1)OcHOBBI TpPOEKTHPOBAaHHUA KOHCTPYKIUMH 3JaHUM U COOpy:KeHMH. YHUPHUKauusa U

THIIU3all k.
KOHCprKuHI/I NPOMBIIIJIEHHBIX U FPAX/AAHCKHUX 32[3HP[171 COCTOAT U3 OTAEJIbHBIX 3JIEMEHTOB, CBA3aHHbIX B € JUHYIO0 CUCTEMY. OTﬂeJ’IbeIe
3JIEMEHThI BAaHl/lﬁ — IUIMThI U GaJIKK HeperbITHﬁ, KOJIOHHBI, CT€Hbl U AP. — AO0JIXKHbI O6JlaﬂaTb NPOYHOCThIO U yCTOFI‘-IPIBOCTblO,

JIOCTaTOYHOM KECTKOCTbIO, TPEIIMHOCTOMKOCTBbI0O M Y4acTBOBaTb B 06led paGoTe 3AaHUsA. KOHCTPYKTHBHblE CXeMbl 3JaHHH,
YZOBJIETBOPSIIOLIME TPeGOBAHUAM, MOTYT 6bITh KAPKAaCHBIMU U NaHEJbHBIMU (6€CKapKaCHbIMH), MHOIO3TXXHBIMH U OJHO3TaXKHBIMU
Kapkac MHOroaTaxHoOro 3fjaHus 06pa3ylOT OCHOBHbIe BepTHKaJbHble M TOPHU30HTa/IbHbIE 3JIeMEHTbI—KOJIOHHBI U puresu. Kapkac
O/IHO3TAXXHOTO 3JJaHNUA 06Pa3yIOT KOJIOHHBI, 3a/leJJaHHbIE B QyH/JAMEHT, U PUTeJIH, IApHUPHO WJIK XKeCTKO COeIMHEHHbIE C KOJIOHHAMH.
KenesobeToHHBIE KOHCTPYKLMHM INpPH BCEX BO3MOXKHBIX KOHCTPYKTMBHBIX CXeMaX 3JaHHUH JOJDKHBI ObITh WHAYCTPHAJIBHBIMH H
9KOHOMHUYHBIMH.

B kapkacHBIX 3/JaHUSAX TOPHU30HTAJIbHbIE Harpy3KkH (BeTpOBble, KDAaHOBBIE, CEHCMUYECKHE U AP.) MOTYT BOCHPUHHUMAThCA COBMECTHO
KapKacoM M BepTHKaJbHBIMHU CBA3€BBbIMH JHadparMaMu, COeJHUHEHHBIMH ePEeKPbITHAMH B eJUHYI0 IPOCTPAHCTBEHHYIO CHCTEMY WJIN
TOJIbKO KapKacoM KaK paMHOM KOHCTPYKLMeH NpH OTCYTCTBHUM BEPTHKAJIbHbIX AMArpaMM.B MHOrosTa)KHOM NaHEeJbHOM 3/aHUH
TOPU30HTAJIbHble BO3JENWCTBUSI BOCIPUHUMAKOTCS COBMECTHO MPOAOJBHBIMU U NONEPEYHbIMU CTEHAMH, COEJUHEHHBIMU C OMOILbIO
NEePEeKPLITHI B €AMHYI0 NPOCTPAHCTBEHHY!O cucTeMy. IIpy pas3/MuHBbIX KOHCTPYKTHBHBIX CXeMaX >Kese300eTOHHble KOHCTPYKLHMH
JIOJDKHBI ObITh 3KOHOMUYHBIMU U HHAYCTPHAJIBbHBIMUA C MUHUMaJIbHBIMU 3aTPaTaMy Py4yHOro TpyAa. [1o cnocoby M3roToB/IeHUs 34aHHUs
MOTYT GbITb COOPHBIMH, MOHOJIMTHBIMU U COOPHO-MOHOJIMTHBIMH.

C M3MeHEeHUEM TeMIlepaTypbl KeJle306eTOHHble KOHCTPYKLMH JepOpMUPYIOTCS — YKOPAuYMBAKTCS WJIM YIJIMHSIOTCS; BCIEACTBHE
ycaakyu 6eTOHA — YKOpayMBaloTcd. [Ipy HepaBHOMEpHOW OcaJjke OCHOBAHMS YacTH KOHCTPYKLMH B3aMMHO CMEILAIOTCS B
BEPTHUKAJbHOM HampaBJeHUH. B GOJIbIIMHCTBe ciy4yaeB :KeJie306eTOHHble KOHCTPYKIMH TIPEJCTABJASIOT CO6OH CTaTHYECKH
HeoIpe/ie/ITMMble CUCTEMBI U TO3TOMY OT U3MEHEHHs TeMIIEPATYPHl, yCaJK 6ETOHA, a TaKXKe OT HePAaBHOMEPHOH ocaJKu GyHAAMEHTOB
B HUX BO3HHUKAIOT JONOJIHUTE/IbHBIE YCHJINA, YTO MOXKET NPUBECTH K MOSABJEHHUIO TPELIMH WK K pa3pylleHHI0 YaCTH KOHCTPYKIHH.
YT06B! yMEHBIIUTD YCUJIHUA OT TEMIEPATYPhl M YCA/JKH, 3Kee300eTOHHbIE KOHCTPYKLUH JesIAT M0 AJMHE U IIHPUHE TeMIepaTypHO-
yCaZloYHBIMHU IIBaMU Ha OTJe/IbHble 4acTH — JepopMalioHHble 60KH. TeMnepaTypHO-ycaJ0uHble IIBbI BBINOJHAIT B Ha3eMHOH
4acTH 3JaHUA—OT KpPOBJM A0 Bepxa (yHJAaMeHTa, pa3jieliss NpPH 3TOM MepeKpbITHsA U creHbl. Ocajjo4Hble MIBBI, CAyXKallHde
OZJHOBPEMEHHO U TeMIEePaTypPHO-YCaJO0YHbIMHU, yCTPAUBAKT MEXAY YaCTSIMU 3JaHUH Pa3HOU BbICOTHI WM B 3[JaHUSIX, BO3BOJUMbIX Ha
y4acTKe C Pa3HOPOAHBIMU I'DYHTAMM; TaKMMU IIBaMHU JessT U GyHAaMeHTbl. OcaJjouHble LIBbI YyCTPAWBAIOT C MOMOLIbIO BKJIAJHOTO
MpoJieTa U3 IJIUT U 6a10K. OcaflouHbIH I0B CIy>KUT 0JJHOBPEMEHHO U TeMIlepaTypPHO-yCcaJOYHbIM LIBOM 3/JaHHsL.

Tunusanus v yHubuKanus 1 ykpynHeHue c6opHbix KBK.

Tunusauus 3/1eMEHTOB - /I KOKJ0T0 KOHCTPYKTUBHOTO 3JIEMEHTA 3/laHUsl OTOUpPAIOT HauboJiee pallMOHAbHBIN, POBEPEHHbIA HA
NpaKTUKe, TUIl KOHCTPYKIUHU C HAWJIYYLIIUMU IO CPABHEHHUIO C APYTUMHU pelleHUAMHU TEeXHUKO-IKOHOMHUYECKUMHU IOKa3aTeJdAMHU.
BbI6paHHBIi TaKUM 06pa30M THII 3JIeMeHTa IPUHUMAIOT /11 MacCOBOTO U3TOTOBJIEHHS.

B pesysibTaTe paboThl 10 TUITM3ALMH COCTABJIEHbI KaTaJ0TH COOPHBIX >KeJ1e306e TOHHBIX 3JIEMEHTOB, KOTOPBIMU PYKOBOACTBYIOTCS NPH
MPOEKTHPOBAHUH PA3/IMYHBIX 3aHUH.

B ycioBHAX NpuMeHeHHs YHUPHUIMPOBAHHBIX KOHCTPYKTHBHBIX CXeM M IIMPOKOTO MCIIOJb30BAaHHUA TUIHU3ALUU 3JIEMEHTOB COOPHBIX
KOHCTPYKLHH He06X0AMMa B3aMHas yBsA3Ka pa3MepoB 3/IaHUH U UX 31eMEHTOB.

TexHOJIOTMYHBIMHU Ha3bIBAIOT 3JIEMEHTBI, KOHCTPYKIHS KOTOPBIX AONYCKAaeT UX MacCOBOe M3rOTOBJIEHHE HA 3aBO/ie MJIM NOJUTOHE C
HCIOJIb30BAaHUEM BBICOKOIPOM3BOAUTENBHBIX MallMH M MeXaHHW3MOB 6e3 TpPYyJOeMKHUX PYy4HbIX onepanuil. TeXHOJOrMYHOCTb
KOHCprKL[Hﬁ 3aBUCHUT OT TEXHOJIOTUHU U3TOTOBJIEHHA.

YHuoukanusa. YToObl OJHU U Te e TUIOBbIe 3/1eMeHTbl MOXKHO OblJIO LIMPOKO NMPHUMEHSTh B Pa3/IMUHbIX 3/JaHUSX, PACCTOSIHUE MeXAY
KOJIOHHaMH B IlJIaHe, (CETKY KOJIOHH) M BBICOTY 3Taxkell YyHUPUUMPYIOT, T.e. IPUBOJAT K OrpaHUYeHHOMY 4YKcay pa3MepoB. OcHOBOM
yHUOUKALUU CAYKUT eAMHass MOoAyJbHasi cucTeMa. [IpefycMOTpeHO TpHM KaTeropuM pa3MepoB THUIIOBBIX 3JeMEeHTOB. 3JaHUIl:
HOMMHaJ/IbHble, KOHCTPYKTUBHbIe U HAaTypHble. HOMHHa/IbHble pa3Mepbl—pacCTOSHUS MeXAy Pa36bMBOYHBIMU OCSIMU 3/IaHUS B ILJIaHE.
HaTyprIe pa3Mepsbl 3JIeMEeHTa — Cl)aKTl/l‘{eCKl/le pasmepebl, KOTOpbIe B 3aBUCUMOCTH OT TOYHOCTH U3TOTOBJIEHHUSA MOTYT OT/JINYATLCA OT
KOHCTPYKTHBHBIX pa3MepOB Ha HEKOTOPYIO BEJIMUUHY, Ha3blBaeMyto AonyckoM (3..10 MM). KOHCTpyKTHBHBIE pa3Mepbl OTIMYAIOTCS OT
HOMHHaJ/IbHBIX Ha pa3Mep LIBOB U 3a30POB.

YkpymnHeHHe 31eMeHTOB. COOpHBIE jKele306eTOHHbIE 3J1IeMEHTbl KOHCTPYKLMH 3/aHUH B Npolecce NMPOeKTHPOBAHUSA HEOOXO0AUMO
YKPYNHATb. [Ipy MOHTaXke 3/JaHMi W3 YKPYyNHEHHBIX 3JIEMEHTOB COKpAIaeTCs YMCJI0 MOHTAXXHBIX ONepaluid M0 MX NMOAbEMY U
YCTQHOBKE, YMEHBINAETCS YHCJIO CTBIKOBBIX CONPSPKEHHH, BBINOJHAEMBIX BO BPeMs MOHTa)Ka, NOBBIIIAETCHA CTeNeHb 3aBOJCKOHN
TOTOBHOCTH 3JIEMEHTOB, a C/Ie[JOBaTe/IbHO, YMEHBIIAETCS 00'beM OT/AEN0YHBIX PabOT Ha MJIOIAZKE.

[locko/IbKy CTeleHb YKPYINHEHUs 3JIeMEHTOB B HEKOTOPBIX CJIy4asX OrpaHUYMBaeTCs IHpeJeJbHO JONYyCTUMOH HX MaccoH,
11e71eCO06Pa3HO CO3/aBaTh KOHCTPYKLUHU C 06GseryeHHOH (OpMOH ceueHHsl, TOHKOCTEHHble, IyCTOTHbIE U T. I, IPUMEHATh GEeTOH
BBICOKOT'O KJIacca ¥ BbICOKOIPOYHYI0 apMaTypy. PaljioHabHO MPOEKTUPOBATh KOHCTPYKLMK U3 6€ TOHOB Ha JIETKUX 3aN0JHUTEAX.

Z)OAHOBTa)KHbIe IIpOMBINIJIEHHbIE 3IaHHA.

KOHCTPYKTUBHBIMH U TEXHOJIOTUYECKUMH OCOGEHHOCTSMM 13TaXXHOrO NPOMBILIJIEHHOTO 3JaHHs sIBJsSeTCs 06OpyZOBaHHE UX
TPAHCIOPTHBIMU CPeICTBAMU — MOCTOBBIMU U NO/ABECHBIMU KpaHaMH. K 3/1eMeHTaM KOHCTPYKIMH 13 Ta>XKHOTO MPOMBIIIJIEHHBIX 3/JaHUH
¢ 6aJIOYHBIM MOKPLITHEM OTHOCST: KOJIOHHBI (CTOMKM), 3a/ieJlaHHble B QYHJAMEHT, pUTe/d MOKPBITHS, ONUpaloliyecss Ha KOJOHHbI
(6anku, ¢epMbl, apK{), IJIUTHI MOKPBITHS, yJOXKEHHble 110 pUressaM, NOAKpPaHOBble GasKH, CBETOBble U a’spalMOHHble (OHAPH.
OcHOBHas KOHCTPYKIMSA KapKaca - onepevyHasl pama, 00pa3oBaHHas KOJIOHHAMHU U pUTeJIIMU.

Hecymue aneMeHThI 3gaHus. KoHCTpyKny nonepeyHLIX paM U MPOAOJLHBIX paM.

Hecyuiye KOHCTPYKIMU OJJHO3TQXKHBIX 3JaHUHM U3 COOPHBIX KeJ1e300eTOHHBIX 3JIEMEHTOB MPUHSATO JIeJIUTh Ha NoNepeyHble U MPOJ0Jib-
Hble. [lonepeynble KOHCTPYKIMY KapKaca 3/laHUs Ha3blBalOT paMaMy; OHY BOCIPUHHUMAIOT Harpy3KH OT NOKPBITHS, CHEra, KpaHOB, BET-
Pa, AEeNCTBYIOLIETO Ha MPO/I0JbHbIE CTEHBI U pOHAPH, a IPU KAPKACHBIX CTEHAX — TAKXKE HarPy3KH OT CTEH. B OT/e/IbHBIX C/Iy4yasix paMbl
MOTYT ObITh PACCYUTAHbI U HA BOCIPUSITHE APYTUX HArpy30K U BO3/J€HCTBUMN, HANPUMep CeHCMUYeCKHX.

ITpogosibHBIe KOHCTPYKIWMH 3/JaHHs 00eCleYnBaT YCTOHUYMBOCTD MONEPEYHBIX PaM U BOCHPUHUMAIOT NPOJOJIbHbIE HAarPy3KH OT TOP-
MOJEHHSI KPAaHOB U OT BETPa, AEHCTBYIOIEr0 HAa TOPLOBLIE CTEHBI 3aHus U TOpLbl GpoHapei. [IposobHbIe KOHCTPYKIMH MOTYT BOC-
NMPUHUMATDb U JpyTHe Harpy3KU U BO3JEHUCTBUs, B TOM YHCJe ceiicMuuyeckue. [lonepeyHble KOHCTPYKLUUHU (paMbl 3JaHUSI) COCTOST U3
OCHOBHBIX HeCYLIHUX 3JIEMEHTOB KapKaca 3/JaHUsl: CTOeK U puresiell. B 0JHO3TaXKHBIX 3aHUSAX COOPHBIE XKeJ1e300eTOHHbIE paMbl MOTYT
ObITb OJIHONPOJIETHBIE, JBYXIpOJETHble U MHOIONpPOJIETHble. B COBpeMeHHOM NPOMBILIJIEHHOM CTPOUTEJbCTBE MPe06saJaloT
MHOTOIPOJIETHBIE 3/JaHUS.

C6opHbIe Kesle306eTOHHbIE TI0NIepeyHble paMbl COOUPAIOT U3 CTOEK (B 0JHOITAKHBIX 3/JaHUAX UX HAa3bIBAIOT KOJOHHAMM) U pUTeJiel, B
KayeCTBe KOTOPbIX MCIOJb3YIOT CIVIOIIHBIE 3JIeMeHTbl — Ga/Ki HOKpPbITUSA (Ha3blBaeMble B JaJbHeHIIeM CTPONUJIBHBIMU GaJKaMH)
160 perreTyaThble 31eMeHThI — GepMbl OKPBITHS (Ha3bIBaeMble B JaJIbHEHIIEM CTPONUJIbHBIMU ¢pepMaMu).Puresiy nomnepeyHbIx pam
10 CBOEH KOHCTPYKLMH MOTYT OBbITh CIJIOUIHBIMU WJIM CKBO3HBIMH, @ COe/IMHEHHE UX CO CTOWKaMH — >XeCTKOe WJIM IapHUpHoe. Beibop



ouyepTaHUA U GOPMBI CeYeHHs PHUTesis, ero KOHCTPYKIMHU U XapaKTepa Coe/JHHEHH CO CTOWKAaMU 3aBUCUT OT pa3Mepa IepeKpbiBaeMoro
IIPOJIeTa, BUAA KPOBJIM, IPUHSATON TEXHOJOTMY U3TOTOBJIEHUS] U MOHTAXa.

Komonnsl 13T 34aHus KjaccuULUMPOBaHbl B 3aBUCMMOCTU OT XapaKTepa M3MeHeHMs NOIepedyHOro ceyeHUs IO AJIMHe, XapaKTepa
KOHCTPYKLMH, BUIOB COeJUHEHUH 3aBOACKUX 3JIEMEHTOB M KOHCTPYKTHBHOH cxeMbl. KOJIOH ObIBAlOT C IOCTOSIHHBIM CEYEHUEM C
nepeMeHHbIM — CTyneH4aTble. KOJIOH ¢ MOCT ceyeH MpUM B 3JjaHUSIX 6€3 MOCT KPaHOB. B ocTa/IbHBIX C/1y4asix MPUM CTYNEHY KOJIOHHBI.
[To xapakTepy KOHCTPYKLMM Pa3/MYalOT KOJOHHBI CIIOIIHbIE, UMEOLIe CIUIOIIHYI0 CTEHKY M/y IOsICAMH, U CKBO3HbIE, B KOT Io0sica
BETBEN COeJ-Hbl JPYT C JPYroM pelleTKON WM muaHkaMmu. CriomHble - npyd Kp Q o 30 T U OTH HeGoJIbLION BhIC 34-51 (10 12 M);
ckBo3HbIe - Tpy Q>30 T U BbIC 34-1 >12 M. CKBO3HBIE - 60Jiee IKOHOM 10 3aTpaTe MeTaslJIa, HO TPYAOEMKHU B U3roToBieHuH. Lllupokoe
IPUM MM KOJIOHHBI CMELIaHHOTO THIIA, B KOTOPBIX BepxHUe (HaZAKPAHOBBIE) YYaCTKH, BCIeJCTBHE OrpaHHMYEHHBIX rabapuTOB, BBIIOJ
CIJIONI, @ HWX — CKBO3 (60/IBIIMHCTBO CTYNEeHYaThIX KOJIOHH 13T NPOMBIIIJIEHHbIX 3/{aHUH).

Purenu nonepedHbIX paM CIJIOLIHbIE MJIM CKBO3HBIE, a COeJUHEHNE UX CO CTOMKAMH >KeCTKOe W/ MapHUpHoe. X ecTkoe coeAnHeHHe
IPUBOAMT K YMEHbLIEHHIO U3THOAIOIEr0 MOMEHTA, HO IPY 3TOM He J0CTHUIaeTCsl He3aBUCHUMas THIH3alKs purejiell ¥ KOJOHH PaMbl,
T.K. HarPy3KH, TPUJIOXKEHHBIE K KOJIOH, BBI3bIBAIOT U3TMO MOMEHT U B pUTeJle, a HarPy3KH, IPUJIOKEHHBIE K PUTeJII0, BBI3bIBAIOT U3THO
MOMEHT B KOJIOHHe. [IpM IIApHHPHOM COeJMHEHHMH BO3MOXKHbI THIM3aLMs pUresied M KOJIOHH, T.K. B 3TOM CJy4ae HarpyskH,
NPUJIOXKEHHbIE K OJHOMY M3 3JIEMEHTOB He BbI3bIBAIOT M3rM6 MOMEHTOB B JpyroM 3JileMeHTe. B NpakTHKe OTeyecTBEHHOro
MPOMBIILJIEHHOTO CTPOUTENBCTBA PaMbl OJHO3TAXKHBIX 3JJaHUH C XKECTKUMM y3/J1aMU NPU COOPHBIX >Ke1e300eTOHHBIX KOHCTPYKLMAX
NPAaKTHUYECKH He NMPHUMEHSIOTCS; PacnpoCTpaHEeHHe MOJIYYHJIM TOJBKO paMbl C IIAPHUPHBIMM BEPXHUMHM y3aaMu. KoHcTpykiuus
COeZIMHEHUS] PUreJisl C KOJIOHHOW BBINOJIHSIETCS MOHTAXKHOHM CBAapKOH CTaJIbHOTO ONOPHOTO JIMCTAa C 3aKJ/AJHOW JeTajbl0 B KOHILE
KoJIOHHBI. [Ipy mposieTe o 18 M B KauecTBe puresisi IPUMEHSIOT NpeABapUTE/bHO HANpPSDKEHHble GaJKH, Npu nposete 24, 30 M -
depmbl.

KosioHHBI U puresM coeJUHATCA MeXAy COG0W MPY MOMOLIM 3aKJAJHBIX AeTalel, aHKepPHbIX 60JITOB U OTHOCUTEJBHO HEGOIBLIOro
KOJIMYeCcTBa CBapHbBIX WIBOB. Takue coeiNHEHHs NOJAT/IMBBI, I03TOMY YCJIOBHO PACCMaTPUBAIOTCA KaK LIAPHUPHbIE, XOTA MPaKTUIECKH
Crnoco6HbI BOCIPUHUMATh HeGOJIbIIME MOMEHTBI, 00bIYHO He YYUThIBaeMble B pacdyeTe. BHH3y KOJIOHHBI 3alieM/IeHbl B QyH/JaMeHTax.
CGopHBIe es1e300eTOHHbIE PaMBbI JleJIal0T 0OBIYHO U3 THUIOBBIX 3JIEMEHTOB 3aBOJICKOT0 U3TOTOBJIEHUA. PaMbl 3jaHU B IPOJOJIBHOM
HalNpaBJIeHUH COeAMHSIOTCA MeXAy COO0H MOBepXy »eCTKMM AMCKOM MOKPBITHA (NPH CKATHBIX NMOKPBITHUAX C HEGOJBIIOW BBICOTOMN
ONOPHBIX YaCTeH CTPONUJIBHBIX 6aJIOK U $pepM) MK MOACTPONUIBHBIMU KOHCTPYKLMAMHU, KOTOpble 06ecedrBarOT HanboJiee KecTKoe
coeJiJMHEHHe, U NPOJ0JIbHBIMU BepTUKAJbHBIMU CBsI3€BbIMU 3/1eMEHTaMH B yPOBHE ONOPHBIX YacTel CTPONU/IbHBIX 6aloK U ¢pepM, a
HMHOTI/Ia U TOPU30HTA/IbHBIMU CBSA3SIMU. B 3/JaHUAX C MOCTOBBIMM KpPaHaMHU COeIMHUTEbHBIMU 3/1eMEHTAaMU NIPOA0IbHON KOHCTPYKLUU
CJIy’KaT NOAKPaHOBbIe 6aTKU U CBSI3U MeX/y KOJIOHHAMM.

IIpocTpaHcTBeHHasA paGoTa KapKaca 35aHust. CHCTeMbI CBA3ei 0JHO3TaXHOT0 IPOU3BOACTBEHHOT'O 3aHHH.

[IpocTpaHCcTBeHHass KeCTKOCTb U YCTOWYMBOCTb OJHOITAKHOI'O KApKACHOTO 3JlaHUsl JOCTUTAIOTCA 3allleMJeHHeM KOJIOHH B
dyHnpaMeHTax(>kecTKoe). B nonepeyHoM HallpaB/eHUH IPOCTPAHCTBEHHAsI )KeCTKOCTb 3/JaHUs 06eclieurBaeTcs [olepeyHbIMU paMaMH,
B IPO/I0JIBHOM — NPOJI0JIbHBIMU paMaMH, 06pa30BaHHBIMU TEMH K€ KOJIOHHAMH, 3/IeMeHTaMH MOKPBITHSA, NOJKPAaHOBBIMU GaJIKaMH U
BEpPTHUKAJIbHBIMU CBA3SAMHU.

Hasravenme cBasei. CuicTeMa BePTHKAJIbHBIX U TOPU3OHTAJIbHBIX CBA3€H MMeeT CJeJylolile Ha3HA4eHHA: 00eCNeduThb XKeCTKOCTb
MOKPBITUA B ILIeJIOM; NMPHUJAATh YCTOMYMBOCTb CXATBIM IOSICaM pUTreJiedl NoNepeyHbIX paM; BOCHIPUHHMMAThb BETPOBble HArpysKH,
JIeHCTBYIOLIME Ha TOpel, 3[jaHHsl; BOCIPUHUMATbh TOPMO3HbIe YCUJIMA OT MOCTOBBIX KpaHOB. CHcTeMa cBsi3ed paboTaeT COBMECTHO C
OCHOBHBIMM 3JIEMEHTAaMH KapKaca Y M0BbILIAeT POCTPAHCTBEHHYIO )KECTKOCTD 3AaHHUA.

BepTukaneHere cBssW. ['Oopu30HTa/NbHBIE HArpy3KH B IPOJOJBHOM HaNpaBJeHHH BOCHPHHUMAKIOTCHA NPOJOJBHOW paMoil. Puresnem
NPOJI0JILHOM paMbl sIBJIsieTCsl MOKphITHe. CoeiMHEHNe MeXy IJIMTAaMU NMOKPBITUS U KOJOHHAMHU OCYLeCTBJISIETCS yepe3 ¢pepMbl UIH
6aJIKy, KOTOpble 06/1a/1al0T MaJIOH XKeCTKOCThIO U3 CBOel MJIOCKOCTH. [Ipy 0TCYyTCTBUM CBsi3el rOpU30HTA/lbHAS CUJIA, IPUIOKEHHAs K
MTOKPBITHIO, MOXKET NPUBECTHU K 3HAYUTE/IbHBIM ZilepopMaliysiM puresied U3 MJIOCKOCTH, @ FTOPU30HTAIbHAS CUJIA, IPUJIOXKEHHAs K OJJHOH
13 KOJIOHH — BbI3BaTh ee CyllecTBeHHY!0 AedopMalyio 6e3 nepejayy Harpy3Kku Ha Apyrue KoJoHHbL. CucTeMa BePTHKaJIbHbIX CBs3el
10 JIMHUU KOJIOHHBI 3JJaHUS CO3/IaeT XeCcTKoe, FeoOMeTpUYeCKH HeU3MeHsieMoe B IPO/10JIbHOM HallpaBJeHUH IOKPBITHE
l'opusoHTa/IbHEIE CBA3HM IO HIKHEMY HOACY pUresieil. BeTpoBble HarpyskH Ha Topell 3/JaHHs BbI3bIBAIOT U3IM6 KOJIOHH TOPILIEeBOM CTEHBI.
JlIs1 yMeHbIIeHUS PacyeTHOTO MPOJIeTa 3TUX KOJIOHH NMOKPBITHE UCIOJIB3YI0T KaK FTOPU30HTAJNBHYIO onopy. [OpH30HTaNIbHOM onopoi
JUIs1 TOPLIEBOH CTEHBI SIBJSETCS U FOPU3OHTAJbHAs CBA3eBasg ¢pepMa B ypOBHEe HIKHero mosica puress. [lofo6Has JoNoJHUTeIbHAsA
paboTa MOXeT yCTPauBaThCs B ypOBHE Bepxa MOJKPaHOBBIX 6a/I0K. 'OpH30OHTaIBHEIE CBA3H TT0 BEPXHEMY TOACY pAresiel. Y CTOHYNBOCTD
CKaTOTO Iosica puresiell MonepeyHol paMbl U3 IJIOCKOCTH 06ecreyrBaeTcsl MJIMTAMH MOKPBITHA, KOTOPble NPUBapeHbl 3aK/aJHbIMU
JleTasIMU K puresisiM. /sl yMeHbIIEHUs] pacdeTHOTO NpoJieTa CKATOTO Iosica puresis, Mo ock (oHaps YCTaHABIMBAIOT PaCIOPKH,
KOTOpBbIe B KpPalHUX NpOJIeTaX TeMIIePaTyPHOTo 6JI0KAa NPUKPEIJIAIOT K FTOPU30HTAIbHBIM pepMaM M3 CTa/lbHBIX YTOJIKOB.B KapKacHBIX
3/laHUSIX TOPU30HTA/IbHble HAarpy3KU (BeTpOBble, KPAaHOBbIe, CelicMUYecKre U Ap.) MOT'YT BOCIPUHMMATbCS COBMECTHO KapKacoM U
BePTHUKAJIbHBIMU CBA3eBbIMU JuadparMaMy, COeJUHEHHbIMHU NepPEeKpPbITUAMU B eJMHYI0 NMPOCTPAHCTBEHHYI0 CUCTEMY WJIH TOJBKO
KapKacoM KaK paMHOHM KOHCTpPYKIUeld 0pU OTCYTCTBUM BepTUKaJbHBIX JHarpaMM.B MHOrosTaXKHOM MNaHeJbHOM 3JaHHUU
rOpPU30HTAJIbHbIE BO3/IeHICTBUSI BOCIIPUHUMAIOTCS COBMECTHO NPOJOJbHBIMU U MONEpPEeYHbIMH CTEHAMH, COeJUHEHHBIMU C [TOMOILbI0
HepeKpbITUH B eIMHYIO IPOCTPAHCTBEHHYIO CUCTEMY.

3) MHorosTaxHble 3jaHUS.

