XapakTep, 4To U
PU CXKATUU.

Ee
Koadpdunuent ynpyroctu 6eToHa v = —» TIPH CKATUX MEHAETCA OT 1
b

(ynpyras pabora 6erona) 10 0,15 (B MOMEHT MPEAMIECTBYOIINNA PA3PYLICHHUIO PU
OY€Hb JJIUTEIILHOM HArpy>KEHUH ).

Epl
Ko>dduirenT miacTHaHOCTH OeToHa A = gi.
b

[Tpu pacTskeHMM Tak >k€ BO3HUKAET aedopmMariius (cocrosuias u3 ynpyroi u
MJIACTUYECKON COCTaBIISIONICH COOTBETCTBEHHO):

Ept = et T Epit

Ot 3HaueHui npeAeabHbIX neopmanuii 3aBUCUT AUAMA30H COBMECTHOM
paboTel apmarypsl ¢ OeToHoM. [Ipenenbubie nedopMannm TSXKEITOTo OETOHA MPH
KPaATKOBPEMEHHOM JAEHCTBUN HATPY3KU:

IIPU CIKATUU Ep 5 = 0.8 + 3%0
IPU PACTSKEHUU Epeqyr = 0.1 + 0.15%0 [2]

3.2.2 lepopManuy 6eTOHA NP AJUTEJIbHOM IeiICTBUU HATPY3KHU

[Ipn nmuTensHOM AEHCTBUM HArpy3ku (¢ > 60 MUHYT) HEynpyrue
aeopMalim ¢ TCYCHUEM BPEMEHH 3HAUUTENBHO YBEIMUMBAIOTCS. B peanbHbIX
YCIIOBHAX B MPOLIECCE CTPOUTENBCTBA 3MAHUI U COOPYKEHUI UAET MOCTENEHHOE
CTYIIEHYATOE HArpy KEHUE KEIE300€TOHHBIX FJIEMEHTOB.
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Puc. 17. Heynpyaue dedpopmayuu 8 6emoHe 8 3asucumocmu om daumensHocmu delicmeust
HazpysKu
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Puc. 18. Heynpyzaue dedpopmayuu 8 6emoHe 8 3agucumocmu om daumensHocmu delicmeust
HazpysKu
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Puc. 19. Heynpyaue dedpopmayuu 8 6emoHe 8 3a8UcuMOcmu 0m cKopocmu Ha4a/1bHO20

HazpyjiceHust

Hapacranue neynpyrux nedopmanuii Ipy JUIMTENBHOM ACHCTBUNA HATPY3KU
Ha3bIBAIOT MOJI3Y4ecThbI0 6eToHa. /[e(hopmanuy noa3y4ecTH COCTOST U3 ABYX
YacTeN: MJIACTHYECKOH, ITPOTEKAIOIIEH TOYTH OJHOBPEMEHHO C YIIPYTroi, U
BSI3KOIi, U1 pa3BUTHS KOTOPOM TpeOyeTCsl ONPEACTIEHHOE BPEMSI.

®dakTophl, BAUSIOIIME HA BETUUMHY JAedopMaliiii NOa3y4eCTH:

L.

II.

1.

IV.

VL

3arpykKCHHbBIH B paHHEM BO3pacTe OSTOH (MPH MPOYMX PABHBIX
YCIIOBUSX) 0071a1a€T OObIICH MOM3YUYECThIO, YEM CTAPBINA;
MOJI3y4ECTh OETOHA B CYXOM CPEJIE 3HAYMTENIBHO OOJIBIIE, YEM BO
BJIQYKHOW.

¢ yBenuueHnueM B/1] u pacxona neMeHTa Ha eauHuIly 00bEMa OETOHHOMN
CMECHU MOJI3y4YEeCTh BO3PACTAET;

C MOBBILICHUEM TPOYHOCTH 3EPEH 3AMOTHUTENS MOJI3YUECTh
YMEHBIIIACTCS;

C MOBBILIEHUEM Kjlacca OETOHA MOI3YYECTh YMEHBIIAETCS;

OETOHBI HA MOPUCTHIX 3AMOTHUTENSX 00JIaAal0T HECKOIBKO OOJIbILEH
MOJI3YYECTHIO, YEM TSIKEBIC OETOHBI,



VII.  moyi3y4ecTh 3aBUCUT OT BHAA LIEMEHTA: HAMOOJIBIIEH MON3YYECThIO
00na1ar0T OETOHBI, MPUTOTOBJIEHHBIE HA LITAKOMOPTIAHALECMEHTE WA
NOPTIIAHAUEMEHTE,

VIII. nomsydecTb TEM MEHBILE (TIPU MPOYHMX PABHBIX YCIOBUSX ), YeM OOJIbLIE
pa3Mepsl MOMEPEYHOTO CEUECHUSI OETOHHOTO JJIEMEHTA,
IX. nponapuBanue GeTOHA CHMKAET ero nmon3yyects Ha 10...20%, a
aBTOKJIaBHad 00padoTka — Ha 50...80%;
X. Hanuuue apMatrypel B OETOHE YMEHBIIAET MON3y4YecTs B 1,5 — 2 pasa.

[TomydecTs OETOHA OKA3BIBAET CYIIECTBEHHOE BIIMSTHUE HA PadoOTy
KEJIE300€TOHHBIX KOHCTPYKIUI MO/ HATPY3KOM, YTO YUYUTBIBAIOT, HANPUMED, MPU
pacyeTe BHELEHTPEHHO CKATHIX 3JIEMEHTOB, IPH OLICHKE A€(POPMATHBHOCTH
KOHCTPYKUMH U MPU ONMPEACTIEHUH BHYTPEHHUAX YCUIINMA B CTATUYECKH
HEOMPEACTUMBIX KOHCTPYKIUSAX.

OTpunarenbHOE BIMSHUE MTOJI3YYECTH HA PAOOTY JKENNE300€ TOHHBIX
KOHCTPYKIUH ITOJ HArPY3KOM:

I.  poct mporuboB ¢ TEUEHUEM BPEMEHH,
II. cHWXEeHWE BEIMYUHBI HAYAJIBHOTO MPEABAPUTEIILHOTO HAMPSIKEHUS
apMaTypsl B MPEIHANPSIAKEHHBIX KOHCTPYKIIUSX.

[10/10KUTENBPHOE BIMAHUE MON3YYECTH HA PAOOTY 7KENE3006 TOHHBIX
KOHCTPYKIUH ITOJ HArPY3KOM:

[. mepepacnpenencHue HaNpsHDKEHWA ¢ OETOHA HAa apMaTypy — OETOH
pasrpy:kaercs, a apmarypa - J0TrpyxKaeTcs,
II.  nepepacnpencneHue yCUIA MEKIY OTACITIbHBIMU CEUCHUSIMU B
CTaTUYECKU HEOMPEACIIMMBIX KOHCTPYKIUSAX. [2]

cM. Tak xe [1], [27]



3.2.3 lepopManyuy 6eTOHA P MHOTOKPAaTHO IMOBTOPSAIOIIEMCS
A eV CTBUU HarpysKu

nepbu4Ha A
kpuba A degopMayuu

Op

Puc. 20. [Juazpamma ¢ — € npu MHO20KpAMHO NOBMOPSIOWUXCSA HA2PY3KAX

MHOroKpaTHOE MOBTOPEHUE IIUKJIOB HATPY3KU U Pa3rpy3Kku OETOHHOTO
oOpa3iia NpuBOAUT K MOCTENIEHHOMY HAKOIUIEHUIO Heynpyrux aedopmanuii. Jlunuu
HArpy3Ku U pa3rpy3ku 00pa3yroT NETII0 TUCTEPE3UCa, MO KOTOPOit
XapaKTEPU3YET SHEPTHUIO, 3aTPAYCHHYIO 34 OJIMH LIUKJI Ha IPEOI0JICHUE
BHYTPEHHETO TPEHHS.

IIpy HaNpsUKEHHSAX,, HE NPEBBIIAIOIIMX TP BBIHOCIMBOCTH 0p1 < Rpf ,
[OCJIE JOCTATOYHO OOJIBLIOTO YHCIA HUKIOB HEyNpyrue aeopmanuu 0eToHa,
COOTBETCTBYIOIINE JAHHOMY YPOBHIO HaMPsKCHUA, TOCTENEHHO MCUYEPITBIBAKOTCS U
0eTOH HauMHaeT padboTaTh ynpyro (puc. 20).

IIpy BHICOKMX HANPSHKEHUSX Oy > Rj, ¢ MOCIIE HEKOTOPOTO YHCIIA IIMKIIOB
KpPHUBasi JOCTUTAET NPAMOIMHEHHOTO BUA, 8 3aTEM HAUMHAET UCKPHBIIATHCS CHOBA,
HO YK€ B 00paTHOM HANpaBJICHUH, T.€. BOTHYTOCTBHIO B CTOPOHY OCH HANPSKEHUIA.
HckpuBieHE HAYMHACTCA ¢ BEPXHEH YacTH NPAMOH (T. €. BOJM3U HAMBBICLIETO
HANPSKEHUS) U MOSABISETCS TOUKa nepernda. [Ipu npoaomkaromemMcst NOBTOPEHAN
NPUJIOKEHUHU HATPY3KM TOUKA MEPErnda OMyCcKaeTcsa BCE HUKE MO KPUBOWA, IOKA HE
ucue3HeT. Toraa Best KpUBasi OKa3bIBACTCSL BOTHYTON B CTOPOHY OCH HANPS>KEHUIA.
[Tpu 3TOM OcTaTOUHBIE ACPOPMALIMH MTOCIIE KAKAOK Pa3rpy3Kd HEOTPAHUYEHHO



pacTyT, a KpuBasg BCE OO0JIbLIEC HAKIOHAETCS K TOPU3OHTANIbHOM ocu. TleTns
rucrepesuca BcE OOMbIlE YBEIMUMBACTCS U, HAKOHELL, 00pa3ell XpynKo
paspyliaercs.

duznuecKue sIBICHUS, TPOUCXOAALINE B OETOHE MPU MOBTOPHBIX
HArpy:KeHUAX, OJIN3KU K SBJICHUAM, TPOUCXOIALIUM NPU ACHCTBUN OUYEHb
JUTUTENBHBIX HATPY30K, T.€. ATUTEIHHOE HArpy>KEHUE MOKHO pacCMaTpuBaTh Kak
MHOTOKPATHO MOBTOPSIOLIEECH C P, = % =1,

[Tpu BUOpAIIMOHHBIX HArpy3Kax ¢ OOJBLUIMM YMCIOM MOBTOPEHUHM B MUHYTY
(200...600) HabOrO MACTCS YCKOPEHHOE PA3BUTHE NON3YYECTH OETOHA, Ha3bIBAEMOE

BHOPONOJIBYHECTHIO WIN JMHAMUYECKO MO13yuecTbio O€TOHA. [2]

3.3 Ycaaka u HabyxaHue 6eTOHA

betoH 00agaeT CBOMCTBOM YMEHBIIATHCS B OOBEME NIPU TBEPJICHUH B
OOBIYHOM BO3YIIHOM cpejie (ycaaka 0eToHA) U YBEIUUNBATLCA B 00BbEME NPHU
TBEPJCHUY B BOJE WX MTPU YBJIAXKHEHUHY (Ha0yXxaHue 0eToHa). beToHbl,
MPUTOTOBJIEHHBIC HA CMIENUAJILHOM [IEMEHTE (PACIIUPSIFOIEMCS WK
0€3yCcaJlOYHOM ), HE JAIOT YCAJKH.

®dakTophl, BAUAIOIIME HA YCAJKY OETOHA;

[ KOIMYECTBO LEMEHTA — «KUPHBIN» OETOH UMEET OOJIBINYIO YCAIKY;
II.  BHJA HEMEHTA — BBICOKOAKTUBHBIE U TIMHO3EMUCTBIE LIEMEHTHI TAKOT
OOJIBIIYIO YCAJIKY,
III.  konuuecTBO BOABI — ueM Ooibiie B/I1, Tem Oosnbliie ycaaka,
IV.  KpymHOCTB 3alOJHUTENSA U €0 BUJ — IPA MEJIKO3EPHUCTHIX MECKAX U
NOPUCTOM IIEOHE ycaaka 0oJbLIE,
V.  NPOYHOCTH 3aMOIHMUTEIA — YEM BBILLIE €r0 MOAYJIb YIIPYTOCTH, TEM
MEHBIIE yCANIKa,
VI.  BAaXHOCTh OKPYXAOWIEH CPEIbl — YEM CYLIE BO3IYX, TEM OOJIBIIE
ycaziKa;
VII.  Hanuuwme n00aBOK M YCKOPHUTENEH TBEPACHHS OOBIYHO MOBBILIAOT
yCaIKy;,
VIII. Hanmuume apMaTtypsl — IPUMEPHO B 2 pa3a YMEHBIIAET YCAKY.

VYcaaka uaét HepaBHOMEPHO MO 00BEMY OETOHA, YTO MPUBOJIUT K
BO3HUKHOBEHUIO B HEM PACTATUBAKOLIMX HANPS)KEHUH U MOSBICHUIO BCIICICTBUE
3TOTO YCaJ0uHBIX TpewmuH. [103TOMYy ycaaka — BpeIHOE SIBJIICHUE.

Mepsi 17151 60pBOBI ¢ YCATKOIA:

[.  TexHomornueckue (MoAOOP ONTUMAJILHOTO COCTaBa OETOHA),



II. mpou3BOACTBEHHBIC (BBIACPAKKA OCTOHA BO BIAKHBIX YCIOBUSAX B
TEYCHHE 2-X HENETb)
III. KOHCTPYKTHBHBIE (YCTPOMCTBO YCATOUHBIX IIBOB). [2]

Jlekuusa 4. Pu3nKo-MexaHHU4YeCKHe CBOMCTBA OE€TOHA:
Moayab aepopmManyvv 6€TOHA MPU CKATUU U PACTKEHHUH.
beTOHBI NpUMeHsieMble AJISI HeCYUMX U OTPaXK a0 L UX
KOHCTPYKIUH

4.1 Mopaysb fepopManiui 6eToHa

npyzue cekywas KacameAbLHG A
dedopMayuu

o}

No AHble
dedopMaLul

a
- / & €y

Puc. 21. Cxema 0251 onpedeneHust modyas degpopmayuu 6emoHa

Beton- ynpyromiactuueckuii MaTepua, mo3ToMy pa3indyarT TPU MOAYJIS
nedopmaiinm 0etToHa. [2]

4.1.1 HayasibHbIN MOAYJIb AedpOopMallii 6eTOHA IIPH CKaTUHU
o
E, = 2= p-tga, = const
e

3necy p = 1MIla - macirabHO-pa3MepHbIi KO3YPPUIHEHT.

CooTBETCTBYET ypyruM jedopmanusiM. Bo3HUKAET Npr MTHOBEHHOM
HarpyxeHuu npu g, < 0.2R},. [Ipn u3BeCTHOI KyOUKOBOM MPOYHOCTH MOKHO



OIPCAC/IMTD 110 DMITMPHYICCKUM (I)OpMy.HaM. HaHpI/IMep, JJIA TAXKCIIOTO 6eTOHa
43000-B
E h —
21+B

[Tpu TermnoBoi 00paboTKe ero 3HaueHue cHMxkaercs Ha 10%, mpu
aBTOKJIaBHOM Ha 25%. [2]

4.1.2 leficTBUTeJIbHBIY MOAYJIb AedopMalyii 6eTOHa IPU CKATHHU

Ereal — do-b — .
b = =p-tga # const
d(“:b

COOTBETCTBYET MOJHBIM JcpopManusaM BKIHOYas AeopMalivu Moa3y4yecTH,
MEPEMEHHBIN. [2]

4.1.3 CpeaHuii MOAyJib yIIPYrolJIaCTUYIHOCTH 6€TOHA
Hcnosb3yeTcs 1ist paCueTOB T.K. HEU3BECTHO AHAIMTHYCCKOE BHIPAKCHUE
JNEHCTBUTEILHOTO MOAYJIs AedopMmanuii OeToHa. [2]
Op

Eé =—=p-tga; # const
€p

4.1.4 3aBHCUMOCTH MeXy MOAYJIAMMU AedopMalliid 6eToHA
Op =€e°Eb =€b'E£ -
Eé =v- Eb

Ee
rae v = — - KOA(pPUIMEHT ympyrocty 0€ToOHA
b

HavanbHblii MOy b yOPYrocTy OETOHA NMPU PACTSKEHUM E) TPUHUMAETCS
paBHbIM E, a

/ —
vy = 0.15 — ko3 duument ynpyroct 6€ToHa MPH PacTSKEHUH B MOMEHT

MPEAIECTBYIONINNA Pa3PYyLICHUIO.

Ep
2:(1+u)
nonepeyHoit aedopmarun y = 0.2). [2]

Mopyne casura G = = 0.42 - E}, (npu HavasibHOM KO3(ppunmeHTe

4.2 beToHBbI NpUMeEHsIEMbIE AJIS1 HECYLIMX U OrPaXKAaoLuX

KOHCTPYKIUH
[To HazHaueHutO (007aCTH MPUMEHEHUS ) OETOHBI OBIBAOT:



[.  KOHCTPYKUMOHHBIE — TsKeNbIH OeTon p = 2200 ... 2500 kr/m3,
MEJIKO3EPHUCTHII 6eToH p > 1800 Kkr/mM>, Nerknii, suencThIi,
HaAnpsracMelid OETOH.

II. CnenmaibHbie (TEMION3OIALAOHHBIE, KAPOCTORKUE, XUMUYECKU
CTOMKHE, PAIMALlMOHHO-3AIIUTHBIC, IEKOPATUBHBIC OETOHBI).

CTOMKOCTB K BO3ACHCTBUAM OKPY’KAIOIICH CPEABI B 3HAUUTEIIBHON CTENEHU
3aBACUT OT BAJIA BKYILETO BEIIECTBA, UCIIOJIB30BAHHOTO T U3TOTOBJICHUS
OECTOHHON KOHCTPYKLMHU

JIst Hecy X KOHCTPYKIUIA KCTIONb3YIOT KOHCTPYKIIMOHHBIE OETOHBI,
IJIABHbIE TPEOOBAHUS K HUM (IPOYHOCTbh, YIPYTOCTh U T 1. ).

JIid orpasaammuX KOHCTPYKIUA UCTOB3YIOT KOHCTPYKIIMOHHBIE U
cnenuaibHble OSTOHHI.

JUd KOHCTPYKUIMiA, IKCIJIYaTUPYEMbIX B 0COOBIX YCJAOBHUSX HCIOJB3YIOT
cnenuaibHble OETOHBI. [2]

Jlekuusa 5. PU3nKO-MexaHnYeCKHue CBOMCTBA apMaTyphbl:
HasHayeHue M KjJaccupukanus apMmaTypsbl. MexaHuyeckue
CBOMCTBA apMaTypHbIX cTajsied. Knaccel ctasneu. TexHuko-
3KOHOMHYECKHEe PEKOMEHAaluy [0 NIPUMEHEHHUI0 apMaTyphbl B
pPa3/JIMYHbIX KOHCTPYKLMAX. ApMaTypHbIe CBApHbIE U
NPOBOJIOYHbIE U3aenus. CoegUHEeHUsI apMaTyPhbl.

5.1 HazHayeHHue U KJIaCCUPUKALMA apMATyPbl

5.1.1 HazHaueHHe apMaTyphbl

ApmMarypa 3TO OTACTbHBIC CTEPKHU WU apMaTYPHBIE U3IETUS, KOTOPBIC
pacnojararoT B Macce OETOHA B COOTBETCTBUM CO CTaTUYECKOW CXEMOH paboThI
KOHCTPYKIIUH.

Apmarypy B KeJie300€TOHHBIX KOHCTPYKIUSX UCHOJIB3YIOT
MPEUMYIIECTBEHHO I BOCIIPUATHS PACTATUBAIOIINUX YCUITUH U AJ1 YCUIICHUS
C:KaToro 0€ToHa, HANPUMEP, B KOJIOHHAX.

Heo0xoamMoe KOIM4YeCTBO apMaTypsl ONPEAENAIOT PACYETOM KOHCTPYKLIUH
Ha Harpy3Ku U BO3JACHCTBHA.

TpeOGoBaHus kK apMaType B KEAE300€TOHHBIX KOHCTPYKIIHSIX



I.  Hanéxuas paboTa Mo HArpy3KOi COBMECTHO ¢ OETOHOM (3a CUET
CLICTIJICHU ) HA BCEX CTAAUAX CIYXKObl KOHCTPYKIUH;

II. noJHOE UCTMOJIb30BAaHKE CBOMX MPOYHOCTHBIX CBOMCTB MPU MCUEPTIAHUU
KOHCTPYKUMEN HECYICH CITOCOOHOCTH.

[Tpumepsl pa3MemeHns: apMaTypsl B PA3JIMUHBIX THIAX KOHCTPYKIMH
MOKa3aHO HA PUCYHKAX.

B pacTsaHyThIX 371EMEHTAaX Pa3MENICHUE PACTAHYTON apMaTypbl 3aBUCHT OT
OUYEPTAHMS SMOPHI MOMEHTOB. [2]
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Puc. 22. PasmeujeHue pacmsHymoll apmamypbsi 8 uz2ubaemuix anemenmax [1]
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HuxHue npodonbHeie CMePXHU

Puc. 23. Apmupoearue gpyndamenma [19],[18]

Puc. 24. Apmuposanue necmHuyHol naouwjadku [20]



nonepeyHas apMamypa
KONOHHE! (xoMyme1)

Puc. 25. Apmuposarue KonoHHb! [21]

pacnpedeaumensHas

/{|apMamypa

apMamypa

padodan npodonkbHasA

Puc. 26. Apmuposarue naumsi nepekpovimus [23]

GuKcamop

1 apMamypa

MOHmMaXHas npodonbHas

nonepeYHas apMamiypa




5.1.2 ki1accupukanusa apMaTypbl

TexHo102Us1 U320MOBACHUS

gmepMuYecku ynpoyHeHHas |

AV /A /F /3 I3 IR 1 T WA
MexaHuyecku ynpoyHeHHas B xonodHom

&cocmosHuu (xonodHodedpopMupoBaHHas)




IIpoguns HapycHol nogepxHoCcMU

BHewHuil sud

ITo cnoco0y npumeHeHust:

I. Henampsraemas;
II. mpenBaputenbHO HanpAraemas

ITo cnocoOHOCTH HECTH HATPY3KY A0 OTBep/AeHUs1 OeToHA:

I.  we mecymras marpy3ky (ru0kas apMarypa);
II.  mecymas Harpy3ky (;kécTkas apMarypa).



[To pyHKIHOHAJBLHOMY HA3HAYEHUIO (CM. puc. 25, 26):

[.  paGouasi mpOAONBbHAS, YCTAHABIMBACTCS BCErAA MO PACUETY NI
BOCITPUSATHS, B OCHOBHOM, PACTATUBAKOIINX YCUIIUN B CEUCHUSAX.
[Toaromy €€ pacnonararoT B pacTAHYThIX 30HaX BIOJIb JIMHUHU ACHCTBHSA
ATUX YCWIHM, T.€. EPIEHAUKYJIAPHO K BOZMOKHOMY HaIPaBJIEHUIO
TpewmmrH. Korga ceueHue c:xxatoi 30Hbl 0€TOHA HEAOCTATOYHO IS
CKMMAOIIUX YCWIIHNA €€ YCTaHABIMBAIOT B CKATOM OETOHE,

II. mnonepeyHasi, yCTAHABIMBACTCS MO PACYETY WIIM KOHCTPYKTUBHO (0€3
pacuéta) nmo TpeOOBaHUSAM HOPM B M3ru0ACMBbIX AJIEMEHTAX IS
BOCITPUATHS NIOTIEPEYHBIX CHJI B HAKJIOHHBIX CEYEHMSX, B CHKATHIX
AIIEMEHTAX JUIs 00€CIeUeHUs] YCTOMUYMBOCTH MPOJOJIEHOM apMaTyphl;

III. wmoHTaxXHas - 17151 OOBEAUHEHUS OTACTBHBIX CTEPKHEN B apMaTypHbBIEC
U3JEnns U 00€CIIEYEHHsI POCKTHOTO NOJIOKEHUST paboydei apMaTyphl B
KOHCTPYKLWH,

IV. pacnpeaesurensHad - it 00J€€ PABHOMEPHOTO PACPEACIICHUS
YCWIIMSL MEXKAY OTAEIIbHBIMH CTEPKHAMH Paboueii apMaryphl,
0COOEHHO MPHU ACHCTBUM COCPEAOTOUECHHBIX HATPY30K;

V. KOHCTPYKTHBHAA - JJIs1 BOCOIPUATHSL OOBIYHO HE YUATHIBAEMBIX
PacyéToM yCWIIHANA OT yCaJKi OETOHA, U3MEHEHUS TEMIIEPATYPBI
KOHCTPYKUMH U T. . OHAa MOKET TAKKE BBITIOJIHATE POJIb paboueii mpu
TPAHCIIOPTUPOBAHUU U MOHTAKE KOHCTPYKLUK. [2]

5.2 MexaHu4YeCKHe CBOMICTBA apMaTYPHBIX CTaJIel

5.2.1 [IpoyHoCTH
ApMaTypHBIE CTAJIA YCIIOBHO ACJAT HA "MATKUE" U "TBEPABIE".

JlnarpaMma pactsikeHust Manoyriiepoauctoid (Msarkoid) ctamm Ct3 umeer
IJIOLIA/IKy TEKYYECTH U COOTBETCTBEHHO (DU3MUCCKUI NPEIEN TEKYYECTH Oy, -
HanpsKEHUE, MPU KOTOPOM AeopMalii pa3BUBAOTCS 0€3 3aMETHOTO YBEJTMYEHH S
Harpy3ku. Bo u3bexxanue ype3MepHbIx 1eopMannii B KOHCTPYKIHAX
ropsucKaTaHas apMarypa MOXeT ObITh UCIIOJIb30BaHA B HUX JI0 HANPSIKEHUH
0; < 0y.3Ha4YUT, OCHOBHOM XapaKTCPHCTHKON MPOYHOCTH I "MATKUX " CTajICH

ABIAETCH QU3UUECKHH TIPEEI TEKYUECTH Ty .
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Puc. 27. lJuazpamma pacmsxcerHusi manoyaaepoducmolii cmanu [2]

Puc. 28. luazpamma pacmsixceHus mepmuvecku ynpo4HeHHol cmanu [2]

Tepmuuecku ynpouHEHHAS CTajlb MEPEXOIUT B TJIACTUUECKYIO CTAIUIO

PabOTHI MOCTENEHHO W HE UMEET IJIOIIAAKM TEKYUECTH HA JUArPaAMME PACTSKECHHUS.
JUTS TaKuX cTajieil yCTaHaBJIMBAOT YCIOBHBIN ITPENEn



TEKYUECTH 0 5 - HANPSHKEHHUE, IPA KOTOPOM OCTATOYHBIE Ae(hOPMALU PABHEI
0,2% ¥ yCIAOBHBIN NPENEN YIPYTOCTH 0 o2 - HANPSHKEHUE, IPH KOTOPOM
ocrarounsie aedopmanuu pasusl 0,02%.

O ‘
Oy

Es

Puc. 29. luazpamma pacmsixceHust xon100HodedopmuposarHol [2]

J

OCHOBHast XapaKTEPUCTUKON MPOYHOCTH JUIs "TBEPABIX " CTAJIEH - BDEMEHHOE
CONPOTHUBJICHUE 0, — HANPSKECHUE, HEMTOCPEIACTBEHHO MPEIMIECTBYIOUIEE PA3PBIBY
oOpasra. [2]

5.2.2 Ils1acTUYHOCTDb

[lmacTUYHOCTH ApMATYPHOM CTANIA XapPaKTEPU3YIOT €€ OTHOCUTEITBHBIM
VJIMHCHUEM TPU UCTIBITAHUK HA Pa3phiB 00Pa3LoB JUIMHOM | , paBHOM msiTH
nuamerpam ctepskHs, Wik 100 MM, a TakKke OIIEHUBACTCA UCTIBITAHUEM Ha 3arul B
XOJIOJJHOM COCTOSIHAM BOKPYT OTIPABKM TOJIIIUHOMN 3-5 THaMETPOB CTEPKHS. [2]

5.3.3 CBapuBaeMoCThb

DT0 CBOMCTBO CTajiu 1aBaTh JOOPOKAYECTBEHHBIEC COCTMHEHUS MPH CBApKE,
KOTOPOE XapaKTePU3YETCsl OTCYTCTBUEM TPEIIMH U PYTHX TIOPOKOB METajlIa B
[IBaX ¥ MPUJIETAIOIINX 30HaX. DTO BaXKHO NP U3TOTOBJICHUHU CBAPHBIX apMaTyPHBIX
U3JICIM, CTBIKOB apMaTyphl, PY CBAPKE 3aKJIaHBIX AeTaJICh 1 T.11.

CBapuBaeMOCTh CTAJIEH 3aBUCUT OT UX XUMHUYECKOTO COCTaBa, (PU3UKO-
MEXaHUYECKHUX CBOMCTB M TEPMOOOPAOOTKHM NEPEA CBAPKOW. OTPULIATENIBHO BIUSET
HA KQ4€CTBO CBAPHOIO MIBA YIJIepoI. [2]



5.3.4 XJ1aJHOJIOMKOCTh

OTO NOBBILIEHUE XPYIIKOCTH CTaIM MO HATPY3KOW MPH OTPULLATEIBHBIX
temneparypax Huxke -30°C. Takoil CKJIOHHOCTBIO 00JIaJaeT ropsiaeKaTaHas
apMarypa U3roToBJICHHasA U3 MOJIYCIIOKOMHON MapTEHOBCKONW ¥ KOHBEPTEPHOM
cramu. [2]

5.3.5 Pesrakcanus

OTO CHUKCHUE HAMPSDKCHUS B apMaType NPH HEU3MEHHOM JUITMHE HJIEMEHTA —
otcyTcTBHM feopmaruii. OHa HaMOOJIEE HHTCHCUBHO MPOTEKACT B MEPBHIE YaChl
pacTSKEHUA apMaTyphl. 3HAYUTENIBHON peNakcanuei 00aaaaroT
BBICOKOJIETUPOBAHHASA U YIIPOUYHEHHAA TEPMUUYECKHU UJTA BBITSKKOM apMarypa.
Penakcanus ropsuekaraHbiX MaJOyriaepOaUMCThIX U HU3KOJIETUPOBAHHBIX CTAJIEN
HE3HAYUTEIbHA. [2]

5.3.6 BblHOC/JIMBOCTD

OT neiCTBUS MHOTOKPATHO MOBTOPSIOMICHCS HArPY3KHA BO3MOKHO
YCTaJIOCTHOE PAa3pPYyUIEHUE apMaTypPhl TPU COMPOTUBJICHUHN PACTSIKEHUIO MEHBIIIEM
npejiesia TEKYy4eCTH WU MPeiesia MPOYHOCTH MPU OJTHOKPATHOM KPaTKOBPEMEHHOM
3arpy>K€HUM. Y CTAIOCTHOE Pa3pyUICHUE MPOUCXOIUT BHE3ATHO U HOCUT XPYTIKUA
XapakKTeP T.€. NPOUCXOIUT 03 00pazoBaHus MIoNIaaKy TekydecTu. [lleiika B Mmecte
pa3pbiBa apMaTypPHOTO CTEPKHA HE 00pazyercs. [2]



5.3 Knaccel apMaTypHBIX CTaJied

0O6o3Haue
-Hue

Kaacc

Huamem
p, MM

aud

A zopsuexamanas u mepmuuecku ynpounennas apmamypa

A240 (A-I) - cmepicHesas
anadkas apmamypa

6 =10

A300 (A-1I) - cmepoicHesas
apmamypa nepuodu4eckozo
npoguasa muna

"eunm” duamempom
(omcymcmaeyem 6 Hogom CII)

10 =+ 80

A400 (A-1I1) - cmepicHesas
apmamypa nepuodu4eckoz2o
npoguasa muna

"énouxka”

10 = 80

A500, A540 (A-11IB), A600 (A-
1V), A800 (A-V), A1000 (A-VI),
A1200 (A-VII), A1500 -
cmepaicHesas apmamypa
nepuoduyeckoz2o npopuas

10 =+ 40

B x0100n00epopmuposanmas
npo8O/IOYHAS ApMamypa

B500 (Bpl) -
X0.100HO00ehopMupo8aHHAs
pudsienast npogo1oka

3+12

Bp1200, Bp1300, Bp1400,
Bp1500 (Bp-II) -
X0.100H00eopMUpOBaAH-

Has pugieHas Nposooka




O6o3Haue Kaacc HAuamem eud
-HUue p, MM

K1400 (K 7) - kanambl ceumvble
u3 7-mu 21a0Kux
X0/100H00ehOpMUPOBAHHBIX
nposos1oK

15

K1500 (K 7) - kanambl ceumvble
u3 7-mu 21a0Kux
X0/100H00ehopMUPOBAHHBIX
nposos1oK

6,9 12

K1500 (K19) - kanamubl ceaumvle
u3 19-mu anadkux
X0/100H00ehopMUPOBAHHBIX
nposos1ok

K apmamypuvie kanamuvl

14

CopTraMeHT apMaTypbl — IEpPeUeHb TUIIOPA3MEPOB KAXIOT0 BHJIa apMaTyPHBIX
CTEp KHEH BBIIMyCKAEMbIX B HACTOSAILEE BPEMS METaJLTy pruueCcKoM
MPOMBILIJIEHHOCTHIO [2].

5.4 TeXxHUKO-3KOHOMHYECKHE PEKOMEHAAIHUHA 110 IDUMECHECHUIO

apMaTtyphbl B pa3/IMYHbIX KOHCTPYKIUAX

B 00bIYHBIX KOHCTPYKIMAX B KAUeCTBE padoueil mpo0ibHON apMaTypbl
CJeayeT NpUMEHATh apMatypy kinacco A400, A300, B500, A500, nonepedHoi -
apmatypy kiaccoB A400, B500, A240, MoHTaxxHOH, pactipeaenuteabHoi — A240,
B500. Jlnga npenBapuTesibHO HANPSXKEHHBIX KOHCTPY KLU TPUMEHSFOT
BBICOKOMPOYHY IO apMaTypy: cTep:kHeBYH0 kiiaccoB A540, A600 - A1500,
npoBoJiouHyto ki1accoB Bp1200 — Bp1500, kanats! kinaccoB K1400 — K1500.

[Tpu mpoeKTUPOBAHUHM KETE300€TOHHBIX KOHCTPYKIIUNA UCTIONB3YIOT
COPTAMEHT apMaTypsl. [2]

5.5 ApmaTypHble CBapHbI€e U IIPOBOJIOYHbIE U3 e/ IUS

ApMaTyprle HU3ACTIHNA COCOUHAIOT C IOMOILIBIO CBAPKH U C IIOMOIIBIO
BA3AJIbHOM MPOBOJIOKU. CBapHbIE apMaTypPHbIC U3/ENHS (CETKU U KapKachl)
NPUMEHSAIOT Il CHUKEHUS TPYAOEMKOCTA apPMUPOBAHUA.

CBapHBIC KapKacChl U3IOTOBJIAIOT INIOCKHMMH U IMIPOCTPAHCTBCHHBIMH. Hx
MPUMEHSIOT JUTsl apMUPOBAHHUS JIMHEHHBIX JIEMEHTOB (0ANIOK, pUTENICH, KOJIOHH |
T.1L.).

Jlns apmatypHbix cetok cymectByeT ['OCT 23279-2012 CeTku apMaTypHbIe
CBapHbIE 7151 KeJIe300€TOHHBIX KOHCTPYKIMI 1 uzaennil. O01ue TEXHUUECKUe
ycnous [25]. CornacHo atomy ['OCTy ceTku noapasaenstor:




10 TMaMETPaM CTEPIKHEH (TsKesIble IMEIOT B OJTHOM HANPABICHUH CTEPKHA
auameTpom 12 MM 1 Goree; JIerkue — MpOoI0JIbHBIE U IOTNIEPEYHBIE CTEPKHU
auameTpoM 3 = 10 mm)

MO PACIHOJIOKEHUIO padoueii apmaTypsl (ObIBAIOT ¢ padoueii apMaTypoii B
0/THOM M3 HaTIpaBJIeHHH (TTPOOJLHOM WJIM TMONEPEYHOM ) U pacipeaeTuTebHOM

apMarypoi B APYrOM HAINPABJICHUHU U ¢ pado4eii apmMaTypoii B 000UX
HANIPaBJICHUSIX ) [2]

5.5.1 Tunbl TAXKeJbIX CeTOK:
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5.5.3 0603HaueHHe CeTOK
CeTKM M3rOTaBIMBAIOT MJIOCKMMH PYJIOHAMM




Puc. 30. Ceapnbie cemku [53], [54]

O003HaYaIOT CETKM MapKaMU TaKOW CTPYKTYPHI:

Cdbxl
X Z

10A500C

[Tpumep 1: 1C———=—=205 X 665 - TsKeNnas cerka TMNa 1 ¢ NpoAOIbHBIMU
25A500C

crepxkuaamu knacca A500C quamerpom 10 MM ¢ marom 200 MM ¥ ¢ IOTIEPEYHBIMHA
crepxkusamMu kinacca AS00C quamerpom 25 Mum ¢ marom 600 MM mupunoi 2050 mm
Y JUIMHOM 6650 MM € BBIITYCKAMH MPOAOJBHBIX M TIONEPEYHBIX CTEPKHEH 25 MM.
311ECh HE YKA3BbIBACTCS CTAHAAPTHBIN 1Iar crep:xkHel cM Tadbmuny 1 B 'OCT.

Mpumep 2: 4Cp 220000 934 x 1200 22

C IPOJOJIBHBIMU U TIOTIEPEYHBIMU CTEPKHSAMHU U3 apMaTypHOM cranu kinacca B500C
JUAMETPOM 5 MM C OCHOBHBIM IIIArOM MPOJOJIbHBIX CTepkHEN 200 MM 1 10OOPHBIM
100 mm, ¢ mwarom nonepeynsix crepxkuaei 150 mm, mmpunoit 2340 MM 1 JTMHOM

— pyJiOHHAs ceTka thna 4

120000 mm, ¢ BBIITyCKaMH NPOAOJIBHBIX CTEPKHER 125 1 175 MM, ¢ BeImyCcKamMu
crepxHen 20 M.

Jleknusa 6. OCHOBHbIE CBOMCTBA KeJjie300eToHa: CiienjieHue
apMaTypbl C 6eTOHOM. AHKEpPOBKA apMaTyphbl B 6eTOHe.
3alMTHBIN CJI0OM OETOHA.

6.1 OcHOBHbIE CBOMCTBA KeJie300eTOHaA

BBencHue B OETOH CTaIbHOM apMaTypbl 3aMETHO MEHSET €ro (PU3HUKO-
MexXaHu4uecKue cBoiicTBa. beton n apMarypa OKa3bIBarOT IOJIOZKUTCIIbHOC BJIIMAHUC
Jpyr Ha apyra. Tak, HanpuUMep, BCAEACTBUE CUEIJICHUS apMaTypbl ¢ OETOHOM
yCaaKa 1 oJI3yucCTh B )Kene300eToHe IMPOTCKAOT HCCKOJILKO MHAYC, YCM B
HEAPMHUPOBAHHOM OETOHE.



Hampsi:keHHOE COCTOSIHHE KENE3006TOHHBIX KOHCTPYKIMI 00yCIaBIMBacTCH,
BO-TIEPBBIX, ACHCTBHEM BHEUIHEH HArpy3KH W, BO-BTOPBIX, MPOLIECCOM
nepepacnpeciicHAsl BHYTPEHHUX YCWIIHIA, BBI3BAHHBIM TE€M, UTO MPU COBMECTHOM
paboTe IByX MAaTepHaiOB apMaTypa CTAHOBUTCSA BHYTPEHHEH CBS3BIO,
NPEMATCTBYIOUIEH CBOOOTHOMY MPOSBICHHUIO YCAKH U TIOJ3y4€CTH OETOHA.

MexaHndeckne CBOMCTBA KeIe300€TOHA 3aBUCAT OT COOTBETCTBYIOIINX
CBOMCTB OCTOHA M apMaTyphI, HO HE BCET/A COBMAAIOT C HUMHU.

6.1.1 [IpoueHT apMUpOBaHUA

KOI(pPULIHEHT APMUPOBAHHS KeJIe300€TOHA (- OTHOLIECHUE TIIOIAIN
CCUCHHUA apMaTypbl K paboueii TIOaan CeUeHUsT OETOHA, BBIPAXKEHHOE B
npoueHTax. BauseT Ha XxapakTep pa3pyLIEHUsI U HECYLIYO CTOCOOHOCTh IEMEHTA.

JUts BHELIEHTPEHHO PACTAHYTHIX 31eMeHTOB 0,1%

Cornacno CII 63.13330.2012 n. 10.3.6 ko3 dunreHT apMUpOBaHUS
NPOAOJBHON PACTAHYTOM apMaTypbl CICAYET NPUHAMATh HE MEHEE YEM:

0,1% - B m3rubacMbIX, BHELIEHTPEHHO PACTSAHYTHIX 3JIEMEHTAX U

!
BHELCHTPEHHO CKAThIX 3JIEMEHTAaX MPHU TMOKOCTH TO < 17 (ans npsIMOYTOJIbHBIX

. L
CEUCHUIA ;0 <5)

l
0,25% - BO BHELICHTPEHHO CKAThIX AJIEMEHTAX MPHU T’MOKOCTH 70 > 87 (ms

!
NPAMOYTOIbHBIX CeHeHuii - > 25)

JUTSI POMEKYTOYHBIX 3HAYEHUH THOKOCTH JIEMEHTOB 3HAYEHUE
KO3(ppuimeHTa apMUpOBAHUS ONPEACIISIOT MO UHTEPTOJISAIINY.

N3 3xoHOMHUECKHX COOOpaxeHnid KO3(h(PUIMEHT apMUPOBAHHS OOBIYHO HE
npessimact 2...3%.

6.2 CuenjieHue apMaTypbl C 0ETOHOM

CuerieHre apMaTypbl ¢ 0€TOHOM 3TO HEMPEPBIBHASA CBA3b MEXKTY OETOHOM U
apMaTypo# Mo MOBEPXHOCTH KOHTAKTa 3TUX MaTepUalioB. B HarpyKeHHbIX
KeNe300€TOHHBIX KOHCTPYKUUSAX OJiarofapsi CLUEMICHUIO HE TPOUCXOAUT
CKOJIbKEHUE apMaTyphl B OETOHE.

[TpoYHOCTH CUEIUICHUST apMATyPbl ¢ OETOHOM OLEHUBAIOT COMPOTHUBIICHUEM
BBIJICPTMBAHMIO WJIM BJABJIMBAHHUIO apMATYPHBIX CTEPKHEH, 3aIcTIaHHBIX B OETOHE.
[Ipu BeIAEPTMBAHMY CTEPHKHS M3 OETOHA YCWIIHAA C apMaTypbl Ha OETOH NEPENarTCs



4yepe3 KacaTelibHble HAMPSKEHUS CLICTIIICHUS, KOTOPBIE PACIIPEAIAIOTCA 1O AJIMHE
CTEPKHS HEPABHOMEPHO.

(DaKTOpBI BJIUAIOINC HAa HAACKHOCTh CHCIIJICHU A

[.  ConpoTuBiicHHE OETOHA YCUIIHSIM CMSTHS U Cpe3a, 00YCIOBICHHBIM
BBICTYIIAMH U IPYTUMU HEPOBHOCTAMM HA MTOBEPXHOCTHU apMaTyphl, T.
€. MEXaHMYECKHUM 3alCIJIEHUEM apMaTypsl 3a OETOH;

II.  Cuibl TpeHUs apMaTyphl 0 OETOH, KOTOPBIE BCIEACTBHE YCAAKN OETOHA
Pa3BUBAIOTCA HA MOBEPXHOCTHA apMaTyphl IIPU MONBITKE BEIACPHYTH
CTEPKEHD;

III. CknenBaHKHE MOBEPXHOCTH apMATypPbl C OETOHOM, BOSHHKAIOLIETO
Onarojaps Kiaesuei cnocoOHOCTH renis 0€ToHa.

C yBemMYEHUEM TUAMETPA CTEPKHS M HAMPSKCHUS B HEM IMTPOYHOCTh
CUETUICHUS NIPH CKATHH YBEIMYUBACTCS, @ MPU PACTKCHUHM YMEHBILACTCS, TO3TOMY
JUTA JTYYIIETO CUEIUICHHS apMaTypbl ¢ OETOHOM NMPH NPOEKTUPOBAHUH
7KeJIe300€TOHHBIX 3JIEMEHTOB JTHAMETP PACTSAHYTBIX CTEPKHEI cieayer
OrPAHUYHUBATD.

CuernieHre HECKOJIbKO TMOBBILIAET PACTKUMOCTh OETOHA, 00ECIEUNBAET
PaBHOMEPHOE PacMpeACICHUE TPELIUH MO AJTUHE AJIEMEHTA B CIIy4ae UX MOSABICHHUS
Y OTPaHWYMBACT MIMPHUHY PACKPHITHS KAXKIO0M TPEIIUHBI B OTACTLHOCTH, UYTO
MOBBIIIIAET JKECTKOCTH JKEJ€300€TOHHOTO HJIEMEHTA.

6.3 AHKepOBKa apMaTyphbl B 6eTOHe

3akpenyieHnue KOHIIOB apMaTypbl B OETOHE — aHKEPOBKA — OCYIICCTBIISIETCS
BBIITYCKOM apMaTyphbl 32 paCCMaTPUBAEMOE CEUEHUE HA JJIMHY 30HbI NEpPEIaun
YCWIHIA ¢ apMaTypbl Ha O€TOH (00YCIIOBJEHHYIO CUEIMJIEHUEM apMaTyphl €
OETOHOM), a TAKKE C MOMOIIBIO AHKEPHBIX YCTPOHCTB.



Puc. 31. Ankeposka cmepaicHesoll apmamypst  Puc. 32. AHKepo8Kka kKaHamHolU apmamypbl
(npumep) [55] [56]
CM. Tak xe [24], [1]

6.4 3alMTHBIN CJI0M 6€TOHA
CormacnHo CI163.13330.2012 11.3.5; 3ammrHEI#N ciioi OetoHa: TosmumHa ¢ios
OC€TOHA OT rPaHH AIEMEHTA A0 ONVMKaMIIeH IIOBEPXHOCTH apMaTyPHOTO CTCPIKHS.

3alrMTHEIN CJIONW J0/DKEH 00ECIIeUunBaTh;

I.  coBmecTHytO paboTy apMaTyphl C OETOHOM;
II.  aHkepoBKy apMaryphl B OETOHE U BO3MOXKHOCTh YCTPOMCTBA CTHIKOB
apMaTypHbBIX 3JIEMEHTOB;
III.  coxpaHHOCTH apMaTyphl OT BO3JACHCTBHUI OKPYXKAIOIMIEH Cpembl (B TOM
YUCJIC IPH HAJIMYUHA arPEeCCUBHBIX BO3ICHCTBHM ),
IV.  OrmectoMkocTh M1 OTHECOXPAHHOCTb.

ToniuHy 3alIMTHOTO CJ10s1 0€TOHA HA3HAYAKOT C YYETOM TUIA KOHCTPYKIIUHA,
pPOJIA apMaTyphl B KOHCTPYKITHAX (TTpoonbHas padoduasi, monepeunas,
pacrmpeaenuTebHas, KOHCTPYKTHUBHAS apMaTypa), YCIOBHH OKPYXKArOIIEH CpeIbl |
JIAAMETPA apMaTyphl.



MuHUMaNbHbBIE 3HAYECHHS TOJIUHBI CJIOS O€TOHA padoveil apMaTypbl
npuHuMaroT 1o Tadmmue 10.1 CIT 63.13330.2012:

N | Ycaosus skcnayamayuu KoHcmpykyutl 30aHull ToawuHa 3aWuMHO20
n.n. C/109 6emoHa, MM, HE
MeHee

1 B 3aKkpbimbix noMewjeHus1X npu HOPMa/abHOU U NOHUNCeHHoU |20

saaxCHOCMU

2 | B 3akpbimbix noMeujeHusix npu No8bILIeHHOU 8AaXCHOCMU 25
(npu omcymcmauu donoAHUMEAbHbIX 3aUUMHbIX
Meponpusmutii)

3 | Ha omkpbsimom go3dyxe (npu omcymcmauu 30

doNnoAHUMeNbHbIX 3aUUMHbIX Meponpusmutl)

4 | BepyHume (npu omcymcmauu 0NOJAHUMEAbHbIX 3aWumHbix |40
Meponpusimuli), 8 hyHdameHmax npu HaAu4uu 6eMoHHOU
nod2o0mosKu

6.4.1 MMHHUMaJIbHbIE PACCTOAHUA MEeXAY CTEPXKHAMHU apMaTypbl
Cornacno n. 10.3.5 CI1 63.13330.2012:

10.3.5 MuHUMAaIIbHBIE PACCTOSHUAA B CBETY MEKY CTEPKHAMHU apMaTyphbl
CJIelyeT NPUHUMATh TAKUMH, YTOOBI O0ECTIEUNTh COBMECTHYIO PabOTy apMaTyphl ¢
OETOHOM M Ka4€CTBEHHOE U3rOTOBJICHUE KOHCTPYKIIMI, CBSI3aHHOE C YKJIAAKOH 1
YIJIOTHEHUEM OCTOHHOMH CMeCH, HO HE MEHEE HauOOJIBIIErO AMAMETPA CTEPKHS, &
TaK)KE HE MEHEE:

25 MM - Ip¥ TOPU3OHTAIIEHOM WJIM HAKJIOHHOM TIOJIOXKEHUU CTEPIKHEN ITPU
OCTOHMPOBAHWH - JJI1 HUKHEW apMaTypbl, paclofiOKEHHOM B OJIMH WM J1BA PSIA;

30 MM - TO ke, 11 BEPXHEH apMarypsl;

50 MM - TO K€, MPU PaCcHO0KCHUM HIJKHEH apMaTyphl O0JIee YeM B JIBa psiaa
(KpOMe€ CTEPKHEHN ABYX HMKHUX PSJIOB), @ TAKXKE MTPU BEPTUKAIBHOM TMOJI0KEHUN
CTEPIKHEH MPU OETOHUPOBAHKH.

[Ipu CTECHEHHBIX YCIIOBUSX JOMYCKAETCS pacnojaraTh CTEp>KHU rPyIMnamMy -
nyukami (0e3 3a30pa Mexay HUMH ). [Ipr 3TOM pacCTOSHUSA B CBETY MEKIY
Ny4YKaMH JOJIKHbI ObITh TAKXKE HE MEHEE MPUBEACHHOTO JUAMETPA CTEPHKHS,
HKBUBAJICHTHOI'O MO TUIOIIAAM CEYCHUS TTyUKa apMaTyphl, IPUHUMAEMOTO PaBHBIM

Asreq = /2? dZ,, rne dg; — ImameTp OJHOTO CTEPKHS B IIYYKe, Il — YHCIIO

CTEPIKHEN B ITyUKE.



Jlekuus 7. OCHOBBI TEOPUHU CONPOTHUBJIEHUSA XKeJle300eTOHa:
Tpu craguu HJC Ke/1e306€TOHHBIX 3JIEMEHTOB. MeTo pacuyeTa
KBK no npeaenbHbIM COCTOSIHUAM. U3rub6aemsbie, CxaTbie U
pacCTsiHyTbI€E 3/1eMeHTbl. KOHCTpYKTHBHBIE 0CO0eHHOCTH. PacueT
MPOYHOCTHU HOPMAJIbHbIX CeyeHUU. [IoHsATHE 0O MPOYHOCTH
HAK/JIOHHbIX CE4YEeHMH.

7.1 Tpu cTaguM HAPAXKEHHO-AePOPMHUPOBAHHOI0 COCTOAHUS
»KeJ1e300eTOHHBIX 3/IEMEHTOB.

I Cranus I - ctragus padoTsl djieMeHTa
J10 TIOSIBJICHHSI TMEPBbIX TPEHIUH B 0€TOHE
ACTSAHYTO# 30HbI. OHA COOTBETCTBYET

HEOOJBIIAM HArpy3Kam, COCTABIISIOUAM
Ny mpubmmsutensHo 15...20% ot paspymaromiei
= Harpy3ku. HanpsikeHus B OETOHE M apMaType
HEBEJMKH, 1e(HOpMaluy HOCAT
M( ' Heitrp.olIPEUMYIIECTBEHHO YIIPYT UM XapaKTep, a
YT SMIOPBI HOPMAJIBHBIX HANPSHKEHUA B OETOHE
C)KaTO! M PaCTAHYTON 30HAX TPEYTOJIBHEIE.