KOHCprK'I‘l/IBHOI‘/‘I OCHOBOM MHOTI03TaXKHOTO 3JaHUA CIYXKUT MNPOCTPAHCTBEHHAdAd HeCyllad CHUCTeMa W3 CTepXXHEBbIX U IaHeJIbHbIX
’Kes1e306e TOHHBIX 3J1eMEeHTOB, B3aUMOCBSI3aHHBIX MeX/Ty CO60H B NOpsi/iKe, 06ecrnedrBalollieM IPOYHOCTh, YCTOWYUBOCTD U JJ0JITOBEYHOCTh
CHCTEMBI B L|eJIOM, a TAKXKe ee OT/e/IbHbIX 3J1eMeHTOB. [IpocTpaHCcTBeHHas paGoTa CUCTEMbI NPOSIBJISIETCS B TOM, YTO NPH 3arpy’KeHuu
O/IHOTO U3 €€ 3JIEMEHTOB B paGOTY BKJIKOYAIOTCS U JPYTHE 3/IEMEHTBL.

[Io KOHCTPYKTHBHOW CXeMe MHOrO3TaXHble 3[jaHHs1 Pa3/e/IsloT Ha KapKacHble, 6ecKapKacHble 1 KOMGUHMPOBAHHOM CHCTEMBI, a MO
Ha3HA4YeHUIO — Ha TPOMBIIIEHHBIE U FPaXK/JaHCKHe.

KapkacHbIM HasbIBalOT 3/jaHHE, B KOTOPOM HECYIIMMH BEPTHKAJbHBIMU 3JIEMEHTAMH CHUCTEMBI SIBJISIOTCS JKeJle300eTOHHble KOJIOHHBL
BeckapkacHbIM (TIaHeIbHBIM WJIM KPYHMHOG/IOYHBIM) HAa3bIBAIOT 3/jaHKE, B KOTOPOM BEPTHKA/IbHbIE 3JIEMEHTBbI KOMIIOHYIOT U3 I0CTABJIEHHbBIX
O/IHy Ha APYTYI0 CTEHOBBIX aHesel (6J10K0B). B 3jlaHNAX KOMOGMHUPOBAHHOM CHCTEMBI HECYLIIMMH BEPTUKAJIbHBIMU 3/1eMEHTAMH SIBJISIFOTCS
KOJIOHHBI Y NIaHeJ/IbHbIE CTEHBI.

Pa3iM4aroT KapKacHbIe CXeMBI C ITOJIHBIM U HENOJIHBIM KapkacoM. [Ipy MoJIHOM KapKace Hapy»Hble CTeHbl CAMOHECYIIME, a IPU HEMIOJTHOM
- Hecylue.

KapKaCHy}o CACTEMY UCIIOJIb3YIOT B OCHOBHOM JJid 3ﬂaHPI]>‘I NPOMBILIJIEHHOT'0, aJMUHUCTPATHBHOIO U OG].L[BCTBeHHOFO Ha3Ha4yeHwus, rjae
TpebytoTcs 6oJIbIMe HelleperopokeHHble NMoMelleHHsA. beckapkacHylo 1 KOMOGMHUPOBAaHHYI0 CUCTEMbl TPUMEHSAIOT JJI XKUJIBIX JOMOB, B
KOTOpBIX HecCcyllie W BHYTPEHHHE CTeHbl ABJANTCA MEXKBAPTUPHBIMH W MEXKOMHATHBIMH IIeperopogxKamMu. B 3JaHUAX
KOM6HHHpOBaHHOﬁ CHACTEeMbI HDXKHUE 3TAXKU KaPKACHBIE, 4 OCTaJ/IbHbIE [TAaHEJIbHbIE.

06 beMHO-06J1049HbIE 3IaHUA BBINIOJIHAKT U3 00beMHBIX 6JIOKOB YKEeCTKHX TNPOCTPAaHCTBEHHBIX 3JIEMEHTOB, YyCTaHABJIMBAEMbIX JPYT HA ApPYyTre;
B CJlyyae IPHMeHeHHs1 KapKaca 0o6'beMHble GJIOKH CIY)KaT ero 3aloJIHeHHeM, M KaXKJbli 6JIOK HeceT TOJIbKO COGCTBEHHYIO Maccy U
10JIE3HYI0 Harpy3Ky.



B MHOro3TaXHBIX KapKaCHBIX 3/JAHUAX TOPU30HTa/IbHbIe HAarpy3KH BOCTIPUHUMAIOT CHCTEMOH paM MJIM BePTHKAJbHBIX JUadpparM-CTeHOK
YKECTKOCTH, CNelIMaIbHBIMU CBSI3SIMU MJIH S1IPOM YKECTKOCTH, KOHCOJIBHO 3allleMJIEHHBIMU B pyH/IaMeHTe (CBs3eBble CUCTEMBI).

SIpoM KeCTKOCTH Ha3bIBAIOT XKECTKYIO NIPOCTPAHCTBEHHYIO CUCTEMY, 06pa30BaHHY0 CONPSKEHHBIMU MEXAY co60i cTeHkaMu. Bosiee yacto
S/IPO KECTKOCTH BBINOJIHSIOT MOHOJUTHBIM. Kapkac 3/jaHus ¢ IJpOM KeCTKOCTH PacCYUTHIBAIOT TOJIBKO Ha BePTHKA/bHbIE HAarpy3KH,
YTO [03BOJISIET MPOBECTH YHUPHKALMIO KOHCTPYKTUBHBIX 3J1EMEHTOB 110 BbICOTE 3/JaHHUSI.

B mocnesHee BpeMsi NpPU CTPOUTE/IbCTBE OOIIECTBEHHBIX M JKMJBIX 3JaHUHM IOJIYYMJIM IIMPOKOE pPACNpPOCTPAaHEHHE CUCTEMbI
MHOTO3TaXXHBIX 3JJaHUH C NOJBECHbIMH 3TakaMH. Takoe 3JaHHe COCTOMT M3 OCHOBHOW OIOPHOM KOHCTPYKLMH — KeJie300eTOHHOIO
MOHOJIUTHOTO CTBOJIA, ABYXKOHCOJIbHBIX 6a/oK MM $depM U TSKeH, K KOTOPbIM MOABEIINBAOTCA 3Taxku (puc. 7.1). Bcro BepTHKaIbHYTO
HarpysKy nepefaloT Ha KeCTKUH BepTHKaJbHBIH CTBOJI, B KOTOPOM pa3MeIaloT JUQTHI, JECTHUIbl, HHXXeHepHble KOMMyHHKalMH, a
TaKKe M0JAHUMAaeMbIX ITaXKeH.

[Ipoi0/IBHOCTB M YCTOWYHMBOCTb KapKaca B NPOJ0JbHOM HalpaB/JIeHHWH B MIePHOJ MOHTa)ka 00eCreYrBaT MOCTAHOBKON MOCTOSIHHBIX
BEpPTHUKAJIBHBIX CBSA3€H WM yCTPOHCTBOM KECTKHUX NMPOAOJbHBIX PaM.

MHorosTaKHBIE KapKACHBIE 30aHUs1 0ObIMHO NPOEKTHUPYIOT 110 CBA3EBOMH, PAMHO-CBA3EBOH WIH PaMHOM (2KECTKOH) KOHCTPYKTHBHBIM CHCTEMAM,
06eCneYnBaroLIMM IPOCTPAHCTBEHHYIO XECTKOCTb 3JaHUH.

. CBsi3eBas cucTeMa

[loz cBsI3eBOM CHCTEMOM MHOTO3TaXKHOTO MPOMBIILIJIEHHOTO 3JaH1sI IOHUMAIOT TaKyl0 KOMIIOHOBKY €ro Kejie306eTOHHOro KapKaca, Korja
BETpPOBbIE U JIIOObIE APYrHe FOPHU30HTA/bHbIE HArpy3KH BOCIPHUHHUMAIOT MEXAYITAKHbIE MEPEKPbITHUS U MEPeJAl0T MX Ha YKECTKHE I0-
nepevHble BepTUKaIbHbIE CBSI3U (AradparMbl KECTKOCTH): JIECTHUYHbIE KJIETKH, JU(PTOBbIE IAXThI, MONEPEYHbIE CTEHbI TOJIUHONU He
MeHee 120 MM HJIH 2KeJ1e306e TOHHbIE CTEHBI TOJILIIMHON He MeHee 60 MM. BepTHKa/lbHbIe HArpy3KKU BOCIPHHUMAIOT 3JIEMEHTbI KapKaca.
[lepeaaydy roprH30HTaATBHBIX CHJI IEPEKPHITHEM Ha XKECTKHUE MoTepevYHble BEpTUKA/IbHbIE CBSI3U 00€CIeYUBAIOT HA/IEXKHBIM COeJUHEHUEM CTEH
CTaJIbHbIMH aHKEPaMH C MePEKPHITUAMHU WM C KpallHUMH KOJIOHHAMHU KapKaca Ha YPOBHe MepeKpbITHH. B 3JaHUsIX C HECYI[UMU CTEHAMU
MpeyCMaTPHUBAIOT HO3TAKHYIO AaHKEPOBKY CTEH K KOHCTPYKILMAM I€PEKPbITHH.

KoHCTpYKIMM JIECTHUYHBIX KJIETOK Y IIAXT PacCYMTHIBAIOT KaK KOHCOJIbHBbIE GasKM KopoGyaToro cedeHus. [Ipyu pacyere BepTHKaIbHOU
MONEpeYHOr JuadparMbl >KECTKOCTH Ha INPOJOJBbHYI0 CHJIy W W3THGAIOMUNA MOMEHT M OT rOpU30HTAJIbHBIX CHJI paCTATHMBAIOLIVe
HanpsbKeHYsl B 6eTOHEe MPUHUMAIOT He 60Jiee pacyeTHOTO CONPOTHUBJIEHHS HA OCEBOE PACTKEHHE.

B cBfA3€BOH cHCTEMEe MHOTO3TAKHBIX 3JaHHH IIAPHUPHOE COeAMHEHHE COOPHBIX 3JIEMEHTOB BBIMOJIHSIOT CBAPKOW CTAJIbHBIX 3aK/IaJHbBIX
JleTajiedl WK BBIIYCKOB apMaTyphbl, YTO6bI 06ECMEYUTh YCTOMYMBOCTh KapKaca 3/IaHUsl IPU MOHTaXKE U OOLIYIO0 XKeCTKOCTb 3JaHHUsI I0cJie
3aMOHOJIMYMBAHUA IIBOB MeX]y 3JeMeHTaMH 6GeTOHOM MM pacTBopoM. lllapHUpHOe coeAMHeHUe yHpoLiaeT U yjelleB/seT MOHTX
Kapkaca, 0co6eHHO 3UMOH. O/IHAKO BC/IEJCTBHE PA3Pe3HOCTHM KOHCTPYKLMH O0Ollee KOJMYECTBO CTa/M, PacXoAyeMoOM Ha Kapkac ¢
LIaPHUPHBIMHA CTbIKAMH, OKa3bIBAETCA 60}Ib]_lII/IM, YeM B KapKacax € YaCTUYHO 3alleMJ/IEHHbIMU WJIN )KEeCTKUMH COe IMHEHHAMU.

. PamHo-cBsA3eBas cucremMa

[loz paMHO-CBSI3€BOM CXEMOM MHOT'03TXKHBIX 3/[aHUN IOHUMAIOT CUCTEMY, B KOTOPOH KOJIOHHBI KapKaca »eCTKO 3a/ie/IaHbl B IEPEKPBITHE, a
puresiv - B KoJIOHHbl. OHa 4acTO OKa3bIBAETCS PALMOHA/IBHOM [Is BBICOTHBIX MHOTO3TAXKHbIX 3JJaHUHN U /ISl 3JaHUH, HECYIUX TAKeETy0
TMOJIE3HYK HArpyskKy. Bean}caanbIe HarpysKkM B MHOTO3TAXKHbIX 3JaHUAX paMHO-CBHBEBOﬁ CUCTEMbI BOCIIPUHUMAET MOIepedYHasd pama C
KECTKMMH Y3JIaMU. BETpOBble WU Apyrve ropyu30HTaJIbHbI€ HArpy3KM BOCIOPHWHHMAIOT KapKac W MNomnepe4vHble BEPTUKAJ/IbHbIE CBA3U
(zradparMbl )KeCTKOCTH ) MPONOPIIMOHAIBHO UX XKECTKOCTH.

COOpHBIH Xes1e300eTOHHBIN KapKac, BHINOJIHSIEMBIN 10 PAMHO-CBA3€BOM CUCTEMe, ITPY BCeX MPOYMX PABHBIX YCIOBUSIX OKA3bIBAETCS JelleBie
Ha 25 % 1o cpaBHEHUIO C KapKacoM CBs3eBO cucTeMbl. Ha ero n3roToBsieHHe pacxoAyeTcs MeHblle cTand (Ha 6 -10%) u 6etoHa (Ha
33,5%).

. PamMHas cucrema

[loz paMHO¥ cHCTEMOI NOHMMAIOT CUCTEMY, B KOTOPOH BCe COeJUHEHHS 3JIEMEHTOB IPUHMUMAIOT KECTKUMH, [T03BOJISIOIIMMU PACCYUTHIBATh
KOHCTPYKTHBHbIE 3JIEMEHTBI, KaK CTATHYECKU HeonpeJeauMble. [Ipy 3TOM npearnosiaraioT, YTo pU OTCYTCTBUH BepTHUKAJIBHBIX Juadparm
He TOJIbKO BepTHKaJbHble, HO U BC€ TOPU30HTAJbHble HArpy3KH IIOJHOCTbIO BOCIPHUHHMAET >XECTKUH »KeJie300eTOHHBIA KapKac
(monepeuHble pambl). OGBIMHO JKECTKHE COeJUHEHUs] MPOEKTUPYIOT TaK, YTOObl PACTATMBAIOLIME YCHJIUS TOJHOCTBIO BOCIPUHHUMAINChH
CTaJIbHBIMU 3aKJaJHBIMHU JETalsIMH WM HaJleXKHO CBAapEHHOHW OCHOBHOW apMaTypOi 3JIEMEHTOB, a CKMMAIOIHe YCHUIUS — GETOHOM,
3aIOHSIOLIMM COeJIMHEHHE.

[Ipn ycTpOHCTBe KeCTKUX COefAMHEeHWH (CTBIKOB) C/leflyeT, KpOMe OCHOBHBIX 3aKJaJHbIX JieTajJed IpeJycMaTpUBaTh KOHCTPYKTHBHbIE
3aKJIa/iHble JIeTaJl B C)KaTOH 30HE, YTOObI CO3JaTh HEOOXOAMMYH0 YCTOMYMBOCTb KapKaca B Mpoliecce MOHTaXa. B paMHBIX 3[aHUsX
y3JIOBble MOMEHTBI OT FOPU30HTAJIbHBIX Harpy30K BO3PACTAlT K HU3Y 3/laHUs, BCIEACTBUE YEro MpU GOJIbIION 3TaXKHOCTH He yJaeTcs
COXpaHHUTb OJHU U Te XK€ CeYeHUA KOJIOHH B BEPXHUX U HUKHHUX 3TaAXaX 3JaAHHUA. HWmeHHO HOBTOMY B 3/JaHUAX l'lOBbI].LIeHHOﬁ 3Ta>XHOCTH
yale MPUMEeHSII0T PaMHO-CBSI3eBbIN KapKac.

PelreHre Kapkaca o paMHOM CHCTeMe IPUBOJIUT K YBEJIMYEHUIO CeUeHUH COOPHBIX 3JIEMEHTOB U YCJIOKHSIET Y3JIbl CONPSDKEHUH,
MO3TOMY ero NPUHUMAIOT JIMLIb B TEX C/Iy4astx, KOTa yCTPOHCTBO MONEPeYHbIX AHadparM KeCTKOCTH, BOCPUHUMAIOLIUX TOPU30HTAIbHbIE
Harpy3KH, TeEXHUUECKU WM 3KOHOMHUYECKH Hellesleco06pas3Ho UK KOT/ja llepe/jadya FOPU30HTAIbHBIX CHUJI 3aTPyJHEHA W3-3a OTBEPCTHH B
MEePEKPBITUAX U IP.

[Ipy KaXk,0M KOHCTPYKTHBHOM peIeHHH MOXKHO BBINOJIHATD MEX/IY3TaXKHbIE IEPEKPBITHSI MHOT03TaXHBIX IPOU3BO/ICTBEHHBIX 3/JaHUH 11O
6a/104HOH U 6e36a/I09HOM cXeMaM U3 MOHOJIMTHOI0, COOPHOTO UJIK CGOPHO-MOHOJIMTHOTO »KeJle300eTOHa.

4) [lnuThI INOKPBITHUA, UX maccnd)nkaunﬂ. HasHnauenue pa3MepoB H apMHPOBaHHE.

[111THI 6€CIPOrOHHBIX HOKPBITUH NIPEACTABJISIIOT CO60M KPYIHbIe pe6pHucThie MaHeau pa3MepaMu 3X12 u 3X16 M, KOTOpbIe ONTUPAOTCS
HeNocpeACTBEHHO Ha PUTeJIM NoNepeYHbIX paM; KT 1,5X12 u 1,5X6 M HCHOJIB3YIOT KaK 10-60pHbIE 3JIeMEHTHI B MeCTaX
MOBBIIIEHHBIX CHETOBBIX OTJIOXKeHUH— Yy GoHape#, B mepenasax mpo¢uist NOKpbITUA. [IIUTI TPOrOHHBIX MOKPBITHH HMEIOT
3HA4YUTEbHO MeHbInue pa3Mepbl — 3X0,5 1 1,5X0.5 M. OHM onupaloTcs Ha XKesle306eTOHHbIEe IIPOTOHEI, a Te, B CBOIO 04epe/ib, — Ha
pureJi nornepeyHeIx paM. beciporoHHas cucTeMa NOKPBITUH B HaK6oJIbIIel CTeNeH! OTBeYaeT Tpe6oBaHUAM YKPYITHEHHs 3/1eMeHTOB,
YMeHbIIIeHHs] YU CJIa MOHTXKHBIX eIMHUIL U SIBJISIETCSI OCHOBHOH B CTPOUTE/ILCTBE OJHOITAXKHBIX KAPKACHBIX 3/JaHUH.

Pe6pucTele manTel 3X12 M, NpUHATBIE B Ka4yecTBe TUIOBBIX, UMEIOT NPo/joJibHble pe6pa cedeHneM 100X450 MM, monepeyHble pe6pa
ceyeHreM 40X150 MM, MOJIKY TOJIMHON 25 MM, YIIUPEHHUS B yT/IaX — BYThl, KOTOPBIMU 06eCre4nBaeTCcs HaZleXXHOCTb PaboThl B
YCJIOBUAX CUCTEMAaTHY€CKOT0 BO3/leHCTBUS FOPU30HTANBbHBIX YCUIUH OT TOPMOXEHHS MOCTOBBIX KpaHOB. [IposiosibHbIe pebpa
apMUpPYIOT HanpsiraeMol cTepXHeBOM WM KaHaTHOH apMaTypoH, monepeyHble pe6pa 1 MOJKH — CBapHBIMU KapKacaMy U CETKaMHU.
BeTton npuHuMatoT ksaccoB B30, B40. [TauTsl pe6prcTblie 3X6 M (Takke NPUHATbIE B KAUeCTBe THIIOBBIX) UMEIOT NPOJOJIbHbIE U
nonepevHsle pe6pa 1 apMUPYIOTCS HaNpsiraeMoi apMaTypoil.

[lnuTe! AByxKOHCObHBIE 2T pasmMepamu 3X12 u 3X6 M UMEIOT NPO0JIbHbIE pe6pa, PAclo0KEHHbIE HA PACCTOSIHUU 1,5 M, 1
KOHCOJIbHBIE CBECHI N10JIOK. B/1aro/japst yMeHblIeHH 0 U3TUGAOLIMX MOMEHTOB B IIONIEPeYHOM HallpaBJIeHUHU pebep He fes1aiT, popma
IJIMTBHI yIpollaeTcs. B miuTtax pasmepom 3X12M npo/jo/ibHble IpeAiBapUTe/IbHO HANPs>)KeHHble pe6pa U3roTOBJIAIOT 3apaHee, a 3aTeM
6eTOHUPYIOT NOJIKY. CBSI3b peGep € MOJIKOH co3AaeTcsl yCTPOHCTBOM BBINYCKOB apMaTypbl U CLiellJIeHHeM GeToHa. Pa3esbHoe
HM3TrOTOBJIEHUE IJIMThI MI03BOJISIET CHU3UTh KJIacc 6eToHa MoJioK /10 B15. [1uThkl 3X6 M U3TOTOBJISIOT KaK pa3/ie/IbHO, TAK U LEJTUKOM.



KpynHopasmepHsbie minTel 3X18 M 1 3X24 M, onuparouiyecs Ha 6aJIK{ IpoJieToM 6 Wi 12 M, pa3pa6GoTaHbl sl TOKPBITHH CO CKATHOH
Y MaJIOYKJIOHHOW KpoBJied. [lnuThl 2T B 3TOM pellleHUH UMEIOT TpaneleBU/Hble IPO/0JIbHbIE pe6pa C YKJIOHOM BepxHero nosica 1:12
U TOJIKY TIepeMEeHHOM TOMIUHBI (25...60 MM). [IUTHI KpynHOpa3MepHbIe Xkesie306eToHHble cBoA4YaThie KXKC nMelT KpuBOIMHEHbIE
MpOo/0JIbHBIE peOpa C YUIMPEHUSMU B HIXKHEH U BepxHel 4acTsx, [J1aZKyo NoJKy ToauuHo# 40..50 MM B cepeaviHe nposieta v 140...
160 MM B Topue y onop (puc. 13.31). [lnuThl peOGprcTbie N0 MAJIOYKJIOHHYIO KPOBJIIO UMEIOT TpaleleBU/JHbIe IPOJOJbHbIE pe6pa ¢
YKJIOHOM BepxHero nosica 1:20, 1 :30, nonepeunble pe6pa c warom 1000 MM U NOJIKY TOJLIUHOMN 25 MM .

[To TEXHMKO-9KOHOMHUYECKUM I0Ka3aTessIM peGpUCThie MaJIOYK/IOHHbIE IVIMThl HEMHOTO YCTYNAT cBogYaThM muutaM KXKC, ogHako
HX MIPENMYILECTBO B TOM, YTO IIPH MaJIOM YKJIOHE IIOKPBITHUS MOXKHO LIMPOKO MPUMEHATD CPeJiICTBa MEXaHU3ALUHU B IPOU3BO/CTBE
KpOBeJIbHBIX PaboT. [Ipy KpHBOJIMHEHHOM TOBEPXHOCTH CBOAYATBIX IUTUT 3TO 3aTPYAHEHO.

5) banku nmokpbiTUs. PopMa MONMEPEYHOIO0 CEYEHHUS] U OYepTaHHe KOHTypa. HasHaueHue
pasmepoB. ApmupoBaHHe. OCOGEHHOCTH apMHUpPOBaHHA NpeABapUTEJbHO HaNpAXKEeHHBIX

KOHCTPYKLHH.

[IponeTsr: 12M, 18M f0 24M.

HanGoJiee 5KOHOMHUYHOE CeYeHHe - IByTABPOBOE CO CTEHKOU ToMIMHOH 60..100MM, KOTOpas onpezesseTcs: U3 yCJI0BUs pa3MelLleHus
apMaTypHBIX KapKacoB, IPOYHOCTH U TPEIMHOCTONKOCTH. Y OIOP TOJILMHA CTEHKH YBEeJIMYMBAETCA U YCTpauBaeTcs pe6po
YKeCTKOCTH.B cpe/iHel yacTy cTeHKa MOXeT UMeTb KPYyTJIble JIK MHOTOYTOJIbHbIE OTBEPCTHUSA (A1 KOMMYyHHUKALWK U yMeHbIIEHHUS
pacxoja 6eToHa).BricoTa 6asku B cepeinHe nposieta 4 = (1 /10..1 / 15)¢, Ha onope - h = 800..900MM c yks10HOM BepxHero nosica 1:12
B 6asikax c JJoMaHbIM 04epTaHHEM BEPXHETO 110sICa JJOCTUTAETCs GOJIblIasl BBICOTA B IPOJIETE. [llnprHa BepxHero nosica
NPUHHUMAETCs U3 YCI0BUSA YCTOWYMBOCTH NIPU TPAHCIIOPTHPOBAHUH U MOHTaXe b,,/ = (1/50..1/ 60)¢- lnpnHa cedenus HUxKHEH

TIOJIKU IPUHUMAETCA bf = 250..300 MM 13 yC/JI0BUA pasMelleHnda HallpAraéMou apMaTyphl.

Beron B25...B40. Hampsiraemasi apMaTypa - BHICOKOIIPOYHasl TPOBOJIOKA, CTEPXKHH U KaHAThI. CTEHKY 6aIKi apMUPYIOT CBAPHBIMU
KapKacaMH C pacieTHbIMU NONePeYHbIMU CTEPKHAMH U MOHTaXKHbIMU NIPO/I0JIbHBIMU. Ha onope ycTaHaB/IMBAIOT JONOJHUTE/bHbIE
nornepeyYHble CTEP>KHH, IPUBapeHHbIE K 3aK/IaJHOH JeTallH.

WHorpa co3/aioT 2X 0CHOe HaNpsXKeHHOe COCTOsIHUe (HalpsraeMble NoepeyHble CTePXKHM)./J|ByCKaTHbIe 6aIKH apMUPYIOT
KOHCTPYKTHBHOH HanpsraeMol apMaTypo# Ha ypOBHe Bepxa Ce4eHHs Ha Orope JJ1s yMeHblLIeHUs 9KCLIeHTPUCUTEeTa IPUJI0KEeHUS
IIpeBapUTEeIbHOTO HaNpAKeHUS U yMeHbIIeH!s HapshKeHUs B 6eTOHe BepXHeH 30HBIL. [IByCKaTHbIe OaJIKH MPSIMOYTOJILHOTO CeYEHH C
4aCTO pPacroJIO)KeHHbIMU OTBEPCTUAMMU Ha3bIBAlOTCA pelieT4aTbIMU. llupuna ceyenusa 200mMm, 240MM u 280mM. [lig KpenyieHUs AT
B BepXHeM I10siCe YCTPAauBaIOTCs 3aKJIaZHble AeTalH.

[Ipu yxs0He BepxHero nosica 1:12 paccTostHue oT onopsl o pacyeTHoro cedeHus (0,35... 0,4)]. Ecau ectb oHaph, To pacyeTHOe
ceyeHHe - o/, oHapHOM cTOMKOM.Baiky ABYTaBpOBOro ceyeHHsl IKOHOMHUUHee pelleTYaTbIX 6a10k Ha 15% 1o apmaType 1 13% 1o
6eToHY.

2Kene306eTOHHBIE CTPONUJIbHBIE GAJKHU IPUMEHSIOT JJIs1 IepeKpbITHs poJieToB 6,9, 12 u 18 M. [Ipu nposieTax 24 M 1 60J1ee OHU
yCTynarT ¢pepMaM 110 TEXHUKO-3KOHOMHYECKHM N0Ka3aTeJ IsIM U, KaK IPaBUJIO, He HCNOJIb3YI0TCA. B 3aBrcHMOCTH OT NpoduIs KpoB/IH
6asKy 6bpIBaOT ABYCKaTHBIMU (puc. 11.10,a, 6), 0 JHOCKAaTHBIMH, C ApaJlJieJIbHBIMU M0JIKaMH, IOMaHbIM WM KPUBOJIMHEHHBIM
oyepTaHHEeM BepXHeH MOJIKH.

|

JIBycKaTHbIe 6Ga/IK{ BBINOJHSIOT U3 6eTOHa KJacca B25... B40 1 apMUpyIOT HanpsAraeMoi NpoBOJIOYHOM, CTepKHEeBOM U KaHaTHOM
apmaTypoit (puc. 13.34). [Ipy apMUpPOBaHUH BBICOKONIPOYHOM NIPOBOJIOKOH ee pacnosiaraloT rpynnaMy 1o 2 HIT. B BepTHKAJIbHOM
M0JIOXKEHUH, YTO CO3JjaeT yA06CTBA 1Sl e TOHUPOBaHUs 6aJI0K B BepTHKA/IbHOM M0J10)KeHUH. CTeHKY 6a/IKi apMUPYIOT CBAPHBIMU
KapKacaMH, IPO/I0JIbHble CTePXKHU KOTOPBIX ABJISAIOTCA MOHTAXXHBIMHY, a NIOIlepeyHble— pacyeTHLIMH, 06eCleyrBaOIUMU IPOYHOCTb
6aJIK{ 110 HAKJIOHHBIM ce4eHHUsIM. [I[proropHble y9acTKH 6a/I0K AJis NpeA0TBpalleHHs 06pa3oBaHKs NPOAOJIbHBIX TPEIIUH IPH OTIYCKe
HaTsKeHUs apMaTypbl (MM AJ1 OTpaHUYeHHs IUPUHBI UX PACKPBITHS) YCUJIUBAIOT AOMNOJHUTETbHBIMHU ONEPEYHBIMU CTEPKHAMH,
KOTOpBIe IPUBAPHBAIOT K CTAJIbHBIM 3aKJIaZAHbIM JleTa/IsIM. [I0BBICHTB TPEIMHOCTOHNKOCTD TPHU-OMOPHOTO Y4acTKa 6aK1 MOKHO
CO03/laHUeM /IByXOCHOTO ITPe/IBaPUTENbHOI0 HaNpsDKeHNs! (HaTSXKeHHUEeM TaKKe U NOTepeYHBIX CTEPXKHEN).

JIBycKaTHBIe 6a/IKH By TaBPOBOTO CEYEHH IS OTPAaHUYeHHUs LIMPUHBI PaCKPBITHS TPELH, BO3HUKAILINX B BEpPXHeH 30He NpH
OTIyCKe HaTsKeHUsI apMaTypbl, Liesleco06pa3HO apMUPOBATh TaKXkKe U KOHCTPYKTUBHOM HanpsAraeMoi apMaTypoi, pasMeliaeMol B
yPOBHe Bepxa cedyeHHs Ha ornope (puc. 13.35). DTUM yMeHbIIAIOTCSA SKCLEEHTPUCUTET CUJIbI 06KAaTHS U TpeiBapUTE/IbHbIE
pacTsaruBawlye HanpshkeHUs: B 6eTOHe BepXHel 30HbI.