Ns
e e
Net
Ot < Ry
Ia Cragus la — koner craguu 1 —
HEMOCPEACTBEHHO MPU 00Pa30BaHUU MEPBHIX
gb o Rb TpeumH. HanpsikeHnust 6€TOHA B pacTAHYTOM

30HE JOCTHUTAOT NPEIEa MPOYHOCTH OETOHA
Njp na pactsxenue Ry, , ¥ OCjie MCHEPIIAHKS
IUIAaCTUUYECKUX CBOMCTB OETOHA MPOUCXOIUT
€r0 pa3phiB, TO €CTh 00PA30BAHUE TPELINH.
M( Hefirp.oc HSTIOCPEIICTBEHHO TIEPE/T PA3PHIBOM STIHOPa
o . HanpsiKeHUH OETOHA B PACTAHYTOM 30HE
Not Onu3Ka K IpsIMOJIMHEHHOM. B cxxarToif 30He
0eTOH padoTaeT ynpyro, SMOpa HAMPSKEHU I
——ge-  OJIN3KA K TPEYTOJIBHOM.
HanpsixeHust B pacTsHyTO# apMarype B
O, bt=R bt craauu la, B COOTBETCTBUM C YCIIOBUEM
COBMECTHOCTH JedopManuii 6€ToHa U
apMarypsl & = &, U 3aKOHOM ['yKa, paBHBI:



Os.crc — Es - Escrc — Eg + Epult

0.1 +0.15
=2-10°- ( ) =
103
= 20 + 30MIIa
11 Cramus Il — cragus sxcnuryaTanmu.
3TO HOBOE KAYE€CTBEHHOE COCTOSHUE OAJIKH,
Op < Rp KOTOPO€ HACTYIIAET MOCIE MOABJICHAS TPELIUH

B OETOHE PACTAHYTOM 30HbI. B ceueHusx ¢
Np TpennHamu 6eToH BEIKITIOYaETCS W3 PAGOTH H
'~ pacTATMBAKOIIME YCUIIHS BOCIPHUHAMAKOTCS
apMatypoil 1 OETOHOM HaJl TPEIIUHOM
§— HeiTp.o(pacnonosxkeHHbIM HIKE HEHTPAIBHON OCH).
Ocz cmaeiMeEK Ty TpEUIMHAMEU OCTOH pabOTaeT Ha
PaCTSKEHUE, CLEIITIEHUE apMaTyPbl ¢ OETOHOM
= ey , N HC HapyLIacTCs, HANIPSXKCHUA B apMaType
YMEHBIIAKOTCA [0 MEPE YIAICHHS OT CEUEHUS
30MMa <0 < 0, ©TPeMHON.
M=, B cxkaroii 30He 6eTOHA pa3BUBAKOTCS
= HeynpyTue aedopmaiuu u >mopa
HOPMAaJIbHBIX HAMPSKCHUIA UCKPUBIISETCS.
BeicoTa cxaroii 30HbI OETOHA B 3TOM 1
CIICIYIOIIEH CTaIUAX MEPEMEHHA MO AJTNHE
AJIEMEHTA. B CEUCHUAX HAJl TPEUIMHAMH OHA
MEHBIIE YEM B CEUEHUAX MEKAY TPECUIMHAMH.
[TponoasHbie nedopmaiiin O€TOHA CKATON
30HBI B CEYEHUH HAJ| TPEIIMHON HECKOIBKO
OOJIBLIE, YEM HA YYACTKE MEKIY TPECIIMHAMM.
Koner craguu II xapakrepusyercs
HAYaJIOM HEYNPYyrux Aeopmarnmuii B
apMarype. K KOHIy 3TOH cTaauy HaNpsKEHUS
B apMaType MpUOJIMKAIOTCS
K Mpeaeiy TeKy4YecTu. TpenuHbl B
O€TOHE PACTSIHYTOM 30HBI HHOT 1A MOTYT
Pa3BHUBATHCS MOYTH 0 HERTPATILHON OCH.
Cranus 111 - cragus pa3pymenus. OHa XapakTepU3yeTCs OTHOCUTEIBHO
KOPOTKHM IO BPEMEHU NEPUOAOM paboThl Oanku. KpUBOIMHEHHOCTH SMIOPHI
HANPsKEHUI OETOHA B CKATOW 30HE CTAHOBUTCS SIPKO BBIPAKEHHOM 1
OPUOSIMKAETCS IO OYEPTAHMIO K KyOnueckoit mapadosie unm napadose doee
BBICOKOTO MOPsAKA. BETOH pacTAHYTOM 30HBI W3 PA0OTHI MOYTH NOTHOCTHIO
UCKJTIOYacTCA.
OnbITEl CBUAETENBCTBYIOT, UTO XapaKTEP pa3pyLICHUs OAJIKH 10
HOPMaJIbHOMY CEYEHHIO 3aBUCUT OT BHJA M KOJMYECTBA TPOJAOJIBHON apMaTyphl B
ceucHuu. [Ipn 3TOM BO3MOKHBI J1BA Cy4as pa3pylICHUs OaIKH.
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1-ii coryuaii paspymenus. [pu
OTHOCUTEIHLHO HEBBICOKOM COJCPKAaHUU B
CCUCHHMM apMaTyphl, pa3pylIeHUe OaIKu
HAYMHAETCS C TOCTUKEHUS B apMaType
HAMPSKEHUH, paBHBIX (PU3MUECKOMY WIIH
YCIIOBHOMY TIPEENY TEKYYECTH CTajld 05 = 0y,

SHTP-%%mm o5 = 0y 5.

Benencrsue 3HaYUTENBHBIX
nedopManuii apMaTypel MPOUCXOIUT PE3KOE
PaCKpPBITUE TPELIMH, YBETUYCHHUE TPOrUO0B,
COKPAILEHUE BBICOTHI CHKAaTOM 30HBI OETOHA U
POCT HaNPSKEHAUN B HEM.

B kpaiinem cKaToM BOJIOKHE 3TH
HaNpPsHKEHUS JOCTUTAIOT BETUYHHBI
BPEMEHHOTO CONMPOTHUBIICHUSA OETOHA OCEBOMY
CKATHIO — MPU3MEHHON MPOYHOCTH 0, = Ry 1
NOCJIE UCUEPIAHUSI IACTHYECKUX CBOWCTB
OeTOHA MPOUCXOIUT €ro PazapoOIICHHUE.
HanpskeHust B apmaType OCTatOTCsl paBHBIMU
NpeIeny TEKyUECTH CTAIIH.

Takoe pa3pylieHre HOCUT
NOCTETICHHBIN, TUTABHBIH (TJTACTUYECKUIA)
XapakKTep, MPU KOTOPOM MOJTHOCTBIO
UCIOJIb3YIOTCS MEXAHUYECKUE CBOMCTBA
apMatypsl B OETOHA.

2-ii cyuaii paspymenusi. OH umeeT
MECTO B 3JIEMEHTAX C U30BITOUYHBIM
coziep:KaHuEM apMartypsel. Pa3pyiienne Takux
NEPEAPMUPOBAHHBIX JIEMEHTOB MPOUCXOIUAT
BHE3AIMHO (XPYIKO) MO OETOHY CKaTOM 30HBI
OT ero pazapodaeHus o, = Rj,. Hanpsxkenusd B

-—Hefﬂp_oelpaCTHHyTOﬁ apMarypce B 3TOT MOMCHT

BPEMEHH HE JOCTUTAOT MPEIELIIA TEKYUECTUT
gs < 0y. 31eCh Tepexoa u3 craauu 11 B
craauio I mporcxoauT BHE3AMHO.
[IpUMEHATD TaKUE STIEMEHTHI HEKENATENBHO,
TaK KaK OHU HE 3KOHOMHYHBI. Hecymas
CIIOCOOHOCTh TAKUX JIEMEHTOB NPAKTHYECKA
HE 3aBUCUT OT KOJIMYECTBA MPOJAOJILHON
apMarypsl, a ABIAETCS QYHKIUEH MPOYHOCTH
0eToHa, (POPMBI U Pa3MEPOB CEUEHUS
anemeHTa. [Ipy npoekTupoBaHun
KOHCTPYKIUI IPUMEHEHNE
MEPEAPMUPOBAHHBIX 3JIEMEHTOB HE
JOIYCKAETCsl.

['panny MEXY CydassMH PaspyLLICHUS



MOYHO OTPEAEIUTH UCXOS U3 BBICOTHI
CKaToH 30HBI OETOHA.

[Ipu MaoM KOJMYECTBE apMaTyphl YCUITHE B HE HEBENMMKO Ny = 0, + As. U3
YCIIOBUS PABEHCTBA YCWIINAIN B apMarype U OETOHE MPU PABHOBECUH HIIEMEHTA
Ng = Ny, ycunue B 0etoHe N, = Ry, - A, = Ry, - b - x Takxke majo, a
COOTBETCTBYIOIIAs €H BBICOTA CHKATOM 30HBI OETOHA B MOMEHT PA3pyLICHHS
HeOonbmad. OnpeaenéHHOMY KOJTMYECTBY apMaTyphl B CEYEHUH IIEMEHTA
COOTBETCTBYET ONPEACIEHHAs BbICOTA CKATOM 30HBI OeToHA Ay © Ng = N © x.

[Tpu MOBBIICHUH COACPKAHUS apMATYPhl B CCUCHUH HJIEMEHTA
YBEJIUUUBAIOTCA YCUJIMS B apMaType U B OETOHE U, COOTBETCTBEHHO, YBEJITUUUBACTCS
BBICOTA CKaTo# 30HbI OeTOHA. [IpU HEKOTOPOM KOJMYECTBE apMaTyphl, 1
COOTBETCTBYIOLIEH € BHICOTE CKATOM 30HBI OETOHA, JOCTUTAETCA MAKCUMAaJTbHAS
MPOYHOCTh CKATOTO OETOHA, KOTOPasi COOTBETCTBYET MAKCUMAIbHOMY

npeneibHOMY MOMEHTY M)} ¥, BOCIpUHUMAEMOMY CEUCHUEM JICMEHTA, T.C.

— max
ASR < NsR - NbR © Xp © ult

I[anLHeﬁmee YBCIMYCHUC apMaTypsbl B 3JICMCHTC HC IIPUBOAMT K YBCIIMYCHHIO
IIPOYHOCTH CCUCHHU, T K. CHKAThI OETOH HE MOYKET BOCIIPHUHATL MOMCHT 6OHI>I]_II/II71,

gem M][*

OHO NMPUBOIUT JIMIIE K U3MEHEHHUIO MOPSAAKA PA3PYIIEHUAS KOHCTPYKLUH,
KOTOPOE TeNepb OyAET HAUMHATHCS € PA3pyIIEHUs CKATOro OeToHA. BeICcOTy cxaToit
30HBI OETOHA Xp, IPH KOTOPOI MPOMCXOINUT U3MEHEHUE MEXAHN3MA PA3PYLICHHUS C
1-ro cnyyast Ha 2-0Oi, Ha3bIBAIOT TPAHUYHOM BBICOTOM C:KaTOM 30HBI OCTOHA WK
rpaHuLeil nepeapMupoBanus. Takum 00pazom:

ECIIM X < Xp- UMeeM 1-i citydaid paspyLieHus,
€CIIM X > Xp- UMEEM 2-i Cilydaid pa3pylieHus. [2]

7.2 MeToA pacueTa KeJjie300eTOHHbIX KOHCTPYKILUHA 110 npe e/ IbHbIM
COCTOAHUAM

IIpuroaHocTs KOHCTPYKIUHM - KPUTEPUIA IPUTOJHOCTH KOHCTPYKIIAH.
HenpuronHnas KOHCTPYKIMS HE MOKET MPEACTABIATE COO0M MaTepUATTbHOM
IICHHOCTH, Ja)Ke €CJIM OHA COXPAHSIET CBOIO MPOYHOCTh. DTOT KPUTEPHIA OICHKH
NpeacibHOro COCTOAHNA KOHCTPYKIIUHN 3HAYUTCIILHO INUPC INOHATHA IIOTCPHU
HECYIIEH CIOCOOHOCTH U SIBASAETCS 00Jiee THOKUM U PA3HOCTOPOHHKM.

IIpeaesibHBIM COCTOSTHHEM HA3BIBAIOT TAKOE COCTOSIHUE KOHCTPYKIIMH
(COOpy:KEeHHUA), NPU HACTYIUICHHHA KOTOPOTO OHA MEPECTAET YAOBIETBOPATh
NPEABIBIAEMBIM €l TPEOOBAHUIM MMPU SKCIUTyaTallMX WK ITPU BO3BEIACHUH, T.€.



TCPACT CITOCOOHOCTH COIIPOTUBIIATLCA BHCHIHUM BO3JICHUCTBUAM HJIA noJry4act
HCOO0IIYCTUMEIC I[G(I)OpMaI_II/II/I HJIM MCCTHBIC ITOBPCIKACHUMA.

CyIIHOCTh METO/A - YETKOE YCTAHOBJICHUE TPAHUL] PEACIIBHBIX COCTOSTHU I
KOHCTpyKImu. O01mas 1eiib pacuéra — rapaHTUPOBATh, YTO 3a BECh MEPUOT
BO3BECJICHUS M SKCIUTyaTallui KOHCTPYKIMU HE HACTYMHUT HU OJTHO U3 MPEACTBHBIX
COCTOSIHMI KOHCTPYKLIMU B LIEIOM WIH €€ OTIAECIBHBIX YaCTEH.

[1o cTeneHn OMacHOCTH HACTYIUIEHUS U YPOBHIO 00E€CIIEYEHHOCTH HOPMaMu
NPEIyCMOTPEHO ABE TPYIIIBI MPEACTbHBIX COCTOSTHHNA:

I rpynna npeaejibHbIX COCTOSIHUI — 110 HEMPUTOJAHOCTH K AKCILTyaTaluu
(1Mo moTepe Hecylel CHOCOOHOCTH).

L{enb pacuéra — HE JOIYCTHUTE!

[.  moOoro Buaa pa3pymieHUe KOHCTPYKIMH (PacyéThl HA MPOYHOCTS ),
II. moTepw yCTOHYMBOCTH MOJOKEHUSA KOHCTPYKIMH (PacCUEThl HA
OMPOKHUABIBAHUE, CKOJIbKEHUE ),
III. moTepwm ycTOMUMBOCTH (POPMBI KOHCTPYKIMH (PACUETHI HA OOLIYIO U
MECTHYIO YCTOWYUBOCTB ).

II rpynna npeaebHbIX COCTOSIHMI — M0 HENPUTOJHOCTHA K HOPMAJIbHOM
IKCIUTYaTaLUH.

L{enb pacuéra — HE JOIYCTHUTE!

[.  dpe3MepHbIX AeopMaLHi KOHCTPYKIMW: TPOTHOBI, OCAJAKH, YTJIbI
NOBOPOTA, AMIUIATYAbI KOJICOAHHIA 1 T.1. (Pacy€Tsl O AehopMaLusam);
II.  oOpa3oBaHus WM YPE3MEPHOTO PACKPBITHS TPEIIMH (PACUETHI 10
00pa30BaHUIO U PACKPHITUIO TPEIIVH).

JlaHHas kiaccu(uKalrs OXBATHIBAET BCE MPAKTUUECKH BO3MOYKHBIC TPHUYUHBI
BBIX0/1a KOHCTPYKILIAX U3 SKCITyaTanuu. B 3aBUCMMOCTH OT BHJ1a U HA3HAYCHUS
KOHCTPYKLMH OMPEACTSIOINM MOKET 0KA3aThCsl TO UM UHOE PACUETHOE
npenenbHOE cocTosiHUE. Hampumep, st HamoOpHBIX KeIe300€TOHHBIX TPYO
HEAOMYCTUMO TOSABJIEHUE TPEUIMH, TaK KaK BO3MOYKHO MTPOCAYMBAHKE KUIKOCTH
CKBO3b TOJIILY OETOHA; JUIA KOJIOHH, MOAAEP/KUBAIOLINX TOAKPAHOBbIE OAJIKH, U ISl
camux 0aJloK HEAOMYCTUMA Ype3MeEpHas AePOPMATHBHOCTh, MOCKOIBKY MOXKET
OBITh HAPYILLIEHO JBMKCHHUE KPaHa.

OnHaKo, HE3aBUCUMO OT HA3HAUEHUS U BUJa KOHCTPYKIMH WJIA COOPYKEHUS,
HEJOMYCTUMO TMOSABJICHUE IEPBOTO MPEAETBHOTO COCTOSHUS, T.€. HEJAOMYCTHUMA
noTePsi HECYIE CIOCOOHOCTH.



Meton pacuéra OCHOBBIBAETCS HA aHAJIN3E TPOLIECCOB MEPEX0a
KOHCTPYKLIAU B IPEJEIBHOE COCTOSTHUE U BBEICHUM CUCTEMBI PACUETHBIX
KO3((PUIMEHTOB, YYUTHIBAIOIIMX U3MEHYMBOCTh PA3IMUYHBIX (DaKTOPOB.

Kaxpiii (pakTop xapakTepus3yeTcsi K3MEHUYHBOCTBIO B MTPOLIECCE
AKCIUTyaTalui KOHCTPYKIUK, TPUUEM U3MEHYMBOCTD KaXK10T0 (paKTopa B
OTIENBHOCTH HE 3aBUCHUT OT OCTAJIBHBIX U SIBJISIETCS MPOLIECCOM CITyYAHHBIM.

['maBHBIME pakTOpaMu, CIOCOOCTBYIOLIMMH MEPEXOAY KOHCTPYKIIUH B
IIPENETIBHOE COCTOSHUE, ABJISIOTCA:

1. Bo3MoKHas I3MEHYMBOCTb BHEIIHeill HArpy3KH. E€ yunuThIBaIOT €
MIOMOIIBIO KOS((HUIIMEHTOB HAIEKHOCTH MO HArPy3Ke ¥y, 8 TAKKE KOIDHHUIUECHTOB

HaAEKHOCTH 10 OTBCTCTBCHHOCTHY;,

2. Bo3mMo:kHAas1 ©3MEHYMBOCTH IPOYHOCTHBIX CBOICTB MaTepuaJoB. E¢
YUHTBIBAIOT C MOMOIIBIO KO3(D(PHUIMEHTOB HANEKHOCTH IO MaTepuanam: OCTOHY —

Yp B apMartype — Vs.

3. Oco0eHHOCTH U3Tr0TOBJICHUS H PA00THI MATEPHAJIOB U KOHCTPYKLUIA.
WX yuuTHIBAIOT ¢ TOMOLIBIO KO3(PPULIMEHTOB YCIOBHA pabOThL: OETOHA — V));,
apMaTypbl — ¥g; U KOHCTPYKLIUHU —Y;.

PacuéTel MO MPEAETBHBIM COCTOSTHASAM KOHCTPYKIIAH B IIEJIOM, & TAKKE
OTJIECTBHBIX €€ 4acTel HEOOXOIMMO MPOU3BOIUTH JUIsl BCEX CTaui pabOThI
KOHCTPYKIMHU. U3TOTOBJICHHS, TPAHCIIOPTUPOBKH, BO3BEIACHHUS U SKCIUTyaTallnu. [2 |

7.3 NU3rub6aemsbie, C:KaThle M PACTSAHYTbIE 3JIEMEHTHI.
KOHCTpYKTHUBHBIE 0COGEHHOCTH

7.3.1 U3rubaemble 3/1eMeHTbI

K n3rubaempiM 351eMEHTaM OTHOCSTCS OaiKu U MIUThl. OHU COCTABIISIFOT
3HAYUTENIBHYIO YaCTh JIEMECHTOB 3AaHUH U COOPYXKEHUI (OaJIKK MEPEKPBHITUH U
NOKPBITHIA, PyHAaAMEHTHBIE OANKH, MOAKPAHOBBIE OAJIKHM, EPEMBIUYKH, PUTEIN
KEIIE300€TOHHBIX paM, TUIUTHI IEPEKPBITHI U MOKPBITHI, KOHCTPYKLIMH MEPEXOAOB,
MOCTOB, TaJiepei 1 T.1.).

N3 it 1 6anok 006pa3yroT MHOTHE KEI€300€TOHHBIE KOHCTPYKIIHH,
HaMpuMep — MJIOCKHUE MEPEKPHITUS U TOKPHITUS, COOPHBIE M MOHOJIMTHBIE, & TAKAKE
COOPHO-MOHOJIUTHBIE.

IInuTe 1 6anKu MOI'yT OBITH OAHOIIPOJICTHBIMH U MHOTI'OIIPOJICTHBIMH.



Puc. 33. ’KesnezobemoHHble 6A1KU NPAMOY20/16HO20 Puc. 34. [lycmomnas nauma [57]
ceveHus [26]

7.3.2 C:xaTble Kej1e300eTOHHbIE 3JIeMEeHThI

K cxaThiM xene300€TOHHBIM 3JIEMEHTAaM OTHOCATCS] OTHOCSITCSI HECYIIUE
KOJIOHHBI OJTHOSTAXKHBIX H MHOTO3TAXKHBIX 3/IaHUW PA3JIMYHOTO HA3HAYEHUS, OTIOPbI-
CTOMKH CEKIIMOHHBIX MOCTOB, C)KaThI€ AJIEMEHTHI (pepM (BEpXHHE MOsica, CTONKH,
HEKOTOPBIC PACKOCHI) U APYTHE IEMEHTHI KOHCTPYKIMiA. DopMa WX MOnmepeuHoro
CEUYECHUA C TOUKH 3PEHUA 11eJIECO00Pa3HOCTH U SKOHOMUYHOCTH Yallle MPUMEHSIETCA
KBAIPATHOW WJIM TIPAMOYTOJIbHOM, PA3BUTON B INTOCKOCTH JCUCTBUAS MOMEHTA. [Ipn
3HAUMTENBHBIX MO BEIMUYUHE U3TMOAI0IINX MOMEHTAX, JEHCTBYIOIIUX B OJTHOM
HAITPABJICHUH, TIOTIEPEYHOE CEYCHUE MPUHUMAETCA TABPOBBIM WJIN JBYTABPOBBIM.

Puc. 35. C6opHas xcenezobemonHas kosnouHa Puc. 36. 2K.6. pepmbt [59]

[58]



Puc. 37. C6opHas #cene306emoHHAs1 KOIOHHA KPAHO80U 3cmakadst

7.3.3 PacTaHyTbIe XKeJie306eTOHHbIE 3/1IeMEHTbI

B ycioBusX 1IEHTPaabHOTO (OCEBOr0) PACTIKEHUS HAXOIATCS 3aTSHKKH apoK,
HUKHUE TOSICA U HUCXOJISIIIAE PACKOCHI JEPM, CTEHKH KPYTJIbIX B TUIAHE
pPE3EPBYAPOB I JKAJKOCTEN U HEKOTOPBIC IPYTHE KOHCTPYKTUBHBIC SJIEMECHTHI.

L{eHTpanbHO-PACTAHYTHIE AIEMEHTBI MPUMEHSIOT, KaK MPaBUIIO,
MPEABAPUTENILHO HANPSKEHHBIMU, YTO SABIAETCA PAAUKAIBHBIM CPEACTBOM
CYLIECTBEHHOIO MOBBIIIEHUS UX COMPOTHUBIEHUS 00OPA30BAHUIO TPELIMH B OETOHE.

OCHOBHBIE MPUHIUIIBI KOHCTPYUPOBAHUS KEIE300ETOHHBIX JIEMEHTOB,
OTHOCSTCS TAKXKE U K HEHTPAIbHO-PACTAHYTHIM dJIEMEHTaM. CTEPKHEBYIO Pab0UyIO
apMarypy, MPUMEHIEMYIO 0€3 MPEABAPUTEIILHOTO HAMPSIKEHUS, COEAUHSIOT T10
JUTMHE OOBIYHO HA CBAPKE, CTHIKM BHAXJIECTKY 0€3 CBAPKH JOMYCKAKOTCA TOJBKO B
TUTUTHBIX U CTEHOBBIX KOHCTPYKLMSX.

PactanyTas npeaBapuTEIbHO HaNpAracMasi apMarypa (CTEpKHH,
NPOBOJIOYHBIE MYYKH, APMATYPHBIC KAHATHI) B JIMHEHHBIX 3IEMEHTAX (3aTSKKH apoK,
HWKHHE mosica pepM) HE TOJKHA UMETh CTHIKOB. B MOMEPEYHOM CEUEHUM HIIEMEHTA
NPEIBAPUTEILHO HAMPSATACMYIO apMATyPy PA3MEIIAOT CUMMETPUYHO € TEM, YTOOBI
npH nepenadye 00KUMAOLIETO YCHIUS (BCETO LIETUKOM WM TTOCTENEHHO, 00KUMast



CEUYCHUE YCUITUSAMU OTAEJBHBIX TPYMI CTEPKHEH) MO BO3MOKHOCTH U30€KATh
BHELICHTPEHHOTO 00KaTHsI JJIEMEHTA.

Puc. 38. [loxycapHbie pesepg8yapbi us yceaezobemona [28]

7.4 PacyeT o NpOYHOCTH
Cornacuo 11.5.2.1 CIT 63.13330 pacuer OETOHHBIX H KEIE300€TOHHBIX
AIIEMEHTOB MO POYHOCTH MPOU3BOJAT:

[. 1o HOpMAJIBLHBIM Ce4eHUsIM (ITPY JACHCTBUU U3THOAINX MOMEHTOB
Y TIPOIOJIBHBIX CHJT) - IO HENMHEWHOH AeopManiMoHHOi Moaenu. Jlis
NPOCTBIX THITOB KEJIE300€TOHHBIX KOHCTPYKIUH (TPSAMOYTOIBHOTO,
TaBPOBOTO U ABYTABPOBOI'O CEUYCHUU C apMaTypOi, PacoOJI0KEHHOHN Y
BEPXHEH W HU)KHEH TPaHEH CEUEHUs) TOMYCKAETCS BBINIOIHATh pacyeT
10 NPEACTBHBIM YCUIIAAM;

II. N0 HAKJIOHHBIM ce4YeHUSIM (U JEHCTBUM MONEPEYHBIX CHIT), IO
NPOCTPAHCTBEHHBIM CEUEHUAM (ITPU ACHCTBUU KPYTALIMX MOMEHTOB),
Ha MECTHOE JICHCTBHE HATPY3KU (MECTHOE CHKATUE, MPOJABIIMBAHUE) -
10 IPEACTBHBIM YCUIIHAM.

PacueT nmo npoYHOCTH KOPOTKHUX KEJIE300€TOHHBIX JIEMEHTOB (KOPOTKHX
KOHCOJIEH W IPYTHX 3JIEMEHTOB) MPOU3BOIAT HA OCHOBE KAPKACHO-CTEPKHEBOM
MOJIETIH.



PacueT nmo npo4yHOCTH OETOHHBIX U 5KENE300€TOHHBIX 3JIEMEHTOB IO
MPEACIIBHBIM YCUIIASM MPOU3BOIAT U3 YCIIOBHS, YTO YCUJIME OT BHEIIHUX HATPy30K
M BO3JICHACTBHI F B paccMaTpuBacMOM CEYEHUH HE JOJKHO MPEBBIIATH
NPEACTbHOTO yeunus Fy;; KOTOPOE MOKET ObITh BOCOPHHSTO JIEMEHTOM B 3TOM
CECYCHUH

F<Fy

7.4.1 O61mMe TpeGOBAHUSA K pacyeTy 110 IPOYHOCTH HOPMaJIbHbIX
ceyeHUu

CornacHo 11.5.2.7-n1.5.2.9 CII 63.13330 pacuer xkene300€TOHHBIX 3JIEMEHTOB
10 MPEAETBHBIM YCUIUAM CIEAYET IPOBOAUTH, ONPEAENSS NPEAETbHBIE YCUIINA,
KOTOPBIE MOTYT OBITh BOCITPUHSATE OETOHOM M apMaTypoil B HOPMAJIbHOM CEYEHUH,
UCXO0A U3 CIEAYIOIIUX MOJOKEHUM:

[.  comporuBneHne OETOHA PACTAKEHUIO TPUHUMAKOT PABHBIM HYJIIO,

II.  conpoTuBieHHE OETOHA CHKATUIO MTPEACTABISAETCS HAMPSKCHASAMH,
PABHBIMH PACUYECTHOMY COIMPOTUBIIEHUIO OETOHA CKATHIO M PABHOMEPHO
pacnpeaesICHHBIMHU 10 YCJIOBHOH C:KaToil 30HE OETOHA,

III.  pacTaruBaroIKE U CXKUMAKOLIME HANIPSKEHNUS B apMaType
NPUHAMAKOTCS HE 00JIEE PACUETHOTO COMPOTUBIICHHS PACTKECHUIO U
CXKaTUIO COOTBETCTBEHHO.

Pacuet xene300€TOHHBIX 3JIEMEHTOB TI0 HEJIMHEHHOM 1ehOpMaMOHHON
MOJIETTU MPOU3BOAAT HA OCHOBE JMATPAMM COCTOSIHUSL OETOHA M apMaTypPhl, UCXOS
U3 TAMOTE3BI IUIOCKUX CeYeHU. KputeprueM NpoYHOCTH HOPMAabHBIX CEUEHHI
ABIIACTCSA JOCTUKECHHUE TPENCTbHBIX OTHOCUTENBHBIX Je(hopManuii B OETOHE U
apMmarype.

[1pu pacyeTe BHEUEHTPEHHO CHKATBIX KEIE300ETOHHBIX JIEMEHTOB CIEAYET
YUHTHIBATh CITyYaHHBIN SKCHEHTPUCUTET U BIIMSAHUAEC TPOJOJIBLHOTO M3ruba.

7.4.2 PacyeT u3ru6aeMbiX 3JIEMEHTOB 110 NPOYHOCTH HOPMaJIbHbBIX
ceyeHuH

Cormacao 11.8.1.8 —m.8.1.13 CII 63.13330 pacyer 1o NpOYHOCTH CEYEHUM
U3ru0aeMbIX FJIEMEHTOB MPOU3BOST U3 YCIOBUS

M < My,

rae M - u3rubarommii MOMEHT OT BHEINHEN HArpy3ku, My,;; — MpeaeIbHBIHI
W3rU0AINHA MOMEHT, KOTOPBIA MOKET ObITh BOCIIPUHAT CEYEHUEM 3JIEMEHTA.

3naueHue My, uid n3ru0acMbIX 3JIEMEHTOB IPSIMOYTOJIBHOTO CEYECHHUS (CM.

puc. 39) ipu ¢ = hi < &p onpenenstot no Gopmyie:
0



Mult:Rb'b'x'(hO_O-S'x)+Rsc'A’s°(ho_a,) (1)

RS'AS_RSC'Ag

IIpx 5TOM BBICOTA C2KATOM 30HEI X = b
b

N
hy

Puc. 39. Cxema ycuauli u 3nropa HanpsaXCeHUll 8 ce4eHuu, HOpMAaabHOM K nNpodoabHOU ocu
u32ubaemozo xene306emoHH020 31eMeHma, npu e2o pac4eme no npoyHocmu [11]

3HaueHue My,;; U1 U3ru0aeMbIX JIEMEHTOB, UMEIOIIMX TOJIKY B CKaTOM 30HE

X
(TaBpOBBIC W ABYTABPOBBIC CEUCHUS), TP & = ™ < R ONMPEnEsIOT B 3aBUCUMOCTH

OT TOJIO’KECHHUS TPAHUIIBI CKATON 30HBI:
a) €CJIM TpaHUIa MPOXOAUT B Mojike (puc. 40 a), T.€. coOMOMaCTCA YCIOBHE:
Rs+As <Ry - bp-he + Ry - Ag (*)

3nauenune My, onpenenstot no (1) kak AJist NpsIMOYTOJIBHOTO CEUYEHUS
WIMPHHO# by

0) ecnu rpaHua NpoxoauT B pedpe (puc. 40, 0), T.€. ycnosue (*) He
coOmoaaeTcs, 3HaueHue M, onpenenstor no Gopmye:

My:=Rp-b-x-(hg—05-x)+Ry-(bf—b)-hy-(hg—05-ht)+
Ry - Als ’ (hO - a,) (2)
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Puc. 40. [lonosxiceHue 2paHuybl cxcamoli 30Hbl 8 CeUeHUU U32UbaeMo20 i e1e306eMOHH020
asnemenma [11]

IIPYU 3TOM BBICOTY CATOM 30HBI OETOHA OMPEACTSIOT MO (POPMYIIE:

_ Ry-Ag—Rge-As— Ry - (bf —b) - by
B Rb'b

X

3HaueHue by BBOAMMOE B pacueT, IPUHUMAKOT U3 YCIIOBHSA, YTO IMPHHA CBECa

NOJIKH B KQKIYIO CTOPOHY OT pedpa AomkHa ObITh He Oosiee 1/6 mposiera lieMeHTa
u He Oouiee:

NPH HAJIMYMKU TIOTIEPEYHBIX PEOEP WK NpU hj’c > 0.1+ h umpuHy cBECa

o
MPUHUMAIOT PABHOK — PACCTOAHMA B CBETY MEHIy MPOAObHBIMHU pedpamu;

NP OTCYTCTBUM MOMEPEYHBIX peOep (MK MPU PACCTOAHUIX MEXKITY HAMHU
OOJIBIINX, YEM PACCTOSHUS MEXKAY MPOJOIBHBIMU peOpaMu) U h} < 0.1 h mmpuny

CcBeCa MPUHMMAIOT PaBHOM 6 - g

NPHA KOHCOJIBHBIX CBECAX TMOJIKH:
npu h]'c > 0.1 - h wMpuHY CcBECAa NPUHUMAIOT PaBHOM 6 - hj’c
npu 0.05 - h < hy < 0.1 - h mMpuHy cBeca NPUHUMAKOT PaBHOM 3 - hg
npu h]’c < 0.05 - h cBECHI HE YUUTHIBAIOT.

[Tpu pacdere Mo MPOYHOCTH U3TMOAEMBIX AIEMEHTOB PEKOMEHYETCS
coOoaTh yClIoBue X < &g - hy.

B cnyuae, korja nmo KOHCTPYKTUBHBIM COOOpayKEHUSAM WIIM U3 pacueTa 1o
npeIeabHBIM COCTOSTHUSM BTOPOM TPYMIBI TUIOMIAAb PACTAHYTONH apMaTyph
OpUHATA OOJIBIICH, YEM ATO TPEOYETCA /I COOMIOAEHUS YCIoBUA X < &p - hyg



JOTTYy CKAeTCsl MPEAEIIbHBIN H3rn0aronmii MOMEHT M,,;, onpenessiTh mo Ghopmyiam
(1) wum (2), mOACTABIIASA B HUX 3HAYCHUS BBICOTHI CKATOM 30HBI X = & + hy.

[Tpy CHMMETPUYHOM apMHPOBaHUHM, Koraa R, + A; = R, + A; 3HaueHue My,
ONMPENENSIOT 10 hopMyJIe:

My;: = Rs - Ag - (hO - a,) (3)

Ecnm Beruncnennas 6e3 yuera cxkatoii apmatypsl (A; = 0) BeIcOTa cxKaToi

30HB X < 2 - a’ B hopmyiy (3) HOACTABIAIOT BMECTO ' 3HAUCHHUE g [11]

7.5 lloHATHE 0 IPOYHOCTH HAK/IOHHBIX CEYEHU .

Cornacno 11.8.1.31 CII 63.13330 pacueT no npoOYHOCTH KENE300€TOHHBIX
AJIEMEHTOB MPHU ACHCTBAM MOMEPEYHBIX CHJI MPOU3BOAAT HA OCHOBE MOJIENH
HAKJIOHHBIX CEUCHUM.

[Tpu pacdere Mo MOJEIN HAKJIOHHBIX CEUCHHA TOJKHBI ObITH 00ECTIEYEHBI
MPOYHOCTH 3JIEMEHTA M0 MOJIOCE MEXKAY HAKIIOHHBIMUA CEUCHUAMU U HAKIIOHHOMY
CECUCHHIO HA JACHCTBUE MOMEPEYHBIX CUJI, @ TAKXKE MMPOYHOCTH MO HAKIIOHHOMY
CCUCHMIO HA JICHCTBUEC MOMCHTA.

ITpoYHOCTE 1TO HAKJIOHHOH ITOJIOCE XapaKTEPU3YETCA MAaKCUMAIbHBIM
3HAYEHUEM MONEPEYHOM CUIIBI, KOTOPOE MOKET OBITh BOCITPUHATO HAKJIOHHOM
ITOJIOCO#, HAXOJALENCS IO BO3ACHCTBUEM CKUMAIOIIUX YCHJINI BIOJIb ITOJIOCHL U
PaCTATUBAOIINX YCWINI OT IIONIEPEYHON apMaTyPEI, EPECEKAIOIIEN HAKIIOHHYIO
noJiocy. [Ipu 3TOM NIpOYHOCTH OETOHA ONPEAEISIOT MO COMPOTHUBIEHUIO OETOHA
OCEBOMY CKATHUIO C YYETOM BIIMAHUS CIOKHOIO HANPSIKEHHOTO COCTOSHUS B
HaKJIOHHOM I10JI0CE.

Pacuer o HaKJIOHHOMY CEUEHUIO HA JICUCTBUE NOTIEPEYHBIX CHJT TPOU3BOIAT
HA OCHOBE YPAaBHEHUS PABHOBECHUS BHEIIHUX U BHYTPEHHUX IOMEPEUYHBIX CHJI,
JNEWCTBYIOIINX B HAKIIOHHOM CEYCHHHM C JIJIMHOM poeKuu C Ha MPOJOJIBHYIO OCh
3JIEMEHTA. BHYTpPEHHKE TONIEPEYHBIE CUIIBI BKIIFOYAKOT MONEPEUHYIO CUITY,
BOCIIPUHUMAEMYIO OETOHOM B HAaKJIOHHOM CEUYCHHH, U TIOMEPEUHYIO CUITY,
BOCIIPUHUMAEMYIO MEPECEKAIOIIENA HAKIIOHHOE CEYEHUE TTOTIEPEYHON apMaTypoii.
[Tpu >TOM MoONEpEYHbIE CUITBI, BOCIPUHUMAEMbIE OETOHOM U MOMEPEYHOMN
apMaTypoii, ONpeAesIOT MO COMPOTUBJICHUSIM OETOHA U MONEPEYHON apMaTyphbl
PACTSKEHUIO ¢ YYETOM JUIHMHBI MPOEKIMU (' HAKJIOHHOTO CEYEHUS.

PacdeT no HaKJIOHHOMY CEUECHUIO HA ICHCTBUE MOMEHTA MPOU3BOIAT HA
OCHOBE YPABHEHHUS PABHOBECHS MOMEHTOB OT BHEIIHUX W BHYTPCHHUX CHJI,
JEHCTBYIOIINX B HAKIIOHHOM CEYCHHH C JIJTMHOM poeKun C Ha POJOJIBHYIO OCh
AIeMEHTa. MOMEHTBI OT BHYTPEHHUX CHJT BKJIIFOYAKOT MOMEHT, BOCITPUHUMACMbIi



[IEPECEKAIOIIECH HAKIIOHHOE CEYCHUE ITPOAOJIBHOM PACTAHYTOM apMaTypoi, 1
MOMEHT, BOCIIPUHAMAEMBIN NIEPECEKAIOIIEN HAKIIOHHOE CEYCHHE OIIEPEUHOMN
apMarypoi. [Ipu 3TOM MOMEHTHI, BOCIIPUHUMAEMBIE TTPOAOJIBHOMN U MOMEPEYHOMN
apMaTypom, ONPEAEIAIOT IO COIMPOTUBIIEHUAM ITPOIOIBHON U MONIEPETHOM
apMaTypsl PACTSHKCHHIO C YUETOM JIJTMHBI TPOSKIMA ' HAKIIOHHOTO ceucHus. [11]

Jleknust 8. KOHCTpYKI MU 0 JHOITAXKHBIX U MHOT'03TAXKHbIX
rpa*;aHCKHUX U IPOMBILLJIEHHbIX 3AaHUM. 001Me CBejeHUs O
KOHCTPYKTHUBHbIX CX€MaX KaAPKaCHbIX U 6eCKapKaCHBIX 3/JlaHUH.
Ob6ecneyeHre NPOCTPAHCTBEHHOM e CTKOCTU. KOHCTpyKu MM
OJHO3TAXKHbIX NPOMbILIJIEHHbIX 3JaHUK. KOHCTPYKTHUBHbIE
CXeMbl COOPHbBIX U MOHOJIMTHBIX 3JaHUU. KOHCTpYKIUU
MHOT'03TAa>KHbIX MPOMbILLJIEHHbIX U TPAXKJAAHCKHUX 34aHUM.
KOMNOHOBKA KOHCTPYKTUBHOM CXeMbI NAHE/IbHbIX 3JaHUM.

8.1 O61ue cBeAeHHMA 0 KOHCTPYKTHBHBIX CXeMaX KAPKaCHBIX U
O6eCKapKaCHbIX 3JJaHU.

8.1.1 OcHOBHbIE KOHCTPYKTHUBHbIE 3JIEMEHTbI (UaCTH) U3 KOTOPbIX
COCTOAT 3JaHUA
OCHOBHBIE KOHCTPYKTUBHBIC 3JIEMEHTHI (4ACTH) U3 KOTOPBIX COCTOAT 3IAHMS:

(PyHIaMEHTBI, CTEHBI, KOJIOHHBI, IEPEKPBITHS, KPBILIX WM TOKPHITHS,
MEPETOPOJKH, JIECTHULLBI

KoHcmpykmugHble snemeHmut 30aHull

eud Hecyujue ozpaxcdarowyue

Ha3Ha4eHue | gocnpusimue NOCMOSIHHbIX U 8PEMEHHbIX 3auwuujams 30aHuUs1 om
Hazpy3o0k, deticmayrowux Ha 30aHuUe 8 Yea0M U | ammocgepHbix ocadkos u
Ha omdeibHble e20 yacmu 8empa, COXpaHsmo 8

nOMeujeHUsIX HOPMAIbHYI0
memnepamypy, 8AA*CHOCMb
u desaums 3daHue Ha
omdesibHble NoMeljeHUsl.

npumepbul ¢yHOameHmMbl, BHyMPEHHUE U HAPYICHbBIE HAapyJ*CHble CMeHbl, Kpbld,
CMeHbl, KOJIOHHbL, NepeKpbimusi, NOKpbimMusl, OKHa, dsepu u sopoma
JAeCmMHUYbl, Kpblla

npumeyaHue Hexomopubie ozpaxcdaroujue
KOHCMPYKYUU S8A110MCs1
00HOBPEMEHHO U HECYWUMLU,
Hanpumep HaApyx*CHble




CMeHbl, Kpblllud.

8.1.2 KOHCTPYKTHBHbIE CXeMbl 3JaHUI

KoncmpykmueHas cxema 30aHust 3mo nopsidok (cucmema) 83auUMHO20
pacnoaoxceHust omoenbHblX KOHCMPYKMUBHbIX 3/1€MeHMO8.

eud b6eckapkacHas KapKacHas € HENOJIHbIM KAPKACOM
onpedeseHue | B 6eckapkacHoll cxeme KapkacHoe 30anue 8MeCcmo 8HympeHHuUx
CMeHbI 8bINOAHSIOM xapakmepusyemcs npodoabHbIX UAU

po/b Hecyujux
KOHCmpyKyulii

Ha/au4yuem Kapkaca,
cocmosiujezo u3
8ePMUKANbHBIX CMOEK
(Kos10HH), coeduHeHHbIX
Medxncdy coboll
20pU30HMAAbHBIMU
6a1kamu — puzensimu 8
00HOM HanpasaeHuu
uau bankamu 8 0syx
HaNpaeeHusx.

nonepevyHslx cmeH
ycmpausarwom cucmemy
cmon608 ¢
onuparowWUMUcst Ha HUX
20pU30HMAAbHBIMU
6aakamu (npo2oHamu),
Ha Komopble, 8 C80I0
oyepeds, ONUpaArmMcs
nepexkpsimust

MNKTEI NepekpbITHA

Hecylwaa cTeHa

BeckapkacHbli HecyLUWIA OCTOB C NoNepeyYHbIMN HECYLUMMN CTEHaMK

Puc. 41. BeckapkacHoe 30aHue [29]




CUyHD.aMeHTHaH nnuTa

Cxema yCTpOﬁCTBa MOHOMUTHOO pUrenbHOro HecyLllero oCcToBa

Puc. 42. KapkacHoe 30anue [29]

Puc. 43. 30anue co cmewaHHbIM KapkacoM (1-Hecywue cmeHbl, 2- CmeHbl 1eECMHUYHOU
K/emku, 3- KOJA0HHbL, 4- cmblKk KOAOHH, 5- puzeau (npozoHst), 6 - nauma nepekpsimus.[60]

8.2 06ecneyeHue NPOCTPAHCTBEHHOH XKECTKOCTH

OO6111ast ycTOMYMBOCTh U MPOCTPAHCTBEHHAS KECTKOCTh 3[aHMS 3aBUCST OT
B3aUMHOT'O COUCTAHHA M PACIIOJIOKCHUA KOHCTPYKTHUBHLBIX 3JICMCHTOB, IIPOYHOCTH
Y3JI0B COEAUHEHUAMN U T.[I.

B 0eckapkacHbBIX 31aHUSIX TPOCTPAHCTBEHHAS KECTKOCTh 00€CIIEUMBACTCS:

[. BHYTPpEHHUMH MONEPEUYHBIMHM CTEHAMH, B TOM UUCJIC U CTCHAMM
JICCTHUYHBIX KJIETOK, COCTUHSAIOIIMMHUCS C MPOI0JIbHBIMU HAPYKHBIMH
CTCHAMH;



II. MCKAYITAXKHBIMHU IICPCKPLITUAMHU, CBA3bIBAIOINMMHA CTCHBI K
PaCwICHAIOINMMHA UX 110 BBICOTC HA APYCHI.

B kapkacHbIX 31aHHSIX TPOCTPAHCTBEHHAS KECTKOCTh 00ECIIEUUBACTCS:

I.  coBmecTHO pabOTOI KOJIOHH, pUTeNICH U IEPEKPHITHIA, 00Pa3yrOIIMX
F€OMETPUYECCKU HEUBMEHAEMYIO CUCTEMY

II.  ycTpOMCTBOM MEXIY CTOMKAMM KapKaca CrEeLUAIbHbIX CTEHOK

KECTKOCTH,

III. creHamu JIECTHUYHBIX KIIETOK, TU(PTOBBIX IIAXT;
IV.  yxnaakoil B mepeKpbITHU HACTUIIOB-PACIIOPOK;

V. HaACKHBIMH COCAMHCHUAMM Y3JIOB.

YKa3aHHBIC KOHCTPYKTHUBHBIC PCHICHUA AatOT JIMIIb O6I]_[I/Ie KOHCTPYKTHBHELIC
npeacraBICHUA O MCpax 110 00CCIICUCHHIO HpOCTpaHCTBeHHOﬁ KCCTKOCTH 34aHHA.

[30]

8.3 KOHCTPYKIIMH 0 AHOITAXKHBIX NPOMbILIJIEHHbIX 3JaHUK
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Puc. 44. Pazpe3 00HO03MAaxcHO20 NPOMbllAeHHO20 30aHus [31]

K ocHOBHBIM KOHCTPYKTHUBHBIM 3JICMCHTAM IIPOMBIIUICHHOI'O 31aHuA

OTHOCATCA:

@OyHIaMEHTHI - BOCIIPUHUMAOT HArpy3Ky OT 34aHUs U MEPEJAIOT €€ TPyHTaM

OCHOBAHHA.

dyHaamMeHTHBIE 0aJKW - BOCIPUHUMAIOT HArPy3Ky OT CTEH 37[aHUS U
NEPEAAOT €€ HA PYHTAMEHTHI.



Kon0HHBI 0CHOBHOTO KapKaca - BOCOPUHUMAKOT HAarpy3Ky OT MOKPBITHS
3/1aHUS U MIEPEAAIOT €€ Ha ()YHTAMEHTHI, K HUIM TaK)KE€ KPEMAT KOHCTPYKLIMA CTEH,
OMUPAIOT MOJKPAHOBBIE OATIKH.

KonoHHbI paxBEpKOBBIE - CITy>KaT AJI1 KPEIJICHAS K HUM KOHCTPYKIUI CTEH U
MEPErOPOJIOK, 1A MPUAAHUSA UM YCTOWIUBOCTH.

[ToakpaHoBbIe OAJIKK - UX YKIAABIBAIOT HA KOHCOIHM KOJIOHH OCHOBHOTO
KapKaca, a Ha HUX - PEIbCHI JUI1 MOCTOBBIX KPAHOB.

OO0Bs1304HBIE OAIKK - MOAIEPKABAOT KIIAJKY CTEH HaJ MPOEMaAMHU.

OCHOBHBIE HECYIIME KOHCTPYKLMHU MOKPBITUH — yCTAHABIMBAKOTCS HA
KOJIOHHBI OCHOBHOT'O KapKaca CBEPXY M CIIyKaT JJ1sl ONMMPAHKS HA HUX HECYIIUX
AJIEMEHTOB OIPAKAAIOIIEN YACTH MOKPBITHS.

[ToacTponuibHble KOHCTPYKIIMK — YCTAHABIIMBAKOTCA HA KOJIOHHBI
OCHOBHOT'O KapKaca CBEPXY U CIIYKAaT I ONMUPAHUS HA HUX CTPONMIBHBIX
KOHCTPYKIIUH, €CIIN IIar KOJIOHH KPaHEro psaa He COBIIAJACT C MIaroM KOJIOHH
CpEAHETO psiaa.

[TokpeiTHE - 3aIMINAET 3aHUE OT AaTMOC(EPHBIX BO3ACHCTBUI, OT IEPErPERA
JIETOM H OT MOTEPH TEIIa 3UMOM.

<D0Hap1/1 - YCTPauBarOTCA B IOKPBITUH W CI1Y2KAT AJIA BCPXHCTO OCBCHICHUA
YAAJIICHHBIX OT OKOH Y4aCTKOB LICXOB, MOMEIICHUN.

CteHbl - OTACJISIOT MOMEIIECHUS OT BHEIIIHEH CpCABbI.

[leperopoaku - pa3AenisiiOT BHYyTPEHHEE MPOCTPAHCTBO 3aHUS HA OTACIbHbIC
MOMEIIEHUS.

Cas13u - 00€CTeUnBaAIOT TPOCTPAHCTBEHHYIO JKECTKOCTh KapKaca.

OxHa, 1BE€pH, BOPOTA, MOJIbI - BEINOJHAIOT T€ K€ (PYHKIIMH, YTO U B
IPAKIAHCKOM 31aHuu. [31]

8.3.1 O6ecnieueHu e NMPOCTPAHCTBEHHOM XKECTKOCTH OJHOI3TAXKHOT'O
NMPOM3JaHUsA

Kapkac 01HOATaKHOTO TPOMBILIICHHOTO 3[aHUSI COCTOUT W3 MOMEPEUYHbBIX
paM, KOTOopbie 00pa30BaHbl 3aIEMJICHHBIMU B (PYHJaMEHTaX KOJIOHHAMHU U
HIAPHUPHO ONMHUPAFOUTUMHUCS HA KOJIOHHBI CTPOMUAJILHBIMA KOHCTPYKIASAMU. PaMbl
00€CMeUnBaOT NPOCTPAHCTBEHHYIO KECTKOCTh KapKaca B MOMEPEYHOM
HAaIMpaBJICHUU. B Mpoa0JIbHOM HANPABIECHUU PAMBI CBSI3aHbI TTOAKPAHOBBIMH



OaJikaMu, MOJCTPONUILHBIMU KOHCTPYKIUAMU, )KECTKUM JUCKOM MOKPBITHS U B
HEOOXOAUMBIX CITy4asX CTAIbHBIMU CBA3SIMU. [31]

8.3.2 06 bEéMHO-IIJIAHMPOBOYHbI € NTapaMeTPbl OAHOITAXKHbIX
MPOMBIIJIEHHBIX 3JaHUMI

[ITar- paccTossHME MEXKY KOOPAUHALMOHHBIMUA OCSIMU TIOTIEPEYHBIX PSAOB
KOJIOHH WM CTEH (U1 OECKapKaCHBIX 3[aHuii). BennunHa mara, Kak npaBuio, 6 u
12m.

[TponéT - paccToaHUE MEKTY KOOPAMHALMMOHHBIMU OCSIMU ITPOJOJIBLHBIX PSIOB
KOJIOHH WMJTU CTEH (JIJ1s1 OECKapKacHbIX 31aHuil). Bennuuna nposneTa kpatHa 6 M 1
MOKeET ObITh 12; 18; 24; 30; 36; 42 M u T.4. [1o BenMuuHe mpoJsieta noAOUParOT BUT
OCHOBHOM HECYIEH KOHCTPYKLMU MOKPBITHS: TIPONETHL 6, 9; 12 1 18 M
NEPEKPHIBAIOT CTPONMUJILHBIMU Oajikamu, a mpoJieTsl 18; 24; 30 u 36 M —
CTpONUIbHBIMU (hepmamu. [31]

8.4 KOHCTPYKTHBHBIE CXeMbI COOPHBIX M MOHOJIMTHBIX 3JaHHI
BeTOHHEIE 3MaHus TI0PA3AEIIAIOTCS Ha COOPHBIE, MOHOIMTHEIE M COOPHO-
MOHOJIUTHBIC.

CoOopHbIe 31aHUsI BHITIOJHAIOTCS U3 COOPHBIX U3/IENIUN 3aBOICKOTO UITH
MOJUTOHHOTO MU3TOTOBJICHHU S, KOTOPBIE YCTAHABIUBAIOTCS B MPOCKTHOE MOJIOKEHUE
0e3 U3MEHEHHA UX (POPMBI U Pa3MEPOB.