JIBycKaTHbIe 6a/IK{ IPSIMOYTOJIbHOI'0 Ce4eHMsI € YaCTO PaCI0I0KEeHHBIMHY OTBEPCTUSMH YCI0OBHO HA3bIBalOT pellleTYyaThIMU GalKaMu
(puc. 13.36). Tunosble pelieT4aThble 6aJKU B 3aBUCHMOCTH OT 3HAa4eHUs pacuyeTHOHM HarpysKku UMeIOT Ipajialiiio LIMPHUHbI
npsiMmoyroJibHoro cedeHust 200, 240 u 280 mMM. /151 KpenJIeHUs IJIMT OKPBHITUH B BepXHeM Mosice 6aJI0K BceX TUIIOB 3aJ10KeHbl
CTaJIbHble JleTa/u. BajJky NOKpPBITHUS pacCUUTBIBAIOT KaK CBOGO/HO JiexKallile; Harpy3KHy OT ILIUT NepeJatoTcs yepe3 pe6pa. [lpy naTtu u
60JIbllle COCPeJOTOYEHHBIX CUJIaX HArPy3Ky 3aMeHsI0T 9KBUBaJIeHTHOM paBHOMepHO pacnpesieleHHOH. [lis BycKaTHOH 6aKU
pacdeTHBIM OKa3blBaeTCs CeYeHHe, PacloIoKeHHOe Ha HEKOTOPOM PacCTOSIHUU X OT onopkl. Tak, Npu yKk/IoHe BepxHero nosical:12u

h==lf12

hye = (I - 2x)/24,

BBICOTE Ga/IKU B cepeauvHe npoJieta ? BbICOTA CeYEeHUs Ha OII0Ope COCTAaBUT hon =

£/24) d Ha paCCTOAAHUHU OT OIIOPbI

hnﬁ

Ecsi npuHATH pa6o4yo BLICOTY ceueHUs GalKu B *1 M3rMbarOMii MOMEHT NPU PAaBHOMEPHO pacrpe/ieJIeHHON HarpysKe

M, =qgx(I—x)/2,
TO IJIOLA/lb CeYeHHs MPO0IbHOM apMaTypbl
Apx = M /(R Uhg) = 12qx (1 — x)/[Rg £ (1 + 2x)]. A
PacyeTHBIM . 6y,qu TO cedeHHe Ga/IKH 110 ee AJIMHE, B KOTOPpOM X AOCTHUTraeT

MaKCHMaJIbHOTO 3Ha4Y€HHA. ﬂ.}lﬂ OTBICKAaHHUSA 3TOI'0 CEYEeHUA MPUPABHUBAKT HYJIIO IPOU3BOJHYIO

dAyy/dx =0.



OTcroAia, moJiaras, 4To tp — BeJIMYMHA NOCTOsIHHAsA U AU PepeHIUpys, oNyJarT
2%t 4 2l — B =0.

W3 pelieHys KBapaTHOr0 ypaBHEHHS HAXOJAT x=0371 B o61mem ciydae pacCcTosiHHE OT ONOPBI 10 paC4eTHOTO CeYeHHUs
x=0,35...04 1.

Ecau ectb GOHaAph, TO pacieTHBIM MOXKET OKa3aThCsl ceueHue 1o/, GoHapHOU CTONKOM.

[TonepeyHylo apMaTypy ONpeJe/IsoT U3 pacyeTa IPOYHOCTH 110 HAKJIOHHBIM CeYeHHUsIM. 3aTeM BBINOJHAOT PAcueThl 0

TPELMHOCTONKOCTH, TPOrn6aM, a TAKKe pacyeThbl IPOYHOCTH U TPELMHOCTONKOCTH Ha YCUJIUS, BO3HUKAIOLIKE IPY U3TOTOBJIEHUH,

TPAHCIIOPTUPOBAHUH U MOHTAXe.

HpeABapHTeanoe dpMHpPOBaHHE.

Co3aaBaeMOe UCKYCCTBEHHO NpeaBapuTeNbHOE HanpAXKeHWe B apmaType 1 6eToHe MMeeT BeCbMa CyLLECTBEHHOE 3HaYeHWe A/1A nocaeayoLwen
paboTbl 3N1EMEHTOB noA, Harpyskoi. Mpu Manbix NpPeABapUTE/IbHLIX HAMNPAXEHUAX B apmaType U Manom obxatum 6eToHa 3sddekT
npesBapuTeIbHOrO HaMPAXEHUA CTeYeHeM BpeMeHn byaeT yTpayeH BCAeACTBME penaKkcaLlMmn HanpaXKeHWi B apmaType, yCaZKu 1 Nonsyyectu
6EeTOHa U APYr1X TEXHONOTMYECKUX U KOHCTPYKTUBHbBIX GaKTOPOB.

HavanbHble npeagapuTenbHble HaNPAXeHWA B apmaType He OCTalTCA NOCTOAHHBIMU, C TEYEHUEM BPEMEHU OHU yMeHbluatoTca. Pasnuvator
nepBble MOTEPWU NPeABAPUTE/IBHOTO HaMPAXKEHUA B apmaType, NPOUCXOAALLMe NPU U3rOTOBNEHUU dNeMeHTa U 06xaTua 6eToHa, u BTOpble
noTepu, npoucxoaslLme nocne obxatua 6etoHa.

MepBble noTepw.

1. NoTep v OT penakcaLmn HanpaKeHUii B apmaType Npu HaTAXKEHUM Ha YNOPbI; 3aBUCAT OT cnocoba HaTAXKEHWA 1 BUAA apMaTypbl.

2. MoTepu OT TemnepaTypHOro nepenaga, T. €. OT Pa3HOCTU TemnepaTypbl HAaTAHYTOW apmaTypbl U YCTPOWCTB, BOCMPUHUMAIOLWINX YyCUnne
HaTAXKEHWA NPU NPONapuBaHMKN UAK Nporpese 6eToHa

3. Notepwn oT AedopmaLMM aHKepPOB, PACMOONKEHHbIX Y HATAXKHbIX YCTPOMCTB, BCNEACTBME 06KaTWA LWaib, CMATUA BbICAXKEHHbIX FONOBOK,
CMELLEHUA CTePXKHEN B 3aXKMMaXx UM 3axBaTax NPU MexaHU4YeCKoM HaTAXKeHWMW Ha ynops! |

4. MNoTepu OT TPEHMA apMaTypbl:

a) 0 CTEHKU KaHanoB AU MOBEPXHOCTb KOHCTPYKLMM NPU HAaTAXKeHUW Ha 6eToH

6) 06 ormbatowme NPUCNoOcobAEHNUA NPY HATAMKEHWUM Ha YNOpbI

5. MNoTepu oT gedpopmaummn cTanbHbix GOPM NPU U3rOTOBJAEHWUM NPEABAPUTENBHO HANPAMKEHHbIX 3/IEMEHTOB C HaTAXKEHMEM apmMaTypsbl
LOMKpaTamu

6. MoTepw oT bbiCTpOHaTeKatowWwen nonsyyectn 6eToHa 3aBUCAT OT YCN0BUI TBEPAEHMA, YPOBHA HaNpAXKeHUW 1 Knacca b6eToHa; pa3suBatoTca
OHW MpK 06KaTUK 1 B NepBble ABa—TPW Yaca nocse obxaTtua

Btopble notepu. 1. MoTepu OT penakcaLmm HanpaxKeHWi B apMaType Npu HaTAMKEHUWU Ha BETOH BbICOKOMPOYHOM apMaTypHOI NPOBONOKM U
CTep>KHeBOW apMaTypbl NPUHUMAIOTCA TAKUMU 3Ke, KaK U NPU HaTAXKEHUU Ha yrnopbl.

8. NMoTepw OT ycaflKn 6eToHa M COOTBETCTBYIOLLETO YKOPOYEHWUA IN1eMeHTa 3aBUCAT OT BUAA 6eToHa,, cnocoba HaTAXKeHWA apmaTypbl, YCNOBUI
TBEPAEHUA.

9. MoTepu oT Non3yyecTn 6eToHa 3aBUCAT OT BUAA HeTOHa, YCNOBUI TBEPAEHWA, YPOBHA HaNPAKEHWUNA.

10. MoTepu oT cMATUA BETOHa NoA, BUTKAMM CMMPaNbHOM MAN  KONbLEBOI apmaTypbl

11. Motepwu oT gedopmauumit 06xkaTna CTbIKOB Mexay BNOKaMM CHOPHbIX KOHCTPYKLMIA.

MoTepu OT ycalKM M NON3YYECTU CYLLLECTBEHHO 3aBUCAT OT BPEMEHU U BNAXKHOCTU Cpesbl.

[nA KOHCTPYKUMM, SKCNAyaTUpyeMbIX MPpU BAAXKHOCTM BO3AyXa OKpyKatouwiei cpeapl Huxe 40 %, noTepu OT ycaAKku U nonsyyectn 6etoHa
YBEANYMBAIOT Ha 25 %; ANA KOHCTPYKLMI, SKCNAYaTUPYEMbIX B PAOHAX C CyXMM KapKUM KaMmatom, — Ha 50 %.

MNPy HaTAXEHMU apMaTypPbl Ha YNOPbI Y4UTLIBAIOT:

nepBble MOTEPU — OT penakcauuu HanpaAXKeHW B apmaType, TemnepaTypHOro nepenaga, fedopmauum aHKepoOB, TPeHWA apmaTtypbl 06
ornbatowme npucnocobnenHusn, pedopmauum  cTanbHbix  dopm, gedopmaumm  6eTtoHa OT  BbiCTpOHATeKalowWwen  Nonsyyectu
Glosi =01+ G2+ 63+ G4+ 05+ O

BTOpbIE NOTEpU — OT ycaaku u nonsysectn OH08,3== Gg-}-Op

MpW HaTANKEHUM apMaTypbl Ha GETOH YUMTLIBAIOT: MepBble MOTepU — OT AedOPMaLMM aHKEPOB, TPEHWUA apMaTypbl O CTEHKM KaHaioB
Olos, 1= U'3+Uif;
BTOpble MOTEpU — OT penaKcaluu HanpaxeHUil B apmaType, YCaflku M MON3yyecTM GeToHa, CMATMA GeToHa Nog BUTKamMM apmatypbl,

LedbOPMAaLMN CTBIKOB MexAY 610KaMM (418 COOPHBIX KOHCTPYKLMM, COCTOAWMX M3 Grokos) Ofof2= 07+ 08+ 09+ O+ o

CymmapHble noTepy npy Nlo6om crocobe Hatamenna Cies = Tlogi + Ologz
OHWM MOTYT COCTaBAATb OKOMO 30 % HaYa/NbHOrO MPeABapPUTENbHOMO HanpsKeHus. B pacqe'r;ix KOHCTPYKLMIT CyMMapHble noTepn creqyet
npuHUMaTL He meHee 100 MNa.

6) [lnuThI NEepeKpbITHA, HX KJ'IaCCPI(bPIKaLIPIH. Hasnayenue pa3MepoB H apMHpPOBaHHeE.
KenezobeToHHBIE IIOCKHE NTEPEKPBITUS — HaHG0JIee paCIpOCTPAaHEHHbIe KOHCTPYKIMY B MPOMBILUIEHHBIX Y TPAXKAAHCKUX 3/1aHUSAX U
COOPYXKEHHUSX.

[Io KOHCTPYKTHBHOH cxeMe »ese306eTOHHble MNePeKPBhITHS MOIYT ObITh pasjiesieHbl Ha JijBe OCHOBHble TI'PYHNNbl: 6GaJo4yHble U
6e36a04HbIe.

Ba/soYyHBIMY Ha3bIBAIOT NEePEKPBITHS, B KOTOPbIX GalKH paGoTalOT COBMECTHO C ONMUPAIOIIMMUCSA Ma HUX IJIMTAaMU NepeKpbITUH. B
6e36a/I04HBIX IePEKPBITHAX IJINTA ONKMPAETCS HENOCPeCTBEHHO HAa KOJIOHHBI C YIIMPEeHUsIMHY, HAa3bIBA€MbIMH KalIUTe/ISIMH.
KnaccudpuuupyoT no KOHCTPYKTHBHBIM INpHU3HAKaM CJeAyIOUUM o6pa3oM: GajouHble COOpHBbIE; pe6pUCTble MOHOJIUTHBIE C
6aJIOYHBIMU IJIMTAMH; PEGPUCTbIE MOHOJIUTHBIE C IVIMTAMH, ONEPTBIMH M0 KOHTYPY; 6a/ouHble CO0PHO-MOHOJIMTHBIE; 6e36a/104HbIe
cOopHble; 6e36a/704Hble MOHOJIUTHBIE; Ge36a/0uHble C60PHO-MOHOJIMTHBIE. B CTpOUTE/IbCTBE, KaK MPaBUJIO, NPUMEHSIOT COOpPHbIE
HepeKpPHITHS, OTINYAOIHECs BBICOKOH HHAYCTPUAIBHOCTBIO.

THI KOHCTPYKLMHM NEePeKpBbITHS BBIOUPAIOT B KaXKJOM CJIydae N0 3KOHOMHUYECKUM COOOpPaKEHUSIM B 3aBUCHMOCTH OT Ha3HAYeHHs
3/1aHHS, AeHCTBYIOLIMX Harpy30K, MECTHBIX YCJIOBUH U AD.

Pacuet u KOHCTPYHPOBaHHE C60prIX MHOTI'OINYCTOTHBIX IVIUT NNEPEKPBITUA
PacyeTHBI NpoJieT IUIMTHI NPUHUMAETCs PaBHBIM PAcCTOSHUIO MEXAY DPaBHOJAEHCTBYIOIIMMH ONOPHBIX peakUuid IauThL [lis
onpefieJieHUs1 Harpy3Kd OT COGCTBEHHOTO Beca IUIMThI HEOOXOJMMO CHayasa ONpeJesIsIloT reoMeTpUYeCKHe pasMepbl ee Ce4eHUs:
(KOMIIOHYIOT IONepeyHoe ceuyeHHe MINTHI, pasMep MyCTOT, BbICOTHI INMPHUHBI U T.A.). POpMUPYIOT NpUBe/IEHHOE CeYeHUe B BU/JIe TaBpa
JUJIs1 pacyeTa 110 IPOYHOCTH U JIByTaBpa — 1o AepopManusiM.



Onpezess0T pac4€THYI0 Harpy3Ky Ha 1 M Npu IIUPHUHE IJIUTBI € y46TOM K03$PHUIMEeHTa HaZEXHOCTH 10 Ha3HAUYeHHIO 3jaHud Yn=0,95.
OnpezessiloT ycuius oT Harpy3ok. OT pac4eTHOHM HarpyskKu:

M = (9+P)L5
8

_ (9+p)-L,
Q= 2

AHaJIOTMYHO OT HOpMaTPIBHOFI Harpysky, a TaK e OT HOpMaTl/lBHOﬂ MOCTOSIHHOW U [l}]HTeJIbHOﬁ Harpysku.

[IpoBepsieM ycioBue:
M <R, -bf-hi(h —0,5-h})

BeinosineHue yCJI0BHUA TOBOPUT O TOM, YTO I'pPaHUILIA CXKaTOU 30HBI MIPOXOJAHUT B IIOJIKE, U pacyeT NPOMU3BOAMWM KaK [Jid IPAMOYTOJIbHOTO
Ce4yeHHs, MHa4ve, KakK [Jisd TaBpOBOro. Onpeae}meM:

"R, -b-h?

[Ipy BbIGpPAaHHOM KJIacce apMaTypbl M OTHOLIEHUIO Osp/Rs=0,6. HaXxoAUM rpaHHUYHYI0 OTHOCUTE/IbHYIO BBICOTY CXKaTOM 30HbI GETOHA &r.

& (- & )
r= r 2
Ecim 0> o, TO CKaTas apMaTypa He Tpe6yeTcs. TorAa HaX0 AWM OTHOCHTEJIbHYIO0 BBICOTY CKATOM 30HbI:

1 fi-2a,

HaxozxuM oTHoweHue §/&; ,ecau 3To MeHbllle 0,6, TorAa npuHUMaeM K03pUIHEHT ys3=1,1.
Torza pacyeTHas IUIOIAAb POJOJIBLHOM apMaTyphl:
_&-Ry-b-hy

sp
7/ s3 Rs
PaCC'-H/ITbIBaeM HJINTY o l'[pO‘{HOCTI/I Ha AEﬁCTBHe nonepeqmﬂx CHJL.

ES

Oln

OHpe,EleJIHeM IJIoaAb NPUBEAEHHOI'O CEYEHUA: A=

b
Area=A+a-As
CTaTUyecKUi MOMEHT IPUBEJJEHHOI'0 CeYeHUS Sred

Sted.
Ared

PaccTosiHMe OT HU3a MJIUThI A0 LIEHTPpa TAXKEeCTU NIPUBEJEHHOI'0 CEY€HUS Yo=

Ysp=Yo-a
OnpeiesiieM MOMEHT HHePLUU IPUBEJEHHOTO ce4eHHS lred

[IpuaumMaeM 6sp=0,6Rsn. OnpeesisieM nepBble MOTEpU: Aaspl = 0,03 : O-sp
AO'sp3

+Ao

sp3
Ay

O~ A‘jsp(l)

[To TexHOJIOTUU IPOU3BOACTBA U3/ e/U HAX0AUM Ao Ao-sp4

sp2

CyMMa NepBbIX NOTEPh Aasp(l) = Ao-spl +Ac + Ao-sp4

sp2

P(l) =

Ycunue 06kaTus C y4eTOM [EePBBIX IOTePh:

OnpegiesisieM BTOPbIe NOTepH. B 3aBUCMMOCTH OT KJ1acca 6eToHa AO—spS . OT nosi3y4ecTy 6eToHa (IpH NpeAHaNpsKeHUN) AaspG .
CyMMa BTOPBIX II0TEPb: AO_Sp(Z) = AGSpS + Ao-spﬁ

[TonHbIE NOTEPH COCTABJIAKT: AGSp(l) + AGSp(Z)

[IpeaBapuTEbHOE HANPSDKEHHE C YI€TOM BCEX IOTEPD, 3aTEM YCUJIME 06KAaTHS C y4ETOM BCEX MNOTEPD HANPSDKEHUH: P = Osp2Asp - OsAs
[IpousBOAAT pacyeT Ha [JeHCTBHe IONEPeYHbIX CHJ. [l0 KOHCTPYKTHBY B MHOTONYCTOTHBIX IUIMTAaX BbICOTOH MeHee 300 MM
[OTIEPEYHYI0 apMaTypy MOXHO He YCTaHABJIUBATh, €C/IM NONlepevYHast CUJIa 0 PacyeTy BOCIPUHUMAETCSI TOJIbKO GETOHOM.

[IponsBoAMM pacueT NO IpeJiesIbHbIM cocTossHUAM Il rpynmnbl. ['eoMeTpuyeckue XapaKTEPHUCTUKHM CEYEHUsS] NMEPeCYUTHIBAI KaK AJIs
JIByTaBPOBOI'O CeYeHHUs. PacueT Mpon3BOJAT U3 YCJIOBHUS: M < M cre

Eciu ycioBue He BbINOJIHsIETCS, TpeGyeTCs PacyéT MO PACKPbITHIO TpeluH. [IpoBepsieM, 06pa3yroTcsl JIM HavyaJbHble TPELIMHBI B

BepxXHel 30He IJINTHI IpU eé 06xkaThU. Onpe/esisieM 6a30Boe pacCTOsIHUE MeXAy TpelljiHaMu. [IpeiBapuTeNbHO onpeesisieM Is



s

g
E

OnpesiesisieM IMPHUHY PACKPbITHUS TPELMH: s

[llnprHa pacKpbITHSA TPEIUH IPU TPOAOKUTENTBHOM PACKPBITHH TPEIIUH Acre= Acrcl.

[llnprHa pacKpbITHSA TPEIUH NPU HENMPOJO/LKUTETBbHOM PACKPBITUH TPEIIHH acre= Acrc1 + Acrc2 - Acrc3

[IpoBepsieM yc0BHeE: Acre < Acrcult

PaccunTeiBaeM nporu6 nianTel. PacyeT nponssoanm us yciaoBus: f < fur

[IpenenbHbIi nporu6 onpeaestoT no tabaunam CHull «Harpysku u Bo3aeldcTBUA».

HaxoayM KpHUBHU3HBI OT HENPOJOJDKUTEJbHOTO JEHCTBHsI BCEX HArpy3oK, OT HENpOJOJDKUTENbHOTO JeHCTBHUs IMOCTOSHHBIX M
JUIUTE/bHBIX Harpysox, oT NPOJOJ/DKUTEBHOTO JleHCcTBUS MOCTOSIHHBIX U JJIUTEbHBIX Harpysox:

1 M

= 3
r 1,2,3 (ocbho Eb,red
[MosHas KpHUBH3Ha /1 y4aCTKOB C TpeliMHaMU B paCTﬂHyTOﬁ 30He:

1 (1 1 1

r rj, rj, rj,

Aere = P10,

OTcrofa pacueTHbIN NPOrub paBeH:

f=|=] SI?
r

max
rae S - koapduuueHT paBHbIi 5 / 48.
/JleslaeM NpoBepKY yCJI0BUA:
f=25,36 < fu=315
3aTeM NpPOU3BOAAT NPOBEPKY IIMTHI MO0 HPOYHOCTH HPU MOHTaKe. PaccuMThIBAlOT Ha Harpysky OT COGCTBEHHOrO Beca, BBOJS
K03 PUILMEHT JUHAMUYHOCTH IPU MOHTaxe — 1,4.

g, !’

2

Ntot (ho — a,)+Mce
“= R -b-h,

R,bh, (1— 124, )

A= R

S

Mes=

Pacuer u KOHCTPYHpPOBaHHE C60prIX p86pHCTbIX IVIAT NEPEKPLITHUA

PacyeTHbIl NpoJIeT IJIMTHI NPUHUMAETCs PaBHBIM PACCTOSHUIO MeXAY DPaBHOJEHCTBYIOIIMMH ONOPHBIX peakuuil MauThl [lis
omnpejieJieHHs] Harpy3KH OT COGCTBEHHOrO Beca IUIMTbI HEOOXOJMMO CHayasa ONMpeJessiloT reoOMeTpUYecKHe pa3Mepbl ee CeyeHHs
(KOMIIOHYIOT NONepeYHOoe CeyeHHe IUIUTBI, pa3Mep pebep, BBICOTHI IIUPUHBI U T.A.). POpMHUPYIOT NpUBeJEHHOE ceuyeHHe B BU/e TaBpa
JIJIs1 pacyeTa 110 IPOYHOCTH U 10 iepopManUsaM.

OmnpesiesIsIIOT pacyéTHYIO HarpysKy Ha 1 M IpH IIMPHHE IVIUTHI € y4éToM KoadUIeHTa HaJEXKHOCTH 110 Ha3HAYeHHUI0 3/jaHus Yn=0,95.
OmnpesiesIfOT yCUIIUA OT Harpy3ok. OT pacueTHOH Harpy3Ku:

v (9+p)-0
8

_ (9+p)-L,
Q= 2

AHaJIOTUYHO OT HOPMaTUBHOM HAarpy3KH, a Tak >ke OT HOPMaTUBHOM OCTOSIHHOW Y JJINTeIbHOW Harpy3KHu.
/ / /
[IpoBepsieM ycioBuHeE: M S Rb . bf ° hf (ho — 0,5 . hf )

BoinosiHeHue yCJIOBHS TOBOPUT O TOM, YTO I'paHULIA CKaTOM 30HbI MPOXOAUT B IIOJIKE, U pacyeT NPOMU3BOAUM KaK JJi IPAMOYTOJIbHOTO
Ce4dyeHusd, MHa4ve, KaK Jigd TaBpOBOro. OnpeaeﬂHeM:

"R, -b-h?

[Tpu BEIGPAaHHOM KJIacce apMaTypbl U OTHOLIEHUIO Osp/Rs=0,6. HaxoJuM rpaHUYHYI0 OTHOCHTEJIBHYIO BBICOTY CKAaTOH 30HbI 6eTOHA §;.

a-cr
wmsr(1=5)

Oln



Ecim or > om , TO o©Xartas apMmaTypa He Tpe6yeTc;1. Torga Haxogum OTHOCUTEJIbHYI0  BBbICOTY CKATOW  30HBIL:
c= n

Haxoaum otHowenwue §/&; ,ecnn ato Menbuie 0,6, TorAa MpuHUMaeM KO3$PULUUEHT ys3=1,1.
Torza pacyeTHas IUIOLA/Ab TPOJOJIBHOM apMaTyphL:
_ ¢ Rb b- ho

ASP 753'Rs

PaccynTeiBaeM MOJIKy Ha MeCTHBIH U3ru6. OnpesessieM pacyéTHbIA NposiéT £o.
Harpyska Ha 1 M? MOJIKM MOXeT 6bITh NPUHATA (C HE3HAUYMTEJIbHBIM IpPEBBIIIEHHEM) TAKOH 3Ke, KaK M JJIA IJIUThL. OmpefensioT
M3TrU6AIUH MOMEHT AJIS TOJIOCHI ILTUTHI:

q-/
ST
M

OnpepesisieM pa604yio BbICOTY CEYeHUs B MOJIKe ho. o= R b h 2
8 0

R,bh, (1-1-2a,)
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PaccuutpiBaeM IJIUTY 110 MPOYHOCTH HA L[EFICTBHE TNonepevYHbIX CHUJL.

E

S

OnpejesisieM NJIOIa/lb IPUBEJIEHHOTO CEYEHHUS: A= E
b

[lnowaab Tpe6yeMoi apMaTypbl: As=

Area=A+0a-As
CTaTHYECKUI MOMEHT IPUBEAEHHOTO CEYEHHUS Sred

S red
Ysp=Yo-a
Ared

PaccTosiHue OT HM3a MJIMTHI A0 LEHTPa TAXECTU NPUBEIEHHOI'0 CEYEeHHA Yo=

OnpejesisieM MOMEHT UHEPLMU NPUBEAEHHOIO CeYeHMUS [red
[IpuauMaeM csp=0,6Rsn. OnpesiesigseM nepable NOTEPU: Ao—spl = 0103 : O-Sp
SMAG
+A0,

Ao

oy, —Ac

[To TexHOJIOTUU IPOU3BOACTBA U3/ e/ HAXOAUM Ao Ao-sp4

sp3

+Ao

CyMMa nepBbIX IOTEPH Ao_sp(l) =Ao sp2 + Ao_sp4

spl

Ycunue 06aTus C y4eTOM EPBBIX IOTEPh: P(l) =
sp(1)

OnpegiesisieM BTOPbIe NOTepH. B 3aBUCMMOCTH OT KJ1acca 6eToHa AO'SpS . OT nosizy4ecTyn 6eToHa (P NpeHANPSKEHUH ) Aaspe .
CyMMa BTOPBIX II0TEPb: AO—Sp(Z) = AO—SpS + Ao-spﬁ

[TosiHbIE NOTEPH COCTABJIAKT: AGSp(l) + AGSp(Z)

[IpegBapuTeIbHOE HANPSDKEHHE C YI€TOM BCEX IOTEPb, 3aTEM YCUJIME 06KAaTHS C y4EeTOM BCEX MOTEPh HANPSHKEHUH: P = Osp2Asp - 0sAs
[Ipou3sBoAAT pacyeT Ha JelcTBHe MNomepeyHbIX CUJ. [l0 KOHCTPYKTUBY B MHOTONYCTOTHBIX IJIMTax BbicOTOM MeHee 300 MM
MONePeYHY0 apMaTypy MOXHO He YCTaHABJIUBATh, €C/IM NONlepevyHast CUJIa 0 PacyeTy BOCIPUHUMAETCS TOJIbKO GETOHOM.

[Ipon3BoAMM pacueT MO MpefieIbHbIM cocToAHUAM Il rpynmnel. ['eoMeTpuyeckue XapaKTepHUCTUKM CEYEHHS NMEPeCYUTHIBAIO KaK AJIs

ABYTaBpPOBOTI'O C€YE€HHUA. Pacuer NIPOU3BOJAT U3 YCIOBUA: M S M crc

Eciu ycnoBue He BBINOJIHsIETCS, TpeGyeTcs PacyéT Mo PacKpbITHIO TpeluH. [IpoBepsieM, 06pa3yroTcs JIM HavyaJbHble TPELIMHBI B

BepxHell 30He IJIMTHI IpU eé 06xxaThU. Onpe/iesisieM 6a30BO€e PacCTOsSIHUE MeXAY TpelliuHaMU. [IpeiBapuTeIbHO ONpejiessieM Is

Ay = Is |
crec ¢1¢2Ws S

OmnpefeJsisieM LIMPUHY PACKPBLITHS TPEIUH: E S

LllnprHa pacKpbITUS TPELUH MPH NPOJODKUTENTBHOM PACKPBITUH TPEIUH Acre= dcrcl-

llluprHA pacKpbITHS TPELUH IPU HEPOJO/DKUTENBHOM PACKPBITUH TPEIUH Acre= Acrcl + Acre2 - Acrc3
[IpoBepsieM yc0BUE: Acre < Acreult

PaccuuTbiBaeM nporu6 minTel. PacyeT mponsBoauM us ycaoBus: f < fur

[IpesenbHbIN IPpOru6 onpesensoT no Tabaunam CHull «Harpysku 1 Bo3geicTBus».



HaXO,E[P[M KPHUBU3HbI OT HENPOAOJIXKHUTEJbHOTO AeﬁCTBI/IH BCE€X HArpy30K, OT HENpOAOIKHTEJIbHOI'O ﬂeﬁCTBHﬂ NOCTOAHHBIX H

1 M
1,2,3 ¢cbh§ Eb,red

AJUTEJIbHBIX HArpy30K, OT IPOAOJXKUTEJIbHOTO ,E[eﬁCTBHH NOCTOAHHBIX U AJIMTEJIbHBIX HAIPY30K:

[TosHas KpHUBH3Ha A1 y94aCTKOB C TpelIMHaMU B paCTHHyTOﬁ 30He:

1 (1 1 1

r \r), \r), \r),

OTcrozia pacueTHBINA IPOTUG paBeH:

f=|=| s
r

max
rae S - k0adduLueHT paBHbIN 5 / 48.
/JleslaeM IPOBEPKY YC/IOBUSI:
f=2536 < fur=31,5
3aTeM NPOU3BOAAT NPOBEPKY IJIMTHI 10 HPOYHOCTH NPH MOHTAXKe. PacCYMTHIBAIOT HAa HArpy3Ky OT COGCTBEHHOrO Beca, BBOJS
K03pdULHEeHT JMHAMUYHOCTH NIPU MOHTaxe — 1,4.
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CoopHbIe 6a/I04YHbIe NEPEKPHITHS.