B MOHOJIMTHBIX 3JaHUSIX OCHOBHBIC KOHCTPYKIIUY BHITIOJTHSIOT U3
MOHOJIUTHOTO OETOHA U KeJIe300€ToHA.

C00pHO-MOHOJIMTHBIE 3AAHUSI BO3BOIATCS C MPUMEHEHHEM COOPHBIX
W3IEINNA U MOHOJIMTHBIX KOHCTPYKIIHMA.

B ycnoBusix MacCoBOr0O CTPOUTENBCTBA PEKOMEHAYETCSA TPEUMYILECTBEHHO
NPUMEHATH COOPHBIC 3/IaHUS, MMO3BOJISIOLIME B HAMOOJBIICH CTENEHH
MEXAHU3UPOBATH POLECC BO3BEACHUS KOHCTPYKIMMI, COKPATUTh CPOKHU
CTPOMTENBCTBA U 3aTPATHI TPYIA HA CTPOUTEIBHON IITOIAAKE. MOHOIUTHBIE U
COOPHO-MOHOJIUTHBIE 31aHUS PEKOMEHIyETCS MPEUMYLIECTBEHHO IPUMEHSTH B
pafioHax ¢ TEMJIBIM U KAPKUM KIIMMATOM, B PaAliOHAX, TI€ OTCYTCTBYET
WHAYCTpHaIbHas 6a3a MOJHOCOOPHOTO JOMOCTPOEHUS WM HEAOCTATOYHA UX
MOIIHOCTb, & TAKXKE, TPH HEOOXOIMMOCTH, B JIFOOBIX PailOHaX CTPOUTENBCTBA
3/TaHUI MOBBIIICHHOM 3TaXHOCTH. [Ipy TEXHUKO-3KOHOMUYECKOM 00OCHOBAHUU
BO3MOKHO BBITIOIHATH OTAEIIBHBIE KOHCTPYKTUBHBIE 3JIEMEHTHI U3 MOHOIUTHOTO
0eToHa keyie300€TOHa B COOPHBIX 3/IaHUAX, B TOM YHUCJIE SAPa KECTKOCTH,
KOHCTPYKIMHU HU>)KHUX HEKUJIIBIX 3TaXeH, QyHIaMeHTHI. [32]



Puc. 46. BosgedeHue 30aHust U3 C60OPHO-MOHOAUMHO20 Jceae306emoHa [34]
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Puc. 47. [IpombluineHHoe 30aHue us c6opHozo xcenezobemona (1 — pyndamenm, 2 — K0A0HHA
KpaiiHe2o ps10a, 3- KOIOHHA cpedHezo psda, 4 — dsyckamHuas 6a.Ka, 5- pebpucmaoie naumel
nokpsimusi, 6 - cmeHogas naHeAas, 7 — pyHdamenmuas 6a.1ka, 8 - nodkpanosas 6aska, 9 -
¢axsepkosas KonoHHa). [61]

8.5 KOHCTPYKIIMM MHOT'03TAXKHBIX IPOMBILIJIEHHBIX U I'PAKAAHCKUX
31 aHUM

8.5.1. KoHCTpYKIIMA MHOI'03TaXKHBIX IPOMBIIIJIEHHBIX 3J4aHUI

MHoOrosTaxHele NPOMBILLIIICHHBIE 31aHNUS CITY)KaT U1 pa3MeEIeHUA
PA3IMYHBIX TPOU3BOJCTB - JIETKOTO MAIIMHOCTPOEHUS, MPUOOPOCTPOEHUS, LIEXOB
XAMHUYECKON, NIEKTPOTEXHUIECKON, PAAMOTEXHUYECKOM, JIETKOU MPOMBIIIUIEHHOCTH
W JIp., @ TaKKe 0a3MCHBIX CKIIAZ0B, XOJOIMIBHAKOB, rapaxeit u T. m. Ux
MMPOEKTUPYIOT, KaK MIPABUIIO, KAPKACHBIMHU C HABECHBIMHU CTCHOBBIMU ITAHEIAMMU.

BbIcOTY NPOMBILIICHHBIX 31aHUH OOBIYHO MPUHUMAIOT 10 YCIOBHAM
TEXHOJIOTMYECKOTO Mpoiiecca B peaenax ot 3 < 7 (mpu o0mel Beicote 10 40 M), a
JUIS. HEKOTOPBIX BUAOB ITPOU3BOJCTB C HETSIKENBIM 000PYA0BAHUEM,
YCTAHABIIMBAEMBIM Ha NEPEKPBITUAX, A0 12-14 3taxei. [lluprHa MPOMBILITIEHHBIX
3/TaHU MOKET ObITh paBHOM 18-36 M 1 Oosiee. BBICOTY 3Takei U CETKY KOJIOHH
KapKaca Ha3HA4YaroT B COOTBETCTBUHU ¢ TPEOOBAHUSIMH THUITU3ALKN SJIEMEHTOB
KOHCTPYKUMK ¥ YHU(UKaLK rabapuTHBIX MapaMeTPOB. BrIcOTy sTaxkei



MPUHAMAIOT KpaTHOU Mmoaymo 1,2 m, T. €. 3,6; 4.8, 6 M, a T IEPBOTO 3TaKa
uHornaa 7,2 m. HanGonee pacnpocTpaHeHHasi CETKA KOJIOHH Kapkaca 6 X 6, 9 X 6,
12 X 6 M. Takue orpaHUYEHHBIE PA3MEPBI CETKH KOJIOHH KapKaca 00yCIIOBJICHBI
OOJIBIIMMY BPEMEHHBIMHU HArpy3KamMH HA MEPEKPBITHS, KOTOPbIE MOTYT AOCTHTATh
15 kH/M? | a B HeKOTOpHIX IIpou3BoAcTBax 25 kH/M? u Gonee.

JITa MPOMBIIIJIEHHOTO CTPOUTENIBCTBA HAKM0O0JIEE Y0OHBI MHOTO3TAXKHBIE
KapKacHbIC 31aHKs 0€3 CHEIMAIbHBIX BEPTUKAJIBHBIX AUadparM, MOCKOJIbKY OHH
OTrPaHUYUBAIOT CBOOOJHOE PAZMEIICHUE TEXHOJIOTHYECKOTO 000PYIOBAHUS U
MPOU3BOJCTBEHHBIX KOMMYHHUKAIMH, OCHOBHBIC HECYIINE KOHCTPYKIIMH
MHOTO3TaKHOTO KapKACHOTO 3/TaHUS - KENE300€TOHHBIE PAMbI M CBS3bIBAIOIINE UX
MEKyITaKHbIE MEPEKpbITUs (puc 47). [IpocTpaHCTBEHHAS )KECTKOCTh 3AaHUs
00€CIeUnBACTCS B MOMEPEYHOM HAMPABJIEHUU PA0OTON MHOTOITAKHBIX paM ¢
KECTKUMH y3J1aMU - TI0O PAMHOM CUCTEME, a B MPOJAOJBLHOM - Pa00TOMN BEPTUKAIBHBIX
CTAJIbHBIX CBSI3EH WJIM KE BEPTUKAJBHBIX KEIE300€TOHHBIX quadparm,
pacnoJiara€MbIX Mo psAjaaM KOJIOHH U B TUIOCKOCTH HAPY>KHBIX CTEH, - 110 CBA3EBOM
cucrteme (puc. 48). Eciii B po101bHOM HANPaBJICHUU CBSI3W WM TAadparMbl Mo
TEXHOJIOTHYECKUM YCIOBUSIM HE MOTYT ObITh TOCTABJICHBI, UX 3aMEHSIOT
POJIOJIbHBIMU PUTEIIMH. B 3TOM Cilyyae mpoCTpaHCTBEHHAS KECTKOCTh U B
NPOAOJLHOM HAITPABJICHUM 00ECTIEUNBACTCA MO PAMHOM CUCTEME.
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Puc. 48. KoHcmpykmugHblll N1GH MHO203MAXCHO20 KAPKACHO20 NPOMbIUAEHHO20 30aHus (1 -
nonepevHsie pambl; 2- npodoabHble BepMUKAAbHbLIE C853U; 3- naHeau nepekpsimull) [1]
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[Ipr OTHOCHTENBHO HEOOBIIONH BPEMEHHOM HAarpy3Ke Ha MEPEKPBITHS
NPOCTPAHCTBEHHAS KECTKOCTh U B MOMEPEUYHOM HAMPABICHUN 00€CIIEYMBAETCS T10
CBSI3CBOM CHCTEME; ITPH 3TOM BO BCEX 3TAXKaX YCTAHABIMBAKOTCS NOMECPEYHBIE
BepTHKaNbHbIE nradparMel. [llapHupHOE coequHEHNE pUreseii ¢ KOJTOHHaMU B 3TOM



pELIEHNH JOCTUTAETCS YCTAHOBKOM puresieli Ha KOHCOIM KOJIOHM 0€3 MOHTa)KHOM
CBapKHU B y3Jax.
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Puc. 49. KoncmpyKyuu MHO203MAXCHbIX NPOMblULIEHHbIX 30aHUll (a - pe2yasipHbIX; 6 - €
MOCMOBbIMU KpaHamu 8 sepxHem amasice) [1]

[Tpumep peleHns KOHCTPYKIUH 30aHH ¢ OATOUHBIMH MTEPEKPBHITUIMHU
NPUBEAECH HA puc. 49. BepxHuil 3Tax 31aHKs P HAJTMYUKA MOCTOBBIX KPAHOB
(30aHMSI XUMUYECKOW TPOMBILIJIEHHOCTH ) KOMITOHYIOT U3 KOJIOHH, PUTENICH U
NOJKPAHOBBIX 0AJIOK, AaHAJIOTUYHBIX IO KOHCTPYKLMA MPUMEHIEMBIM JJIs1

OJHOJTAKHBIX HpOMBII]_IJ'IeHHBIX 3I[aHHﬁ.
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Puc. 50. BepmukaabHbie c8s13u Puc. 51. KoHcmpykyuu MHO203MANCHbIX
MHO203MANCHO20 KapKaca 8 Npo00A6HOM NPOMbIWAEHHbIX 30aHUT"C 6€360.104YHbIMU
HanpasaeHuu [1] nepexkpovimusmu [1]

Purenu coeTMHAIOT ¢ KOJIOHHAMU (CTOMKaMM) Ha KOHCOJISAX, ¢ IPUMEHEHUEM
BAHHOM CBAPKH BBIMTYCKOB apMaTypbl 1 OOETOHUPOBAHUEM TIOJIOCTH CTHIKA HA
MOHTaKE. [l MEKIYITAKHBIX MEPEKPHITUI TPUMEHSIOT PEOPUCTBIE TUIATHI



mpuHoi 1500 nim 3000 mm. [ImuTel, yKITaaApIBAEMBIE 110 TMHUM KOJIOHH, CIIYXKaT
CBA3SIMH-PACIOPKaMU, 00ECIEUNBAOIMMH YCTOMUMBOCTh KapKaca Ha MOHTAXKE.
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Puc. 52. KoHCmMpyKyusi MHO203MAa*CHO20 NPOMbIULIEHHO20 30AHUSL C MeHPepMeHHbIMU
smadxcamu (1 - ocHo8Hble smacu; 2- mexchepmeHHble 3masxicu; 3- coedUHEHUS! KOJIOHH €
6e3packocHbimu hepmamu) [1]

B Takux 31aHusX BO3MOKHO ONUPAHUE TUTUT MEPEKPHITUIA ABYX THUIOB: HA
MOJIKU pUTENIeH TaBPOBOTO CEUCHUS (ISl MPOU3BOACTBA CO CTAHOUHBIM
00OpYIOBAHMEM, HATPY3KH OT KOTOPOTO OJIM3KKM K PABHOMEPHO PACMpeACICHHBIM) U
10 BEPXY pUreseil NpsMoyroibHOro ceueHus (TJaaBHbBIM: 00pa3oM, AJis 3AaHui
XUMHUYECKOW MPOMBIIIJIEHHOCTH ¢ 000PYI0BAHUEM, TPOBUCAIOIIMM U3 3TaXka B ATaXK
U TIEpEAAOIINM OOJIBIIYIO0 COCPEAOTOUCHHYIO HAarpy3Ky Ha 0JiHYy onopy). B o0oux
TUMAax OMUPAHUS IJIUT TUTIOBBIE PUTENIN NIPU NPOJIETaxX 6 U 9 M UMEIOT OJIMHAKOBOE
ceuenre 800 MM 1 mmpuHy pedpa 300 mm.

TunoBbie KOHCTPYKIMKM MHOTOATAKHBIX IPOMBILIJICHHBIX 31aHUH C
0aJOYHBIMU NEPEKPHITHAMH Pa3padOTaHbl O PAIMYHBIC BDEMEHHBIE HATPY3KU- OT
5 no 25 kH/m?2. TIpumep pelneHns KOHCTPYKIUK 31aHus 0e30aI04HBIMK
NEPEKPBITUSMU MPUBEACH HA pUC. S1. PUrenemM MHOro3Ta>kKHOH paMbl B MONEPEYHOM
Y TIPOAOIBHOM HAMPABJIEHUSAX CITY>KUT 0€30a109Has TUIATA, )KECTKO CBSA3aHHAs C
KOJIOHHAMH

C MOMOIIBIO Kanuteneil. [[pocTpaHCTBEHHAS JKECTKOCTh 3AAHHAS B 000MX
HANPAaBJIECHUAX 00ECIEUNBACTCS IO PAMHOM cUcTeME. Y HU(PUKALUSA Pa3MEPOB TUTAT
Y KanuTelleh CPeTHUX U KpalHUX MPOJIETOB 0€30aI0UHOTr0 NEPEKPHITHS
JOCTUTACTCA CMELICHUEM HAPYKHBIX CAMOHECYLINX CTEH C OCH KpaHEro psijia
KOJIOHH Ha PACCTOSIHUE, PABHOE MOJIOBUHE IIMPUHBI HAKATUTEILHOM TTATHI.



MHOro3TaKHbI€ TPOMBILIJIEHHBIE 3JAHUS C YaCTO PACIOIOKECHHBIMHU
ONOPaMU IIPU CETKE KOJIOHH 6 X 6 Wi 9 X 6 M HE BCEr1a yIOBIETBOPSIOT
TpeOOBaHUAM THOKOH MITAHUPOBKH LIEXOB, MOJACPHU3ALMN 000PYI0BaHUSA U
YCOBEPUIEHCTBOBAHUS TPOM3BOJACTBA 0€3 TOPOTrOCTOAIIMX MEPEYCTPOCTB. [ToaTOMY
NPUMEHATh UX CIEAYET B Cllydae OOJbIIMX BPEMEHHBIX HATPY30K Ha MEPEKPBITUS
oonee 10 kH/m2.

OcC00EHHOCTh KOHCTPYKTUBHOTO PEMICHUS] YHUBEPCATBHBIX MPOMBIIIIICHHBIX
3/IaHUMN ¢ ATaKAMKU B MEK(EPMEHHOM MPOCTPAHCTBE COCTOUT B TOM, YTO OHU UMEIOT
KPYITHYIO CETKY KOJIOHH 18 X 6, 18 X 12, 24 X 6 m. bonbsmme mpoJieTsl 31aHuit
NEPEKPHIBAIOT Oe3pacKoCHbIMU (hepmamu. [Ipu 3TOM B nipeenax KOHCTPYKTUBHOM
BBICOTHI ATUX (PEPM YCTPAUBAIOT JOMOTHUTEIIBHBIC 3TAXK, B KOTOPHIX Pa3MEIIAOT
WHKEHEPHOE 000PY/I0BAHUE U KOMMYHUKAIINH, OBITOBBIC, CKITAJICKUE U JPYTHE

BCIIOMOTATEIbHBIE TOMEIICHUS. BhIcOTa MEKPEPMEHHBIX ATAXKEH MOKET ObITh 2,4,
3u36wm.

[Ipumep peleHus - KOHCTPYKLUMI YHUBEPCAIIBHOTO MMPOMBILIJIEHHOTO 31aHUs
IIPUBEIECH HA PUC. S2. 31aHUE UMEET 6 3TAXKEN - TPU OCHOBHBIX U TPU
MexKPEPMEHHBIX. be3packocHbIe (PEPMBI, JKECTKO CBSI3AHHBIE C KOJIOHHAMM,
SBIIFOTCS. COCTABHOM YaCThIO MHOTO3TAXKHOTO KapKaca U paboTar0T KaK PUTENn
pam. Kpaiinue cToiiku epMm BBEPXY ¥ BHH3Y CHA0KECHBI BBICTYIAMHM IS
COCIMHEHHUS C KOJIOHHAMM HUKE- U BBILICIICKAINMX STAKEN. [ IIATHI IEPEKPBITUI B
OCHOBHBIX 3Ta)kax PEOPUCTHIC; UX YKIAABIBAIOT HA BEpXHUA mosic ¢pepM. [Tanenn
NEPEKPHITON BCIOMOTaTeNbHBIX 3TAKEN MyCTOTHBIE HITH PEOPUCTHIC, OMUPAIOTCS
OHH Ha MOJIKK HUKHETO nosica gepm. [1]

8.5.2 KoHCTpyKIIMH MHOT'03TaXKHBIX I'PakJaHCKUX 3JaHUA

MHOro3TaxHbI€ rPAKIAHCKUE KAPKACHBIE U TTAHENIbHBIC (OECKapKACHBIE)
3IaHMS POEKTUPYIOT TSI MACCOBOIO CTPOUTEIIBLCTBA BBICOTON 12-16 3Taxen, a B
psae cnyyaes BeicoTOM 20 sTaxkei n 6onee. CeTka KOJOHH, 1Iar HECYIIMX CTEH U
BBICOTHI 3TaXEH BEIOMPAOT B COOTBETCTBUM C TPEOOBAHUSMHU THUIH3ALUH 3JIEMEHTOB
KOHCTPYKUMK ¥ YHU(UKALMK rabapuTHBIX MapaMeTpoB. KOHCTPYKTHBHBIE: CXEMBI
3[laHUI, BO3BOJUMBIX U3 COOPHBIX 3JIEMEHTOB, XapaKTEPHBI MOCTOSIHCTBOM
rE€OMETPUYECKUX, PA3MEPOB MO BBICOTE, PETYJIAPHOCTHIO TUITOBBIX 3JIEMEHTOB.
KOHCTPYKUMH, YETKAM PELICHUEM TUIAHA.

KapkacHbie KOHCTPYKIIAHA MPUMEHSIOT JJI PA3JIMYHBIX aIMUHACTPATUBHBIX U
OOLIECTBEHHBIX 3aHKUI ¢ OOJIBIIIMMH MTOMENICHUSIMU, PEIAKO PACIOJIOKEHHBIMH
MEPETOPOJIKAMU, a B HEKOTOPBIX CIIyYasX W JJIsl JKWJIBIX IOMOB BBICOTOH 00siee-25
staxel. OCHOBHBIMU HECYIIMMU KOHCTPYKIIUSIMH MHOTOATAXHOTO KaPKACHOTO
3/1aHUS B TPAKTAHCKOM CTPOUTENIBCTBE SABJISIOTCS JKEIE300€ TOHHBIE PAMBI,



BEPTUKAJIBHBIE CBA3EBBIE THAPPArMbl U CBI3BIBAIOLINE X MEKTYITAKHBIE
MEPEKPBITHS.

[Ipu neficTBUM TOPU30HTAIBHBIX HArPY30K 00ECIEYEHHE COBMECTHON pabOTHI
PA3HOTUITHBIX BEPTUKAIBHBIX KOHCTPYKLMI B MHOTOATAKHOM 31aHAXA JTOCTUTACTCA
Onaroaapsi BBICOKOH sKECTKOCTH MPU U3rHOE B CBOEH MIOCKOCTH MEXKITYITAXKHBIX
NEPEKPBITHI, pabOTAIOIIMX KaK TOPU30HTANIbHBIE Tuadparmbl. COOpHBIE
NEPEKPHITHS O1aroaaps CBapKe 3aKJaJHbIX ACTAICH U 3aMOHOJIMYMBAHUIO 1IIBOB
MEXKIY OTACIIbHBIMU IJIMTAMH TAKKE 00JaIAat0T BEICOKOH KECTKOCTHIO MPH U3rude
B CBO€H INIOCKOCTH.

BaxHEHIAM yCI0BUEM TOCTHKECHHS BBICOKHX HKCIUTYaTallMOHHBIX KQUECTB
MHOTO3TaXHOTO 37aHUs SBJSETCA 00CCIEUEHHUE €r0 HAJIEKHOTO COMPOTUBIICHUS
TOPU30HTAILHBIM HArpy3kaM U Bo3AcHcTBUSAM. HeoOxoaumas NpOCTpaHCTBEHHAS
KECTKOCTh TAKOTO 3[aHUA TOCTUTAETCSA PA3IMYHBIMHA BAPUAHTAMH KOMITIOHOBKH
KOHCTPYKTHUBHOM CXE€MbI, B OCHOBHOM .OTJIMYAIOIIUMHUCA CIIOCOOAMU BOCIIPUATHS
TOPU30HTAJIBHBIX HATPY30K.

Hampumep, mpu momepevyHbIX MHOTOATAKHBIX paMax M MONEPEUHBIX
BEPTHKAIBHBIX CBA3EBBIX AMadparMax TOpU30OHTaIbHBIE HATPY3KU
BOCIIPUHUMAIOTCS BEPTUKATBHBIMU KOHCTPYKITMSIMU COBMECTHO U KapKaCHOE
3/IaHUE B TIOTIEPEUYHOM HampaBjeHUM paboTaeT Mo paMHO-CBI3EBOI cucTEME, MPU
3TOM B NIPOJOIHLHOM HaIPaBJICHUM TIPU HAJTMUWHU TOJBKO BEPTUKAIILHBIX CBA3ECBBIX
nuadparm 31aHue padOTAET MO CBA3EBOM cucTeMe (puc. 53a).

o)

Puc. 53. KoHcmpykmuegHble cxemMbl KAPKACHbIX MHO203MANCHbIX 2paxcdaHcKux 30aHull (a- ¢
nonepevYHsbIMU pamamu; 6 - ¢ npodoabHbIMU pamMamu; 1- ceszesbie duagppazmel; 2 -naveau
nepekpsimull; 3- puzenu pam) [1]



[Ipn monepeyHoM pacnoNOKEHNU BEPTUKAIIBHBIX CBA3EBBIX auadparMm u
IPOJOJIBHOM PACHOIOKEHUM MHOTOATAXKHBIX PaM 31aHUE B IOTMIEPEYHOM
HaIPABJICHUU PabOTAET MO CBA3EBOM CUCTEME, a B TPOJAOIbHOM HAITPABJICHUH - T10
pamHoii cucteme (puc. 530). KoHCcTpykTHBHAS cxema KapKaca IMpy [apHUPHOM
COCIMHCHUM PUTEIICH ¢ KOJJOHHAMU OYJIET CBA3ECBOM B 000MX HampaBjacHusx. [1]

Puc. 54. KoHcmpykmugHblll n1aH naHeabHo20 30aHus (1 - nonepevHbsie Hecyujue naHeau CmeH;
2- npodo/bHble Hecywjue naHeau CmeH; 3- NAUmsl nepekpbimusi; 4- HagecHble naHeau
ozpaxcdarowux cmer) [1]

KOHCTPYKTHBHBIE CXEMbl MHOTO3TAKHBIX KaPKACHBIX 3/IaHUIA,
BOCIPUHUAMAIOIINX TOPU30HTAIbHBIC HATPY3KH 110 PAMHO-CBSI3€BOI CHCTEME, KaK
MUMEIOIIUE JTyYIINE TEXHUKO-3KOHOMUYECKHE TOKA3ATEM, HALLTA IIHPOKOE
NPUMEHEHHE B CTPOUTENIBCTBE, OCOOCHHO B CEHCMUUYECKHAX PAHOHAX CTPAHHI.

[TaHenbHBIE KOHCTPYKLUHMHA TPUMEHSIOT IS KUJIBIX JOMOB, TOCTUHHII,
MAHCUOHATOB U APYTHUX AHAJIOTHYHBIX 3JAHUN C YaCTO PACIIOJI0KEHHBIMU
MEPEropoaKaMu U CTCHAMU. B MaHENbHBIX 3AaHUSIX OCHOBHBIMU HECYLLUMU
KOHCTPYKIUSMHU CTY’KaT BEPTUKAIbHBIE THadparMbl, 00pa30BaHHBIC MAHEIIAMHU
BHYTPEHHUX HECYIIUX CTEH, PACIIOIOKEHHBIMU B MOMEPEYHOM, MHOT /1A B
MPOAOJILHOM HANPABICHUU, U CBA3BIBAIOLIME UX MEXKIYITAKHBIC MIEPEKPHITHS.
[Tanenu HapyKHBIX CTEH HABELIMBAIOT HA TOPLBI MAHEJICH HECYLUMX MOMEPEUYHBIX
CTeH. MHOTO3TaXKHOE NTAHEJIBHOE 3aHME KaK B MOMEPEYHOM, TaK U B MPOJIOJTLHOM
HAMPAaBJICHUU BOCIPUHUMAECT TOPU3OHTAIBHYIO HATPY3KY IO CBA3EBOM CUCTEME
(puc. 54). Bo3MOXHBI APYTUE KOHCTPYKTUBHBIE CXEMbI MHOTO3TAXHbBIX 3AaHui. K
HHAM OTHOCSATCS, HAIPUMEP, KAPKACHOE 3JaHUE C LICHTPAIBHBIM AAPOM KECTKOCTH, B
KOTOPOM B KQU€CTBE BEPTUKAIIBHBIX CBA3EBBIX AuadparmM UCHOIb3YIOTCS:
BHYTPEHHHME CTCHBI COJIOKMPOBAHHBIX JTU(PTOBBIX U BEHTWIALIMOHHBIX [IAXT,
JIECTHUYHBIX KJIETOK (puc. 55); 31aHu€ ¢ ABYMS SAPAMU 5KECTKOCTH OTKPBITOTO
npoduiig - B BUJIE ABYTaBPOB (puc. 56, a); 3AaHUE C IBYMS SPaMU KECTKOCTH U
CJIOHOUM KOH(UTypalueit B miaHe, MO3BOJISIONICH WHIUBHYAJIM3UPOBAThH
apXUTEKTYPHOE penieHue (puc. 56, 6). B onmucaHHbIX KOHCTPYKTUBHBIX CXEMaxX
3MaHUI TOPU3OHTAIBHEIE BO3JACHCTBHAS BOCIIPUHUMAIOTCS 110 PAMHOCBSI3€BOM WU
CBA3EBOM cucteme. [1]



Puc. 55. KoHcmpykmugHblll NAGH MHO203MAXCHO20 KAPKACHO20 30AHUSL € YEeHMPAAbHbIM
s0pom scecmkocmu (1 - puzenu pam; 2 - naumel nepekpoimusi; 3- 10po xcecmkocmu) [1]

B 31aHuAX C HEHTPATLHBIM SIPOM KECTKOCTH B LENAX 00ECIEUCHUs yI0OHOH
CBOOOIHOM MITAHUPOBKH CETKY KOJIOHH YKPYTHSIOT, B PSJE PELICHUIA BHYTPEHHUE
KOJIOHHBI UCKJTIOUYAIOT, & AIEMEHTBI IEPEKPBITHIA ONMPAIOT HA HAPYKHBIE KOJIOHHBI U
BHYTPEHHEE SAPO KECTKOCTH. PUrenu nepekpuituii npoiaetom 12-15 m
MTPOEKTUPYIOT MPEABAPUTEIBHO HAMTPSKEHHBIMU, INAPHUPHO CBA3AHHBIMU C
KOJIOHHAMHU, TTAHEJH MEPEKPBITUI- MyCTOTHBIMH WM KOPOOUYATHIMHU.
['Opu30HTaIBbHOE BO3ACHCTBUE HA 3JaHUE BOCIPUHUMACTCS 10 CBA3E€BOW CUCTEME.