’K/6 mniockue mnepekpbITHS HaWbOJIee pPACNpPOCTPAaHEHHble KOHCTPYKLMH a 3/aHUAX WU COOPYXEHHAX, OHHU HHJAYCTPHA/bHBI,
3KOHOMHYHBI, J0JIroBeYHbl. [I0 KOHCTPYKTHBHOH cXeMe 3k/0 NMEepeKpbITHSA MOTYT GBbITh pa3jie/ieHbl Ha JBe TIPYHNbl: 6ajoyHble U
6e306ayouHble. BasoyHble Ha3bIBAIOT MEPEKPBLITHSA, B KOTOPBIX 6GalKM pabOTalOT COBMECTHO C ONMHPAMI[UMHCA HAa HUX IIMTAaMH
HnepeKpuITH. B 6e36a/04HBIX MEPeKpPLITHAX IJIMTA ONMPHUpaeTCAd HENOCPeJCTBEHHO HAa KOJIOHHBI C YIIMPEHUSMH , Ha3blBaeMbIMH
KanuTesamu. Te U Apyrye nepeKpbITHUSA MOTYT GbITh COOPHBIMU, MOHOJIUTHBIMH, COOPHO-MOHOJMTHBIMH.

[I1MTHI B cOCTaBe KOHCTPYKTHUBHBIX 3/IEMEHTOB IIepeKPBITHUSA B 3aBUCUMOCTH OT OTHOLIEHHsI CTOPOH OIIOPHOT'0 KOHTYpa MOTYT GBITh:
IpY OTHOLIEHHWH CTOPOH Oosibliie 2 — GaJIOYHBIMH, PaGOTAIOLIMMHA HAa M3rM6 B HalpaBJIeHWHW MeHbIIEH CTOPOHbI (MOMEHTOM B
HalpaBJleHUHU GoJIblllel CTOPOHBI NIPeHe6peranT); IpY OTHOLIEHUHU CTOPOH MeHbllle 2 - ONEePThIMU [0 KOHTYpY, paGoTaloIUMU Ha
u3ru6 B IBYX HallpaBJIeHHUSX.

B cocTaB KOHCTPYKIMH 6aJIOYHOTO MaHeJbHOI'0 C6OPHOTO MepeKpPbITUs BXOAAT IJIMThHI U MOJJepXKUBalolMe WX G6aJKku (pUresd UId
rJaBHble 6asiku). PUresn onmuparoTcst Ha KOJIOHHBI M CTEHBI, UX HallpaBJieHHe MOXXeT GbITb MPOJAOJbHBIM WJIM NONepeyHbIM. Purenu
BMecTe C KOJIOHHaMHU 06pa3yloT paMbl.

B nomepedyHoM HanpaB/eHHUU NepeKpbITHE MOXKeT MUMeTb 2-3 NpoJseTa AdsA FPaKAaHCKUX 3JaHUW U 5-6 - JJIs NPOMBILIJIEHHBIX.
Pasmepsbl npoJieTa puresell IpoM 3JaHUH ONpeAeNsA0T 06liell KOMIOHOBKOH KOHCTPYKTHBHOHM CXeMbl NepPeKpBITHS, Harpy3Kod OT
TEXHOJIOTHYECKOT0 060pyA0BaHHUS.

[Ipy MpoeKTHpOBAaHWU pa3pabaThIBAIOT HECKOJBKO BAaPMAHTOB KOHCTPYKTHUBHBIX CXeM IepeKpbITHS M Ha OCHOBAaHWM CPaBHEHHS
BapUaHTOB BBIGHPAIOT HanboJIee SKOHOMUYHY0. Han6osbnii pacxos »xxesie306eToHa — 0K0J10 65% 00111ero KoJMYecTBa — IPUXOAUTCS
Ha IUIUTBL. [03TOMY 3KOHOMHYEeCKOe pellleHHe KOHCTPYKLUH IJINT IPHoOpeTaeT BaxKHellllee 3HaYeHUe.

HpOEKTPIpOBaHPIe C60prIX IJINT HeperbITHﬁ.

[I1MTBI TepeKpBITUH OMUpAIOTCA HAa PHUTeH, paboTas Ha W3ruO, W JJIS yMeHbIIEHUs pPacxXofa MaTepuasJoB IPOEKTHUPYHOTCS
06J/1er4YeHHBIMU — IYCTOTHBIMU MJIM peGpUcThIMU. [lo dopMme monmepedHOro cedeHHs MyCTOTHBIE IUIMTHI OBIBAIOT C OBaJIbHBIMHU,
KpYIJILIMM ¥ BEpPTUKAJbHBIMH IyCTOTaMH, pe6pHcTble — C pebpaMu BBepX, ¢ peOpaMHM BHH3, CIUIOIIHble. OGLMHA NPUHIUI
MPOEKTHPOBAHUSA IJIUT NIepeKPBITUH 110601 GOPMBI IONEPEYHOr0 CeYeHHUsI COCTOUT B YAaJleHUH BO3MOXHO 60JIbIIero o6’beMa 6eToHa
M3 pacTSHYTOH 30HBI C COXpaHEHHEM BePTHKa/lbHBIX pe6ep, o6ecrneyrBaloLIUMX NPOYHOCTb 3JIEMEHTa MO0 HAKJIOHHOMY CeYeHHIO, B
yBSI3Ke C TEXHOJIOTHYeCKUMH BO3MOXKHOCTSIMH 3aBOJa-U3roToBuTe 1. Hanbosiee SKOHOMUYHBI IO pacxoAly 6eTOHA MJIMTHI C OBaJIbHBIMHU
nyCcTOTaMH

O/HaKO NpM M3rOTOBJIEHUM NaHesedl ¢ OBaJbHBIMH IyCTOTAMM HA 3aBOJAX BO3HUKAIOT TEXHOJIOTMYECKHE TPYAHOCTH, MO3TOMY B
KayecTBe TUIOBBIX TPUHSATHI COOPHBIE MJIUThI C KPYTJIBIMU IyCTOTAMH.

Be36aoyHbie IEePEeKPbITHA. HpPIHI.[PIHbI pacieTa H KOHCTPYHPOBAHHA.

BesbasouyHoe c60pHOE NepeKpbITHE NPEACTaBJISAET COGOH CHCTEMY COOPHBIX NaHesed , ONEPTHIX HENOCPeACTBEHHO Ha KalHUTeJH
KO0JIOHH. OCHOBHOe KOHCTPYKTHBHOE Ha3HaueHHe KaluTesJed B TOM, YTOObl OGECIEYUTb MKECTKOe COINpsiKEHHe INepeKpbITUS C
KOJIOHHaMH, YMEHBbUIUTb pa3Mep pacyeTHBIX NMPOJIETOB U CO3/aTh ONopy AJdA MaHejeil. CeTka KOJOHH — OObIYHO KBaJpaTHas 6x6 M.
[IpenmyecTBo 6€36a704HOr0 MepeKpbITUA: Jy4lllee HCI0Jb30BaHHE 00beMa MOMelLleHHs, yMeHbIIaeTCcs BbICOTAa 3/jaHHA, PacXoj
MaTepHraJoB. X NpUMEeHSIOT /i1 MHOTO3TaXHBIX CKJIaZ0B. X0J0AUIbHUKOB, MICOKOMOHUHATOB, B 3JJaHUAX C OOJIbIIMMU BpeMEHHBIMU
Harpyskamu.

KoHcTpykius c60pHOTo nepekpbITHSA COCTOUT U3 TPexX 3J1eMeHTOB: KaluTe/d, HaZIKkoJIOHHOH NMaHe/ M U npoJieTHOH nmaHesn. Kanuresb
ONMpaeTCss Ha YIIMpPEHUs KOJOHHbI M BOCHPUHMMAeT HAarpysky OT HaJAKOJIOHHBIX IaHeJed, HAYIIHX B [ABYX B3aWMHO
neprneHANKY/ISPHBIX HAallpaBJIeHUsAX U PaboTaloIMX KaK 6a/lKku. B 1jes1X Hepa3pe3HOCTH Ha/IKOJIOHHbIE MTAHEN 3aKPEIUISIOT OBEPXY
CBapKOM 3aK/aJiHbIX AeTasell. [IposieTHast maHesb ONMMPAETCs MO YETbIPEM CTOPOHAM Ha Ha/JIKOJIOHHbIE, UMEIOLIYe MOJIKY, U paboTaeT
Ha M3Tu6 B IBYX HallpaBJIeHUsIX KaK IJIMTA, ONlepTast 10 KOHTYpy. [loc/ie cBapKy 3aK/IaZiHbIX HalleJH B CONPSKEHNUIX MOHOJIUTST.



[TaHesn MepeKpBITUHA BBIMOJIHAKTCA PEGPUCTBIMUA MJIM MYCTOTHBIMH, KalHUTeJH — MOJHBIMH WM CIIOMHBIMU. KOJIOHHBI HMeOT
O3 TaXXHYIO Pa3pesKy.

OnopHble U NpoJIeTHblE MOMEHTHI HA/IKOJIOHHBIX MaHeJsell oNpeJie/IAl0T KakK /Il Hepa3p3HOH GaJIki C y4eTOM IepepacnpesieseHus
MOMEHTOB.. PacueTHbIH NpoJieT NPUHUMAIOT PaBHBIM PACCTOSIHUIO MeX/y KallUTe/IsIMU YMHOXKeHHOMY Ha 1,05.

KanuTenu paccuuThIBalOT B 000MX HaNpaBJeHHUSX Ha HAarpy3Ky OT ONOpbI JaBJIeHHH U MOMEHTOB HAJKOJIOHHBIX IUIUT. PacyeTHyo
apMaTypy YKJIaZAbIBaIOT 10 BEPXY KallUTeJH, CTEHKH KalMTeJd apMUPYIOT KOHCTPYKTUBHO. KpoMe TOro, KalmuTe/ M pacCYMTHIBAIOT Ha
MOHTaXXHYI0 HarpyskKy Kak KOCOJIH.

KosioHHBI KapKaca pacCYMTBHIBAIOT Ha AeHCTBHE MPJOJbHON CXKUMAIOLIeH CHJIbI OT HAarpy3KH Ha BBILIEJIeXKalMX ITaKaxX U Ha JlelcTBHe
MOMEHTA OT OAHOCTOPOHHEH BpEMEHHOH Harpy3KH Ha MePeKPbITHH.

Bes6asouyHble MOHOJIMTHBIE TEPEKPLITUS INpPeACTaB/ISAIOT COGOH CIJIOIIHYIO IUIMTY, ONEPTYI HeloCpeJCTBEHHO Ha KOJIOHHBI C
KalUTeJAMH. YCTPONCTBO KanuTeJell BbI3bIBAeTCA KOHCTPYKTHBHBIMU COOOpPKEHUAMH (CO3AATh JOCTAaTOYHYIO JKECTKOCTb B MeCTe
CONPSKeHUS IJIUTBI C KOJIOHHOH, 06eCredYruT NPOYHOCTb IJIMThI Ha MPOAAB/IMBAHMUE 110 IEPUMETPY KallUTeJH, yMEeHbIIUTb PacyeTHBIH
mposieT 6e36aJ04YHON IJIMTBI). ITH NepeKPBITHS MPOEKTHUPYIOT MPAMOYTOJbHOW HJIM KBAaJpPaTHOW CETKOM KOJIOHH. PanuoHanbHas
ceTKa 6X6 M.

[IpMMeHSIIOT KallMTe/IM TPEX TUIOB: 1 TUM — NPU JIETKUX Harpy3kax, 2 U 3 — Ipu TshKeJbIX. Pasmep kanuTtesied B Bepxy paseH 0,2...0,3L
KanuTe M KoJIOHH apMUPYIOT N0 KOHCTPYKTUBHBIM COOGPAaXEHUSIM, J/Isl BOCIPUATHS YCAZOUHBIX U TEMIEPATYPHbIX yCUIUU. [liuTy
apMUpPYIOT CETKaMH.

B 6e36a/104HbIX CGOPHO-MOHOJIUTHBIX IEPEKPBITHUSIX OCTOBOM JI/Isi MOHOJIMTHOTO GETOHA CJIy>KaT COOpPHbIE 3JIeMEHThI — Ha/IKOJIOHHbIE U
IpoJIETHblE NMaHeJU. KanuTesn KpensiT K KOJOHHAaM CbEMHBbIMM XOMyTaMM, Ha KalHUTeJSAX B JBYX B3aUMHO NePINeHAUKYJISIPHBIX
HaNpaBJIeHUsIX YKJIAJbIBAlOT HA/IKOJIOHHble MaHeJd ToJUHON 50-60 MM, B LeHTpe — MPOJIETHYH IUIUTY (TAaKOM Ke TOJILIMHBI).
C6opHBIe IIUTHI - IPeABApUTEBHO HaNps>KeHHbIe, apMUPOBAHHbIE BBICOKOIIPOYHOH apMaTypoH.

COOpHBIA OCTOB NEpPEKpPLITUS 3aMOHOJMYHUBAIOT CJI0SMHU GeToHa TomuHOW 40..50 MM mo mposietHod mauTte U 90..100 MM no
HaZIKOJIOHHBIM IJINTaM. B MecTax AelicTBUSA ONOPHBIX MOMEHTOB YKJIaAbIBAIOT BEPXHIOI0 apMaTypy B BH/E CETOK.

7) [lnuTeI 6a7I049HBIE U ONEPThIE IO KOHTYPY, 0COOEHHOCTHU pacyeTa ¥ apMUPOBaHUS.
Oco0eHHOCTH paboThI kee300eTOHHBIX 0a/OYHBIX IUIUT U IUIMT, ONEPTHIX IO KOHTYPY.
PacyeTHas cxeMa, anmopa MOMEHTOB M CXeMa apMHPOBaHUSI MOHOJMTHOM 6a/I0YHOM IL/IUTHI.
CxeMa paspylueHUs1 MOHOJIMTHOM IJIUTHI, ONIEPTOM 110 KOHTYPY.

BajoyHOW cuMTaeTcss NMJUTA C OTHOLIEHWEM JJMHBI K IHpuHe l2/11>2. OHu
paboTaloT Ha U3rub B HallpaBJeHUU MeHblIeld CTOPOHBI, IPY 3TOM U3rH6GaIOIUM

Z ochoBros cemka MOMEHTOM B HampaBJIeHWH GOJIbIIEH CTOPOHBI BBHAY €ro MaJjoCTH
0251051 029,025,  pacnpegesumesios  PEHEGperaroT. OnepToi Mo KOHTYPY CYMTAeTCs MJIMTA C OTHOLIEHHEM JJIMHBI K
pyamypa mupuHe l2/li<2. OHM pa6oTalT Ha M3TUO B JBYX HaNpaBJIeHHUAX U HUMEKT

u { ] [epeKpecTHyIo pabo4yo apMaTypy.
o PacyeT maMTBI CBOAMTCA K pacyeTy MHOTONpPOJIETHOH Hepaspe3HOH Gaslku
’ ’ . MPSAMOYTOJIBHOTO CeYeHHUs C BBICOTOH, paBHOH TOJIIKHE TUIUTHI hs ¥ IupuHoi by,
— — = OMOpaMH KOTOPOH SABJSAIOTCA BTOPOCTeNEeHHble 6GalKH M HapyXHble CTEeHbI.
H74 WH F 3HaueHHs] U3THOAIOLMX MOMEHTOB B Hepa3pe3HbIX O0a/JOYHBbIX IUIMTaX
‘ H H ONpeesISIOTC C YyYeTOM IJIACTHYECKUX JedopManuii B IepBOM MposiéTe U Ha
nepBo NpoMexyTodHoH omope: Mi=qloi?, BO BTOPOM M BO BCeX CpPeJHHUX
J&iju . L nposiéTax M Ha BTOPbIX U BCeX cpeAHHUX omopax: Mz=qle?, no okaliMJeHUHU
T 6askaMu 1o BceM 4 cropoHam: M2'=0,8Ma.
MHoronpoJsieTHble 6aJOYHble MJIUThl B COOTBETCTBMHM C 3MIOPOH M3rHGAIOLIMX MOMEHTOB apMHUPYIOT PYJIOHHBIMHU CEeTKaMH C
MPOAOJIbHBIM PACIOJI0KeHHeM paboyeil ap-pbl MyTeM pacKaTKH PyJIOHA IO onaay6Ke MonepeK BTOPOCTENEeHHBIX 6aoK. B Hepa3pe3Hoit
IJIUTe U3THOAIOIINI MOMEHT BbI3bIBAET PACTSHKEHHE B IPOJIETE 110 HU3Y IVIMTHI U HaJ| ONIOPAMU — 110 BEPXY; MI03TOMY PYJIOHHbIE CETKU
OTTH6AIOT U NMEPEBOAAT K onopaM. MecTa oTru6a M neperuba ceTOK HaxoAATcs Ha paccTossHuM 0,251 oT ocu BTOpocTeneHHOH GaJIKu.
[Ipy paBHBIX mpoJieTaxX IUIMTHI MJIM He3HAYMTEJbHOTO HMX pa3/M4Ms B NEePBOM IpoJIeTe HMHAJ NepBOH NPOMEXYTOYHOH OMOpou
TpebyeTcs GoJibllas MJIoOaAb pabodeld ap-pbl, 4eM B cpefHUX mposieTax. [[03ToMy no Heo6XOAMMOM MJIOIAAHN apMaTypbl B CPeAHUX
IpoJieTax MoJOHUPAOT OCHOBHYIO CETKY, a Ha Pa3HMI MeXJy IJIOLAJbI0 ap-pbl B IIepBOM INpoJieTe As1 U B CpeAHHUX IpoJsieTax As
NPHYHUMAIOT JONOJHUTENbHYIO CETKY, KOTOPYIO YKJIAAbIBAIOT [0 BEPXy OCHOBHOM B [IEPBOM U NOC/I€JHEM NTPOJIETaX MJIUTHL
[I1IMTHI MepeKpbITHsl, KOTOPble UMEIT OTHOIIEHHe CTOPOH MeHblle 2, Ha3blBAKT [JIMTAMU ONEPThIMH MO KOHTYpPY. ITHU IJIMThI
paboTaloT Ha U3THG B IBYX HallpaBJIeHUAX U UMEIOT llepeKpecTHYI0 pabouyio apMaTypy.
[11UTel, onepThle MO KOHTYPY, apMUPYIOT IJIOCKMMHU CBAapHBIMU CETKaMH C pabodell apMaTypoil B 060MX HanpBjeHUsX. [I0CKOIbKY
M3rubaroliyie MOMEHThI B MpoJieTe, MPUGIMKAsCh K ONOpe, YMEHbIIAKTCS, YAC/I0 CTep)XKHEH B MPHUOMOPHBIX M0J10CaX yMeHbLAT. C
3TOW Liesibl0 B MpoOJieTe MO HU3y IUIMThI YKJIAJAbIBAIOT [iB€ CETKU Pa3HbIX pa3MepoB, OObIYHO C O/JMHAKOBOW MJIOLIA/bI0 CEYeHUs
apMaTypbl. MeHbLIYI0 CETKY JOBOJAT JO ONMOPbI Ha paccTosiHUe lk. B miuTax HepaspesHbIX, 3aKpeIVIEHHbIX Ha ONOpe, MTPUHUMAIOT
lk=1/4B niuTax, cBo60JHO omepThiX lk=1/8, rae | - MeHbLIas cTOpoHa OMOpHOro KOHTypa. [IpoJsieTHYH0 apMaTypy B BHJE CETOK
YKJIa/IbIBAIOT B ZjBa CJIOS BO B3aHMHO NepIeHANKYIPHOM HalpaBJeHHH.
[11MThI, ONepThIe MO KOHTYPY, PaCCYMTBIBAIOT KHHEMATUYECKUM CIOCOGOM MeTOo/a Npesie/IbHOro paBHOBecHs. [IJIMTYy B MpejesbHOM
paBHOBECHM pPacCMAaTPUBAIOT KaK CHUCTEMY ILJIOCKUX 3BEHBEB, COEAMHEHHBIX JPYr C JPYyroM IO JIMHUAM M3JI0Ma IJACTHYeCKUMHU
HIapHUPaMH, BOSHUKAIOIUMH B IIpoJieTe MPUGIN3UTENBHO 0 GUCCEKTPHCAM YIJIOB U HA ONOpax BJ0JIb 6aloK. M3rubamwiiyue MOMeHTEI
IIUTBI M 3aBUCAT OT IJIOIIAAH apMaTypbl As, lepecedeHHOH MJIaCTUYeCKUM IIApHUPOM, U onpeJesseTcsd Ha 1 M IMMPUHBI IJIUTHI 110

dopmye:

-
il

Ly

M=RsAszp
[Ipy pa3/IM4HBIX CIOCO6AX apMUPOBAHUSA IJIUT, ONEPTHIX [0 KOHTYPY, COCTABJAIOT ypaBHEHHe PabOT BHEIIHUX CUJI Ha NlepeMelljeHUAX B
npeJie/IbHOM PaBHOBECHH U OTNpe/esIAI0T U3rubaroliiie MOMeHThI OT PaBHOMEPHO paclipe/ie/IeHHOH HarpyskH. [laHesib JIUTEI B 0611eM
c/ly4ae UCTIBITbIBAET AeHCTBHE JBYX NMPOJIETHBIX U YeThbIpeX ONOPHBIX MOMEHTOB. B 3aBCHMOCTH OT OTHOLIEHHA PacyeTHBIX IPOJIeTOB
3a/la4y CBOAAT K OZJHOMY HEU3BECTHOMY.
Eciu miMTa MMeeT OAMH WJIM HECKOJBKO CBOGOJHO ONEPTHIX KpaeB, TO COOTBETCTBYHOIIHME ONOPHYe MOMEHTBHl B YpaBHEHMSX
INPUHHUMAIOT PaBHBIMU HyJII0. PacyeTHbIe MPOJIeThl NPUHUMAIOT PAaBHBIMU PAcCTOSIHUIO B CBETY MEX/y 0aJKaMU WJIM PACCTOSTHUIO OT
OCH OTIOpBI HA CTEHE 0 IPaHy G6aJsKu (TIpY CBOGOJHOM ONMPAHHUN).
CeyeHue apMaTypbl IUIUT NOAGUPAIOT KA /ISl MPSIMOYTOJIBHOTO cedyeHUsl. Pa6odylo apMaTypy B HanpaBJeHMH MeHBIIEro mpoJeTa
pacroJiaraloT HIpKe apMaTypbl, WAyLledl B HalpaBJeHUH GOJIbIIETO NMpoJieTa. B COOTAaeTCTBUM C TaKMM pacHoJIOKeHHEM apMaTypbl
paboyasi BbICOTA CeYeHUs IJIMTHI JIs1 KOXK/J0r0 HallpaBJIeH!Us pas3/IMuHa U Gy/leT OT/INYaThCs HAa pa3Mep AUaMeTpa apMaTyphbl.



8) Puresnu nepekpbiTua. Popma nmonepevyHoOro ceyeHUs U ouepTaHue KOHTypa. HasHaueHue
pa3MepoB. ApMUpPOBaHHE.

CeyeHue pureJiell IPUHUMAIOT IPSIMOYTOJIBHBIM HJIM TaBPOBBIM C I10JIKOM BBepXy W/ BHU3Y (puc. I).

[IpeBapuUTENbHO pa3Mepbl CEYEHUs pPUTeJisi IPUHUMAIOT paBHbIMU: BbicoTy h = (1/10...1/15) |, mupuny b = (0,3...0,4) h, rge | -nposet

pureJsi.

COOpHbI€e 3/IeMEHTBI pUreJisl BBIIOJHSOT U3 0GBIYHOI0 UM NPeABAPUTE/IbHO HanpsbkeHHoro (mpu 1 > 9 M) xkene3o6etoHa. [Ipu aToM

JUIs1 pureJied 6e3 npe/iBapyUTebHOI0 HallpshKeHHUs] peKOMEeHAyeTCsl TPUMeHAThb 6eTOHbI KitaccoB B15 ...B30.

OnpesiesIIfOT pacyeTHBIA TposieT puresd. 3aAalOTC MaTepHalaMH PWUresis M UX XapaKTepuCcTHKaMu. OmpezesslOT pacyeTHbIe

Harpysku.

PacyeTHble 3HaUYe€HUA U3TUOAOIIMX MOMEHTOB U MOMEPEYHbIX CUJT HAXOJUM B IPEAIOJI0KEeHUH YIPYroil paboTel Hepa3pe3HOH GaJKH.

CTpouM 3MIOPHI U3THOANIUX MOMEHTOB U NMOMEPEeYHbIX CUJI JJI pa3JUYHbIX KOMO6HMHALKK Harpysok. [Ipyu aTom 3Havenus M u Q ot

MOCTOSIHHOW Harpy3KH BXOAAT B KaXKAYI0 KOMOMHanM0. [lasee MpoM3BoANM IepepacdeT yCHUIHH.

JUIsi ABYX TNPOMEXYTOYHBIX OIOpP YCTAaHABJMBAaeM OAMHAKOBOE 3HAa4YeHHe ONOPHOrO MOMEHTA, paBHOe CHMXXeHHOMy Ha 30%

MaKCHMMaJIbHOMY 3HaYeHHI0 MOMEHTA Ha orope «Bx»:

Hcxo/s U3 IPUHATOr0 ONOPHOTO MOMEHTA, OT/EJIBHO [JIst KOXKA0H KOMOUHALMHU OCYILECTBIIsIeM Ilepepacnpesie/ieHe MOMEHTOB MEXY

ONOPHBIMHU U TPOMEXKYTOYHBIMU CEUEHUSIMU J06aBJIE€HUEM TPEYTO/IbHBIX 30D MOMEHTOB.

JlJ1s1 pacyeTa NPOYHOCTH 1O CEYEHHSIM, HAKJOHHBIM K NIPOJOJIbHOM OCH, TPUHMMaeM 3HaUY€HHs NONEePEYHbIX CUJI pUreis, 60JbliIve U3

JIByX pacyeTOB: YIPYroro pacueTa U € y4eTOM Iepepacnpe/ie/ieHus MOMEHTOB.

OnpesessieM pabouylo BbICOTY ceueHHsi pureJisi. [l/isl ONOPHBIX U MPOJIETHBIX CE4€HUH NPUHATO PACCTOSIHUE OT PAaHUIbl PACTSHYTOH

IPaHU JI0 LIeHTPA TSKECTH PaCTAHYTON apMaTyphl.

PucyHoxk 6 - K pacueTy mpouHOCTH puresis — cedeHue B npoJieTe (a)
Ha onope (6).

HaxoauMm TpeGyeMyto miomab apMaTyphl:

M
a,=———
: R, -b-h:

[IpoBepseM om<o

€ R,bh, 1—1-2c, )
) R

No

i As
S

X [lo copTamMeHTy NIpMHMMaeM apMaTypy Ha ONopax, B IpoJieTax.
PacyeT Ha felicTBHe NoNepeYHbIX CUJI IPOU3BOJUM AJIsS
onpe/ieJieHuUs IonepevyHON apMaTyphl (XOMyTOB).

3ajiaeMcs IaroM INoNepeyHbIX CTepP)KHEH B MpoJieTe U Ha OIopax.
HaxoAMM  MHTEHCMBHOCTb XOMYTOB Ha 3THX yd4acTKax:

st " Msw
qyy =~ B

S
[Ipou3Be/isl Bce BBIUMC/IEHMS], 3aBUCSLIME OT TeX UJIM UHbIX HEPABEHCTB.
OnpejesisieM, Ha KAKOM PacCTOSIHUM MOXET ObIThb yBeJMYeH LIar XoMyToB. [IpudeM i J0/DKHO GbITH He MeHbllle YeTBEPTH NpoJieTa 1o
KOHCTPYKTHBHBIM COOOpaXKEeHUSIM.
Jniopy apMaTypbl CTPOMM B TaKOM 1oc/1e/[0BaTeIbHOCTHU:
- onpejiesisieM U3rubarolie MOMeHThl M, BOCHpUHHUMaeMble B PacUeTHBIX CeYeHHX, 0 GaKTHYeCKH IPUHATON apMaType;
- ycTaHaB/IMBaeM rpa¢ryecKy MJIM aHAJIUTHYECKH Ha Orubarolliell anope MOMEHTOB 110 OpJjuHaTaM M MecTa TeopeTHYeCcKoro oopbiBa
CTepXKHel;

Nore
\

As

- ompeiesIsieM JJIMHY aHKEPOBKH 00pbIBaeMbIX CTePXKHEH W = Q / 2 - qSW + 5 - d > 20 - d , IpU4eM IonepeyHasi cuia Q B

MeCTe TeOPeTHYECKOTr0 06pbIBA CTEPXKHS MPUHUMaeM COOTBETCTBYIOILEH U3rMbalLeMy MOMEHTY B 3TOM CeYeHUH; 3/iech d — fuamMeTp
06pBHIBAEMOr0 CTEPXKHS.

- B IpoJIeTe AONYyCKaeTcs oOpeiBaTh He 6GoJsiee 50% pacuyeTHOW IUIOLIAJM CeYeHUS CTEp)KHeH, BBIYMC/IEHHBIX 110 MAaKCHMaJbHOMY
H3ru6aroieMy MOMEHTY.

9) KoJs10HHEI OAHO3TAXXHBIX 1 MHOTI'O3TaXHbIX SAaHHﬁ. l'[onepeque C€YEeHHE U Ha3Ha4YE€HHeE
pa3MepoB. CHMMeTpH‘{Hoe H HECHMMETPUYIHOE apMHPOBaHHE. Y4eT rubKOCTH 3/1eEMEHTOB.

K 1ieHTpa/bHO-CXKAThIM 3JIeMEHTaM yCJOBHO OTHOCST: IPOMEXYTOYHble KOJIOHHBI B 3/JaHUSX U COOPYXKEHUSX; BepxHHe nosica depm,
3arpy>KeHHbIX [0 y3J1aM; BOCXOJslIMe packocbl U CTOMKH ¢epMeHHOH pelleTKH, a TakKKe HEKOTOpble Apyrhe KOHCTPYKTHBHbIE
3JIeMEeHTBL. B 1eicTBUTEIbHOCTH, U3-3a HECOBEPIIEHCTBA FreOMeTPHUUeCKUX GOPM 3/IeMEHTOB KOHCTPYKLUH, OTKJIOHEHUS UX peasbHbIX
pa3MepoB OT Ha3HAYAEMBIX 110 MPOEKTY, HEOJHOPOJHOCTH GETOHA U APYrUX NPUYMH 0GBIYHO LeHTpPaJbHOE CKaTHe B YUCTOM BHUJE He
HabJII0/jaeTcs], a IPOUCXOAUT BHEIIEHTPEHHOE CKaTHe C TaK Ha3bIBaeMbIMHU CJIyYaHHBIMH 3KCIIeHTPUCUTETaMH.

[Io popMe momnepevyHOro ceyeHUst CKaThle 3JEMEHTHI CO Cy4YalHBIM 3KCLEHTPHUCUTETOM BBINOJIHAIOT Yallle BCero KBaApaTHbIMU UJIH
MPSIMOYTOJIbHBIMH, peXe KPYIJbIMH, MHOTOIPDAaHHBIMH, [BYTaBPOBBIMH. Pa3Mepbl IONEPEYHOro CeYeHHs KOJIOHH OINpeJessioT
pacdeToM. B nesifix cTaHjapTU3anyy onaay6KU U apMaTypHBIX KapKacoB pa3Mephl PSIMOYTOJIbHBIX KOJIOHH Ha3HAYalT KpaTHbIMU 50
MM, NpeAnodTUTeNbHee KpaTHbIMM 100 MM. YToGbI 06ecneyuTb XOpollee KayeCTBO OETOHMPOBAHHUS, MOHOJIMTHBIE KOJIOHHBI C
[oNepeYHbIMU pa3MepaMy MeHee 250 MM He peKOMEH/YeTCs IIPUMEHSTh. B yC/I0BUsX BHELIEeHTPEHHOTO CXKAaTHsl HAXOAATCSA KOJIOHHBI
O/IHO3TAXXHBbIX NPOU3BOJCTBEHHBIX 3/1aHUH, 3arpyKeHHble JAaBJE€HHEM OT KPaHOB, BepXHMe Iosica 6Ge3pacKOCHBIX (epM, CTeHbI
PSIMOYTOJIBHBIX B IIJIaHe MOJ3€MHBIX pe3epByapoB, BOCIPUHUMAIOIe 60KOBOe JjaBJieHHe IPYHTa WM KUJKOCTH U BepTHKaJIbHOE
JlaBJIeHHe OT MOKPBITH. B HUX leHcTBYIOT CxuMaroliye cuibl N ¥ Msrubarouiyie MOMeHThI M nonepeyHble CUIIbI Q.

PaccTosiHue Mex/Jy HampaBjeHHeM CKHMalolleil CHJIbl U MPO/OJBbHON OChbI0 3JIeMeHTa €9 Ha3blBaeTcsl IKCLeHTPUCUTETOM. B obiiem
c/ly4ae B JII0O60M MecTe 3JIeMeHTa CTaTUYeCKH ONpe/ie/IMMbIX KOHCTPYKIL[MI 3HaYeHHe 3KCIIeHTPUCHUTETa ONpe/ieSoT N0 BbIpaXKeHUI0

gg = MIN ¢4 41



rae €a__ CJIy4aliHbIM 3KCLLeHTPUCUTET.
JlJ151 3/1IeMeHTOB CTaTU4YeCKU HEONPeIe/IMMbIX KOHCTPYKIUHM IPUHUMAIOT

ey = MI/N, Ho He meHes g,, 42)

1
Mo HOpMaM Cﬂy‘{aﬁHbIe SKCLLEHTPUCUTETHI €a CjeAyeT NPUHHMATb pPaBHbIMH 6OJIbLHeMy Hu3 ciaeayrmunx 3HAYEHUH: . /30 BbICOTbI

ceyeHHs 3JIeMEeHTa; Heoo JUIMHBI 3jJleMeHTa (WJIM ee YacTH MeXxJy MeCTaMH, 3aKpeIUIeHHbIMU OT IONepevyHbIX NepeMelleHuit). B
COOPHBIX KOHCTPYKLMSIX CJeJyeT yYUThIBaTb BO3MOXXHOCTb OGpa3sOBaHMs CJIy4YailHOTO SKCLEHTPHUCUTETA BCJIEJCTBHE CMEIeHUs
3/IeMEHTOB Ha OIopax M3-3a HETOYHOCTH MOHTAXa; NIPH OTCYTCTBUH ONBbITHBIX JJAHHbIX 3HAYE€HHE ITOr0 IKCLEHTPUCUTETA IPUHUMAIOT
He MeHee 10 MM.
BHelleHTpeHHO CXaTble 3JIEMEHThI 11eJIeCO00PAa3HO BBINOJIHATL C Pa3BUTBIMU NMONEPEYHbIMH CEYEHHUSIMU B IJIOCKOCTH JEHCTBUS
MOMEHTA.
JlIs1 CKaThIX 3JIEMEHTOB NIPUMEHSIOT OETOH KJIACCOB 110 NPOYHOCTH HA CXKaTHe He HWXKe B15, s CMJIBHO 3arpy)XeHHbIX — He HHXe
B25.
Hacbienre nonepe4Horo cedeHrs NMPOAOJBbHOM apMaTypoH 3/IeMEHTOB, CKAThIX CO CAy4YalHHBIMH 3KCIeHTPHUCUTETaMH, OLEHHUBAIOT
K03QPHUIUEHTOM [L MJIM NPOLEHTOM apMupoBaHMsA (-3HayeHus B 100 pas 6oupiue). B mpakTHke Asig CKaThIX CTep)KHEH OOGBIYHO
IPUHHUMAIOT apMUpOBaHue He GoJee 3%.
Eciu nuomazy cedeHusa apMartypel S US' OJMHAKOBBI, apMHpPOBaHME Ha3bIBAIOT CUMMETPHYHBIM; OHO INpeANOYTHTE/bHEe, 4eM
HeCMMMeTPHUYHOe apMUPOBaHHe.
CoeMHATB IPOAOJIbHBIE CTEPXKHHU 110 JJINHE 3JIeMEHTA He PEKOMEH/YeTCsl.
Pa6Goune CTEep)XHH B NONEPEYHOM CEYEHHM KOJIOHHBI pPasMeIaloT BO3MOXKHO OJIM)Ke K MOBEPXHOCTH 3JIeMEHTa C CO6JII0ZleHHeM
MUHHUMaJIbHOW TOJILMHBI 3AIMTHOTO €105 LI, KOTOpasi 10 HOpMaM JI0JDKHA 6bITh He MeHee iMaMeTpa CTepPXKHel apMaTyphl U He MeHee
20 cm.
Kosnonus! ceuenueM o 400X400 MM MOXXHO apMHUPOBaThb YeTbIPbMsl MPOJOJIbHBIMU CTEPXKHSMHU, YTO COOTBETCTBYET HAHGOJIbIIEMY
JIOIyCTUMOMY PacCTOSIHUIO MeX/y CTepXKHAMU paboyel apMaTyphl.
[TonepeyHble CTEPKHU CTAaBAT 0e3 pacyeTa, HO C COGJII0JeHHeM TpeGOBaHUM HOPM. PaccTosiHMe MeXAy HUMU S JOJDKHO ObITh NpHU
CBapHBIX Kapkacax He 6osiee 20d, mpu BsizaHbIXx— 15d, Ho He Gosiee 500 MM (3zech d — HaMMEHBUINH AUAMETP NMPOJOJIbHBIX CKATBIX
cTepxHeHN). PaccTOAHNA S OKPYTJIAIOT 0 pa3MepoB, KpaTHBIX 50 MM.
[I10ckre cBapHble KapKachl 00beJUHAIOT B MPOCTPAaHCTBEHHbIE C NMOMOIIbIO MONEPeYHbIX CTEP)KHeH, NpUBapUBaeMbIX KOHTAaKTHOMN
TOYEYHOH CBApKOW K YIJIOBBIM NPOJOJIBHBIM CTEPXKHAM IJIOCKUX KapkacoB. Ec/iM B cBapHBIX KapKacax y 6GOJIbIIMX IpaHed ce4eHHUs
3JleMeHTa pa3MelleHbl MPOMEeXYTOUHble CTEPXKHH, TO 3THU CTEep>KHH (TMpHHAJ/IeXxallle MPOTHBOMOJIOXKHBIM KapKacaM) COeJUHSIOT
MeXJy Co00H JONMOJHHUTENbHBIMU IINWJIbKAMY, YCTaHABJWBAaEMbIMH IO JJIMHE 3JIeMEHTA C IIaroM, paBHbIM LIAry IMONepeyHbIX
CTep)KHeH MJIOCKUX KapKacoB.
B Bsi3aHbIX KapKacax NpPO/0JbHble CTEPXKHHU YKPEIUIAIOT XOMyTaMH{ Ha Ileperu6ax XoMyTOB 10 KpailHell Mepe Yyepe3 OAMH, IPU LIMPHUHE
rpaHu He 6oJiee 400 MM M uHMc/le NPOAOJBbHBIX CTepXkKHeH y 3TOH IpaHM He GoJjiee 4eTblpex JIONMYCKAeTCsl OXBAT BCeX NMPOJOJIbHBIX
CTep>KHel OJJHUM XOMYTOM.
[IpeABapuTe/bHOE HaNpsDKEHUE NMPUMEHSIOT /Jis BHELIEHTPEHHO CXKaThIX 3/IEMEHTOB C GOJIbIIMMU 3KCLEHTPUCUTETAMU CKUMaloIei
CHUJIBL, KOT/la U3rybaloliyie MOMEeHTh] 3HAUMUTe/IbHbI U BbI3bIBAIOT PACTSPKEHH e YaCTH CeYeHHUs], a TakoKe /ISl 3JIeMeHTOB OYeHb GO0JIbIIOH
ru6KocTH. [loBbILIEHNEe TPEIUMHOCTOWKOCTH 1 )KECTKOCTH 3JIeMeHTa O0CPeACTBOM NPeBapUTENbHOI0 HANPS)KEHHS M0JIE3HO B IIEPBOM
c/ly4ae /ISl KCIUIyaTaljMOHHOTO NIepro/ia, BO BTOPOM — JUJIS IepHo/ja U3TOTOBJIEHHS, TPAHCIIOPTUPOBAHUSA U MOHTaXa.
[IprMeHATh OYeHb TMOKHe LIeHTPaJbHO-CXKAaThle 3J1eMEHTbl HePAaLMOHAIbHO, NOCKOJIBKY HeCyllasi CHOCOGHOCTD UX CUJIBHO CHHXKAETCS
BCJIeJICTBHE 6OJIbIIOH JedopMaTHBHOCTH. Bo Bcex ciydyasx ajleMeHTBI U3 TsKesoro 6eToHa M GeTOHAa Ha MOPHCTBHIX 3aMOTHUTEJAX
JI0JDKHBI IMeTb THOKOCTb B JIIO60M HaNpaBJeHUH

A==,/ € 200 (4.3)a KOJIOHHBI 3TaHUH A=lhii<120 4.4)
JKCIIepUMeHThI I0Kasald, YTO CONPOTHBJEHHE KOPOTKHUX LeHTPAJbHO-CKATBIX 3JIeMEHTOB BHEIIHEMY YCHUJHIO CJaraeTcsl U3
CONpPOTHUBJIEHUs] 6eTOHA U NMPOJ0JbHON apMaTyphbl. [Ipy 3TOM 06BIYHO GETOH JOCTUrAeT CBOEro Npefiesa NPOYHOCTH, a apMaTypa —
npe/ieia TeKy4eCTH; 3TO 06YC/I0BJIEHO JOCTATOYHO GOJIbIIMMU HEYNPYTUMH JlepopMaliisiMU CUJIbHO HaNPSP)KEHHOT0 6eTOHa.
Ha Hecyuyio cnocoGHOCTb AJHMHHBIX (THOKHX) CXKATbIX Kese306eTOHHBIX 3JIEMEHTOB 3aMeTHOe BJIMSIHHME OKa3blBalOT CJydaliHble
3KCLEHTPUCUTETDI, SIBJIeHHe IPOJ0/IbHOT0 U3TrK6a, JI/INTe/IbHOe BO3/leHiCTBHe Harpy3KHu.
[To HopMaM ci1yyaiiHble SKCLEHTPUCUTETHI €a JO/KHbI MPUHUMATLCS PAaBHBIMU G0JblIEMY U3 CAeAyLUX 3HauyeHUH: 1/30 BBICOTHI
ceyeHHs 3jeMeHTa, 1-600 AJIMHBI 3/1eMeHTBl (MJIM ee 4acTH MeXAY MeCcTaMHM, 3aKpelUIeHHbIMU OT IONepevyHbIX NepeMelleHuit). B
COOPHBIX KOHCTPYKLHAX CJIeJyeT yYUThIBaTb BO3MOXKHOCTb OOpa30BaHHs CIy4yalHOTrO 3KCLEHTPUCHTETa BCJIEJCTBHE CMeIleHHUs
3/IeMEHTOB Ha OMNOpax H3-3a HETOYHOCTeH MOHTaXKa; NPU OTCYTCTBUM OIBITHBIX JaHHBIX 3HaueHHEe 3TOro 3KCLEeHTPHCHUTETa
IIpUHHUMaeTCs He MeHee 1 cM.
HekoTopble 3/1eMeHTBI TPAMOYTOJBHOTO CEYEHHs], @ UMEHHO C CHMMETPHYHBIM apMUPOBAaHHUEM CTEPXKHAMH U3 CTaM KJaaccoB A-1, A-

11, A-111 npu lo<<20h U 3KCLEHTPUCUTETE eo=ea <5 h/30 B IPAKTHKE JONYCKAETCS PAaCCYUTHIBATD M0 HECYIEN CITIOCOGHOCTH
(mpesieIbHOE COCTOSIHUE NIEPBOM TPYIIBI) KaK LIeHTPaJIbHO-CKATbIe, UCXO/s U3 YCI0BUS

N<no[RyA+ Ry (4,+4)]

3paece N — mpozio/IbHOE CXKMMalolliee YCHUIINe, BBIYHCIEHHOE NIPH pacyeTHBIX Harpy3Kax; A=hb__ IJIoIa/lb cevyeHus aieMeHTa; Jl u b
— BBICOTA U ILIMPUHA ceqeﬂnﬂ;r‘.—xo:-)q)dmuneﬂ'r ycJa0BUM paboThbl, paBHbIM 0,9 mnpu h<200 ym w1 npu h>200 v Q —
K03QPULMEHT, YYUTBIBAIOIUN [UINTENBHOCTb 3arpy’KeHUs, THMOKOCTb M XapaKTep apMHUPOBAaHMs 3JIEMEHTa, BBIYHUC/ASEMBIH MO
3aBUCHMOCTH

Q=9 +2(9, — @) R, (4, +A)/R, A, (1V.3)

HO NPUHUMaeMbId He GoJiee @ r; TPUYEM 3HAYEeHHUS (Db U (P r HAXOASAT M0 Ta6JL.

Hecyuylo CcnocoGHOCTb CXKAaTOro 3JIEMEHTAa CO CAYYalHBbIMH 3KCIHEHTPUCHUTETAMH MNpPU BCEX H3BECTHBIX [JAHHBIX O pa3Mepax
MOTIePEeYHOro CeueHHUs 3JIeMeHTa, apMUPOBaHMUs], MaTepyaJslaX U Harpy3ke nNpoBepsitoT o popmyse (1V.2)

Ecsiv mpeABapUTEIbHO NPUHATHI pa3Mepbl MONEPEYHOro CeYeHUs U He06X0JUMO HAUTH JIMIIb MJIOLA/Ab CEeYeHHs] apMaTypbl, CIeAyeT
BOCII0JIb30BaThCA BhlpaXkeHHeM (1V.2), 3 KOTOpOro MCKoMas ILJIOIA/ b Ce4eHHUsI apMaTyphl

(454 4;) =NmgR . — AR R, s

r/le (¢ — yCTaHaBJIMBAETC METOJOM II0C/e[0BaTeJbHOr0 NpubsmkeHus. [lonepeyHble pa3Mepbl LEHTPAJbHO-CKATOrO 3JE€MeHTa U
IJIOIa/b CeYyeHHsl apMaTypbl NP 33JlaHHbIX HAarpyske, pacueTHOM JJiMHe M MaTepuajax ONpejessioT, MepBoHaYalbHO 3a/aBasch

snavenuamu P l' A“H—A; =”A =0,01A. W3 ycnoBus (1V.2) BBIMUCIAIOT A= N/Mg (Ry + pRy) (Iv.5)



W Ha3HA4alT pa3Mephbl IIONIEPEYHOro ce4eHusd 3J1eMeHTa C y4€TOM HUX yHI/Iq)I/IKaLU/IH. 3aTeM BBIYUC/SIOT OTHOIIEHHE L()/h 14 I'IO,EL6]/Ipa}OT

’
(A"+A s ) CMOCOGOM, YKa3aHHbBIM BbIILE.

Ecin okaxkeTcsi, 4TO NPOLEHT apMHPOBAaHUA PACCYIUTAHHOTO peYeHHuA He YAO0BJIETBOPAET yCJIO0BUIO l-lmln % g“-u’ % g"uma",%

.
(3%), To nomepeyHble pa3Mephl 3JeMeHTa CJeAlyeT U3MEHUTb U MOBTOPHO BBIYMCJIUTD 3HAUYEHHS @, (A3+A$ ) CeyeHHE MOXKHO

p=1..2%
CYUTATh HOAOﬁpaHHbIM YZAOBJIETBOPUTEJIBHO, €CJIN
[lflﬂ NPAMOYTOJIbBHOTO Ce4YeHUd

Apo=0bx; Np=Rybx; z,=h;—0,32. (4.24)
C y4eTOM 3THX BbIpaXkeHUH GopMyJia Jis1 pacueTa Mo Hecyllei cmocO6HOCTH MPUHUMAET BU/,

Ne < R, bx (h)—0,5) + R_4, (1 ~d'),

roe e =gy -} h/2 —a, (425)

BBICOTY CXaTOH 30HBI ONPELEJIAIOT U3 CJeAYIOIUX YPAaBHEHUH:

npu E=x/h, <Ep

N=Rbx+R A4, —R A; (4.26)

npi E=x/h > Ep
N = Ry bx - Rye Ag — 03 Ao, (4.27)
TpoBepka Hecymeit cnoco6HocTH. [Ipn NPOBEpKe HeCyILeH COCOGHOCTH 3/IeMEeHTa, KOTAa BCe JAHHbBIE O HEM W3BECTHBI, U3 GOPMYJIbI

(4.26) B IpeANoJIOKEHUH YCI0BUS §= XIho'-QER BBIYUCJISIOT BBICOTY CKAaTOM 30HbI

xe= (N—R A+ R A)(R,b); (4.28)

3aTeM OMNpeJessioT Ex no ¢opmyJe. [IpoBepsroT ycioBue xég’?ho W, ecM OHO COOJIIOJIEHO, TO NpH HaWJeHHOM 3HAaYeHHH X
MIPOBEPSIOT HECYILYI0 COCOGHOCTD 3jeMeHTa no ¢opmyste (4.25). Hecobonenre yciaoBus §==X/h0€§,q YKa3bIBaeT Ha TO, YTO X
He06X0AUMO ONpeJesIsTh IPU YCJI0BUHU §#£/h°>gk o popmy.e (4.27).

[Ipu ucnosb30BaHUU GETOHOB KJIAcCOB He Bhille B30 v HeHanpsiraeMo# apMmaTyphl kiaaccoB A-1, A-11, A-1II npu x>§Rh° 3HayeHUe

G5, c/lelyeT NOJCTaBUTh B ypaBHeHUe (4.27), 0OTKyZAa BBIYUCIUTD X. BeIuKCc/IeHHOE 3HaYeHUe X CJleyeT IPUMeHUTDb B popmyute (4.25)
JIJIsl IPOBEPKH HeCyl el CIOCOGHOCTH 3JIEMEHTA.

[Ipu I>E 0 ¥ npu ucnosb3oBaHMM GETOHOB Ksacca Bbime B30 W apmaTypbl kiacca A-IV M Bblile 3HaYeHHe Os, cienyeTr
MO/ACTAaBUTh B paBeHCTBO (4.27) U BBIYUCJIUTH X. 3aTeM AJIsl IPOBEPKU Hecylleld CIOCOGHOCTH 3/1eMeHTa BOCIOJ/1b30BaThCsl GopMy I0i

(4.25). L . .
A, u A N lybuh

[lon6op apMarypel. [Ipu mojGope mIomaANd ceyeHHs] apMaTyphl
pacdeTHble GOPMYJIbI TPE0OPA3yIOTCS CIeAYOMHUM 06pa3oM.

E==x/hos

(3Ha‘{€HI/IH CYHUTAIOTCA I/I3BeCTHbIMI/I)

. F
YcnoBue gR O‘JGBI/IAHO, 4YTO KoOrga apmarypa 8 B CE€4YE€HHUHU 3JIEMEHTa TpeﬁyeTCﬂ o pacdyeTty Torjga, Korga

OTHOCHTeJIbHasl BBICOTA CXKaTOW 30HBI NPH y4yeTe TOJBKO OJAHOM apMaTypbl HMpeBbIIIAeT IPAaHUYHOE 3HAYEHMe E#. yuurbisas sto
3HaYeHHe BLICOTHI CKaToH 30HbI U 0TBeyamwolee eMy %m 13 Ta61. 3.1, Ha ocHoBaHuM popMy (4.25) U (4.26) MoJyYAIOT:

r _ - 2 __ - L
A= (Ne—o, R (R, 2), (129) A= CrRy bl = NYR + AR IR
l-[JIOLLIa,C[b CeyeHUud apMaTypbl ¢ JI0JDKHA OBITh HE MeHbLIe MUHUMAaIbHOH.

[Ipu 3alaHHOM CeyeHUHU apMaTypbl “ "¢ Ha OCHOBAaHUU GopMyJibl (4.25) COCTABASIOT ypaBHEHHE

% (b, —0,5%) = [Ne—R_ 4, (,—a'))/(R, &),

(4.31)
B npaBoi yacTH 3TOro paBeHCTBa BCe BeJIMYMHbI U3BECTHBI. am=§ ( lm0*5§) * rae §=xﬂlg onpeaesoT
i’ ’ gl
@, =[Ne—R_ A4 (hy—o YR, it

(4.32)

COOTBETCTBEHHO  3Ha4YeHHI0 M MOXHO  OIpejennTh € us rabn 31 wm ke BRMMCIHTE ero Mo BBIPKEHHIO
Em 1 —V 1 —2/o,. (433)

Umesn TaKUM o6pasom x-_—=§hg, u3
A.s = (ERb bho - N]”Rs + A; Rw}Rs' (4.34)

B NpaKTHKe HepeAKO MNPHUMEHAKT CHUMMETPUYHOE apMHpOBaHHE, B YACTHOCTU B 3JIEMEHTAX, HCIbIThIBAOIINUX ,Z[eﬁCTBPIe
MPOTHUBOIIOJIOXKHBIX 110 3HAKY, HO 6JIM3KUX 10 3HAYEHHU IO 143r146a}0u.mx MOMEHTOB.

A=A; " Rec=Rs, T. e. KoTAa RscA;=RsAs)

BBIPAXKEHHUS (4.26) HaXo4sAT HCKOMYIO oAb apMaTypsl

[Ipy cCMMMeTpHUYHOM apMHUPOBaHUH, KOTja
MOXHO BBIYUCJIUTh

x=N/R,b. (435)

13 BbhIpakeHus (4.26)

A= A = N(e—h+ N/2R )R , (hy—

3aTeM, UCI0JIb3ysl 3Ha4YEHHE X, 0 popmyJie (4.25) Haittn  ~ * a )' (4.36)

+
A;c ®
£ 3aTpyAHUTEJIEH H3-3a CJIOKHOCTH

H

UCIOJIb3yeMbIX 3aBHcUMOCTeH. llesecoo6pa3Ho NpPHMEHUTh CHMMETPHYHOE apMHpoBaHMe = §

Venosue 8 =X/A>ER. lpsAMoi#f TozcYeT mIomageil cedeHHs apMaTyphl
As, Rsc=Rs. PacueTHbIe



dopMynbl A MOAGOpPa CHMMETPHYHOW apMaTyphl MOJYy4YalOT U3 COBMECTHOTO peIleHHs CHCTeMbl TPeX YpPaBHEHHH: ypaBHEHHUH
paBHOBECHs IPOAOJIBHBIX CUJI, IPOYHOCTH U SMIMPUYECKON 3aBUCHMOCTH /LIS Os.

J1s1 060611eHUsT W3JI0KEHHOT0 HMXKe NpUBeJieHa peKOMeHJyeMasl I0CJe/loBaTeJIbHOCTb pacyeTa CeYeHHsi apMaTypbl 3JIEMEHTOB
IPSIMOYTOJILHOTO NPOGUJIst C HECUMMETPUYHBIM apMHUpOBaHueM (6€e3 IpeZiBapHUTEIbHOTO HAaNPSI)KEHUS).

1. BelmHCBhIBaIOT pacyeTHbIE JaHHbIE R, R, RSC: €4y Bsi ppramcaAOT 3HAYCHHS hﬂl Zgy eoﬂMfN, eO/h’ J':'/h' &.

2. 3apawTcs koadpounuenTom apmupoBanus B npegesax 0,005...0,035; BeIuUCAAIOT Se, ¢ 1 Ner.
Eciin okaxkeTcs, yTo Ncr(N} pasMepbl CeYeHHsI 31€EMEHTA CJIeYET YBEJUYUTb.

3. OmpefenaoT K03GPULHEHT Mou HaXOZAT PacCTOSIHUE OT YCUJIUSA N JI0 apMaTyphl S

e=gN-+hf2—a,

.
AsfA y
4. C noMowpio ¢opMyabl (4.28), 3ajaBasch OXHAAEMbIM OTHOIIEHEMM . / $'onpeJeNISI0T BBLICOTY CXaTOi 30HBI X M 3aTeM
= - g

Ag H As

§=x;h°’ nocjse 4yero no ¢opmysam (4.29) ..(4.34) mopbuparoT cedeHHs apMaTyphbl , TIpUHUMasi UX He MeHee
MUHHUMaJIbHOT'0 3HaYeHHUs.
5. BeruucasioT K03apduLeHT apMUPOBaHUs

po={A, + A4,) bk
[0 Hal/leHHbIM Cce4eHUsAM apMmaTypbl. Ecam oH oTinuyaeTca oT ucxopHoro He 6osiee yem Ha 0,005, pelneHHe MOXKHO CYUTATh
HaWZeHHBbIM; TPY 60oJIbIIEl pa3HHUIle HEO6X0MMO CeYeH e NepecynTaTh, 3aAaBLINCh HOBBIM K03 QUIMEHTOM apMHUPOBaHHUS.
Ecsu B petiennu nosydaercst p>0,03, To cjieiyeT nepecMOTpeThb pa3Mephl IONepeyHOro ceyeHus b U h uinM U3MeHUTb KJlacchl 6eTOHA U
apMaTyphbl.
6. [IpoBepSIIOT IPOYHOCTh 3JIEMEHTA C YYETOM BJIMSIHUSI NPOJOJIBHOIO U3ruba B MJIOCKOCTH, NEPIEHUKYJIIPHOM IJIOCKOCTH U3TH0a,
KaK JiJIsl CKaTOTO 3JIEMEHTA CO CIyYaiHbIMHM 3KCLIEHTPUCUTETAMH.
7. Ecaiv TpeGyeTcs, NPOBEPSIOT JOCTATOYHOCTDb HECYIEel CIOCOGHOCTH 3JIeMEHTA, N0J1b3ysich dopmysamu (4.28) u (4.25).

16.
PacyeT ru6KUX BHELEHTPEHHO CKAaTbIX 3JIEMEHTOB B IUIOCKOCTH AEHCTBHSI MOMEHTAa NMPOM3BOAMTCS C y4eTOM BJIMSHHUS Nporuoa
3JIeMeHTa Ha BeJIMYMHY IKCLEHTPUCHTETA TPOAOJIbHOM CHIIBL.
[lToMHMO yyeTa TMGKOCTH, B MJIOCKOCTH JAeHCTBUSI MOMEHTA JO0J/DKHA 6bITh NPOM3BeJeHa NPOBepPKa Ha YCTOMYMBOCTbH B IJIOCKOCTH,
HepreHAMKYJIIPHON MJIOCKOCTH M3ruba Kak AJis 3JieMeHTa, paGoTaloliero Ha oceBoe cxatue (6e3 yyeTa U3rd6aoLlero MOMeHTa), ¢
y4eTOM COOTBETCTBYIOLIEro Ko3pdHUIMeHTa IPOA0JIBbHOrO U3ruba @.
BiiisiHMe nporu6a MoXXeT He YYUThIBAThCS:

fboas
a) AJis ceyeHUH 0601 dopmbl mpu
by < 10
6) 4151 IPSIMOYTOJIbHBIX Ce4eHUH NpU A

f.?_ég

B) JI/Is1 KPYTJIBIX U KOJIbLIEBBIX CEYeHUH NpHU

{
Tq <5 35v
I) AJI5 TABPOBbIX CEYeHHi pH

3HaueHus Koaduiuenta ® MPUHUMAIOTCA 1O TaGAHKIIE.
BiusHMe mporu6a 3jieMeHTa YYUTBIBAeTCS NMyTeM YMHOXXEHHUs 3KCLeHTPUCUTeTa “o IPOJI0JILHOTO YCHUJIMSI OTHOCUTEJBHO LieHTpa

TSXKECTH ceyeHHs1 6eToHa Ha KOaGHUIMEHT kB ,oTpe/ieisieMblil CIeyI0IIM 06pa3oM:
a) AJis ceyeHUH 10601 GopMbI

|

=T N L
m - 1800 R F (7)
0) [/ IPSIMOYTOJIbHBIX CEYeHU I
!
O S
- 400 R F LA

(1.38)
rae N_ pacyeTHast Ipo/IoJibHast CHUJIA;
— II0Na/ib 6ETOHHOTO CeYEHHsT;

!
‘l?i”m."tI — pacyeTHas JIJIMHA 3JIEMEHTa;
{- — pakTHyeckas JMHA 3TEMEHTa;
i . .
Y — K03OULHMEHT, 3aBUCALIMH OT CTeNeHH 3alieMJIeHUs] U MOABHKHOCTH KOHL|OB 3JIEMEHTA, IPUHUMaeMblH TaKUM JKe, KaK U JJis1
pacyeTa LLeHTPAIbHO CKATbIX 3JIEMEHTOB;
¥+ _ paguyc uHepLUUY ceYeHUs;
— BBICOTA CeYeHHs], T. €. pa3Mep IONEePeYHOro CeYeHH s B IJIOCKOCTH [JeHCTBHs U3rUGa0Iero MoMeHTa.
KoadounueHt T MoxeT 6bITb onpejesieH no rpaduky.
[Ipu pacyeTe NPsSIMOYTOJbHBIX CEYEHUH BHELIEHTPEHHO CKAThIX 3JeMEHTOB 3HaYeHHe ki NPUHHUMAIOT [0 rPadUKy B 3aBUCHMOCTH OT
BEJIMYHMH
N [
A= ——= " %,
mbhR, A
[Ipy pacyeTe TaBPOBBIX CeYEHHWH BHELEHTPEHHO CKATHIX 3JEMEHTOB 3HAYEeHHUs K
BEJIMYMH

NPUHUMAIOT N0 rpapuKy B3aBUCHMOCTH OT
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3HavyeHUs1 p B 3aBUCUMOCTH OT OTHOILIEHHU I NpUBEJAEHbI B TaGJmue.

to L
PexoMeHAyeTcss NPOEKTHPOBATh BHELIEHTPEHHO CXKaTble 3JIEMEHTHI TaK, YTOOBI OTHOIIEHHE b Guu0 e Gonee 30, a oTHOLIEHHE h
— He OoJsiee 25 (peKkoMeHJaLMsi OTHOCUTCH K KOJIOHHaAM 3JaHuil). [y Hecymux 3jeMeHTOB ceyeHUe MeHee 25 X 25 cMm He

peKoMeHayeTCA.