B 3paHusax ¢ 1ByMs siApaMu KECTKOCTH M CJIO’KHOM KOH(UTYypalueil B naaHe
NEPEKPBITHS BBITTOJIHSAIOTCS MOHOJUTHBIMU B BUJE 0€30a7104HON OECKANUTENbHOM
TIATHL. BO3BOIAT Takue 31aHKsI METOAOM MOAbEMA MEPEKPBITHH (MU MOABEMA
sraxkei). KOHCTPYKTHBHO-TEXHOIOTMYECKAS CYIHOCTh 3TOTO METO/Ia COCTOMT B
TOM, YTO OJTUTOHOM JUIsl I3TOTOBIIEHUS IEPEKPBITANA CITYKUT MEPEKPBHITUE HAT
noaBajoM. [lepekpbITis OETOHUPYIOT OAHO HAA APYTHM B BHJIEC TIAKETA C
pa3AeNAIIMMA NPociIoiikaMu. B MecTax, e NpOXOAAT KOJOHHBI, B IEPEKPBITUI
OCTaBJISIIOT OTBEPCTHS, OKAWMIIEHHBIE CTAIbHBIMA BOPOTHUKAMH, 3a/1CJIAHHBIMH B
O0eToHe. B MPOEKTHOE MON0KEHUE MEPEKPHITUE TTOJHUMAIOT C MOMOIIBIO CTATBHBIX
TSOKEH W TUAPABIMYECKUAX JTOMKPATOB, YCTAHOBJICHHBIX HA KOJIOHHAX BEPXHETO
apyca. [locne noabema nepeKpuITUS B NPOEKTHOE MOJIOKEHUE CTANBHBIE BOPOTHUKH
KPEMNAT K CTATLHBIM JETAIIM KOJIOHH Ha cBapke. [IpH 3TOM KOHCTPYKTUBHOM cxeme
BOCTIPUATUE TOPA3OHTAIBHOTO BO3JACHCTBHS HA 3JAHUE OCYILECTBISAETCS MO
CBSI3€BOM CUCTEME, a MPU 00ECNIEYCHUH KOHCTPYKTUBHOM CBSI3M TUIAT NEPEKPHITHI €
KOJIOHHAMH - [0 PAMHO-CBA3E€BOM CUCTEME, B KOTOPOI PUTEIISIMU CITy:KatT
0€30aJT0YHbBIE TUIUTHI. [1]



a) ’

Puc. 56. KoHcmpykmugHble n1aHbl MHO203MAXCHbIX KAPKACHbIX 30aHull (a- ¢ dgyms sdpamu
Jcecmkocmu; 6- ¢ 08yMs A0paAMU HeCcmKoCmu, CA0HCHOU KOHPua2ypayuu, 803800umMble
Memodom nodeema nepekpsimulil; 1 - naumel nepekpoimusi; 2 - puzeau pam; 3 - 10po
Jcecmkocmu 08ymasposoz20 npoduas; 4 - ceszegvle duappazmbt; 5 - 3aMKHymoe 10po
JjcecmKkocmu; 6- MOHOAUMHoe 6e36a104Hoe nepekpbimue). [1]

8.6 KOMIOHOBKAa KOHCTPYKTUBHOM CXeMbI TaHEJ/IbHBIX 3/JaHUA

KpynHonaHenbHbIE 37aHKs BBITOIHSAOTCA U3 CPABHUTEIIBHO MPOCTHIX B
W3TOTOBJICHUH MJIOCKOCTHBIX KPYITHOPA3MEPHBIX 3EMEHTOB. Hapsay ¢
TUIOCKOCTHBIMH SJIEMEHTAMH B KPYITHOMAHETIBHBIX 3JaHUSX UCTIOIB3YIOTCS TaKXKe
HACBILIEHHBIE UH)KEHEPHBIM 000PYA0BAHUEM OOBEMHBIE HIIEMEHTHI (CAHUTAPHO-
TEXHUYECKUE KAOWHBI, TIOOMHIY MaxT JU(TOB U Ip.)

KOHCTPYKTHMBHBIE CXEMBI KPYITHONIAHENBHBIX 3aHUM:

I.  beckapkacnas
II. KapkacHas
III.  KapkacHo-niaHeNIbHAsA ¢ MOHOJIMTHBIM SIAPOM JKECTKOCTH

prnHOHaHeHBHHMI/I Ha3bIBAKOT 34aHUs, MOHTUPYCMBIC U3 3aPaHCC
H3TOTOBJICHHBIX KPYIITHOPA3MCPHBIX INIOCKOCTHBIX 3JICMCHTOB CTCH, HeperBITI/Iﬁ u



NOKPBITUI U IPYTMX KOHCTPYKUMH. OTH COOPHBIE KOHCTPYKIIMHA UMEIOT
MOBBILICHHYIO 3aBOJACKYIO TOTOBHOCTh — OTJEJIAHHBIE HAPYKHBIE U BHYTPCHHUE
MTOBEPXHOCTH, BMOHTUPOBAHHBIEC OKHA U JBEPH.

JIOCTOMHCTBA KPYIHOIIAHEIbHBIX 30aHUM:

I.  HuapycrpraibHOCTH
II. BeICOKas NpOU3BOAUTENBHOCTH TPY A
III. CHuxEHUE CTOMMOCTH CTPOUTEILCTBA
IV.  Cokpaiienue CpoKOB BO3BEACHUSA 30aHUN

BeckapkacHble 37aHUs COCTOAT U3 MEHBLIETO YMCia COOPHBIX 3JIEMEHTOB U
OTJMYAKOTCA MPOCTOTON MOHTaXa M UMEIOT MPEUMYIICCTBEHHOE PUMEHEHUE B
MAaCCOBOM KWJIMIIHOM CTPOUTENLCTBE (puc. 57). B 3THX 31aHUAX HAPYKHBIEC U
BHYTPEHHUE CTEHBI BOCIPUHUMAIOT BCE HArPY3KH, IEHCTBYIOIINE HA 31aHHUC.
[IpocTpaHCTBEHHASA KECTKOCTh M YCTOMUMBOCTh OOECIIEUNBACTCS B3AUMHOM CBSI3BIO
MEXKAY TAHEISIMUA CTEH U MEPEKPBITHI.

Puc. 57. KoHcmpykmuegHble cmeHbl 6eCKaPKACHbIX KpYNHONAaHeabHblx 30aHull. [35]

[Ipu 3TOM MOXKET OBITh YETHIPE KOHCTPYKTUBHBIX BAPUAHTA ONUPAHUS TUINT:
Ha MPOAOJIBHBIE HECYLIME CTEHBI (pHC. 57,a); MO KOHTYPY (HA MPOJOJBHBIC U
NOTIEPEYHBIE CTEHBI;, puc. 57,0); HA BHYTPEHHUE MOMEPEYHBIE CTEHBI; TIO TPEM
CTOPOHAaM (Ha MPOJOJIbHBIE HECYIIME U BHYTPEHHHE MONEPEYHBIE CTEHBI; pUC. S7,

B).



Puc. 58. KoncmpykmugHble cxemMbl KAPKACHO-NAHeAbHbix 30aHull. [35]

B kapkacCHbIX MaHENBHBIX 3IAHUAX JACHCTBYIOIIME HA HUX HATPY3KH
BOCIIPMHUMAIOT PUTEJIM U CTOMKM KapKaca, a TaHEJIM BBITOJIHSIOT Yalle BCEro JIUIIb
orpaxaaromiue pyHkuu (puc. 58). [lpu 3ToM paznuyaroT CICAYIONIHE
KOHCTPYKTUBHBIE CXEMBI: C TIOJTHBIM MOTIEPEYHBIM KapKacoMm (puc. 58, a); ¢ MOJHBIM
NPOAOJBHBIM KapKacoM (puc. 38, 0); ¢ NpOCTPAHCTBEHHBIM KapKacoM (puc. 58, B); ¢
HEMOJHBIM MOMEPEYHBIM KaPKACOM M HECYIIMMU HAPYKHBIMHU CTEHaMU (pHc. 58, 1);
C OMMUPAHKEM TUIHT MEPEKPHITHUS MO YETHIPEM YTIIIAM HEMOCPEACTBEHHO HA KOJIOHHBI
(Oe3puresnbHbIiA BapuaHT, puc. 58, 11); ¢ ONMpaHUEM TIaHEJICH HA HAPYKHBIC TTAHETH
Y Ha JIBE€ CTOWKH 10 BHYTPEHHEMY psny (puc, 58, 1).

[IpuHATHE TON WK UHOW KOHCTPYKTUBHOM CXEMBI 3aBUCUT OT BUAA
NPOEKTUPYEMOTO 3[IaHKsl, €r0 ATAXKHOCTH U APYTHX (akTopoB. Tak,
KPYIHONAHEJIbHBIC JKUJIBIE 1OMA MPOEKTUPYIOT, KaK MPaBUIIO, OECKAPKACHBIMU. DTH
JIOMa N0 CPaBHEHUIO C KAPKACHBIMU MO3BOJISIOT YMEHBIIATE YKCIIO TUIIOPA3MEPOB
COOPHBIX 3JIEMEHTOB, COKPATUTh PACX0J METAJJIA, YITPOCTUTh NPOLECC MOHTAXKA,
COKPATUTh TPYI03aTPAThl, H30€KaTh MOSABICHUS BHICTYNAOIIMX JIEMEHTOB (KOJIOHH
W pUTelicii) B MHTEPhEPE MOMEIIEHUH U 1p. OJHAKO KapKaCHbBIE 3JaHUs 110
CPaBHEHHIO ¢ OECKAPKACHBIMH UMEIOT MEHBLINH PACXO MATEPHANIOB Ha 1 M2
KITOH MIoImaan, OONbIIYIO KECTKOCTh U YCTOMYHUBOCTD 3aHKS, YTO OCOOEHHO
B)KHO JIJI1 BBICOTHBIX 3JJaHUH. DTU cXeMbl 0COOCHHO Y((DEKTUBHBI 1151
OOLICCTBEHHBIX 3IAHUH.



BaXHbIM 3TanoM NpOEKTUPOBAHNUS KPYITHONIAHEBHBIX 3JaHUI ABIAETCA
BBIOOP CHCTEMBI PA3PE3KH CTEH, KOTOPAs 3aBUCHT OT KOHCTPYKTHBHOH CXEMBI,
YCJIOBMI MOHTasKa, BUJA 3[1aHUs U €ro pa3Mepos. Ha puc. 59 npuseaeHsl npumepsl
CXEM Pa3pe3Kh (WICHEHUS ) HAPYKHBIX CTCH HA MAHEN, PUMEHSIEMBIC B
COBPEMEHHOM CTPOUTEIILCTBE.
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Puc. 59. Cxembl pazpe3Ku HAPYHCHBIX CMEH HA NAHEAU: d - 20PU30HMA/IbHAS HA 0OHY KOMHAmy,
6 - mo Jce, Ha 08e KOMHAMbI, 8 - MO Jce, N010c0&as, 2 BePMUKA/IbHASL, 0 — MO Jce, N0/10CO8ASL.

[35]

["opusoHTanbHas cxema uieHenus (puc. 39, a, 0, B) oOpazyercs
OJIHOATAKHBIMU MAHEJISIMU Pa3MEPOM Ha OJTHY KOMHATY (C OJHUM OKHOM ), Ha JIBE
KOMHAThI ¥ IOJIOCOBAsH (M3 TOJOCOBBIX MOSICHBIX M MPOCTEHOYHBIX MaHEeNeH).
BeprukansHas cxema oOpa3yercs U3 MaHenei Ha ABa 3Taxa (puc. 89, r,a): ¢ o1HuM
OKHOM Ha 3Ta) U MOJI0COBAs U3 JBYXATAXKHBIX MPOCTECHOUHBIX MaHEeNeH u
MEXKTyITaKHBIX MOSACHBIX MaHeNeh. B rpaskJaHCKOM CTPOUTENLCTBE OOJIbIIICE
pacnpocTpaHeHue MoJyumia TOPU3OHTATIbHAS CXeMa Pa3pE3KU CTEH.



Jlekus 9. KOHCTPYKIMU IJIOCKUX MEePEKPBbITUM:
Kinaccudpukanysa nioCcKux nepekpbiTUi U IJIOCKUX IVIUT. Buabl
MOHOJIUTHBIX U COOPHBIX IJIOCKUX NepeKpbITUM. [IpUHIUBI
pacyeTa NpOYHOCTH UX 3JIEMEHTOB.

9.1 Knaccupukanusi nJIOCKUX NePeKPbITUHA U IVIOCKUX IVIUT. BUAbI
MOHOJIMTHBIX U COOPHBIX IVIOCKUX NEePEKPBITHUHA.

Kene3006eTOHHbIE TIIOCKUE MEPEKPHITHS — HAUOO0JIee PacpOCTPAHCHHbIE
KOHCTPYKIHWH, IPUMEHACMBIC B CTPOUTCIILCTBC ITPOMBIIIJICHHBIX U I'PAKTAHCKHUX
3JIaHUNU U COOPYKECHUH.

Puc. 60. llaneabHoe 6a/104HOe nepeKkpbimue uz MHo2onycmomuusix naum [36], [57]

Puc. 61. [lanesnbHOe 6a104HOE NepeKkpbimue U3 pebpucmbsix naum
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Puc. 62. moHouMHOE pebpucmoe nepeKkpsimusi ¢ 6aA04HbIMU NAUMAMU

JIOCTOMHCTBA TJIOCKUX KE€300€TOHHBIX MEPEKPHITHH:

.  wHAYCTPHAIIBHOCTH
II. »KOHOMHWYHOCTS,
III.  KeCTKOCTH,
IV.  1oaroBe4HOCTH
V. OrHeCTOMKOCTH



Knaccugukanus mo KOHCTPYKTUBHOM CXEME:

[.  nmaHenbHBIE OANOYHBIE COOPHBIE MEPEKPBITHS,

II.  MOHOJMTHBIEC PEOPUCTHIE MEPEKPHITHA C OATTOUYHBIMHA MU TAMH,

III. MOHONUTHBIE peOPUCTHIEC MEPEKPHITUS C MTTUTAMH, ONEPTHIMHU T10
KOHTYPY,

IV.  cOOpHO-MOHOJIUTHBIEC OANIOYHBIE MEPEKPBITHSA,

V.  cOopHble 6€30a0UHbIE MEPEKPHITHS,
VI. MOHOJIUTHBIE 0€30aI0UHBIE TEPEKPBITHSA,

VII.  cOOpHO-MOHONUTHBIE OE30ATOUHBIEC IEPEKPBITHS.
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Puc. 63. MoHOIUMHOE pebpucmoe hepeKpbimue ¢ NAUMamMu, ONepmsbiMuU N0 KOHMYypY 8 nJaaHe
(a - c BHympeHHUMU KOAOHHAaMU (naumesl 604bWUX NPOAEMOB); 6 — 63 BHYMPEeHHUX KOJIOHH
(KeccoHHbie nepekpbimusi)) [38]



tenrdralkar m

Puc. 65. cobopHO-MOHOIUMHOE 6a/104HOE nepekpbimue [63]

Puc. 66. cobopHoe 6e36a.10uHOe nepekpbimue [37]



teimg
¢ Kanymens

Puc. 67. moHo1UMHOE 6€36a104HOE hepekpbimue [63]

9.2 IIpMHLIMIIBI pacYyeTa NPOYHOCTH 3JIEMEHTOB IIJI0 CKUX
nepeKpbITHH.

9.2.1 [IpyuHIMIIBI pacyeTa IVIUT B 3aBUCUMOCTH OT COOTHOILIEHUA
CTOpPOH

[TnuThl B 5K€1€300€TOHHBIX MEPEKPHITUAX B 3aBUCUMOCTH OT COOTHOIIECHU S
CTOPOH MOJAPA3ICIIAOTCS HA:

1
0aJI04HbIEe, B KOTOPBIX COOTHOLIEHUE CTOPOH KOHTypal—1 > 2. HauGonpume
2

M3rudaroIme MOMEHTBI B 3TOH MIIMTE OyAyT B HAPABIECHUU MEHBILIETO NPOJIETA, TO
€CTh B HAMPaBJICHUU NTpoJieTa ;. M3rubaromnme MOMEHTHI B HAPABICHUH OOJIBLIETO
nposera Oy1yT HE3HAYUTENBHBI, TIOATOMY Pad0UyI0 apMaTypy B IUIUTE
PACCUMTHIBAIOT M YCTAHABJIMBAIOT B HAMTPABJICHWM MEHBIIETO nposieTa [;. B
HaMpPAaBJICHUM TpoJieTa [, apMaTrypy Ha3HA4arOT KOHCTPYKTUBHO. Takum 00pa3oM,
NJIUTY MOKHO PACCUMTHIBATh KaK OAJIKy IIMPUHON b = 1M, BBICOTOI paBHOW h 1
IPOJIETOM [;.

1
padoTawinue B ABYX HANIPABJICHUSIX 1—1 < 2. B atux mimrtax padouyro
2

apMarypy PaCCUMTHIBAIOT U YCTAHABJIMBAIOT B JIBYX HAMPABJICHUSX.



Tun KOHCTPYKIIMKA NEPEKPHITUS BBIOUPAIOT B KAXKIOM CITy4ae 1Mo
SKOHOMHUYECKUM COOOPAKEHUSIM B 3aBUCUMOCTH OT HA3HAYEHUS 3JaHKs], BETUYHHBI
M XapaKkTepa ACHCTBYIOLIMX HArPY30K, MECTHBIX YCIIOBUIA U JP.
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Puc. 68. Paboma naum nepekpbimusi 8 3a8UCUMOCMU OM COOMHOWEHUS1 CMOpoH [1]

9.2.2 PacyeT 0 NPOYHOCTH IVIOCKHUX IVIUT IIepeKPbITHUA

Cornmacno 11.8.1.53 - m.8.1.55 CI163.13330.2012 pacyeT mo npoyHOCTH
MJIOCKUX IUIAT NEPEKPHITHIA, MOKPHITHIA U (PYHITAMEHTHBIX IJTAT CJICAYET
ITPOU3BOAMTH KaK PACUET IJIOCKUX BBIICIIEHHBIX 3JIEMEHTOB HA COBMECTHOE
JEHCTBHE N3rn0arOIMX MOMEHTOB B HAMPABJICHUHA B3aUMHO MEPICHAUKYISIPHBIX
OCEH M KPYTALIMX MOMEHTOB, IPUJIOKEHHBIX MO0 OOKOBBIM CTOPOHAM TUIOCKOTO
BBIJICJICHHOTO AJIEMEHTA, 4 TAKKE HA IEHCTBUE MPOJOJIBHBIX U MOMEPEYHBIX CHUII,
MPWIOKEHHBIX IO OOKOBBIM CTOPOHAM TUIOCKOTO 3eMeHTa (puc. 69).

Kpowme Toro, npu onupannu ioCKUX TUIMT HA KOJTOHHBI CIICTYET
MTPOW3BOJIATH PACUET IJIUT HA MPOJAABIMBAHUE HA JEHCTBUE COCPENOTOUEHHBIX
HOPMAJIbHBIX CWJI © MOMEHTOB coryiacHo 8.1.46-8.1.52 CI163.13330.2012.

Pacder o npoYHOCTH MIIOCKUX TUTUT B OOLIEM CIy4ae PEKOMEHAYETCS
NPOU3BOUTH IyTEM PA3ACICHHUS TUIOCKOTO AIEMEHTA HA OTACIBHBIE CIION CKATOTO
O€TOHA ¥ PACTAHYTOW apMaTypbl U pacuyeTa KaKAaoro Cios OTACIbHO Ha ACHCTBUE
HOPMAaJIbHBIX U CABUTAIOIINX CHJI B 3TOM CJIO€, MOJYYEHHBIX OT JCHCTBUS
M3rMOAIINX U KPYTAIIAX MOMEHTOB M HOPMAaJIbHBIX CHJI (pHc. 70).
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Puc. 69. Cxema ycuaul, delicmayowjux Ha 8bl0eaeHHbIU NA0CKULl 31eMeHm eQUHUYHOU
wupunsl [11]

Pacder miiocKux 3EMEHTOB IUTUT MOKET TAK)KE POU3BOIUTHCS O€3
paszzeneHus Ha cJion OETOHA U PaCTSIHYTONH apMaTypbl HA COBMECTHOE ACHCTBUE
U3rMOAOUIMX U KPYTALIMX MOMEHTOB U3 YCJIOBUI, OCHOBAaHHBIX HA 00OOIIEHHBIX
yPaBHEHUSX MPEAECILHOTO PABHOBECHS:

(My i — My) - (My e — M) — MZ, =0
My uie 2 My
My e =2 M,y
Myy uie = Myy

rae M,., My, Mxy - I3rudarONIMEe U KPYTALUIME MOMEHTHI, JCHCTBYIOIINE HA
BBIJICJICHHBIN IJIOCKUNA JJIEMECHT,

My wies My yit, My qir - TPEIETBHBIE U3TMOAOMINE M KPYTALIME MOMEHTBI,

BOCIIPUHHUMACMBIC IIJIOCKWM BBIACJICHHBIM 3JICMCHTOM.



1%

N [7
_Zéa_::-”‘?’ AJ( %
Ay N, S %

Z

Puc. 70. Cxema ycuaut, delicmayoujux 8 6eMOHHOM U APMAMYPHOM CAO0SIX 8bl0eAEHHO20
n/a10ck020 snemerma naumoi [11]

3HaueHHs MPEIETBHBIX M3rUOAIOIIMX MOMEHTOB My .1 U My, 1y, CriCy€T

OTPEAECIIATH U3 PACY€Ta HOPMAIbHBIX CEYCHU, MEPIEHAUKYIAPHBIX OCAM X U Y,
IJTIOCKOTO BBIICIICHHOTO 3JIEMEHTA C MPOJOJIBHON apMaTypoi, MapajIeIbHON OCAM X
u Yy cornacHo ykazanusam 8.1.1.-8.1.13 CII 63.13330.2012.

3HauYCHUS MPEECTBHBIX KPYTSIIAX MOMEHTOB CIICTYET OMPEACIIATH [0 OETOHY
My xy yi¢ ¥ IO PACTAHYTOM MPOJOIBHOM apMatype My, . 110 opMynam:

Mpxyuie = 0.1+ Ry b?-h

rae b u h MmeHbImA 1 00NBIINE pa3MeEPbl COOTBETCTBEHHO TTIOCKOTO
BBIJICTICHHOTO MIEMEHTA;

Msxy,ult =05 R, - (Asx + Asy) *hy

rae Agy U Agy TUTOIIATA CEUCHUS TPOIOBHOM apMaTyphl B HAMPABICHUH
ocem xuy.

KpOMe TOIr0 MPOU3BOAUTCA PACUCT ILJIOCKOIO 2JICMCHTA Ha JICHCTBUE
MONCPCUYHLIX CHIL.



Jlekuusa 10. OrgesibHbIE CTO/I04YaThie PYyHAAMEHTDI:
KOHCTpYKTHUBHBIE 0COOEHHOCTHU PyHAaAMeHTOB. OnpeaeeHue
pa3MepoB MO 0LWBbI M CEYEeHHMsI apMaTypbl 10 N0 0LIBE
LLleHTPa/IbHO HArpy>KeHHbIX QYHJAAMEHTOB.

10.1 KOHCTPpYKTUBHbIE 0CO6GEHHOCTH QYHAAMEHTOB
Tunsl GpyHIaMEHTOB MPUMEHSIEMBIX B CTPOUTEIBCTBE MHIKEHEPHBIX
COOPYKECHUM, MPOMBILIJICHHBIX U I'PAKIAHCKUX 3JaHUM!

OTIENBHBIE (MO KaKI0H KOJIOHHOM),

JICHTOUHbIE (MO PsiAaMU KOJIOHH B OJTHOM WJIU JIBYX HANpPaBJICHUSX, a
TAKkKe MOJl HECYIIUMU CTCHAMM ),

CIUIOLIHBIE (ITOJ BCEM COOPYKEHUEM).

Q) )

Puc. 71. Tunsl ycene306emoHHbIX pyHOaMeHmos (a- omoeabHbll; 6- 1eHMOYHbLIU; 8-
cnaowHoll) [1]

OyHaaMEHTBI BO3BOAAT Yallle BCETO HA €CTECTBEHHBIX OCHOBAHUAX (OHH
NPEUMYLICCTBEHHO U PACCMATPUBAKOTCS 3/1€CH), HO MOTYT OBITh M Ha CBAsX; TOTAA
rpymnmna cBaii, 00beJMHEHHAsA IO BEPXHEH UX YaCTH pacnpeIeInTEIbHON
KEJE300€TOHHOM MINTOM - POCTBEPKOM, 00pa3yeT CBaiiHbINA (PyHIAMEHT.

OtaenbHbIE PYHAAMEHTHI YCTPAUBAIOT MTPU OTHOCUTEIBHO HEOONBIINAX
Harpy3kax v IOCTaTOYHO PEAKOM Pa3MEIIEHUHN KOJIOHH.

JlenTouHbIe ()yHIAMEHTHI IO PSIIAMHA KOJIOHH JAETAKOT TOrAA, KOT1a
NOJIOIIBBI OTJAENBHBIX (PYHAAMEHTOB OJIM3KO MOAXOIAT APYT K APYTY, YTO OOBIYHO
OBIBACT MpH CJIAOBIX TPYHTAX U OOJBIIMX HArpy3kax. L{enecooOpa3Ho MPpUMEHSTh
JIEHTOYHBIE (DYHIAMEHTHI TPU HEOAHOPOIHBIX TPYHTAX W BHEIIHUX HArpy3Kax,
PA3MYHBIX IO BEJIMYMHE, TAK KAK JIECHTOYHBIC (DYHAAMEHTHI BHIPABHUBAIOT
HEPaBHOMEPHBIE OCATKN OCHOBAHMS.