10) ®ynpameHTH! U UX Knaccubukanusa. OTAenbHbIe ¥ IEHTOYHbIe COOPHBIE U MOHOJIUTHBIE
¢yHAameHThl. HazHaueHUe pasMepoB. ApMHPOBaHUE.

QyHAaMeHT - KOHCTPYKIMA MOA3EMHOM YaCTH 3/jaHu, 4/3 KOTOPBIN NepeJaloTCA Harpy3KH OT BbIIIEJIeXKALMX KOHCTPYKIUH U OT
JIfo/iel, 060pyA0BaHUSA - HA OCHOBaHME, T. €. HA IPYHT.

[To KOHCTPYKT cxeMe: JIeHTOYHbIe (II0Z CTEHBI MU PAAJ, OT/Ee/bHBIX ONOp); CTO/I64YaThIe (104 JIETKHe CTEHBI, 0/ KOJIOHHBI);

CIJIOLIHBIE - [0/} BCeH MJIOIablo 34aHus (MPH CJ1abbIX HEOJHOPOJHBIX IPYHTAX OCHOBAHHUS)

[To MeToly BO3BeieH!sI: COOPHBIE U MOHOJIUTHBIE.

CoopHble G-ThI: P-ThI BHINOJHAOT U3 TsKeJ 6eTOH Kiacca B15-B25, ycTaHaB/AMBAOT Ha NECYAHO-TPAaBUKHYIO YIVIOTHEH MOATOTOBKY
ToiuH 100 MM. B §-ax mpesycMaTpuBaloT apMaTypy, pacnosiaraeM 1o nojoLB B BU/e CBAPHbIX CETOK. MUHMMaJl TOJIMHY 3aLUTH
cs1051 apMaTyp npuHuMaroT 35 MM. Eciv oy GyHAaMeHTOM HeT NMOJrOTOBKH, TO 3alUTHBIN CJI0# AesatoT He MeHee 70 MM.
MoHosuTHbIe §-Thl. ADMHUPOB-€ MOHOJI-X ¢-0B U yCTP-BO apMHUPOB-TO Mosica o, WM HaJ, QYH/I-MU U3 KJIaJ0YHbIX MaTepPUaIOB
3aKJII0OY-CA B yCTAHOBKE apMaTypP-T0 KapKaca U3 CTaJIbHBIX IPYThEB, TPOBOJIOKH U T.H. [lJ1sI U3rOT-Us apMaT-X KapKacoB IPUM KpyT,
ropsi4.KaTaH 1 X0JIOAHOCIIIOIEHHAs! CTaJIb IEPHUO/-TO MPOPHUIIS.

ApMaT KapKacel COGMPAIOT U3 3apaHee 3arOTOBJI-X CTEPXKHEH U XOMYTOB. 3aroTOBKA apMaTyphl COCT U3 CJIeAYIOIUX PaGOT: BBIIPSAMI
apM CTaJI1, OYUCTKHU ee OT PXKaBUMHBI, PE3KH CTEP)KHEH, CBapKH CTBIKOB IIPH U3roT KapKacoB. KpemnsieHue mWTy4HON apM B MecTax
nepeceyeHHs BBINOJHAIOT C COOJII0/IeHUEM CJIeYIOIIX TPe6oBaHUM:

CTep»KHHU JMaMeTPOM Ji0 25 MM CKpPeIUIAI0TCA TOYeYHOH CBapKOH, BA3aJIbHOM NIPOBOJIOKOH, IIJIAaCTMAC COeAMHHUT 3J1-MH; CTEPXKHHU JuaM
6oJsiee 25 MM CKpen-I0T TOJILKO AyroBO# cBapkoi; [lepeBsi3Kol WM CBApKOH 4.60. coeAMHEHO He MeHee 50% mnepeceyeHUH, IpU 3TOM
nepece4yeHus1 B yrjiax 06s3aTebHO coeuHA0TCS; [lepesioM ocelt cTepxkHel apMaTypbl uaMeTpoM 0 40 MM B CBApHBIX CTBIKOBBIX
COeJIMH OCYLI-IOT C HAK/Ia/IKaMH, BbIIIOJIHEHHBIMU JIyTOBOM CBAapKOM MPOTS>KEHHBIMU IBaMH. [Ipy 6eTOHUP-UU 3aLUT C/10M 6eToOHa
IIOJDKEH COCTaBJISITh He MeHee 50 MM.

QPyHaMeHT N0/, KOJIOHHBI BBIIOJHAIOT U3 MOHOJIUTHOI'O UJIX COOPHOTIO XKesle306eToHa.

[y6uHy 3amoxkeHus: ¢yHAAMeHTa Ha3HAYalOT B 3aBUCHUMOCTH OT TMAPOreoJrordyecKUx YCJOBUH Ha IJIOIAJKe CTPOMUTE/bCTBA,
IJIyOUHBI IPOMep3aHus IPyHTa U APYTHUX YCIAOBUN B COOTBETCTBUH C Il 2.25 - 2.33 CHull 2.02.01-83, a Taxxe ¢ y4eTOM He06X04UMOMH
3a/leJIKU KOJIOHH. BepxHuit 06pe3 pyHAaMeHTa 06BIYHO HaXOAUTCA HA oTMeTKe -0,15 M, YTO CBSA3aHO C OKOHYAaHHEM PabOT HYJIEBOTO
LMKJIa ZI0 MOHTaa KOJIOHH KapKaca.

HEHTpaJIbHO-HaI‘py)KEHHbIe ¢YHA3MEHTbI IIPOEKTUPYIOT KBa/IpaTHBIM B IVIaHE.

@PyHaMeHTbl COCTOAT M3 IVIMTHOW YacTH YU HOJKOJOHHHKA CO CTaKaHOM /Jisl 3afleJIKM COOPHOM KoJIOHHBI [IIMTHas 4yacTb UMeeT
06BbIYHO cTyIeHYaTy0 GopMy. KosimuecTBo cTyneHel — He 6oJiee TpexX. BbicoTy cTyneHelt npuHuMaroT paBHoi 300, 450 1 mpu 60J1b110H
BBICOTE IJIMTHOHM YacTH pyHAaMeHTa — 600 MM. PazMephl 1o BbICOTe MOAKOJOHHHUKA U IIMTHOM YacTH Ha3HAYalT KPaTHBIMUA 150 MM.
PasmepslI B J1aHe Mo/ioBbI GYHAAMEHTA, CTyIeHeH M0AKOJIOHHUKA JOJDKHBI 6bITh KpaTHBI 300 MM.

3a30pbl MeX/AY CTEHKaMHU CTaKaHa U KOJIOHHOW /Il BO3MOXKHOCTH PUXTOBKU M KaueCTBEHHOTO 3all0JHEHHUs OETOHOM NPHHUMAKT B
HIDKHeH yacTu ctakaHa 50 MM, B BepxHel — 75 MM.

[IyOuHY 3a/ie/IKM KOJIOHHBI B CTaKaH Ha3HA4YalOT He MeHee GOJIbIIETO pa3Mepa CedeHMs KOJIOHHBI hcol. [Uly6uHa 3a/ieJIKH KOJIOHHBI
TaKXe JO0JDKHA Y/IOBJETBOPATh TPeOOBAaHHIO 3afleJIKM paboyeil NMpoAoJbHOM apMmaTypbl KoJOHH. (katas pa6odass apmaTypa
IPSIMOYTOJIbHBIX KOJIOHH JI0JDKHA UMeThb [JIy6UHY 33/le/IKM He MeHee BeJIMYUH, YKa3aHHbIX B Ta6JL. 3.

To/MHYy CTEeHOK HeapMHPOBAHHOI'O CTaKaHa IIOBepXy cjefyeT NpUHUMaTh He MeHee 200 MM U He MeHee 0,75 rJIyGUHBI cTakaHa (TIpU
rl1y6yHe cTakaHa MeHblel, yeM BbICOTa MOJKOJOHHMKA) WU He MeHee 0,75 BBICOTHI BepxHel cTyneHu ¢yHJaMeHTa (IpH r1ybHHe
cTakKaHa 0oJibLIEeH, YeM BbICOTA MOAKOJIOHHHKA).

Ecnu aTu ycioBUsi He cOGJ/IIOJJAlOTCS, CTEHKM CTakaHa cjeJlyeT apMHUpOBaThb IONEpeyHOM M MpoJoJibHOM apMaTypoi. Ilpu aTtom
TOJII{MHA CTEHOK CTaKaHa Jo/DKHA GbITh He MeHee 150 MM u He MeHee 0,2 BBICOTHI cedeHMs! KOJIOHHBL [lonepeuHoe apMupoBaHUe
CTEHOK CTaKaHa cCJe/yeT BBINOJHATb B BHJe CBapHBIX IJIOCKHX CETOK C pacloJIoKeHHeM CTep)KHeH y Hapy»KHbIX U BHYTPEHHHX
MOBEPXHOCTEN CTEeHOK. /luaMeTp CTepXHel ceTOK IPUHUMAIOT He MeHee 8 MM M He MeHee YeTBEPTH JiMaMeTpa NPO/I0/IbHbBIX CTEPXKHEH.
PaccTosiHue Mex/ly ceTKaMH Ha3HA4aloT He 60Jiee YeTBEPTH IIyOGHUHBI CTaKaHa U He 6ostee 200 MM.

CTepXKHU TIPOJIOJIBHON apMaTypbl NOAKOJOHHHKA (CTEHOK CTaKaHa) JOJIKHBI NMPOXOAMTb BHYTPHU sueeK CBApHBIX CeTOK. /lnamMeTp
IPOAOJIbHBIX CTEPXKHEH NPUHUMaeTcsl He MeHee 12 MM. PaccTostHMe MeX/ly TPOAOJIBHBIMU CTEPXKHIMU IPUHUMaeTcs He 6oJiee 400 MM.
[Tox MoHOMIMTHBIE PyH/JTAMEHTHI IPeAYyCMAaTPUBAIOT GETOHHYIO MOATOTOBKY TO/MIKUHOA 100 MM U3 Tolero 6eTOHa, a NOJ, COOPHBIMHU —
U3 Cpe/iHe3epHUCTOro necka caoeM 100 MM.

MoHoiuTHbIe QYyHAAMEHTBI U3TOTABJIMBAIOT U3 6eToHa KJaccoB B12,5 u B15, c6opHblie - B15, B20 u B25.

@QyHAaMeHTHI 0 MOJ0IIBE apMUPYIOT CBaPHBIMU CETKaMU M3 cTauu kaaccoB A-300 u A-400. lllar ctepxHell B 060X HampaBJeHUAX
npuHuMaroT 200 MM, AuaMeTp - He MeHee 10 MM.

TosmuHy 3amuTHOTO CJ10s1 6eToHa AJA pa6oyeit apMaTyphbl MOJOMIBEI MOHOJUTHBIX GYHAAMEHTOB IPUHUMAIOT He MeHee 35 MM IpH
Ha/IMYUK 6eTOHHOM NMOJArOTOBKH, a NpU ee OTCYTCTBUH — 70 MM. B c60pHbIX QyHAaMeHTax 3alUTHBIN C/I0H Ao/KeH ObITh He MeHee 30
MM. MUHUMaJ/IbHBIM NPOIIEHT apMUPOBAaHUSA OOLIBbI QYHJAMeHTa He perjJaMeHTHPYeTCs.

UcxofHBIMU JaHHBIMM JiJIs1 HPOEKTHPOBaHUS QyHAAMeHTa SIBJSIOTCA pacyeTHble 3HAYeHHs NMPOJOJbHBIX CHUJI, NepefaBaeMbIX Ha
dyHAAMeHT, ypoBeHb Bepxa QYHAAMEHTA, XapaKTEPUCTHUKHU IPYHTA.

PacyeTHylo npofiosibHy0 cuiy N A pacdeTta Tesla GyHAAMEHTa MOJCYUTBIBAIOT NPH KO3QPULMEHTE HAJIeXKHOCTH 10 Harpyske yr > 1.
(IpUHUMAIOT U3 pacyeTa KOJIOHHBI IEPBOT0 3TaXa).

HopmatusHyo npososibHyo cuty No o dopmyie:

N,=N/y,, 13)



rae ye= 1,15- ycpejHeHHOe 3Ha4eHHe KO3pPHUIIeHTa Ha/IeXKHOCTH T10 HarpyskKe.
BeicoTy QyH/aMeHTa Ha3HAYalOT 110 YCJIOBHUSM 3ar/y6J/IeHHsl WK YCI0BUSM 3a/le/IKU KOJIOHH, BEeJIMYMHA h oKpyrsieTcs: 1o pa3Mepa,
KpaTHoro 15 cM. ['1y6uHy 3as0oxeHus1 yHAaMeHTa IPUHUMAKOT paBHOMU

H =h+015x, ”

rzae 0,15 M - paccTossHMe OT YPOBHSA YKCTOTO 110J1a JI0 Bepxa QyHJaMeHTa.
Pasmep cTOpOHBI NOAOLIBBI KBAAPATHOrO B IJIaHe QyHJaMeHTa ONpeesioT o GpopmyJie

a7)

rae Ro — pacyeTHoe conpoTHBJIeHHe TPyHTa OCHOBAHHSA; B KypCOBOM ITPOEKTe JOMyCKaeTCcAd MPUHUMATh Ge3 MOMPaBOK Ha IIHPHUHY U
3aJI0’KeHHS OAOIIBEI PyH/JAMEHTa;

Ym = 20 kH/M3 - ycpegiHeHHBIH 06beMHBIN Bec MaTepyaia GyHAAMeHTa U IPYHTA Ha €ro CTyTeHsX.

BbIcOTy cTyneHeil Ha3HA4alT B 3aBUCHMOCTH OT IOJIHOHM BBICOTHI MJIMTHOHM 4acTH QyHAAMEHTa B COOTBETCTBUM C TabJ. 4. Pazmepsl
CTyIleHeH B IJIaHe ONpeJEeJsIOT FeOMEeTPUYECKUM IOCTPOEHHEM, CO6JII0AAst YCJIOBHE, YTOObI BEPTHKA/IbHblE I'DAaHU CTyNEeHeill He
nepecekaqd NOBEPXHOCTHM NHpaMH/bl NpoAaBauBaHus. OKOHYaTesbHble pasMepbl CTyNeHeH Has3HAyalT C y4yeToM yHHQUKALUU
pasMepoB GYHAAMEHTOB.

[IpoBepKy ¢yHAaMeHTa Ha NPOJaBIMBaHKe IPOM3BOAST HE TOJIBKO [0 BCEil BBICOTE, HO M MO/, KXKJ0H M3 CTyNEeHeH.

[TockosibKy GYHJAMEHT He MMeeT MONEepeyHOil apMaTypbl, BbICOTY HM)KHEH CTYNEHH INPOBEPSIOT HAa MNPOYHOCTb IO HAKJIOHHOMY
CEYEHHIO 10 YCIOBUIO BOCIIPUSTHS NONEePEeYHON CHJIbI 6eTOHOM (pHuc. 5):

Q= p(l-c)b <0,6R,bh,, (20)

[lpyynHaMu paspyiieHuss (yHAAMEHTOB IOJ COOPHBbIe KOJIOHHBI MOTYT TaKXKe OBbITb NpoJaB/MBaHHe AHA CTakaHa (puc. 5) u
packaibiBaHue ¢yHJaMeHTa. [IpoBepky ¢yHJaMeHTa MO NMPOYHOCTH Ha NPOJaBJMBaHHe KOJOHHOH OT JHA CTakaHa IPOU3BOJAT U3

YCJI0BUA:
F< RbtU mhog, (21

e F = N - p(hCO| + 2hog )—pac‘{eTHaH npoAaBJIMBaKOIIadA CUJIA;

U m = 4(hC0| + hog ) - cpejiHee apudMeTHUECKOE IePUMETPOB BePXHEr0 U HIXKHEro 0CHOBAHUM NMHUpaMUAbl NIPOAABIMBAHUSA

KOJIOHHOH OT /IHa CTaKaHa.
[IpoBepKy NpoYHOCTH GyHaMeHTa Ha pacKasiblBaHUe NPOU3BOJASAT U3 YCIOBUS

N <2uAR,, @2)

rae u = 0,75 - koapdunyeHT TpeHus1 6eToHa no 6eTtoHy; Yy = 1,3 - ko3pPULMEHT yca0BUA paboTel PyHAaMeHTa B rpyHTe; A1 -
IJI0Ia/ib BEPTUKA/IBHOTO cedyeHHs: QyHAAMeHTa B MJIOCKOCTH, NPOXO/AsLIeH [0 OCH Ce4yeHHs KOJIOHHBI 3a BBIYETOM IJIOLIA U CTaKaHa.
[IpouHoCTh PpyHLaMEHTA CYMTAETCS 06eCIeYeHHOM, eC/IU YAOBJIETBOPSIETCS XOTsI Obl OAHO U3 ycaoBui (21) uau (22).
77‘& N T | Puc. 5. CxeMbl 06pa3oBaHus TUPAMHU/

11 NpPO/IaBJINBaHUSA

50,

OT e CTBUS HOPMaAJIbHOM CUJIbI
ApmupoBaHue  ¢QyHJaMeHTa 10  MOJOLIBE
. N onpesessiioT pacyeToM Ha U3ru6 mno
J | \ i N HOPMaJIbHBIM CEYeHHUsIM M0 TpaHsM CTyNeHeHd U
12 Y TpaHHU KOJIOHHbI KaK [ KOHCOJIbHBIX 63]10}(.

T NG N N Hampumep, npu jByxcTyneH4aToM ¢QyHAaMeHTe
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< . - 3HAYEHUs pacyeTHbIX U3rH6GaAKLINX MOMEHTOB B
Dj IEELEEEEEELEELEELLEEEEEEE AR LR R LRE cevenusx [-1 u II-1I (puc. 5) paBHbI:

2.
e c M,, =0125p(a—h_, )’b;
(23)

M, , =0,125p(a—a, )’b;

(24)
CedyeHMe paboyell apMaTypbl Ha BCIO UIMPHUHY
(by]-mameHTa MOXXHO BbIYHUCJ/IUTb, IPUHUMAA

A = Ml—l/(()’gho R, ); (25)
A, =M, , /(0’9h01Rs )

26)
U3 1Byx 3HaYeHUH As1 U As2 BBIGUPAIOT GOJIbLIEE,
10 KOTOPOMY M MPOMU3BOJAT MOJ60p JUaMeTpa U
KOJIM4YecTBa CTepKHeld. B Hauane 3ajaroTcs
[IaroM CTEepXKHeH, 3aTeM ONpeJessiioT  HUX
KOJIMYECTBO, HAa eIUHUILY GOJIbIIEE YHCIIa MIATroB.
Jens As Ha 4YHCJIO CTepXHeH, MOJy4arT
TpebyeMyl0 IUIOLaAb OAHOTO CTEPXKHS, 0
KOTOpOW TmoA6GupaT auameTp. [lpu mupuHe

col

NI




moJioBbl GpyHJaMeHTa GoJjiee TpeX MeTPOB B IieJIAX 3KOHOMUHU CTaJM MOJIOBUHY CTep)KHEH MOXHO He JI0BOJMTH [0 KOoHLA Ha 1/10

JAJIMHBI B KQXXJYI0 CTOPOHY.

[Ipu apMuUpoBaHUM NOJOUIBBI GyHAAMEHTA CTEPXKHS Kaacca A-240 u A-300 npoBepKy IHUPUHBI PACKPBITHsI TPEIUH He TPOU3BOJST.

JleHTOYHbBIE QYHAAMEHTHI IOJ psAfaMU

KOJIOHH.

JleHTOYHBIE QyHAAMEHTHI MO/ pAJaMU KOJOHH BO3BOAAT B BH/JeE
OTAEeJIBHBIX JIEHT NpPOJOJbHOTO WM mnonepeyHoro (oT-
HOCHUTEJIbHO PAJOB KOJIOHH) HalpaBJIeHUS U B BH/Je INepekpe-
cTHBIX JieHT (puc. 12.10). J/leHTo4YHble GyHAAMEHTHl MOTYT GBITH
C60pHBIMU M MOHOJUTHBIMU. OHH HMEIOT TaBpPOBOe MONepedyHoe
cedyeHHe C NOJIKOU moHHU3y. [Ipu rpyHTax BBICOKOW CBSI3HOCTH
MHOT/Jla IPUMEHSIIOT TaBPOBBIM NPOGUJIb C MONKOH noBepxy. [Ipu
3TOM yMeHblIaeTcsl 00beM 3eMJSAHbIX paboT U omnaay6Ku, HO
YCJIOXKHSIEeTCSl MEXaHU3MPOBAaHHAs BbleMKa IPYHTa.

JleHTBl apMHUpPYIOT CBapHbBIMHM MJH BsI3aHbIMM KapkacaMu (CM.
puc. 12.10, B, r). [lsocKUX CBapHbIX KapKacoB B HONEpPeYHOM
cedyeHUHU pebpa JOJKHO GbITh HE MeHee ABYX IPU IIMPHUHe pebpa
b<400 MM, He MeHee Tpex npu b=400.. 800 MM U He MeHee

yeTplpex npu b>800MM. BepxHue MNpoJoJibHbIe CTEPXHU
CBApHBIX KapKacoB peKOMeHJyeTcHd YKpPemJATb Ha BCeEM
NpPOTSAXEeHUU B TOPHU3OHTAJbHOM HamNpaBJeHUH CBapHBIMHU

ceTkaMHu (KOPBITOOGpa3HBIMM HJH IJOCKMMH C KpPIOKaMH Ha
KOHIIaX NMOMNepeyYHbIX CTEpPXHeH), a TaKxe
B NpPOJOJIBHOM HallpaBJeHUHU C MOMOIIBIO
nomepevyHbIX CTepXHeH B Kapkacax He
pexe, yueM 4yepe3 20d (rge d — auamerp
NpPOJOJIbHBIX CTEPXKHEMH).

IIpy apmMupoBaHUM pebep Bs3aHBIMU
KapKacaMM YMCJO BEpPTHKAJbHBIX BeTBeH
XOMYTOB B NONEPEYHOM CEYEHHUHU [AOJIKHO
6bITh He MeHee 4YeThlpex npu b=400...800

Puc. 12.10. JlerTOYHBIEe MOHOIUTHBIE QYHAAMEHTHI IO/, KOJIOHHAMHA
a — OT4e/NbHBIe JIEATHL, 6 — NEPEKPECTHEIE JIEHTHl, B — APMHAPOBAHAE IEHTOTHBIX
QPyHAaMERTOB B IONEPEIHOM CEYEHAH; I — TO K€ B POJO0IbHOM HAapas/IeAnH; 1 —
pebpo; 2— moaka, 3— CBAapHBIE KaPKACHY 4 — HIXKHAE CBAPHBIE CETKH; 5 — BEepXHHE

CBapHBIE CETKHA KOPBITO0OPA3HBIE

MM U He MeHee mecTH npu b>800 MM. XoMyThl — 3aMKHYTble, [JUAMETPOM He MeHee 8 MM, ¢ maroM He Gosee 15d

CoomrHble QyHAAaMeHThI

CniomwHble $yHJaMeHThl GbIBAIOT: MAUMTHBIMU Ge36ajod-
HBIMHU, IJIMTHO-6aJI0YHBIMU U Kopo6yaTeiMu (puc. 12.22).
Hau6osnbuei xecTKOCTbIO 06/1a4al0T Kopo6yaTele GyHIA-
MeHTBI. CJIOWHBIMU GYHAAMEHTHI AeJaloT NPU 0COGEHHO
GOJIBIIMX M HEpAaBHOMEPHO paclpefiesleHHbIX Harpyskax.
KoHndurypanuio M pasMmepbl CIJOWHOTo ¢pyHAaMeHTa B
IJlaHe yCTaHaBJMBAIOT TaK, 4YTO6bl paBHOJeHCTBYyOIas
OCHOBHBIX Harpy3oK OT COODPYXeHHUS NMPOXoAHuJa B LleHTpe
MO/IOLIBHI.

B HeKOTOpBIX CAyYasax HHXeHepHON NPaKTUKHU NPH pac-
YyeTe CIJIOWHBIX QyHAAMEHTOB J0CTAaTOYHbBIM
OKasblBaeTCA NPUGIMKEHHOe pacnpejeeHue
peakTHBHOTO AaBJleHUs IPYHTa M0 3aKOHY MJOCKOCTH.
Ecnu Ha cnjlomHOM yH/JaMeHTe Harpysku
pacnpejesieHbl peJiKko, HepaBHOMEpPHO, NpaBUJibHee
pPacCYUTBHIBATDb €ro KakK IJIUTY, JeXXallyio Ha
nebopMupyeMoM ocHoBaHUHU. [lof felicTBUEM

peaKTUBHOTO JaBJeHHUs TPYHTA CIJIOIWHON GyHAAMEHT
pa6oTaeT NoJ06GHO NepeBEPHYTOMY Kee306eTOHHOMY
MepeKpPhITHIO, B KOTOPOM KOJIOHHBI BBIMOJHSIOT POJib
omop, a 3JIeMeHTbl KOHCTPYKLUUU yHJaMeHTa
HCHBbITHIBAKOT U3TUG6 MOA AeHCTBUEM JaBJeHUsI TPYHTA
CHU3Y.

B 37aHUAX U COOPYXeHHUsX OOJbIIOH NPOTSIKEHHOCTH
crJiomHble GyHAAMeHThl (KpOMe TOPLOBBLIX YYaCTKOB He-
60/1b1OM JMMHBI) NPUGIHIKEHHO MOTYT pacCMaTPUBAThCs
KaK CaMOCTOsSITeJbHble MOJOCHl (JIEHTbI) ONpejeseHHOM
WUPUHBI, Jexauue Ha AedopMHUPYyeMOM OCHOBAaHHUH.
CriolHble  MJWTHble  QYHJaMeHTbl  MHOTO3TaXXHBIX
3/JaHUH 3arpy’KeHbl 3HAYUTENbHBIMU COCPEAOTOYEHHBIMH
CHJIaMH H MOMEHTaMM B MecTax OmMpaHusa Auadparm
XKECTKOCTH. ITO  JOJDKHO  YYHUTBIBAaTbCA MNPU  HX
NpPOEKTUPOBAHUH.

Besz6anoyHble QyHAaMeHTHbIe NJUTBI apMHUPYIOT CBap-
HBIMM ceTKaMHu. CeTKM NpUHUMAIOT ¢ paboyell apMaTypoi
B O/lHOM HaNpaBJIeHUH; UX YKJIAABIBAIOT JPYT Ha Jpyra He
6oJjiee yeM B 4eTbIpe CJ0f, COeJUHAA 6e3 HaxJeCTKH B
Hepa6oyeM HampaBJeHWH M BHAXJECTKy 6e3 CBapKH — B

Puc. 12.11. ApMupoBaHue JIEHTOYHBIX QYHAAMEHTOB
a2 —y3KHUMH CTaHAAPTHBIMH CBapHBIMH CETKaMM; 6 —
HeCTaHAAPTHBIMU CBAaPHBIMU CETKaMU; B — BA3aHBLIMU ceTkaMy; 1 —
paboune CTepHHH NOJIKH; 2 — TO e JIEHTEI;

3 — CTHIKM CBapHBIX CETOK

pa60qu HalpaBJIeHUH. Bepxx—me CeTKHU YKJJAAbIBAKOT HAa KapKacChbl MO CTaBKH.
MAUTHO-6aJI0YHbIE CIJIOIIHbBIE d)yH,ELaMEHTbI APMUPYKOT CBAPDHbBIMU Ce€TKaMHU U KapKacaMHu.



11) CTBIKHU M y3J1b1 COOPHBIX U MOHOJUTHBIX KB KOHCTpYKIMH. 3aKiaHble AeTalu.
CTBIKM MHOTO3TaXHbIX COOPHBIX PaM, KaK ITPABUJIO, BBIOJIHAIOT C 3aMOHOJINYMBAaHUEM —)KeCTKUMH. [Ipy IapHUPHBIX CThIKaX
yMeHbLLIaETCH 0611as1 XeCTKOCTb 3JJAHUsI M CHUXKAETCSA CONPOTHBIIeHHe 1eOPMUPOBAHNIO MPY FTOPU30HTAIBHBIX Harpy3Kax. ITOT
HEeA0CTaTOK CTAHOBUTCS 0COGEHHO CYI|eCTBEHHBIM C YBeJMYeHHeM YHCJIa STaxel
KapKacHoro 3jaHus. lllapHUpHBIe CTBIKK pHUTreJ/iell Ha KOHCOJISX KOJIOHH
HE3KOHOMHUYHBI, 0COGEHHO B CPaBHEHHH C XKeCTKUMH 6eCKOHCOIbHBIMH CTBIKAMH
puresei.
TUNOBbBIE PUre/IH IPOJIETOM 6 M apMUPYIOT HEHANpsiraeMol apMaTypoii, NpoJieToM
9M— HamnpsiraeMo# apaTypoii B npoJieTe. KoJIOHHbI BbICOTOH B [iBa 3TaXKa apMUPYIOT
NPO/0JILHOM apMaTypo#l ¥ NONepeyHbIMU CTEPXKHSMH KaK BHELIEHTPEHHO CKaThle
3JIEMEHTBI.
YKecTkue CTBIKM KOJIOHH MHOTO3TaXXHBIX paM BOCIIPUHUMAIOT POAOJIBbHYIO cuy N,
. n3srubaroyi MoMeHT M 1 onepeyHyio cuiy Q. ApMaTypHbIe BbIIYCKHU CTepXKHeH
‘ AuaMeTpoM Jio 40 MM CTBIKYIOT BaHHOH cBapKoil. [Ipy 4yeTpipex apMaTypHBIX

BBINYCKaX J/Is yA00CTBA CBapPKH yCTPaUBaIOT CliellMa/IbHble YIJI0BbIE MOJPEe3KH
(- 6eToHa AJMHOM 150 MM; TPM apMaTyPHBIX BBIMYCKaX 110 IEPUMETPY CedyeHHs
noApe3Ky 6eToHa AesIaloT Mo BceMy nepuMeTpy. KOHIIBI KOJIOHH, a TaKKe MecTa
noApe3Ku 6eTOHa YCUJIMBAIOT NIONIepEeYHbIMU CETKAaMH U 3aKaHUYMBAIOT CTAJIbHON
Prc, 10,13, Berouuste wmonkn 5 crixax ¥ cosaunennix snewentos xox= | LL€HTPHUPYIOIEH NPOK/IaAKON (414 y06CTBa pUXTOBKM Ha MoHTaxe). [locie

o YCTAaHOBKH U BBIBEPKH CThIKyEeMbIX 3JIEMEHTOB KOJIOHHBI X CBAPKH apMaTyPHbIX

BBIIYCKOB YCTaHABJIMBAIOT JJONOJIHUTE/bHbIE MOHTQXHbIE XOMyThl AnaMeTpoM 10... 12
MM. [lostocTu cThika (oApe3Ka 6eToOHA) U Y3KUH OB MeX/y TOPLE@MH 3JIEMEHTOB 3aMOHOJIMYUBAIOT B UHBEPTapHOH popMe nox,
JaBJjeHueM. McciiejoBaHMsI OKa3ald JOCTATOUYHYIO IPOYHOCTb U HAIEXKHOCTD CThIKa. ONMCAaHHBIN CThIK TAKXKe 9KOHOMUYHEE 10
pacxo/ly CTald U TPYAOEMKOCTH B CPAaBHEHHH C JPYTUMH CThIKaMH, YCTPaWBaeMbIMU Ha CBapKe CTa/IbHbIX 3aKJ/Ia/{HbIX JleTajlel.
YMeHbllIeHHe U3rU6aloIero MOMEHTA B CThIKaX KOJIOHH MHOTO3TaXXHOTO
KapKaCHOTO 3/1aHUSA B GOJIBIIMHCTBE CJIyYaeB JJOCTUTAETCs BHIGOPOM MecTa
pacIoJIOXKeHUs CThIKa OJIMPKE K cepe/iiHe BBICOTBI 3TaXa, I/le U3rubdarlue
MOMEHTHI OT JIeFICTBUSA Harpy30K NPUOJIMKAIOTCA K HYJIIO U T/ie YJIy4IIalTCs
YCJIOBUSA JIJI1 MOHT@Xa KOJIOHH.
COOpHBble KOHCTPYKLMH 3/laHUH, CMOHTHPOBaHHbIe W3 OTJEJBbHBIX 3JIEMEHTOB,
paboTalOT COBMECTHO II0J, HArpyskod O6Jlarojaps CTbIKAM M COeAMHEHUSM,
o6ecrevynBaOIIM HUX HafleXKHYI0 CBA3b. CTBIKM M COeAMHEHHUs CGOPHBIX KOH-
CTPYKUMH KJAcCHQUUMPYIOT N0 (YHKLHMOHAJbHOMY NpPHU3HAKy M pacyeTHO-
KOHCTPYKTUBHOMY. [10 GYHKIMOHAIBHOMY NPHU3HAKY PAa3/IM4alOT: CTIKH KOJIOHH C
dyHAaMeHTaMH, KOJIOHH YT C APYrOM, puresiell ¢ KOJIOHHaMHU; y3Jbl ONHUpPaHHUs
MO/AKPAHOBLIX 6asioK, ¢epM, 6aloK NMOKPHITUH HAa KOJIOHHBI; Y3JIbl OMNMPAHHUS
naHeJsiel Ha pUresd U T. I. [Io pac4eTHO-KOHCTPYKTUBHOMY NPU3HAKY Pa3/n4aloT
CTBIKH: HCIBITHIBAKOIIME CXKATHE, UCMBbIThIBAWIME PACTSKEHHUS, paboTawliyde Ha
MU3rU6 C IOTNIePEeYHOH CUJIOH, U T. II.
B cTeIKax ycuaMs OT OJAHOrOo 3JIeMeHTa K JpyroMy IepejalTcad yepe3
coefiMHAEMYIO CBapKO# pabodylo apMaTypy, MeTa/UIM4yecKHe 3aKJaJHble AeTaly,
6eTOH 3aMOHOJIMYMBaHUA. [IpaBUJIbHO 3aIPOEKTHPOBAHHBIN CTBIK N0J, AeHCTBHEM
pacdeTHBIX HAarpy3ok JoJ/DKeH o06safjlaTb INPOYHOCTBIO M YKECTKOCTBIO,
HEW3MEeHSeMOCTbI0 B3aMMHOIO TIOJIOXKEHHSl COeJUHSEMBbIX 3JeMeHTOB. KOHIleBble y4YaCTKM CXAaTbIX COeJUHSAEMBIX 3JIEMEHTOB
YCHUJIMBAIOT NMONEPEeYHbIMU CETKAMU KOCBEHHOTO apMHPOBaHHUS.
B c60pHBIX NpeJBapUTEJbHO HAMpPSKEHHBIX 3JIeMeHTaX Heo6XO0AMMO NpeAyCMaTPUBAaTh MECTHOE YCHJIEHHEe KOHIIEBBIX y4acCTKOB
MPOTUB 06Pa30BaHHUs NMPOJOJIbHBIX PAaCcKaIbIBAIOIMX TPEILIMH NPU OTNYCKe HATsSXKeHHsi apMaTypbl. CTBIKM PaCTSHYThIX 3/IeMEHTOB
BBINOJIHSIIOT, CBAPHBasi BbINYCKH apMaTypPbl MJIM CTa/JbHBIX 3aK/Ia/{HbIX JleTajlel, a B IpejBapUTeJbHO HANPSKEHHbIX KOHCTPYKLUAX —
MpOMyCKasl Yyepe3 KaHaslbl MM Ma3bl 3JIEMEHTOB Iy4YKH, KaHAThl WM CTEP)XXHH apMaTyphbl C NMOCIEAYIOLIMM HaTsXKeHHeM. B cTbikax
CBapKy OCHOBHBIX paGO4YHMX IIBOB BBINOJHSKT B HIKHEM M BEPTHUKAJbHOM IOJIOXKEHHH. [IpyM HaJO)KEHMH CBapHbIX IIBOB B
coeJMHsIeMON apMaType M CTajlbHbIX 3aKJaJHbIX JAeTalsX pa3BHBaeTCs MeCTHasl BbICOKass TeMIlepaTypa U, CJeJoBaTesbHO,
HarpeBaeTCs OKPYXaKIUH OeTOH.
Ecim B KOPOTKOM CXAaTOM 3JIeMEHTe YCTAaHOBUTH IONEPEeYHyI apMaTypy, CIOcoOHYH 3((PEeKTHBHO CIEepXHUBATh MNONEpevHble
JlepopMalMy, TO STUM MOXHO CyIleCTBEHHO YBEJHUYUTD €ro HECYIIYI0 CHOCOGHOCTh. Takoe apMUpOBaHHe Ha3bIBaeTCsl KOCBEHHBIM.
B mpakTHKe AJf 3/1eMEHTOB C KpYIJIBIM WJIM MHOTOYTOJIBHBIM IIONIEPEYHBIM CeYeHHEM MOJIyYUJIO pacHpocTpaHeHHe KOCBEHHOe
apMHMpOBaHHUe 3JIeMeHTa B BU/Jie CIIMpasied UM CBapHBIX KoJlel,. [l/1s1 31eMeHTOB C NPSAMOYTOJIbHBIM Ce4eHHEM NPUMEHSIOT 00beMHOe
KOCBEHHOe apMHUpOBaHHE B BHJE YaCTO Pa3MelleHHBIX MONepeYHbIX CBapPHBIX CeTOK. KocBeHHOe apMHpoOBaHHe B BH/JE MONEPEYHBIX
CETOK LIMPOKO MPHUMEHSIIOT /IJI1 MECTHOTO YCUJIEHHS XKeJsle306e TOHHBIX COOPHBIX KOJIOHH BOJIM3M CTHIKOB, @ TAaK)XKe 110/ aHKEPaMH U B
30He aHKEPOBKH Ipe/iBapHTe/IbHO HaNpsAraeMoi apMaTyphl.
OnbITaMM BbISIBJIEHO Ha/IM4YMe MOBBILIEHHOTO CONPOTHUBIIEHUS] 6ETOHA CKATHUIO B IpeJiesiax s/4pa, 3aK/II0UEeHHOI0 BHYTPH CIHUPAIH HJIU
cBapHOM ceTkH. CiMpa/u U KoJlblla N0JJ06HO 060¥Me c/lep>KUBAIOT NonepeyHble JedpopMaluy 6eTOHa, BO3HUKAIOIHe NPY NPOA0JIbHOM
CKaTHUY, U TeM CaMbIM 00YCJIOBJIMBAIOT NTOBBIIIEHHOE CONPOTHUBJIEHHE GEeTOHA IPOJ0JBHOMY CKAaTHIO, B TOM YHCJIE U NTOC/Ie NTOsIBJIEeHHUS
B HEM IEePBBIX MPOJOJbHBIX TpelluH. BeTOH B mpejesax si/ipa COMPOTHUBJISIETCS BHELIHUM BO3/EWCTBHUSAM JaXke 10CJe OTC/lIanBaHUs
Hapy>KHOTO CJIost 6ETOHA U JI0 TeX 10p, IT0Ka B [0NIepeYHOH apMaType HalpsKeHUs He JOCTUTHYT NpeJiesia TeKY4eCTH.
[IpoposbHble AedopMalUY 3/71EMEHTOB, YCUJIEHHBIX KOCBEHHOH apMaTypoH, BeCbMa BeJIMKU U TeM 6O0JIbllle, YeM CHUJIbHee INOIepeyHoe
apMHUpOBaHUe.
[IpOYHOCTB CXKATBIX 3JIEMEHTOB IPH HAJIMUMU B HUX IIPOJOJBHON U KOCBEHHOW apMaTyphl JII060ro BUAA PaCCIUTHIBAIOT MO popMyJiaM
(4.6), (4.7), (4.8), B KOTOPBIX YYUTHIBAIOT JIMLIb YaCThb OETOHHOTO CEYeHHsl, OTPAHUYEHHYI0 KPaWHUMH CTEPXKHSIMU CETOK, KOJIbLIAMH
WJIM CIUPAJIbHON KOCBEHHOH apMaTypoii, a BMECTO CONPOTUBJIEHHS 6eTOHa

Prc. 10.12, 3aK12AHaR NAACTHHKA € HAXAE
mu:’um mmmw K

a=—8 cra w0il; 6= wuax naweseil; 8= 06onavenus
a- nummam%w




12) PacyeT XXb KOHCTPYKIIUH C y4eTOM IepepacnpeeeHUs YCUIUM.

CyI[HOCTB pacyeTa CTaTUYECKH Heolpe/eIMMBbIX 3KeJ1e306eTOHHBIX KOHCTPYKIMH € y4eToM MepepacnpefieseH|s YCUINH 3aK/II09aeTCs
B cjeAywomeM. [Ipy HEKOTOPOM 3HAYeHHH Harpy3KH HaNpsDKeHUs B PACcTAHYTOM apMaType M3 MATKOH CTaju JOCTUraloT Npejesa
TeKydecTH. C pa3BUTHEM B apMaType ILIaCTHYeCKUX AedopManuil (TEKy4ecTH) B 3Kes1e306eTOHHON KOHCTPYKI[MM BO3HUKAaeT y4acCToOK
60/IBIINX MECTHBIX JepOopMalLyi, Ha3bIBaeMbli MJIACTUYECKUM IIAPHUPOM. B cTaTHyecku HeompejesMMOH KOHCTPYKLHH, B Galjke,
3alleMJIEHHOH Ha Omopax, C NOSABJeHHeM ILUIACTHYECKOro IIapHHpa MOBOPOTY YacTed 6GasKH, PasBUTHIO NPOTHOA CHCTEMBI U
yBEJIMYEHUIO HANpsDKEHWH B CKATOW 30HE MNPENSATCTBYIOT JIMLIHME CBSI3W, N03TOMY INpPH JAaJbHEHLIeM yBeJWYEeHUHM HarpysKy,
paspyllieHHe B IJACTUYECKOM LIAapHUpPEe He NPOHU30HAET A0 TeX MOp, MoKa He MOsIBSTCS HOBble IUIACTUYECKHe LIAPHUPBI U He
BBIKJIIOYATCsl JIMLIHME CBSI3U. B CTaTHYecKH HeoNpejesMMON CHCTeMe BO3HMKHOBEHHE IJIACTUYECKOrO IIApHUpA PaBHOCHJIBHO
BBIKJIIOYEHHIO JIMIIHEH CBSI3M M CHUXKEHUIO HA OJIHY CTENEeHb CTATUYECKOH HeONpeAeMMOCTH CUCTEMBI. [lJisi pacCCMOTPEHHOH 6aslKu ¢
JIByMsl 3allleMJIEHHBIMHM KOHIIAaMH BO3HUKHOBEHHE NEPBOr0 MJIACTUYECKOro IapHHUpa MPEBPAILaeT ee B CUCTEMY, OJJMH pa3 CTaTHYECKH
HEONpe/e/IMMYI0; IOTePsi reOMEeTPUYECKOW HEHW3MEHsIeMOCTH MOXeT HACTYINUTbh JIMIIb C 06pa30BaHUMEM TpeX IJIACTUYECKHX
LIApHUPOB—HA 06EnX ONopax U B POJIETE.

B craTuueckun HeompeAeJMMOH  KOHCTPYKIMH TOC/Ie  MOSIBJIEHHA oc. =R

IJIACTUYECKOrO  IIApHMpa NpU JaJbHEHIIeM YBeJHWYEeHHH Harpys3Kd b b
IMPOUCXOJUT  Tepepacrpeje/ieHHe  W3THOAIUX  MOMEHTOB  MEeX.Iy
OT/eJIbHBIMU cedyeHUAMH. [Ipy 3ToM fedopManyy B MIaCTUYECKOM IIAapHUpe

HapacTalT, HO 3HAaYeHWe HW3THOAILIEro MOMEHTAa OCTaeTCAd MpPeXHHUM: M
M=RsAszb. 0Chb
[Ipy HEKOTOPOM 3HA4YEHUHU HArpy3KM HaNpsDKEHUS B PacTSHYTOH apMmaType

M3 MATKOW CTa/li JOCTUTalOT Npejesa TeKydyecTH. C pa3BUTHEM B apMaType —— — —— ] E—
MJIacTUYecKux Aedopmanuid (TEKy4ecTH) B KeJle300eTOHHOW KOHCTPYKLMU HYy/d. AUHUA
BO3HMKAeT y4yacTOK 6OJIbIIMX MeCTHbIX Jedopmanuil, HasbIBaeMbId -
IJIACTUYECKHUM LIaPHUPOM.
B craTHyecku onpefesMMbIX KOHCTPYKLMSX C MOsIBJIeHHEeM LIapHHUpa IOJ, 1 i
BJIMSIHUEM B3aMMHOTO NOBOPOTA 4YacTeHd 6GasK¥ M 3HAYUTEJBHOrO IMporuba

BBICOTA CKAaTOW 30HBI COKpallaeTcs, B pe3yJbTaTe 4Yero JOCTUraeTcs c. < R

HanpsDKeHUe B OKaTod 3oHe O = Rb .

B cTaTuyecky HeonpeseNUMbIX KOHCTPYKIUSAX C NOsIBJeHHEM IJIACTUYECKOro LIapHHpa IOBOPOTY YacTel 6aJKy, pa3sBUTHIO Tporuba
CUCTeMBbI U YBeJIMYeHHI0 HallPshHKeHUH B CKaTON 30He NPeNsTCTBYIOT JIMIIHUE CBSA3H (3allieM/IeHHs Ha onopax), BosHUKaeT ctagus H/IC

lla, mpu xotopoit Oy = O, Ho Oy < Rb' [TosToMy npu fAasibHEHLIEM yBeJWYEHUM HArpy3Kd paspylieHue B IJIaCTUYECKOM

y’
[IapHUpe He MPOU30UJET [0 TeX IOop, OKa He MOSIBATCS
HOBBIE MJIACTUYECKHE LIAPHUPBI U He BBIKJIIOYATCS JIMIIHUE
cBsa3u. [losiB/ieHHe MJIACTUYECKOTO IIapHUpPa PaBHOCHIBHO
BBIKJIIOUEHHIO JIMIIHEH CBSA3U U CHWXKEHUIO Ha OJIHY CTeleHb
CTaTUYECKOW HeoNpeAeMMOCTH CUCTeMBI. B 061ieM ciydae
HoTepsi reOMeTPUYECKOH HEU3MEHSeMOCTH CHUCTEMBI C n
JIMIITHUMH CBSI3sIMM  HAacTynmaeT ¢ oOpa3oBaHueM n+1

‘ i ' MJIaCTHYECKUX LIapPHUPOB.
M 1—__——:: B cratuyeckn HeompeJesMMBIX KOHCTPYKLHAX IOCJe
4 ’ 65/"’5 NOSABJEHUS IIAPHMpA NpPU JaJbHeHIleM yBeJIUYeHHU
Harpy3Kd MPOMCXOAUT Iepepacnpe/ieieHue H3ruGaroLmnx

a 0 =R ¢
$/b b Cmadup I

‘/db</eb J-/\- MOMEHTOB MeXJy OTAeJbHbIMU cedeHUsAMHU. [Ipy 3TOM

Puc. 11.11.  Cxema ofpa- nebopManMy B IJIACTUYECKOM LIApHUPE HapacTalT, HO

-\-%» 30BaHus NAacTHYECKOr o 3HayeHHe U3TH6aIoOIEero MOMEHTAa OCTaeTCsl INPEeXHHUM:

S I WapHupa B XKeJe300eToH- M=RsAsZ.

1 LA HBIX GaaKax [lnedo BHyTpeHHel mapbl cun Zb nocie oGpasoBaHHs

& i a — npacruneckud wWapHup 8 MJIaCTHYECKOTO LIapHUPA NPU Aa/JbHeHIIeM pocTe Harpy3Ku

-0 IL’ g"ﬂﬁzﬁzgm,{J;i;ﬂ'l;‘("-&‘mpfgg'\‘eé yBeJIMYUBaETCA He3Ha4YHUTeJbHO u MpaKTHYeCKH
3aue MACHHOG na onopay Gaa- NPHUHUMAETCA NOCTOAHHBIM.

* Ke; a—cradug [l-a na yuacr- 3HaueHHe nepepacrnpe/ieJIeHHOro MOMEHTa He
e NAACTUNECKO20  WQpRUpa;

1 — yuacror NALCTUNCSROO OrOBapMBalOT, HO HEOOXOAMMO BBINOJHUTbL pacyeT Mo

7 7 waphipa npejieJIbHbIM COCTOSIHUSIM BTOpPOHM rpynnbl. [IpakTuyecku

OTpaHHU4Y€eHHEe PACKPBITUA TPEIIHUH B IEPBbIX MJIACTHYECKUX
IapHUPaxX AOCTUTraeTCd OrpaHUYEHUEM BBIPDOBHEHHOI'O MOMEHTA C TeM, ‘-lTO6bI OH He C/JHMIIKOM pPe3KO OTJIn4aJiCdA OT MOMEHTa B
yIpyroi cxeMe U NpUGIU3UTENBHO COCTaBJIAN He MeHee 70% ero 3HaueHHUs.
Pacuet u KOHCprI/IpOBaHI/Ie CTaTU4YE€CKHU Heolpeae/IMMbIX KOHCprKLU/Iﬁ 0 BbIDOBHEHHBIM MOMEHTAaM [JIa€T BO3MOXXHOCTb 06JIeI"-ll/ITb
apMUpoBaHMe ceyeHUH, a Tak ke MoxeT JaTh 20...30% 3KOHOMHU apMaTypPHOH CTaJIH.

Puresib MHOrONpOJIETHOTO NePEKPBITUSI MpeACTaBaseT cO60H 3JeMeHT paMHOM KOHCTPYKUMH. [Ipy cBOGOAHOM ONHUPAHUU KOHIIOB
pHreJsist HA Hapy>KHble CTEHbI M PaBHBIX ITPOJIETAX €r0 PACCYUTHIBAIOT KaK Hepa3pe3Hyo 6aJKy. [Ipy 3ToM BO3MOKeH y4eT 0Opa3oBaHUsA
/TIaCTHYECKUX LIAPHUPOB, NMPUBOAAIIMX K Iepepacnpefie/leHHI0 U BbIPABHUBAHUIO M3rM6GAIOLUMX MOMEHTOB MEXAY OTAEJbHBIMU
CeYyeHUSIMH.

CylHOCTb pacyeTa CTaTUYECKHU HEOPe/ie/IMMBIX JKeJ1e306€e TOHHBIX KOHCTPYKLMH C y4eTOM NepepacnpeseseH|s YCUINH 3aK/II049aeTcst
B cjeAywoueM. [Ipy HEKOTOPOM 3HAYEHHH HAarpy3KH HanpsDKeHUsl B PACTAHYTOM apMaType M3 MSATKOHM CTaJd JOCTHUTalOT Ipejesa
TeKydecTH. C pa3sBUTHEM B apMaType ILIaCTHYECKUX AedopManuil (TEKy4ecTH) B 3Kes1e306eTOHHON KOHCTPYKIIMM BO3HUKAET y4aCTOK
GOJIBIIMX MEeCTHBIX AedopManyy, Ha3bIBaeMbIi IJIACTUYECKUM LIAPHUPOM. B cTaTudecku onmpeseqMMOi KOHCTPYKLIMH, HAlpUMepP B
cBOGOAHO Jexallell Gajike, C MOABJEHWEM IJACTUYECKOro IIAapHMpa MOJ, BJUAHUMEM B3aUMHOTO MOBOPOTa YacTed OGajlku U
Pa3BUBAKOIIEr0Cs 3HAYUTEJIBHOTO TPOru6a BHICOTA CXKATOM 30HBI COKPALIAETCs, B PE3YJ/IbTaTe Yero JOCTUIaeTCsl HANPSXKEeHUE B CKATOM

sone F0== Rb, HaCTynaeT pa3pylieHue.
WHaue BefieT ce6sl cTaTUYeCKH HeonpeesnMas KOHCTpykuus (puc. 11.11,6). B Gaske, 3aiieM/eHHON HAa OMOpax, ¢ MOsSBJIEHHEM
IIACTUYECKOTO WIAPHUPA MOBOPOTY YacTeil Gasiku, Pa3BUTHIO NMPOTMGA CHCTEMbl M YBEJIMYEHHIO HaNpskeHUHl B CKATOH 30He

NIPENATCTBYIOT JUIIHHE CBA3K (3aleMJIEHHs Ha ONOpax); BO3HMKaeT crazus 11-a, npu kortopoit ¥s= T Ho 65< Rs. [TosTomy



npu ,E[aﬂbHeﬁH.[eM YBEJIMYE€HUHN Harpy3KH pa3pylieHre B [IJIaCTUIEeCKOM LIapHHUpe He nponsofmeT A0 TeX I1op, NOKa He NOABATCA HOBbIE
IJIaCTUYECKHEe LIapPHUPbI U He BLIKJIOYATCA JIMIIHUE CBA3U. B cratuyecku HeonpeaenMMof/i CHhcTeMe BO3HHUKHOBEHHE IJIACTUYECKOro
HIapHUpa paBHOCUJIBHO BBIK/JIIOYEHUIO JIMIIHEHN CBSI3U M CHUXKEHMIO Ha OJHY CTelleHb CTaTUYECKOH HeonpeAeJIMMOCTH CUCTEMBL. L[J'[H
paCCMOTpeHHOﬁ 6asiku ¢ ABYyMs 3allleMJIEHHBIMU KOHIIAMW BO3HUKHOBEHHE NEepPBOro IJIACTUYECKOr'O ILIapHHpa MOpeBpallaeT ee B
CHUCTEeMY, OV H pa3 CTaATUYE€CKU HeollpeJAeJIMMY10; oTepAa FEOMeTpH‘{ECKOﬁ HEU3MEeHAEeMOCTH MOXET HACTYIIUTb JIMIIb C 06p330BaHPIeM
TpeX JIACTHYeCKUX IIapHUPOB — Ha o6eux OIopax v B poJieTe.

B 06U_[eM ci1ydae noTepsa FEOMeTpM‘{ECKOH HEHU3MeHAEeMOCTU CUCTEMbI C I JIMIIHUMU CBA3AMHU HACTylaeT C 06paBOBaHI/IEM n+1
IJIaCTUYE€CKUX LIAPpHUPOB.

B cratnyecku Heonpe,qe.meoﬁ KOHCTPYKILIMH II0CJI€ TOABJIEHHUA MJIACTUYECKOr'o lapHUpa IpUu ,aaaneﬁLueM yBE€JIMYEHHUHU HArpys3Ku
IIPOUCXOAHUT Iepepacnpenesienrne I/I3I‘PI63}OLLU/IX MOMEHTOB MeXAy OTAE€JbHBIMU CEYEHHUAMH. le/l 3TOM ,aecbopmaumx B IJIaCTUY€CKOM
HniapHUpe HapacTakT, HO 3Ha4Y€HHe H3m6a}0mero MOMEHTA OCTaeTCA IPEXHHUM:

=R Az o M,
[leyo M — hsflsab. BHYTpPEHHEN Mapbl CUJI 2y pocne 00pa3oBaHusl MJIACTYYECKOTO IAPHUPA IPU JaJIbHEeHIIeM pOCTE HAarpy3Ku
YBeJIMYUBAETCH HE3HAUYUTEJIBHO U NPAaKTUYECKH MIPUHUMAETCSA NOCTOAHHBIM.

13) Marepuansbl A KaMeHHOU Kiaafku. [IpoyHOCTh U fedOpMaTUBHOCTb KJIaAKH. Mapku
KaMH# ¥ pacTBopa.

B kauecTBe KaMeHHBIX MaTepHasIOB AJIs K/JIa/0K UCIIOJIb3YIOT IITY4YHbIe KAMHHM Maccoi He 6oJjiee 40 KT M KaMeHHbIe U3/eJus,
H3rOTOBJIsIEMbIE B 3aBO/ICKUX YCJIOBUSIX, Macca KOTOPbIX OTPaHUUMBAETCS IPY30I04bEMHOCTBIO TPAHCIIOPTHOIO U MOHTXKHOTO
o6opynoBaHus. K IITY4HBIM KaMEHHBIM MaTepHaslaM OTHOCST: KUPIHY KepaMUYeCKUH, KepaMUieCKHe KaMHH, KAMHU IPUPO/HbIE
NpaBUJbHON GOpMbI U OyTOBbIe (HeNpaBUJIbHONU GOPMbI), KAMHU GeTOHHBIE. KaMeHHbIe U3/ie/1Hs BbINYCKAOT B BUJlE 6ETOHHbBIX
6JIOKOB pa3/IMYHOr0 Ha3HaYeHUsl, 6JIOKOB U3 KUPIHYa U KepaMH4YeCKUX KaMHeH, 6JI0KOB U3 IPUPOJHOT0 KaMHsl, BUOpOTIaHe el U3
KUPIIMYa U KepaMHUYeCcKUX KaMHel, 6eTOHHBIX TaHe iel. KaMeHHble MaTepHaJibl, NpUMeHsieMble JJIs KJIaA0K, AO/DKHBI Y/I0BJIeTBOPSTh
TPe6GOBaHUSAM NPOYHOCTH U MOPO30CTOMKOCTH, YTOObI 06ECIEYUTh IPOYHOCTb U HAZIEXKHOCTh KAMEHHBIX KOHCTPYKLHH,

B kayecTBe CTPOMTE/IBHBIX PACTBOPOB /Il KAMEHHBIX K/IaJJOK IPUMEHSIOT CMECH U3 HeOPraHM4YecKoro BXKyLlero (LleMeHT, U3BECTb,
[JIMHA), MeJIKOTO 3alo/IHUTeJ A (TIeCOK), BOABI U ClelHalbHbIX A06aBOK. [10 BUAY NpHUMeHAeMbIX BSXKYIIHUX CTPOUTE/bHbIE PACTBOPBI
0/ pa3AeIloT Ha IeMEeHTHBIe, U3BECTKOBBIE U CMelLlaHHbIe (LleMEeHTHO-U3BEeCTKOBbIE, LIeMEHTHO-T/IMHAHBIE). CTpOUTE/IbHBIE
pacTBOPBI JO/DKHBI B CBEXKEU3TOTO-BJIEHHOM COCTOSTHUM 00J1aAaTh IIOABMXHOCTBIO U BOAOYAEPKUBAOLLEeH CIOCOGHOCTBIO, a B
3aTBep/eBIIEM COCTOSTHUHM — 06ecreynBaTh He06XOAMMYI0 MPOYHOCTb KJIaAKH. [Ipy He06X0AMMOCTH yBeIMYeHHs Hecylen
CMoco6HOCTH KaMeHHOM KJIa/IKU IPUMEHAIOT pa3Hble CII0COObI ee apMUPOBAHUS CTAaIbHOM apMaTypOH; TaKylo KJaJKy Ha3bIBalOT
apMoKaMeHHOM. Vcriosib30oBaHKe apMOKaMeHHOM KJIaZiKU 1103BOJIsSeT 3HAUUTe/IbHO PACIIMPUTh 006/1aCTh IPUMEHEeHHUsI KAMeHHBbIX
KJIaJIOK B KOHCTPYKIusAX. KaMeHHble MaTepHasibl KJ1acCUPUIMPYIOT: 10 HPOUCXOXK/IEHHUIO: a) IPUPOJHble KAMHH, ZlI0OblBaeMble B
KaMeHHbIX Kapbepax (kaMeHHble 6JI0KH, 6YT, lie6eHb); 6) UCKYCCTBEHHbIEe KAMHM, U3TOTOBJIsIEMble NyTeM 06xUra (KUpIuY,
KepaMHyecKHe KaMHHU, 06/IMII0BOYHBIE IIJIMTKH), U HeOO0XKeHHble KaMHU (KUPIHUY CUJIMKATHbIH, IJIAKOBBIH, 66 TOHHbIE KAMHH U3
TSXKEJIOT0 UJIM JIETKOr'0 6eTOHA); 10 CTPYKTYpe: a) MOJHOTe bl KUPNUY U CIVIOIIHbIe KAMHHU; 6) MyCTOTe/IbIH KUPIUY U KAMHH C
MYyCTOTaMH Pas3JUYHON CTPYKTYPBHL.