Puc. 72. CocmasHbie scene306emoHHble hyHdamenmot (1- noOKOAOHHUK; 2- hyHOAMEHMHASA
nauma YyeabHas; 3- mo e, 6104Has1;. 4- nodkoa0HHbie 610Ku) [1]

Ecnu Hecymas cnocoOHOCTh JIEHTOUHBIX ()YHIAMEHTOB HEIOCTATOYHA WA
nedopMani OCHOBaHMS MMOJ HUMHU 00JIEE TOMYCTUMBIX, TO YCTPAUBAIOT CILTOLIHBIC
(¢yHaamenTsl. OHM B ele O0NbIICH MEPE BEIPABHUBAIOT OCAJKA OCHOBAHUS. DTH
()yHIAMEHTHI MPUMEHSIOT MPH CJIA0BIX U HEOJHOPOIHBIX TPYHTAX, & TAKXKE MPH
3HAYUTEIILHBIX U HEPABHOMEPHO PACHPEICICHHBIX HAIrPy3Kax.

[To cnocoOy u3roroiaeHUst GyHAAMEHTHI OBIBAIOT COOPHBIE K MOHOJIUTHBIE.

[1]
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Puc. 73. C60opHble yenbHble xene306emoHHble hyHOamMeHmbl KOAOHH (a - o6uull eud; 6 -
ceyeHue; 8 - cConpsixceHue c60pHoll KOIOHHbI ¢ pyHdameHmoM; 1- 2He300 KOJIOHHbL; 2- nemau;
3- pyHdamenm; 4- nodzomoeka; 5- ceapHas cemka) [1]

[To xapakrepy paboThl OTACIBHOCTOSALIME (PYHAAMEHTHI ObIBAIOT:

I.  meHTpalibHO HArpy KEHHBIE
II. BHEUEHTPEHHO HArPY)KEHHBIE
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Puc. 74. llenmpa/ibHO Ha2pyHceHHbI U
¢dyndamenm [40]

nnnnnnnnnnnnn

Puc. 75. sHeyenmpaabHo Ha2pysHceHHbIT
¢yndamenm [40]

B HacTosiee BpemMsi MpUMEHSIOT (PYHIAMEHTbI «HYJIEBOTO IIUKJIA» C
MOBBIIIEHHON CTAKAHHOW YacThIO, KOT/Ia BepX (PyHIaMEHTA BbIBOJAT HA OTMETKY -
0,150 M st TOrO, YTOOBI PAadOTHI HYJIEBOIO IIMKJIA 3aKOHYMTH J10 MOHTa)Ka Kapkaca

3JIaHNS.

I ;
7

Puc. 76. O6brunvlll pyndamenm (cHavaaa
yCcmaHaeauearm KoJI0HHbL, 3amem
3acvinarm KomJ/108aH)

.. 150

Ay

/

Puc. 77. ynHdamenm «Hy/s1€8020 YUKAA»
(cHavasa 3acbinaiom KOom/108aH, 3amem
MOHMUPYIOM KOJOHHbL)



10.1.1 TeoMmeTprUYecKHe XapaKTEePUCTHUKH CTOJIGUATOTO
dyHgamenrta
A — IoIAab MOJOIIBEI
1-1 (dyHnameHTa
| 1 4 b — mupuHa MOIOIIIBHI
| — nuIMHA IO OIIBEI
b . — MeHbIIHI pa3Mep

j_ *JTﬁ _l_1 CCUCHUA IMOAKOJTOHHHUKA
75

lcf — OonbIImiA pasmep

B CeUYEHHUS MMOJKOJIOHHUKA

50 h — mosHas BRICOTA
(dyHnameHTa
' hpy=hy +hy + - —
BBICOTA MJIMTHOM 4aCTHU
j J hi, hy, ... — BBICOTHI 1,2 ...
CTYTNCHEH

d, — riyOuHa cTakaHa

d. — riyOuHa 3aJENK1
KOJIOHHBI

t — TOJIINHA CTCHKH
CTaKkaHa MOBEPXY

H — rinyOuHa 3a710:KEHAs
(dyHnameHTa

her

50

hy e

Puc. 78. O6o3Hauerue pasmepos pyHoamenma

10.2 OnpeaesieHue pa3MepoB NOAOLIBLI M CEYEHUSA APMATYPhI 10
MO 0LIBE EHTPAJIbHO HATPY>KEHHbIX QYHAAMEHTOB.
Ortarsl pacuera (PyHIaMEHTOB:

[. ompeaeneHue pa3MepoB NOAOIIBEL PyHAAMEHTA, KOHCTPYUPOBAHUE
camoro (pyHaaMeHTa U OTAEIIBHBIX €r0 YacTel
II.  pacder Tena ¢pyHaaMEHTa HA TPOYHOCTh
III.  pacuer pyHaamenTa no aeopManmsM (BHIIOTHSIIOT B HEOOXOAMMBIX
ciyyJasx).

10.2.1 OnpeaesieHre pa3MepoB NOAOMIBLI pYyHAAMEHTa
PacueT BBIMOJIHAIOT U3 YCIIOBUS, UTO A€(POpMALIK B TPYHTE MO MOAOIIBOM
(yHIaMEHTa HE MPEBBIIAKOT NPEACIIBbHBIX AehopManuii



S < sy,

I7Ie S — COBMECTHBIE 1e(pOpMaLIi OCHOBAHUS M COOPY>KEHHUS IO PACUETy,
Sy — TMpeaenbHbie nedopManuy rpyHTa (ONMpeaestOTCs HOPMAaTUBHBIMA
JOKYMEHTaMH).

JlaHHO€e ycnoBue OyJET BBIOTHATHCS, €CIU
P<R

rjae P — naBiaeHue B IPyHTE MO MOAOWBOMN (hyHAaMeHTa, R — pacueTHOE
COMPOTHUBJIEHUE TPYHTA, OHO 3aBUCUT OT (PU3NKO-MEXAHUYECKUX CBOMCTB IPYHTA,
Pa3MepPOB MOAOMBHI (PYHIAMEHTA, HAJTMUMS TIOIBAJIA, TJTyOHHBI 3aJT0KECHUS
(bopmyna 5.7 CIT 22.13330.2011).

Taxum 00pa3oM, JaHHBII pacyeT SBISETCSA PaCYETOM MO BTOPO# rpyIe
MPE/ICIIbHBIX COCTOSIHUM, T.€. PACYCT BEAYT HA PACYCTHBIC HATPY3KH C Yy = 1
YUCJIEHHO PaBHbIE HOPMATUBHBIM Harpy3kam. [Ipy 3TOM yU4HTBIBAIOT BEC CaMOI0
(yHIaMEHTa W TPYHTA HA €r0 YCTyMax.

Jlanee B 3aBUCUMOCTH OT CXEMBbI HArPYyKE€HUs (PyHIAMEHTa (LICHTPAJIbHO MU
BHELCHTPEHHO HATPY>KEHHBII ) ONPEEIISIIO pa3Mep NOIOMBEL (PyHIAMEHTA.

10.2.2 PacueT ¢pyHAaMEHTOB 110 IPOYHOCTH

PacueT pyHIaMeEHTOB IO MPOYHOCTH BKITFOYAET ONPEACTICHUE BHICOTHI
IUIMTHOM YacTh QyHaaMEHTA, Pa3MEPOB CTYMECHEH, apMaTyphl IJTUTHON YacTH,
pacyeT MonepeYHbIX CEYEHUIN MOAKOJIOHHAKA U €r0 CTAKAHHOW YacTh U
NPOU3BOJUTCS HA OCHOBHOE WJIM 0CO00E COYETAHUE PACUETHBIX HArpys3oK,
BBOJIMMBIX B PaCU€T ¢ KOI(PMHUIMCHTOM HAICKHOCTH M0 HAarpys3Kke yyr > 1.

Pacuet snemeHTOB (pyHIaMEHTa (MJTUTHOM YaCTH U MOJKOJIOHHUKA) 110
00pa30BaHUIO M PACKPHITUIO TPELIMH NPOU3BOIUTCS HA OCHOBHOE MM 0C000€
COYETaHNE PACUCTHBIX HATPY30K mpH ¥y = 1.

HcxonHbIMU TAHHBIMH 111 pacucra (I)YHI[aMeHTOB 110 IPOYHOCTH, KPOMC
COYETAHUN PaCUCTHBIX HAIrpy30K, ABJIAKOTCA:

[.  pa3mepsl B mnaHe b U | NOJOWIBHI INIMTHOM YacTH (PyHAAMEHTA, TOJIHAS
BbICOTA (pyHIaMEHTa h, onpeaensieMas ryOuHOM 3a710KEHUs U
OTMETKOM 00pe3a yHaaMeHTa; CEUCHHSI KOJIOHHBI b, [,
TOJIKOJIOHHHMKA B TUTAHE D¢ s, l¢y.

II. MwuHuManIbHAs BHICOTA MJIMTHON YacT (PyHIAMEHTA MPU COOTHOLIEHUH
CTOPOH ero nojomBkl b/l = 0,5 onpeaensercs U3 pacueTra Ha
npoAasnuBanue. [Ipu 3TOM MpoJaBauBaroIas CHIIa T0JKHA ObITh



BOCHPUHATA OETOHHBIM CEYEHHUEM TUIMTHOM YacTu (yHIaMEHTA, KaK
NpaBWIO, 0€3 MOCTAHOBKH MOMEPEYHON apMaTyphl. B cTeCHEHHBIX
YCIIOBUSX (ITPH OTPAHUYCHUMN BBICOTHI (PyHAAMEHTA) AOMYCKACTCS
norepeyHas apmMarypa.

9) let
d
I 4 :
L.
n . <
| I
| r L 1
1 | 2 l
;‘ a - MOHOJIUMHOE CONPSANHCEHUE KONOHHBI C
4 = NAUMHOLL yacmero gyHdamenma; 6 - mo xce
T T . —‘T'—“ npu ebicome nOOKOIOHHUKA hop =
',1_2 ﬂ_},‘ S T 0,5 (Ief - lc); 8 - cmakanHoe conpsisce-Hue
N = - KOJIOHH®bI C 8bICOKUM (hyHAameHmoM npu
T
B i hep—dp = 05 - 1)
l J1°
ler
{

Puc. 79. Budst conpsizceHull pyHdamenma ¢ KoA0HHOU no 1-ii cxeme pacuema Ha
npodasausaxue [64]

Crnenyer pa3nuyarh JBE CXEMbI pacyeTa Ha POJABIUBAHUE B 3aBUCUMOCTH OT
BHJIA COMPSKEHUA (PyHIAMEHTA C KOJIOHHOM:

1-1 — npy MOHOJIUTHOM CONPSKEHNU KOJOHHBI ¢ PyHAaMeHTOM (pucC.
79, a) WM MOJAKOJIOHHUKA C MJIUTHOM 4acThiO0 (PyHIaMEHTA MTPH BHICOTE

noAKONOHHUKA e = 0,5 (Iof - o) (pue. 79, 6), a TaroKe NpU CTAKAHHOM
COMPSKEHUM COOPHOM KOJIOHHBI ¢ BBICOKMM (PYHIAMEHTOM — MPH BBICOTE
TOJIKOJIOHHMKA, Y IOBJIETBOPAIOIIEH yenouto heyr - dy, = 0,5 (Ief - ¢) (pue. 79,
B). B 3TOM Cilydae mpoaaBiuBaHKe TJIMTHON YacTH paccMaTpUBAcTCs OT HU3a
MOHOJIMTHOM KOJIOHHBI WJIA TTOJIKOJIOHHWKA Ha ACHCTBHE MPOIOIBHOM chiibl N 1
n3rudaromero MoMeHnra M;

2-1 — NpH CTAKAHHOM CONPSIKEHUU COOPHOI KOJIOHHBI ¢ HU3KUM
(pyHAAMEHTOM — TIPU BBICOTE MOJKOJIOHHHKA, YIOBJIETBOPSAIOLIEN YCIOBUIO

hep - dyp < 0,5 (I - L) (puc. 81). B 31oM ciydae GyHaaMEHThI paCCUMTHIBAKOTCS



Ha MPOJABJIMBAHUE KOJIOHHOM OT JIHA CTAKAHA U HA PACKAJIBIBAHUE OT ICUCTBUA
TOJBKO MTPOAOJBHOM ChJibl N,.. [64]
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Puc. 80. Conpsicerue c60pHOU KOAOHHbI € HUSKUM yHOameHmom hpu h.g - dp, <
05 (Lo - L) [64]

10.2.3 Pacuer Ha npoJaB/iMBaHue o cxeme 1
PacueT Ha npo1aBIMBAHKE NIMTHON YaCTH IEHTPAIbHO-HATPYKEHHBIX
KBAJIPATHBIX JKEJIE€300€TOHHBIX ()YHIAMEHTOB IMTPOU3BOJUTCS U3 YCIIOBUS

F<Rp¢- up - hO,pl (1)
rae F — npopasnuBaromas cuna,

R} - pac4eTHOE CONPOTUBIIEHUE OETOHA OCEBOMY PACTSIKEHUIO,
npuHumMaetcs coraacHo CIT63.13330.2012 kak u1st ske51€300€ TOHHBIX CEUCHUIA,

Uy, - CPEAHEAPU(PMETHUECCKOE 3HAUCHUE MIEPUMETPOB BEPXHETO U HUYKHETO
OCHOBaHWI MUpaMuibl, 00pa3yrouIeiics mpyu NpoAaBIMBaHUM B Ipeeiax padoueii
BBICOTHI CEUECHUS R

Up = 2 (be + I + 2-hop)  (2)

[Ipu onpeneneHumn BENUYHH U, U F nipeanonaraercs, 4To MpoIaBIuBAHKUE
IPOUCXOIUT MO OOKOBOM MOBEPXHOCTH MUPAMUJIbI, MEHBIIUM OCHOBAHHEM KOTOPOH
CJIy>KHT TUIOLIAAb AEHCTBUS MPOIABIUBAIOLICH CHUITBI (TUIOIIAIb CEUCHUST KOJOHHBI

WK TIOJIKOJIOHHUKA), 8 OOKOBBIE TPAHU HAKIIOHEHBI MO YIJIOM 45° K TOpU30HTAJIH
(puc. 81).
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Puc. 81. Cxema ob6pasosarust nupamudsl npodasausaHusl 8 YeHmpa/abHO-HAZPYHCEHHbIX
K8adpamHbix yxene306emoHHbIXx pyHoameHmax [64]

B dopmyne (2) u nocneayromux opMyiax pasiesna BEIUUUHEI b, [
3aMEHSFOTCS PasMEPaMH B TUIAHE CCYCHUS MOAKONIOHHUKA Dy, o, €CIH

NpoaaBJIMBaHUC HIPOUCXOANUT U3 HUIKHCTO 06pe3a IMOJKOJIOHHHKA.

BennurHa mpoaaBiIvMBaOLICH CUITbl F IPUHUMAETCS pABHOW BEJIMYMHE
TPOJOJIBHOM Cuibl N, IEHCTBYIOIIEH HA TUPAMUAY POJABIMBAHHUS, 3a BBIYETOM
BEJIMYMHBI PEAKTUBHOTO JABJIEHUS TPYHTA, MPUIIOKEHHOTO K OOJIbIIEMY OCHOBAHUIO
NUPAMHAJBI TPOJABIMBAHMS (CUMTAs 10 MJIOCKOCTH PACIIOJIOKCHHS PACTIHYTOM
apMarypel).

PacueT Ha mpoaaBiavBaHKE HEHTPAILHO-HATPY>KEHHBIX MPSMOYTOJIBHBIX,
BHELICHTPEHHO HATPYKEHHBIX KBAAPATHBIX U MPAMOYTOIbHBIX ()YHAAMEHTOB ( PHC.
81) Taxke MpOU3BOAUTCS B COOTBETCTBUHU ¢ ycioBueM (1). [Ipu stom
paccMaTpuBacTCs YCI0BHE MPOYHOCTH HA MPOJABIMBAHUE TOIBKO OAHON Harbosee
Harpy»KE€HHOM rpaHu MUPAMUIbI TPOJABIMBAHHUS. [64]



Jlekuusa 11. KOHCTPpYKIMU MHXKEHEPHbIX COOPYKEHUU:
Buabl MHXKEHEPHBIX COOPYKeHHU M. 001 e NOHATHUSA 0 TOPOACKUX
NellexX0AHbIX U TPAHCMOPTHBIX NepeceYyeHUsAX B pa3HbIX
ypoBHsiX. Hasg3eMHble ¥ NOoA3eMHbIE MEelIeX0AHble BHEYJIUYHbIE
nepexojnl. 7Ke1e300eTOHHbIE KOHCTPYKIMH AJIS MOA3E€MHbIX
KOMMYHUKALMX HErJ1yOOKOro 3a/10KeHusl (KOJIJIeKTOPbI) U AJA
6/1aroyCTpoMCcTBa ropoACKOM TepPUTOPUH (MIOANOPHBbIE CTEHBDI ).
Onpepaenenue Harpy3ok. [IpuHIMnbI pacyeTa 1
KOHCTPYMPOBAHMSA 3JIEMEHTOB.

11.1 Buabl HHXKEHEPHBIX COOPYKEHUM

Ha tepputopusix NpoOMbIIIJIEHHBIX U TPAKAAHCKUX 00BEKTOB CTPOUTENHCTBA
NOMUMO 3/IaHUH MPON3BOACTBEHHOTO, JKWJIULIHOTO, aAMUHUCTPATUBHOTO,
KYJIbTYPHO-OBITOBOIO HA3HAYCHHSI PA3MEIIAIOT MHKEHEPHBIE COOpYXKeHHst. OHU
NpeIHAa3HaYEHbl 00ECEUNBATh TPAHCIIOPTHBIE, MOTPY30YHO-PA3HEIE,
NPOU3BOJACTBEHHBIE ONEPALMH (KEITE3HOOPOKHO- U ABTOJIOPOKHBIE - 3CTAKAbl HA
CKJIaJax ChIpbs. Noy(dadpUKaToB, FOTOBOI MPOIYKIINK;, KPHITHIE U OTKPHITHIE
TPAHCIOPTHBIE TaJEPEN ); MEPEMEIICHUE JIFOJICKUX TOTOKOB M HAI3€MHBIE
NEPEXO/IbI ), CHA0KEHUE OOBEKTOB JEKTPOIHEPTUEH (TpachopMaTopHbIe
NOJICTAaHIMH ), (PE3€PBYaphl, BOJOHAMOPHBIEC OAIIHHA, HACOCHBIC, TPAIUPHH ), CKATHIM
BO3/TyXOM (KOMITPECCOPHBIE YCTAHOBKH ), TETIJIOM (TEIJIOArPeErarhl ), ra3oM
(ra3oayBKH); cOOp M OYMCTKY CTOYHBIX BOJ (OTCTOMHHUKH, (PUIIBTPBI, A3POTEHKH ),
011aroyCcTpoiCTBO TEPPUTOPHH (TIOANOPHBIE CTEHKW) H T.J.

Puc. 82. Tpancnopmuas scmakada [41]



Haubonee cnoskHbie MHKEHEPHBIE COOPYKEHUSI OOBIYHO BXOJAT B OCOOBIE
KOMIJIEKCHI TPAHCIIOPTHOTO, SHEPTETUYECKOTO, THAPOTEXHUYECKOTO M TOPOJACKOTO
CTPOMTEIBCTBA.

PUFTIY P SRS SR NI Y BN TP VS T PR T B 1] Y 2, il e e

Puc. 83. BodoHanopHas 6awHst Mudpand (Midrand), FOxcnas Appuka [42]

MeHee CII0KHBIE HHKEHEPHBIE COOPYKEHHS BKIIFOYAKOT B COCTaB OOBEKTOB
NPOMBILIJIEHHO-TPAXXIAHCKOTO CTPOUTENbCTBA. Hanbonpmee 3HaueHHE Cpeid HUX
UMEIOT: Pe3€pBYaphl A1 BOABI (KPYTJIbIE U NPSIMOYTOJIBHBIE B IJIAHE) U OTOOHBIE
UM €MKOCTHBIE OUMCTHBIE COOPYKEHUS CUCTEM KAHAIM3ALMA U BOJOCHAOKEHUS,
BOJIOHANIOPHBIE OAllHU; CUIIOCH (OOIBIINE EMKOCTH JUIS XPAHEHUS ChITYYHX
MaTepuasioB), OyHKepa (MaJIbie €MKOCTH JIJIsl XPAHCHHUSI ChIITyYUX MaTEPHUAIIOB,
YCTPOICTBA IS MOTPY30YHO-PA3TPy30UHbIX ONEpaluii CaMOTEKOM ); MOANOPHBIE
CTEHBI (Ha CKJIaax ChIPbs, AJIs OJIAaroyCTpOCTBAa TEPPUTOPHH ), TOA3EMHBIC
COOPYKEHHS HAa MPOU3BOJACTBEHHBIX IUIOINAAKAX (KAHAIIBI U TOHHEH JJIs
WHKXCHEPHBIX CETEH, COOPYKEHHSI TITyOOKOTO 3aJI0KEHUS).



Puc. 84. BodonanopHas 6awHs 2opoda Xaykuaaxmu (Haukilahti), ®unasnous [42]

11.2 O61mMe NOHATHUSA O TOPOACKHX NemeX0AHbIX U TPAHCIOPTHBIX

nepece4yeHUsiX B pa3HbIX YPOBHAX

[Ipu BBICOKOI MHTEHCUBHOCTH JBUKEHUS MEPECCUCHUS B OJTHOM YPOBHE HE
YAOBJIETBOPSIOT TPEOOBAHUAM JIBHKEHUS, UMESI HETOCTATOUHYIO MPOMYCKHYIO
CIIOCOOHOCTh HE3ABUCUMO OT THIIA TAKOTO nepecedcHus. [Ipu 5TOM BO3HHUKAIOT
OUYEPENN U 3aTOPBI IBUKEHHS, IMEET MECTO BBICOKAS MJIOTHOCTD JIBAKECHMUS,
HEO0XOIMMOCTh MAaHEBPUPOBAHUS CO3AACT HENPEABUACHHBIE M ONACHBIC CUTYaLlUK.
OTO MPUBOAMT K POCTY KOJIMYECTBA JOPOKHO-TPAHCTIOPTHBIX MPOUCIIECTBUH,
0COOEHHO YMCIIa MPOUCIIECTBUI ¢ MATEPUATIBHBIM yHIEPOOM.

[

MNepecedeHme HenonHelA PomMboBmaHoe  [MepecedeHue
B OBYX YPOBHAX KNeBepHbIM MnepecedeHre B BMAE ThyDhl
C ABYMA Che3garMm nncT

o,

K oMBMHAUKMK NepaceyeaHMiA

Puc. 85. Tunuunbie nnaHuposku nepecevyeHull (Mcmounuk: Wold, 1995) [43]

Jst yny4iieHnst yCJIOBUAN ABMKEHUS MOTOKOB aBTOMOOWIICH U CHUKEHUS
YKCJia KOH(IMKTHBIX TOUECK HA MEPECEUCHUH CTPOSITCS MEPECEUCHUS B PA3HBIX
ypoBHsX. CyIIECTBYIOT PA3IUYHBIE CXEMBI IEPECCYEHUI B Pa3HbIX YPOBHsX. Ha
MEPECCUYCHMAX B PA3HBIX YPOBHAX OTCYTCTBYIOT IIEPECEUECHHS B OTHOM YPOBHE



pa3HbIX MOTOKOB aBTOMOOMIIEH, MMEIOTCS TOJILKO MAHEBPHBI CIIUSHUS, PA3CICHUS U
NeperieTeHNs MOTOKOB aBTOMOOUIIEH.

s oy . e - e
 LAS Tararricit 4

Puc. 86. Tpancnopmuas passsiska [44]

11.3 Hap3eMHbIe 1 IOA3€MHbIE NelieX0JHble BHEYJIUYHbIE
nepexoanl

11.3.1 Haa3eMHble neniexogHble nepexoabl

HanzemHsblii nemexoaHelil Nepexol — BHEYJIWYHBIN MMEMEX0AHBIN NEPEXOL,
BBIMOJIHEHHBIN B ()OPME MEIIEXOTHOTO MOCTA U PACTIONOXKEHHBIN HAZl POE3KEH
YaCThIO JIN0O KEIEC3HOOPOKHBIMH My TSIMH.

HpeI/IMYH_[eCTBa HaA3CMHOI0 ICHCxXoAH0ro nepexoaa.

[.  OGonblmii ypoBeHb 0€30MACHOCTH (110 CPABHEHUIO C HA3EMHBIM
NEMIEXOAHBIM MEPEXOAOM);

II. Oonee HU3Kask CTOUMOCTH (IO CPABHEHMIO C MOA3EMHBIM MEIMIEX0HBIM
MEPEXOJIOM), OTCYTCTBHE HEOOXOUMOCTH MEPEHOCA TOI3EMHBIX
KOMMYHUKAIWN;

[II.  BHenIHWA 0630p MPOUCXOASIIETO B IEPEXOJE, OTCYTCTBHE
HEOOXOIMMOCTH KPYTJIOCYTOYHOIO OCBELICHUS.



Puc. 87. HadzemHblll newexodHwblll nepexod Ha nepeceveHuu ya. I'epoaast u ya. ['osuydosa 6 2.
Awxabade, TypkmenucmaH (llewexodHbsie nepexodst 3A0 «HHcmumym ['unpocmpoiimocm
Cankm-Ilemep6ype»). [45]

OCHOBHOH HENOCTATOK HAA3EMHOTO MEMEXOAHOI0 NEPEX01a — OONbIINI
nepenan BeICOT 10 CPpaBHCHUIO € ITOA3CMHBIM.

Puc. 88. HadzemHulill newexodHwblil nepexod nod Iluckapesckum np. 8 cmeope yauysl KypakuHa
8 I.Cankm-Ilemep6ypze ([lewexodHbie nepexodvl 3A0 «MHcmumym 'unpocmpoiimocm CaHkm-
Ilemep6ype»). [45]



11.3.2 [loa3eMHbIe Nenexo/JHble Nepexoabl

[TonzeMHbIH NENIEXOHBIA MEPEXOT OOBIYHO COCTOUT U3 COOCTBEHHO TOHHEIS
ITOJI ITPOE3KEN YACTHIO WITH JKEJIE3HOW JOPOroil M BEAYIIUX K HEMY CTYIICHE,
PACIOJIOKEHHBIX HA MEMIEXOAHBIX JOPOKKaX. YacTo CTYNEHbKN 000PYI0BaHBI
HAKJIOHHBIMH JOPOXKKAMHU JJI CIIyCKa BEJIOCUIIEN0B, AETCKUX U MHBAJIAIHBIX

KOJIACOK.

K nocronHCTBaM NMOA3EMHOrO NMEPEX01a MOKHO OTHECTH €T0 HEOOIBINYIO
rnyOuHy 3asieranus (rae-To 1,5 cpeIHruX YENOBEUECKMX POCTA), & TAKKE
BO3MOKHOCTb MCIIOJIb30BAHUS MMOAYJIMYHOTO MPOCTPAHCTBA B KOMMEPUYECKUX LETSX.
K HepgocTarkam — O4YeHb JOPOroe CTPOUTENBCTBO, TAK KaK JAJI CTPOUTENIBCTBA
yaire Bcero Tpedyercsa NEPEKPbIBaTh YIMILY U BECTH 3EMIIIHBIE PA0OTHI, a B PsjC
CJIy4acB — MEPEKIAABIBATH HHKEHEPHBIE MATUCTPAIIH.
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Puc. 89. [lod3emHblil newexodHwbill nepexod nod npocnekmom Akademuka Caxaposa 8 Mockee
[46]

Hecymme KOHCTPpYKIMU MOA3EMHOTO MEMIEX0JHOTO MEPEX0AA (TOHHENbHAS
YacTh, JECTHUYHBIC CXO/Ibl, TAHTYChl, TEXHUUECKUE MMOMELICHHUS) BHITOJHSIOT U3
MOHOJIMTHOTO 7K€JIE300€TOHA, UMEIOIIETO XAPAKTEPUCTHKH 110 MPOYHOCTH,
BOJIOHETIPOHHUIIAEMOCTH, MOPO30CTOMKOCTH, KOPPO3HOHHON YCTOHYNBOCTH U
TEXHOJIOTUYHOCTH U3TOTOBJIEHHS B COOTBETCTBUU C YCIIOBUAMU CTPOUTENBCTBA U
MTOCIEAYIOMIEHN IKCIUTyaTallMi COOPYKeHUA. [lonmycKaeTcs NpUMEHEHUE BHE
NPOE3KEN YacTU COOPHBIX KOHCTPYKUMN U3 KEIE300€TOHHBIX HIEMEHTOB
WHAWBHUAYAJIbHOTO IPOEKTUPOBAHUSA U U3TOTOBJICHHAA ¢ 00E€CIICUCHHEM
BBILLICTIEPEYNCIICHHBIX XapakTepucTHK. CM. Tak ke Cepust Ne3.507-1. COopHbie



KEJIE300€ TOHHBIC KOHCTPYKIMHU TS TOA3EMHBIX MEINEXOAHBIX MEPEXOA0B. BhIMyck
1. Marepuansl 1yt mpoekTupoBanus [47]

11.4 XKene306eTOHHbIE KOHCTPYKIIUH AJISI NOA3E€MHbIX
KOMMYHHUKAL M HErJiyo OKOro 3a/10kKeHus (KOJIJIEKTOPbI) U AJIA
6J1aroyCTpoicTBa ropoACKo TeppuTOPUH (IIOANOPHbIE CTEHbI)

11.4.1 KoJsuteKTOophl

Kenez00eTOHHBIE KOJUIEKTOPBI MCIIOJIB3YIOTCS TPH MPOKIIAIKE
KOMMYHUKAMOHHBIX WHXXEHEPHBIX CUCTEM. J{J1s1 3TOro TpyOBbl KOJIJIEKTOpa
3aKaMNbIBAOTCS HA OMPEACIICHHYIO ITyOHHY B 3€MJTIO, CTBIKYIOTCA MEXAY COO0M mpu
NOMOLIM TEXHOJIOTMYECKHUX NA30B, MOCJE YETO MOABEPTAOTCS THAPOU3OISALMOHHOM
o0paboTKe.

]
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Puc. 90. F'abapumHbie cxembl kKoanekmopos (MocuHnyicnpoekm): a — u3 06seMHbIX cekyull; 6 —
u3 omodeabHbIX 31emeHmos [48]

Puc. 91. Kamepa c60pH020 Jcene306emoH-H020 Koniekmopa: 1 — KoaoHHa; 2 — y21080ll
610K; 3 — 6as1Kka nepekpbi-mus; 4 — nauma nepekpsimusi; 5 — cmernogoli 6,10k; 6 — 610K
dHuwja; 7 — 2udpousoaayus; 8 — saujumuas cmeHka; 9 — 08yxca0lHass nod20moskKa u3
webHs u 6emoHa [65]

HaunGomnbiiee mpuMeHEHHE B CTPOUTENBCTBE TYHHENEH M KOJUIEKTOPOB
NOJTYYMIIM KOHCTPYKIIMHA COOPHBIX 7KENE300€TOHHBIX KOJUIEKTOPOB, Pa3pabOTaHHbIE
WHCTUTYTOM «MOCHHXIPOEKTY, paboune 4ePTEKHN KOTOPHIX MPUBEACHBI B CEPUU



ansbomoB (PK 1101-70, PK 1102-75). Konctpykuuu Bouum B Karanor
YHA(PUIMPOBAHHBIX UHy CTPUAIBHBIX W3CTNI U MTPEIHA3HAYEHBI U1 COOPYKEHUS
TOPOJCKUX W BHYTPUKBAPTAJIbHBIX KOJIJIEKTOPOB OTKPBITHIM CIIOCOOOM.

11.4.2 lloagnopHbIEe CTEHBI
Kene300eToOHHBIC TOAMOPHBIE CTEHBI B CPABHEHUM C KAMEHHBIMU 1
OCTOHHBIMHU 3HAYUTENBHO SKOHOMUYHEE. IX MPUMEHSAIOT MPEUMYIIIECTBEHHO

cOOpHBIMU. PaznnuaroT mNoAMOPHBIE CTEHBI YTOJIIKOBBIE, C KOHTPQOpcamH,
AHKEPHBIE.
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Puc. 92. KoncmpykmueHbie cxembl C60pHbIX NOONOPHBIX CMeEH a- y201K08as1 00HO3AeMEHMHAS;
6- y201K08as1 08YX3/1eMEHMHASL; 8- C KOHMp@opcamu; 2- AaHkepHas; 1 -cbopHble yenbHble
6/10KU; 2- cmeHosble naumel; 3- c6opHbill KoHmpdopc; 4 - cmuik cO0PHbIX I1eMEHMO8
KoHmpdgopca; 5- pyHdamenmuasn nauma; 6- onopst pamol; 7- pamol; 8- aHkepHas 6aaka [1]
YTONKOBBIE CTEHBI IPUMEHSAIOT, KOT /1A MOJIHAS BBICOTA OANOPHOM CTEHBI HE
npesbimact 4,5 M. [1pu 607b11€H BBICOTE SJKOHOMUYHEE CTEHBI C KOHTp(opcamu
WJIA AaHKEPHBIE. YTOJIKOBBIE MOAMOPHBIE CTEHBI MOT'YT U3TOTOBJIATHCA B BUC
€IVHBIX OJIOKOB AJIMHOM 2-3 M (puc. 92, a). PazpaboTaHbl TUITOBbIE KOHCTPYKIIMA
COOPHBIX YTOJIKOBBIX MOANOPHBIX CTE€H, COCTOSIIUE U3 JIBYX 3JIEMEHTOB. CTEHOBOM
(JIneBoil) MAUTH U PyHAAMEHTHOMN TUIATHI (pUC. 92, 6). [Ipe1ycMOTPEHBI BBICOTHI
noanopa rpyurta h, pasusie 1 ,2; 1 .8;2.4; 3 u 3,6 M. HomuHanbHas JJIMHA CTEHOBBIX
IJIUT npuHATa 3 M, JYHAAMEHTHBIX -3 ¥ 1,5 M; IIIMpUHA NOJAOUIBbI MPUHATA PABHOMR
2,2:2,5;3,1 u 3,7 M. YuTeHa BO3MOKHOCTh YCTAHOBKHU (DYHAAMEHTHOM MJTUTHI C

HAKJIOHOM MOJOIIBBI 10 7° IJI NOBBIIIECHUAS YCTOMYUBOCTU MOANIOPHOM CTEHBI
IIPOTHB CBUIA.

B nmoanopHeIx cTeHax apyrux TMNoB (puc. 92, B, r) orpaxacHue o0pasyercs
13 COOPHBIX CTCHOBBIX TUIHMT, 3aKJIaIbIBAEMBIX B Ma3bl KOHTP(OPCOB WK PaMm.
KoHTpopCh KOHCTPYUPYIOT COCTaBHBIMU M3 2-3 yacTeld. X yCcTaHaBIMBAOT €
marom 2-3 M Ha COOPHBIE 3JIEMEHTHI OMOPHOM ITUTHI, C KOTOPOH COCIUHSIOT,
CBapWBasl 3aKJIAJHbIC METAUITMYECKUE JETAIIM.



Pambl aHKEpHBIX MOANOPHBIX CTEH PA3MEIIAOT yepe3 4-5 M 0J1Ha OT APYroi,
Onupas uX Ha OTACIbHbIC (PyHAAMEHTBI. AHKEpHas Oallka MpeJAHa3HAYEHA s
YACPKUBAHMS BCEH KOHCTPYKLIMU NPOTUB CABUTA TI0]1 BO3ICHCTBUEM
TOPU3OHTAJILHOTO JaBJcHHs rpyHTa. PaccrosHue a (cMm. puc. 92, B) NpUHAMAOT
pasHbiM (0,3 = 0,6) - hy BHICOTHI MOANIOPA IPYHTA, €CJIU TPYHT UMEET YTOJI
€CTeCTBEHHOTO oTKOoca 30 =+ 45° [1]

11.5 OnpeaesieHre HAarpy3oK

11.5.1 Harpy3ku JeiicTByOIIM e HA KOJJIEKTOPBI M MOA3€MHbIE
neilexo/Hbie nepexo bl

IlocTosiHHBIE HATPY3KHU - HArpy3KH OT COOCTBEHHOIO BECA KOJJIEKTOPA
(MOJI3EMHOTO MEPEX0/1a), HArpy3Ka OT JOPOKHON OJICIK/IbI, BHIPABHUBAIOIIHX,
W30JIALUOHHBIX Y 3alIUTHBIX CJIOEB, OT BECA TPYHTOBOM 3aCHITTKH.

['pyHT OKa3bIBa€T Ha KOHCTPYKIIMU KOJUIEKTOPA U MOA3EMHOI0 NMEpPexoia
BEPTUKAJILHOE Y TOPU3OHTAIIBHOE JABJICHUE, KOTOPBIE MPH OTKPHITOM CHOCO0E
BO3BE/ICHUS COOPYKEHUS BO3PACTAIOT C YBEIMUEHUEM Ty OUHBI 1O JIMHEHHOMY
3aKOHY.

E_-‘_r‘""

Puc. 93. KoHcmpykmuegHble cxembl CO0PHbIX NOONOPHLIX CMEH - Y204K08As1 0OHO3NeMEHMHAS;
6- y201K08a51 08YX3/1eMEHMHAS; 8- C KOHMpgopcamu; 2- aHkepHas; 1 -cbopHble yenbHble
6/10KU; 2- cmeHosble naumel; 3- c6opHbill KoHmpdopc; 4 - cmuik cO0PHbIX 31eMEHMO8
KoHmpdgopca; 5- pyroamenmuas nauma; 6- onopst pamvol; 7- pamel; 8- ankepHas 6aaka [49]

BpeMeHHbie Harpy3Kku — Harpy3ka OT aBTOTPAHCTIOPTa Ha TOBEPXHOCTH
3EMUJIH.

11.5.2 Harpy3ku Ha o/JilIOpHbIe CTEHKHU
[ToamopHbIe CTEHKKM PACCUUTHIBAIOT IO TIEPBOM TPYIIE MPEACITbHBIX
COCTOSTHUH:

[.  pacder MPOYHOCTH TPYHTA OCHOBAHUSA



II.  pacyer yCTOMYMBOCTH CTEHKH NPOTHUB ONPOKUIABIBAHUSA
III.  pacyer yCTOWYHUBOCTHU CTEHBI IPOTUB CABUTA

[To BTOpO¥ rpynne NpeaeabHbIX COCTOSIHUM pacyET CBOJAMUTCS K ONMPECTICHHUIO
MOJIOKEHUS PABHOACHCTBYIOIIEH N;; B IJTOCKOCTH MOAOUIBLI (PyHIaMEHTA. JTa
MPOBEPKA KOCBEHHO KOHTPOJUPYET KPEH CTEHBI.

Harpy3ku neficTByromme Ha NOANOPHYIO CTEHKY — COOCTBEHHBIH BEC
KOHCTPYKUMIA, TABJICHUE TPYHTA U JABJICHUE HA TPYHT.

Jleknust 12. KameHHbIe KOHCTPYKIUU: MaTepuasbl 4151
KaMeHHOM KJ1agKu. CTaauu padoThl KJIaJAKH OA HATPY3KOU NIPHU
CKaTtuM. PacueTt Hecyie CHOCOOHOCTH LIEHTPAJIbHO CXKATOT0
jJ1IeMeHTa.

12.1 MaTepuaJibl AJi1 KAMEHHOM KJIaAKH

Marepuansl Jyis KAMEHHOM KJIaJKu ObIBAIOT €CTECTBEHHBIC U UCKYCCTBEHHBIE,
UMEIOT PA3JIMYHBIE Pa3MEPHI (CM. cxeMy Kiaccuukanuu « CTpOUTEbHBIE
Marepuaiby HIxE)[S50].

K kameHHBIM MaTeprazaM MPUMEHSAEMBIM JUTSI KJIAJKA HAPYKHBIX CTEH U
(hyHIAMEHTOB MPEABIBIAIOTCS TPEOOBAHUS TPOYHOCTH, MOPO30CTOMKOCTH,
BOJOCTOMKOCTH, MIIOTHOCTH, MMPOLICHTY IMyCTOTHOCTH, (hOpME, pa3MepaM, BHEILIHEMY
BULY (U1 (pacagHBIX MOBEPXHOCTEH).

Kupnuy npumeHsemMblid 1)1 KITAAKK OBIBAET TPEX BUOB:

[.  xepamuueckuii (ITMHAHBINA) OTMHAPHBIN W YTONIIEHHBIA MOJHOTEIbIHA
IJIaCTUYECKOTO MPeccoBaHms ¢ pa3mMepamu B miane 250 X 120 (288 X
138) mm, TonmmHOM 65 1 88 MM.
II. CunmkaTHbBIN OJUHAPHBIA U YTONIIEHHBIN (PSIOBOWA, JINLIEBOMH,
JEKOPATUBHBIH )
III.  JlerkoBecHBIH (BKIIFOYAET Pa3HbIE COPTA KUPIAYA MAJIOH MJIOTHOCTH)
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12.2 Ctaauu pa60ThI KJIAJKU N0 HArPY3KOU NIPH CKATHH.
HpOBeI[eHHBIMI/I IKCIICPUMCHTAJILHBIMHY UCCJICAOBAHUAMMU C Pa3JIMYHBIMHA
BHUAMH KJIaJO0K YCTAHOBJICHO, YTO B 3aBUCUMOCTH OT BCIIMYHMHBI I[GP'ICTBYIOHII/IX

HANPsKEHUI TpU CKaTUX PabOTy KIAAKH MOYKHO MOAPA3ACIIATL HA YETHIPE
XAPAKTEPHBIE CTAINN:
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Puc. 94. Cmaduu pabomeot Kaadku npu cxcamuu: a- nepgas, 6- emopasi, 8- mpemasl, 2-
yemeepmas (paspywerue kaadku). [50]

BenuunHa Harpy3Kku, Mpu KOTOPOM MOSBJISIOTCS MEPBbIC TPEUIUHBI, 3aBUCUT
OT MEXaHUYECKUX CBOMCTB KMPINYA, KOHCTPYKITUHU KJIaAKU U AeOPMaTHBHBIX
CBOIiCTB pacTBopa. [locneaHue 3aBUCAT OT BUa pacTBOpA U €ro Bo3pacta (T.€.
BO3pacTa KJiaaku). LleMeHTHbIe pacTBOPHI HAUDOJIEE )KECTKUE, M3BECTKOBBIE,
Ha000poT, HauboJiee AeopMatuBHbL. C yBEIUUCHUEM BO3pacTa AePOPMaTUBHOCTh
pacTBOPOB CHUKAETCA. UeM MeHblIe AeOPMATUBHOCTL pacTBOpa, TeM OoJiee
XPYIIKO# OKa3bIBACTCA KilaaKa
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Puc. 95. Jlepopmayuu uzzuba omoensHosix kupnuyeli [50]

[Tpu yBenMUeHNN HATPY3KH TOCIIE MOSBICHUS TIEPBBIX TPEIIUH MPOUCXOAUT
KaK MX pa3BUTHE, TaK 1 BOBHUKHOBEHUE M PA3BUTHE HOBBIX TPEIIUH KOTOPHIC
COEIMHAIOTCS MEXKY COOO, mepecekas 3HAUUTEIbHYIO YacTh KIaIKU B
BEPTUKAJILHOM HaMpaBJICHUM U MOCTETICHHO PacCiianBas €€ Ha OTJC/IbHBIC BETBH,



KaXKaas U3 KOTOPBIX OKa3bIBACTCS B YCIOBHIX BHELEHTPEHHOTO HATPYKEHUS
(TpeThs cTamus paboThl KIAJKH).

[Tpu yutensHOM ACHCTBUM TON HArpy3KH , TaKe 0€3 €€ yBeIMUEHus1, Oy IeT
NOCTENEHHO (BCIEACTBUAE PA3BUTHS TUIACTUUECKUX Ae(OpMaLiii) MPOUCXOIUTh
JaJbHEHIEE PA3BUTHE TPEIIUH, PACCIAMBAKOIIMX KIIAKy HA TOHKUE THOKHE
cTo10uKHU . Y TpeThs cTajaus NepeieT B YETBEPTYIO - CTAIUIO Pa3pyLICHUS OT
NOTEPH YCTOMUMBOCTH PACUICHEHHON KITAIKK.

YerBepTas craaus HaOMOJAETCS B JJAOOPATOPHBIX YCIOBUAX MPU OBICTPOM
HapacTtanuu aeopmannii. B €CTECTBEHHBIX YCIOBHAX TPEThS CTaAUS SBIAETCS
HAYaJIOM OKOHYATEJIbHOIO Pa3pPYILICHU KIIAKH, MOCKOIbKY BO3HUKIIKME B 3TON
CTaIMW CKBO3HBIE TPEIIHMHBI HE CTAOMIIM3UPYIOTCA, & TPOAOKAOT PA3BUBATHCA U
YBEJIMYUBATHCS 0€3 YBENMUCHUA HArpy3ku. [loaromy aeiicTBurenbHas
pazpymaromias Harpy3ka coctasisieT 80-90% 0T 3KCrepuMeEHTANBHON
paspylaronieit Harpy3ku. MHOTOYMCIIEHHBIE S3KCIIEPUMEHTHI TIO3BOJIAIIA PACKPBITH
ITPUYMHBI BO3HUKHOBEHUS MEPBBIX TPEIIMH B KJIAJKE U3 KUPIIAYA. Y CTAHOBJICHO,
YTO BOZHUKHOBEHUE TIEPBBIX TPEIIMH B KJIQJKE BBI3BIBACTCS HAMPSKEHUAME M3rHda
M CPe3a OTAETBHBIX KUPIIUYEH, B TO BPEMS KaK HAINPSHKEHUS CKATUS COCTABIISIFOT
15-25% ot mpeaena NMpoOYHOCTH KMpNU4a Ha cxkarue. Jlepopmannu nzrnbda
OTJACIIbHBIX KHPTIMYECH TOCTUTAOT 3HAYUTEIbHBIX Besd unH- 0,1 ... 0,4 MM., KOTOpBIC
IIPU YUYETE XPYNKOCTH KUPIIUYA ABJISIFOTCA YPE3MEPHBIMH.

[TpuunHOil M3rnba u cpe3a KUpNu4a B KIAJKE NPU CKATHHU SIBIIIETCS
HEPABHOMEPHAS TIOTHOCTh PACTBOPA B IIBAX.

[TocnenoBareIbHOCTh Pa3PYLICHUS KK, BHIIIOJIHEHHON U3 KAMHEN APYrux
BUJIOB, B OOIIEM Takas K€, KaK W MPU pa3pylICHUN KUPNUYHOU Kinaaku. PazHuna
3aKJIFOYAETCS B TOM, YTO C YBEINYEHUEM BBICOTHI KAMHS YBEIUYUBACTCI XPYIIKOCTh
KJTAJIKA, 1 MOMEHT TIOABJICHHS B HEM MEPBBIX TPEIIUH MPUOINKAETCS K MOMEHTY
paspyIIeHus.

B OyToBOI#1 KnaKe MOSBICHAE MEPBBIX TPELIMH BO3MOXKHO KaK B KAMHSX, TaK
Y B PACTBOPHBIX IIBAX.

12.3 PacueT Hecyueu CHIOCOOHOCTH LEHTPAJILHO CXKATOr0 3/IeMEeHTA.
Pacyet 351eMeHTOB HEAPMUPOBAHHBIX KAMEHHBIX KOHCTPYKLHMA PH
LEHTPATBHOM CATHH MPOU3BOAUTCSA N0 (popmyIie:

N<mg-¢-R-A (1)

rae N — pacueTHas IpoAoIbHAs cUia, R — pac4eTHOE CONMPOTUBIICHUE
cxaTHro Kinaaku, onpeaensemoe mo CII 15.13330.2012, ¢ — ko3pdunment



MPOI0JIbHOTO M3ruda onpenensercs B coorpercteuu ¢ CIT 15.13330.2012, A —
IOMIA/b CCYCHHS AIEMEHTA; My — - KOIPQUIMEHT, KOTOPBI ONpEEISETCS B
cooTBeTcTBUM € yKazanusamu CIT 15.13330.2012.

Pacuet (monbop cedeHus) HEHTPAIBHO CHKATOTO 3JeEMEHTA (CTOa0a) o
dhopmysie (1) OCymIECTRISIETCS METOAOM MOCIEIOBATENBHOTO MPUOIMXKCHHS U
3aKJII0YAETCs B CACAYIOLIEM !

a) ONPENENAIOTCA Harpy3Ku [T paccyuThiBaeMoro ¢rosiba N u N, (Ha ypoBHeE

TOTO WJIM MHOTO 3TaXa), BHIYUCIISIS MX KaK CYMMY Harpy30K OT BCEX ATaXEH,
JICKAIIUX BBIIIEC PACYETHOIO CEUEHUS CT0JI0a ¢ MPUOIMKEHHBIM YYETOM
COOCTBEHHOM MaccChl CTONI0A KaK HAarpy3KH, COCTaBJIstoNIeH 5 ... 10% oT pacueTHOi.

0) BeIOMpacTCa MaTepual KiaJku (BUI M MAPKA KAMHEH W BUA M MapKa
pPacTBOpa) U OLICHUBAETCS €€ PACYETHOE COMPOTUBIICHUE R.

B) 33/1a€TCSl HE KOTOPOE 3HAYEHUE (@, M0 KOTOPOMY MPUHUMAIOTCS
COOTBETCTBYIOLME 3HAUEHUS Ay (4;).

T) 10 HakieHHOM THOKOCTH Ay, (A;).onpeaensercs kodpduuueHt 1 uz CII
15.13330.2012.

1) UCTIOJTB3YS IPEIBAPUTENIBHO cOOpaHHbie Ha cTON0 Harpy3ku N u Ny, 1o
¢opmyne CIT 15.13330.2012 onpenensiercst KOIPOHUIHEHT M, .

¢) o gopmyne (1) BBIYUCIACTCS TUIOMIAb TONEPEYHOTO CEUCHUS CTOJI0a

N
mg-@R

A=

2)

OTBEUAKOLIAs MPHU 33JaHHOW HArpy3Ke MaTeprany KIaaKud U MPUHATOMY
KO3 PUIMEHTY @.

K) 3HaUeHue A n3 popmysl (2) BeIpakacMm 4epe3 KOHKPETHBIE Pa3MeEPhl
NOMEPEYHOr0 CEUEeHUA cTosI0a h X b = A, ecin cTOA0 MPAMOYTOIBHBIN, HITH
h X h = A, ecnu cTon0 KBaApaTHBIN, OKPYIJISASA UX A0 BEJIMYWH, KPATHBIX (C yUETOM
TOJILIMHBI IBOB KJIAJIKK) pa3MepaM KAPNHUJa (KaMHs) B MJIAHE.

3) MO MPUHATHIM FT€OMETPUUYECKUM pa3MepaM MONEPEYHOT0 CEUEHHS CTO0A,
yIPYroi XapakTEPUCTUKE KJIAJIKE & U PACUECTHON BBICOTE CTOJI0A BBIYUCIISETCS €r0
rudkoctb Ay (4;).

1) u3 tabmui CI115.13330.2012 Haxoaum ko3(pUIIMEHTHI @ U 77,
COOTBETCTBYIOIIME Ay (A;)1O 1 . 3) W onpenenaeM KodQPUIreHT my, .



K) TIOJTyYE€HHBIC 3HAYCHUS ) U M, TOUHEE IPOU3BEACHUE ITUX
K03 (PUIMEHTOB ((p . mg)noﬂ, CPaBHUBAEM C UCXOIHBIM . Ecniu nmony4yeHHoe
. . V]
npousseseHue (¢ mg)HOHOTHI/I‘{aeTC}I oT nexoaHoro (¢ mg)mx6onee ueM Ha 5%,
T.€. UMEET MECTO HEPABEHCTRBO:

((p.mg)ncx_ ((p.mg)non
(<p.mg)ncx

-100% > 5% (3)

TO PACUET CIEAYET MOBTOPUTH, IPUHAB MOJYUYECHHBIE 3HAYEHUA ¢ U M, 32
WUCXOJHBIE.

Pacuer cunTaeTcs 3aKOHYEHHBIM TIPU YAOBIIETBOPEHUN HEPABEHCTBA

((p.mg)ncx_ ((p.mg)non
(<p.mg)ncx

-100% < 5% (4)

OKOHYaTENbHbIE PA3MEPDI MOMEPEUHOTO CEYCHHUS CTOI0a COOTBETCTBYIOT
NOCJICTHEMY 3HAUYCHUIO ((p . mg)mx B U3JI0’KEHHOM MPOLECCE MOCIEI0BATEILHOTO

nPUOTMKECHHUS.

[Tporiecc nocaea0BaTeILHOrO MPUOIMKEHUA ya00HEe HaUMHATh ¢ @ = 1,0.