Jlist pyyHON KaMeHHOM KJIaIKU MPUMEHSIOT KUPIUY CJIeYIOLIMX BUJIOB: KEPAMHUYECKUH 00bIKHOBEHHBIH MJIACTUYECKOT0 U MOJIYCYXOTO
IIpeccoBaHMs, KepaMUYeCKUH MyCTOTEJIbIH M1aCTUYECKOTO IPECCOBAHUSA, KUPITUY CU/IMKATHBIN, KUPIHY IIUTAKOBBIH, KUPIHUY U3
TpemneJsioB U AUAaTOMUTOB. KHpnuy BeIMyckaT ofuHAapHbIA padMmepamu 250 x 120 x 65 MM, 1 MOy IbHBIH (YTOJIIEHHBIA) pa3MepaMu
250 x 120 x 88 MM. Kupnuy ofJuHapHBIA U3rOTOBJISIIOT O6BIYHO HOJIHOTEJIBIN JIMOO0 C TEXHOJIOTHYECKUMHU MycTOTaMu. Kupnuy
MOJyJIbHBIH J/Is1 yMEeHbLIEHNs MaCChl BBIYCKAIOT C TEXHOJIOTMYECKHUMH MyCTOTAMH JIM6O0 MyCTOTEbIH C KPYTJIBIMH HJIH IIeJIeBUAHBIMU
MyCTOTaMH.

HpO‘-IHOCTHbIe H AE(I)OpMaTPIBHbIe XapaKTEepUCTUKHU K/IaAKH.

[IpouHOCTB M JlepOpPMaTUBHOCTD KAMEHHOH KJIaZKHU 3aBUCAT OT MHOTHX paKTOPOB: MPOYHOCTH U AeOPMaTHBHOCTH KaMHs U
pacTBopa; pasmepa U GopMbl KaMHsT; TOJBHXKHOCTH PacTBOpA U CTENEHH 3al0/HEHUs UM BePTUKa/IbHBIX LIBOB; Ka4eCTBa KJIaJJKU
(obecneyeHust paBHOMEPHOW TOJILIMHBI ¥ IVIOTHOCTH FOPU30HTAJIBHBIX LIBOB); CLENJIEHNUsT PacTBOpa € KaMHeM U Jip. KameHHbIe
MaTepHaJIbl ABJISIOTCA XPYIKHUMH, U Ha MarpaMMe «o — €» HeJIMHeHHble iedOopMaliii MPOSIBJISIOTCA JIMIIb IPH BeCbMa BbICOKHX
YPOBHSIX HanpshKeHUH (B 06J1aCTH 3HA4eHUH NpeJiesia IPoYHOCTH). CTpOUTe/IbHBIE PACTBOPHI B 3aTBEP/EBIIEM COCTOSTHUH SIBJISIOTCS
yNpyromjacTU4eCKUMH MaTepualaMy, JAIOIMMH DY UCIIBITAaHUAX Ha CXKaTHe HeJIMHEHHYI0 3aBUCUMOCTD fie popMaluii oT
HanpsikeHUH. KaMeHHas KJ1aiKa, Hecyliasi ClocoGHOCTb KOTOPOH obecrnedrnBaeTcs 6J1arojapsi COBMECTHOM paboTe 3TUX MaTepUaJIOB,
SIBJISIeTCSl HeJIMHelHO fedopMUpyeMbIM MaTepraioM. [Ipy BocnpUsTHY KJIaAKOH CKUMAIOLINX YCUIUH NTonepevyHble AedopManuu
CTPOUTEJIbHBIX PACTBOPOB B TOPU30HTAJIbHBIX IBAX 3HAYUTEJIbHO IPEBbIMIAOT NONepevYHbIe geQ)opMaLmn KaMEeHHbIX MaTepHaJioB,
M03TOMY KJIaJiKa pa3pyllaeTcst OT PACTATUBAIOLINX YCU/IMHM B KaMHe, BO3HUKAIOLUX [10/] BJUsIHUEM NoNlepeyHbIX JlepopMaruit
pacTtBoOpa. YBesmueHue TOJILLIMHBI IIBOB BeJIeT K YMEHbILIeHWI0 MNPOYHOCTHU KJIAJKHU. Pa3pyme1—me KJIQJIKH IPH CXKaTUH HAYUHAETCA C
PaCKpbITHA BEPTHKAJIbHBIX IIBOB U TOABJIEHHUA MECTHbIX BEPTUKAJIbHbIX TPEILIWH B OTAEJ/IbHbIX KAMHAX. Hp]/l AaaneﬁmeM IMOBBILLIEHUH
Harpy3KH MeJIKHe BepPTHKa/bHble TPELINHbI COeJUHAIOTCS M0 BBICOTE M PACWIEHSIOT KJIa/IKy Ha OTZAe/bHbIe cTOIOBI. [ocsie aToro He-
GoJIblIOE YBeTMYeHHEe Harpy3KU MPUBOJMT K IIOTEpe YCTOMUYMBOCTH 3THX CTOJIO0B U KJIaJiKa pa3pylIaeTcs.

[IpouHOCTHBIE U JePpOPMaTHBHBIE XapaKTEPUCTUKU KJIa/IKH NOJIY4al0T CTATUCTUYECKOH 00pab0OTKON pe3yIbTaTOB UCIIBITAHUA
60JIBIIOTO KOJIMYECTBA IPU3MAaTHUECKUX 06pa3[0B-3TaJIOHOB, pa3Mepbl 0CHOBaHUH KOTOPbIX 38x38 min 51x51cM, BeicoTa I10... 120 cM.
OCHOBHBIMM NIPOYHOCTHBIMHU XapaKTePHUCTHKAMH KJIaAKH ABJISIOTCA: BpeMeHHOe CONPOTHBIIeHHe cxaThIo Ry (cpeaHMii npeses
IIPOYHOCTH); pacyeTHOE CONPOTHUBJIEHHE 0CEBOMY CKaTHIO R; pacyeTHOe CONpOTHBIIEHHE 0CEBOMY PACTshKeHUI0 Ry; pacyeTHoe compo-
THUBJIEHHE pacTshKeHUIo NpU usru6e Rw(Rw); pacieTHOoe conpoTuBIeHUE cpe3y Rs. OcHOBHBIE fiepopMaTHUBHBIE XapaKTePUCTUKU
KJIaJIKW: MOAYJIb YIIPYTOCTH KJaAKHU (HadyaJbHbIA MoAy/b Aedopmanuit) Eo; ynpyras xapakTepucTHKa KJIaAKH a; MOAYJIb AedopManuu
knagku E; koaduimeHT noisyyecTy KAajK1 Yer; K03QGUIMEHT JIMHEHHOTO pacuIMpeHus oy Ko3pPUIIMEeHT TPeHuUs |L.

CTpOHTeJlebIﬁ PACTBOP — sTo cMech BsmKymero BemecTBa (1leMeHTa, H3BECTH, TUIICA), MEJIKOro 3aNIoNTHUTeNA (Mecka), BOJBI U HHOTA
CIIelMaIbHBIX 106aBOK, CIOCOGHAS TBEP/ETD OC/E YKIaAKH. Jlo 3aTBep/ieBaHUSA CMECh STHX MATEPUAIOB Ha3bIBAIOT PACTBOPHOH CMECHIO.
PacTBOpHBIE CMecH XapaKTepHU3YITCs IO/ BUKHOCTBIO, PacC/IanBaeMOCThIO, BOAOYAEPKUBAIOIEl CIOCOGHOCTBIO M IJIACTUYHOCTBIO, @ PAaCTBOPBI —
JIOTHOCTBIO, TPOYHOCThIO U MOPO30CTOHKOCTBIO.

PaCTBOpr AOJKHBI OBITh y,[[O60yKJIaLU:IBaeMbIMI/I, T. €. pacnpenejaaTbCd TOHKUM C/10€M U 3al0JIHATb HEPOBHOCTH KaMH4, YTO
MOBBIIIAET KAa4eCTBO KJIa/IKH 1 IPOM3BOJUTENBHOCTD TPYJa KaMeHIIKKa. [locsie 3aTBepgeHus pacTBOp J0/DKeH 06./1ajaTh 3alaHHOM
MPOYHOCTBIO U CTOUKOCTBIO K BHELTHUM BO3/IeCTBUSIM.

[IpoYHOCTH PacTBOPOB XapaKTepU3yeTCsl MapKOH, ONpe/ie/isieMO [0 pe/iesly TPOYHOCTH NPH CKaTUX 06pa310B-Ky60B pa3MepoM
70,7x70,7X70,7 MM 111 TIOJIOBUHOK 6aJIoYeK, IIOJIyYeHHBIX [10CJIe UCIBITAHUSA Ha U3ru6 o6pasoB pasMepoM 40X40X160 MM B Bo3pacTe
28 cyT npu TeMnepatype TBepAeHus 20+5°C.

[lo mpejesly MPOYHOCTH Ha CKAaTHE PacTBOPLI AeJSAT Ha Mapku: 4, 10, 25, 50, 75, 100, 150 u 200.



Mopo30cTOHKOCTb paCTBOPOB ONpe/e AT YHCI0M LIUKJIOB IIoNlepeMEeHHOr0 3aMOPaXXMBaHUs M OTTaWBaHUsA A0 oTepu 15 % nepBoHa-
4yaJIbHOM NpoyHocTH (K 5 % Macchl). [lo Mepe MOP030CTORKOCTH pacTBOPSI TOApa3AesioT Ha Mapku: oT Mp3 10 go Mps 300.

Mapky K/1aZJo4HOr0 pacTBOpa BbIGUPAIOT B 3aBUCHMOCTH OT BU/Ia KOHCTPYKLMH, YCIOBUH UX pabOThI, @ TAKXKE OT CTENEHU J0JITOBEYHO-
CTH 3JJaHUH.

CYHTAETCS, YTO CBEXKEYI0XKEHHbIH pacTBOp (MJIM OTTasBLIMH pacTBOP 3aMOPOXKEHHOH KJIa/IKH) UMeeT HyJIEBYIO IPOYHOCTb. MapKy
pacTBopa /JIsi KAMEHHOH KJ/IaJIKU HA3HAYAOT C y4€TOM TPeOGyeMOH JOJrOBEYHOCTH U TPOYHOCTH.

OCHOBHO# XapaKTepUCTHUKOH SIBJISIETCS] POYHOCTb, XapaKTepu3yeMasi MapKoH, KOTopasi 0603Ha4yaeT BpeMeHHOe CONPOTHBIIEHHE
CTaH/APTHBIX 06pa3LoB Mpu cxaTuu (krc/cm?). [Ipu onpesieleHNH MapKH KMPIHUYa AOMOJHUTEIbHO YCTAaHABINUBAIOT €r0 IPOYHOCTh
npu usrube. CorsacHo 'ocyAapcTBeHHOMY CTaHAAPTY 06BIKHOBEHHBIN IVIMHAHBIN KDWY B 3aBUCHMOCTH OT ITpeJiesia TPOYHOCTH NIPU
CKaTUU U U3rHu6e nojpaszensaoTcs Ha Mapku: 150; 125; 100 u 75; oH gosnkeH UMeTh GOpMY NPAaBHILHOTO NPSMOYTOJBHOTO
napaJuiesienunesa ¢ pasMmepamu no giuse 250 MM, o mupuHe 120 MM ¥ 1o ToJIKMHE 65 MM.

14)ApMokaMeHHble  KOHCTPYKIMM. Buzpl  apMUpoBaHMSI  KaMEHHOW  KJIQJKU.

KOHCTpYKTPIBHbIe TpBGOBHHHH K C€TYaTOMY apMHPOBAHHIO.

ITO KOHCTPYKLHH, B KOTOPBIX HaXOAUTCS apMaTypa, yYUTblBaeMasl B pacueTax. ApMaTypa pa3MeLiaeTcsl [JJisl MOBbILIEHUs] Hecyliei
CMOCOGHOCTH 3J1eEMEHTOB 3a CYeT YBeJUYeHHUs] IPOYHOCTU U YCTOMYMBOCTH apMOKaMeHHbIX KOHCTPYKIHUH 10 CPAaBHEHHUIO C KAMEHHbIMU.
Pazsin4aloT npoJjo/ibHOE U IoNlepeYHoe apMUPOBaHHe KaAMEHHBIX 3/1eMEHTOB.

JJIeMeHThI C CeTYaTbIM U MPOJOJIbHBIM apMUpOBaHUeM. /I/1sl NOBbILIEHUs] Hecyllel CIOCOGHOCTH NMPUMEHSIOT CJeAylolie CIoCO6bI
apMUpOBaHMS KaMeHHOH KJIaZKHU: a) ceTyaToe (IoNepeyHoe) apMUpOBaHUe C paclo/ioKeHHeM apMaTypPHBIX CETOK B FOPU30HTaIbHbIX
mBax Kaagku (puc. 131,a); 6) mpoJoJpHOEe apMUPOBAHME C PACMOJIOXKEHHEM apMaTypbl B 60po3jaX MM KaHaJjaX, OCTaB/IsgeMbIX B
KJIaJIKe ¢ moc/Ieyolel 3a/1eJIKoi ux pactBopoM (puc. 131,6).

[loBbImIeHNe Hecyllell COCOGHOCTH Ha CKaTHe KJIaJKH, YCUJIeHHOHW ceT4aTbIM apMHUPOBaHMEM, 00YC/IOBJIE€HO BOCIPUATHEM CETKAMHU
MONEPeYHbIX PaCTATHBAMNIMNX YCUJIUH, NMOTOMY 4YTO [AepOpPMAaTHUBHOCTb CETOK 3HAYHUTEJbHO HIDKe JePOpPMATHBHOCTH KJAAKH;
MOBBIIIEHHE Hecyllel CocOGHOCTH KJIaAKHU YYUTBIBAIOT B pacyeTax MOCPeACTBOM BBeJEHHs YCJOBHO MOBBIMIEHHBIX MPOYHOCTHBIX U
JlebOpMaTUBHBIX XapaKTePUCTUK apMUpoBaHUs. [Ipoi0/IbHOEe apMHUpOBaHUe KJIAAKH MOBBILIAET €€ HECYIY0 COCOOHOCTD Gs1arojaps
COBMECTHOH paboTe KJIaJKu U apMaTypbl. OJHOBPEMEHHO NMOBbILIAETCS MOHOJIMTHOCTD KJIaJKH, ee CECMOCTOMKOCTb, 00eCcreyrnBaeTcs
COBMeCTHas paboTa OT/ie/IbHbIX YacTel 3JaHUH.

2 BUJA apMUPOBAHUS: IPOoJoJIbHOE H ceTyaToe. CeTyaToe apMHUpOBaHUe: YCUJIeHHe KJIaJAKH apMaTypHbIMHU CeTKAMM, KOTOpbIe
3aKJ/IaJibIBAlOT B TOPU30HTa/bHble LIBBI Yepe3 olpefie/leHHOe YUC/IO PAJOB KaMHeH. IloB, B KOTOpOM JIeXXUT ap-pa, Ha3blBaeTcs
apMupoBaHHbIM. KojinyecTBO psi/ioB KaMHeH MeX/ly apMUPOBaHHBIMU LIIBAMU Ha3bIBaIOT IIAarOM apMUPOBAHHBIX IIBOB. 2 TUIA CETOK:
cBapHble (YkaaAbiBaeTcsl 1 ceTKa) U BA3aHble (YKIAbIBAIOTCS 2 CETKU NepHeHAUKYJISPHO APYT ApPYTY). TpeboBaHHA: BbICOTA Psiia He
6osiee 150 MM, mWar apMHpOBaHHBIX IIBOB (MHHMMAaJbHOE PAaCCTOSTHHE MEXJIy CeTKaMH) 5 psAJioB OJMHApHOro Kupnudya, 4 psjaa
MOJlyJ/IbHOTO, 3 psjila KepaMHUYeCKUX KaMHel, MMHUMaJ/bHbIM NpoueHT apMupoBaHus 0,1%, ToJMHA apMHPOBaHHOIO LIBa Ha 4MM
OoJIbllle AUaMeTpa ap-pbl, WAr CTepXKHel B cBapHOU ceTke 3-12cM, Ki1acc ap-pel cTepxHel ceTok Al, Bpl, fuameTp ap-pbl B CBapHBIX
ceTKax 3-6MM, B Bfi3aHbIX CeTKax 3-8MM. CuJyla mpuJIoKeHa BHYTPH f[pa cedyeHHUs 3KcheHTpucuteT eo<0,17h (mpsMoyrosbHoe
ceyeHne), e0<0,33y (s11060e Apyroe ceyeHue), rH6KOCTb An<15 (npsAMoyrospHOe ceyeHue), i<53 (no6oe apyroe cedenue). Ecim Bce
YCJIOBUS BBINOJIHUJIMCE, IPUMEHSETCS CeT4aToe apMUPOBaHUe, eC/IM He BBINOJHUJIOCh XOTsI 6bl OZHO, TO MPUMEHSAETCS NMPOZAOJIbHOE
apMHUpOBaHHe.

Ilomepeynoe apmupoBanve PHCNe2 BbinoJiHSAETCS 4allle BCEr0  CTaJbHBIMU

CBAapHBIMM CETKaMH, KOTOPbIe YKJIaJbIBAlOTCA B TOPU30HTAJIbHbIE IIBbI KJIAJAKH; 3TU Knacc apMamypeol A, Bp\

CeTKU NPensITCTBYIOT MOINEepPeYHOMY PACIIMpeHHUI0 KJaJK{ U KJIaZika paboTaeT Io
AQHAJIOTHH C XKes1e306eTOHOM, YCUJIEHHBIM KOCBEHHBIM apMupoBaHueM. [lonepeuHoe
apMHMpOBaHUe Has3bIBAeTCsl CeTyaThbIM apMHUpoBaHueM. Ero wucmosbsyioT, ecau
HOBbIIIeHHE TPOYHOCTH KaMHeH U pacTBopa He o6ecrieyrBaeT TpeGyeMylo HeCyILyio

. @ apmamypbl
CIOCOGHOCTb, a pa3Mepbl CeueHHUs] Hesb3s YBeJWYUTb. HaubGosbmwmit adpdekt 26 mm
Nonepe4YyHoro apMHUpOBaHUA [AOCTHUraeTCA [AJId KOPOTKHUX LEHTPaJJbHO CXAaTbIX N
3JIEMEHTOB. JJIEMEHTHI JJINHHBIE C GOJIBIION THOKOCTBIO C CETYATHIM apMUPOBaHUEM J\C:B*W 2cm @ apmamypo
He 3QPEKTHUBHO, T. K. UX pa3pylIeHHe NPOUCXOJUT He OT MOTEPU MPOYHOCTH, a OT N\ 38 uMm

notepu ycroiunBocTd. CeTyaToe apMHpOBAaHHe MPAKTHYECKH He OKa3blBaeT

BJIMSIHUST HA oGecriedeHre WJIM MOBbIIIEHHEe YCTOHYMBOCTH. BHELIEHTPEHHO CKaTble

3JIeMeHTbl MeHee 3 PeKTUBHBI C CETYAThIM apMHUPOBAaHMEM 110 CPABHEHUIO C IEHTPAJIbHO-CXKAThIMHU, T.K. YaCThb IJIOLIAAU CETOK MONaAaeT
B PaCTSIHYTYIO 30HY U TaM OHH He pa6oTatoT. CeTyaToe apMHUpOBaHUE He CJelyeT IPUMEHSTh JJIsl 3JIeMEHTOB ¢ THOKocThio Ah > 15 s
3JIEMEHTOB C eo > 0,17h; Ah = eo/ h. PacueT 3/71eMeHTOB ¢ ceTYaTbIM apMUPOBaHUEM BBINOJIHAETCS 110 aHAJIOTUH C OOBIYHBIMU
KaMEeHHBbIMHU 3JIEMEHTAaMH, HO IIPU 3TOM YYHUTbIBAETCA INOBbILIEHHE IPOYHOCTHU KJIAJJKU 3a CHET MONNePevIHOro apMHUpOBaHHUA.

LenTpansHo cxatkie aneMeHTEI:PUCNe3 N < mg ¢ A Rsk; Rsk - pacueTHoe colpoTHBJIeHHE LIEHTPAJbHOMY CXKaTHIO KIaJKH C CETYaThIM

apMup-M. OHO 3aBUCHT OT PacYeTHOTO COMPOTHBJIEHUS] KAMEHHOM KJIaJKH, R apmatypsl ceTok U 0T K03d-Ta nian % apMup-s.
Rsk=R+2uRs/100<2R; u=(Vs/Vk1)*100%; p = 2*Ast*(bh/c)*100%/S*A => p = 2*Ast*100%/
SGC;

Ilpr BHeneHnTpenHoM coxarmm: N < mg @1 Ac Rske*w; RskB - pacueTHoe compoTHB/IEHHe KJIAAKHU C CETYATbIM apMHUPOBaHHEM IpU
BHEL|eHTPeHHOM CkaThH. => RskB = R + (2p1Rs/100)(1-2*lo/y); y — paccTosiHMe OT LileHTpa TSKeCTH BCEro CeYeHHs [0 CKATOH rpaHu
aneMenTa; B < pmax = 50*R/(1-2*lo/y)* Rs; mpu ompeseneHun Ko3d-Ta NPOAOJBHOrO M3ruba CJeAyeT Y4YUTHIBATb YHPYTYIO
XapaKTePUCTHKY KJaAKu ¢ apMmatypoi: ask = aRu/ Rsku; a - ynpyras xapakTepHCTHKa HeapMHpOBaHHOHM KJajku; Ru - mpepen
MIPOYHOCTH HeapMHUPOBaHHOM K1aJKy; Rsk,u - nmpesies1 mpoyHOCTH apMUpoBaHHOM KIagky; Rsku = Ru + 2uRsn/100; Rsn - HopMaTHBHOE
CONMPTHUBJIEHHE apMaTypbl CETOK NpPH DPACTHKEHWH, NMpHUMeHsAeTcs ¢ y4yeToM Ko3d-Ta ycioBuit pa6otsl (T6. 13 CHull «KameHn-e u
apMoKaMeH-e KOHCTp-U»; Rsn=Rsnt6yc; RsnT6 u3 CHull «beToHHbIe U /6 KOHCTPYKLKUU». ApMaTypa A-I:

Rsn = 250MI1a*0,75; mg - k03¢-T, yYUTHIBAIOLMHA AJUTENbHOCTb AeHCTBUA HArpy3Kd W ONpejesseTcs Kak JJjf HeapMHUPOBaHHOM
knaaku. Yeaosue cmaTus: Nc < Ac *d**Rc; Rc = Rsk - 11 apMokaMeH-X 3/ileMeHTOB. Bce ocTasibHOe Kak /i1l HeapMUPOBaHHOM KJIaJiKH.
Jl1s1 MpoBepKH MPOYHOCTH KJAZKH C CeTYaThIM apMUPOBaHKWEM NIPU He3aTBep/ieBlIeM pacTBope onpe/esseTcss pakTUYecKas IPOYHOCTh
pacTBopa B paccMaTpUBaeMblH CPOK U YCJIOBUS TBepJieHH, UCH0J1b3ys T6.1 o npuioxenuto CHull KameH 1 apMokaMeH-e KOHCTpP-H.
KoHcTpyKTHBHBIE TPeGOBaHHA K CETHATOMY apMUPOBAHUIO: CETYATOE apMUPOBaHUe YYUTbIBAeTCsl B pacyeTtax, ecn 0,1% < p; uHave p <
0,1 mpMHMMaeM KOHCTPYKTMBHOe apMHMpOBaHHEe M B pacueTax He y4YUTbIBaeTcs. [loBbllIeHHe Hecylled CHOCOGHOCTH Haubosee
3¢PeKTUBHO [0 | MPUGIU3UTENbHO paBHOoe 1%. /JlayibHelillee yBesM4eHUe I MPUBOAMUT K JIONOJHHUTEJIbHOMY PAacXoAy apMaTyphbl,
CJIOHOCTH W CTOMMOCTH PaboT, a MOBBILIEHHE Hecyllel COoCOGHOCTH 3aTyxaeT. lllar ceTok mo BbICOTe 3/IeMEHTa, YYUTHIBAEMBIX B
pacdeTax A.6. He 6os1ee 400MM, MHA4Ye OHHM B pacyeTe He yYUThIBalOTCs. CeTKH A.6. yCTAaHOBJIEHBI He GOJIblIE, 4eM depe3 5 psAJoB st
0GBIKHOBEHHOT'0 KUPIN4a; Yepes 4 psiAa AJIA YTOJILEHHOro Kupnuya (88MM); yepes 3 psja Al KepaMHYeCKUX KaMHeH. tmBoB = 2ds +
4mM; tuBoB < 16MM; 3MM < ds < 6MM; JJI KOHTPOJISI yCTAaHOBKH apMaTypbl KOHIIBI CTEPXKHEH BBINYCKAIOT 3a IPaHb KJIJKU Ha 2-3MM;



MapKa KaMHs A a/KaMeH-X KOHCTPYKLUH [.6. He MeHblle 75. Mapka pactBopa = 50; BbicoTa psaga Kiaaaku < 150Mm.IIpososabHoe
apMupoBaHue 3jeMmeHTOB.PUCNe4 ApmaTypy pasMellalOT BJ0JIb OCH 3JIeMeHTa M HpUMeHsieTcsl [Jisd apMHUPOBaHHUS LieHTpPaJbHO
pacTSIHYTbIX U U3rM6aeMbIX 3JIEMEHTOB, a TaKXe JUIsl LIEeHTPaJIbHO M BHELEHTPEHHO CXKAThIX 3JIEMEHTOB GOJIBIIONH 'MOKOCTH WM C
GOJIBIIMMH 3KCLEHTPUCHTETAMM, KOIZlda Hecyllasl CIOCOGHOCTb He M.6. obeclieyeHa yBeJIMYeHHWEM DPa3MepOB WM IOBbIILIEHHEM
MPOYHOCTH KaMHs M NPOYHOCTH pacTBopa. HasHauyeHue MpPOAOJBHOrO apMHUPOBAHUS - BOCHPHHUMATb YCHJIMS PACTSKEHUS WM
obecreynBaTb YCTOMYMBOCTD. [Ipo/j0/IbHOE apMUPOBAHME YYUTBIBAETCS B pacyeTax, ecJii Koad-T apMupoBaHus U = 0,1% AJs apMaTypbl
A-l, A-Il u p > 0,05% ps1s1 pacTsiHyToM apMaTtypsl Bp-l. Eciv apMupoBaHue MeHbllle, TO OHA B pacyeTaxX He y4UThIBaeTcs. ApMaTypa
pacriosiaraeTcsi B BepPTHKa/JbHBIX IIBAX, B 60PO3Jax KaMEHHBIX 3JIEMEHTOB WJIM IUTYKaTypHOM CJIO€ TI0 MOBEPXHOCTH KaMeHHBIX
3JIEMEHTOB.

15) PacueT IIPOYHOCTH KAME€HHbIX H dpMOKaMEHHBIX KOHCprKLlPIf;I.

OceBoe cxxaTue. [I[puMepoM LIeHTPalbHO-CXKATBIX 31EMEHTOB KAMEHHBIX KOHCTPYKIMH MOTYT CJIY»KUTh BHYTPEHHUE HECYLIHe CTOJIObI
MHOT03TaXKHbIX KAMEHHBIX 3JaHUH. CTOJIObI BOCIPUHUMAIOT Harpy3KU OT KPOBJIY, YePAAYHOT0 ePEKPBITHST U MEXAYITAXKHBIX
nepexpbITHH. Ec/i npuMbIKaroue K cT0/16aM IPOrOHbI paBHONPOJIETHBIE U BEJIMYMHA BPeMEHHOMN Harpy3KH Ha epeKpbITHS
HeBeJIMKa 10 CPAaBHEHHIO C COGCTBEHHBIM BECOM MEePeKPBITHSA, TO OAHOCTOPOHHEE 3arpyKeHue CT0J16a BpeMeHHOH Harpy3sKkoi He
ABJIIETCS OMACHBIM, B 3TOM CJIy4ae CTOJIObI PACCYUTBIBAIOT Ha LIeHTPAJIbHOE CXKATHe.

[Ipy oleHKe MPOYHOCTHU CEYEHHUH 3IMIOPY HAMPSXKEHUH B IEeHTPAJIbHO-CKaTOM 3/IeMeHTe KJIaZKHU NPUHUMAIOT NPSAMOYTOJIbHOM C
OpAMHATOH, PaBHOH MO BeJIMYHMHE PAaCY€THOMY CONPOTHUBJIEHHIO R 0CeBOMY CXaTHIO KJIaAKH. BO3MOXXHOCTB paspyLieHHus CKaThIX
3/IeMeHTOB /10 CYepPIaHUsA IPOYHOCTH, U3-3a BJIUAHHUSA MPOAOJIBHOr0 U3ruba 1 yBeIMueHus gepopMarnuil BCJaeACTBHE MOI3y9eCTH

H m,
MaTepHaJia Ipy JJIUTeJbHOM 3arpyKeHHH, yYUThIBAIOT KO3QPHULHEeHTaMH A 4
Hecyyto cmoco6HOCTb 3/1eMEHTOB KaMeHHBIX KOHCTPYKLUI IPH LIeHTPAJIbHOM CKaTHH CYMTAIOT 06eCcriedeHHOH, ec/In co6I0AaeTcs
ycJI0BUE

N« mg(pRA
N

my =1 —nN,/N,

* (404) (405)

L] o o
rae ¥ — pacueTHast IpooIbHAs CUIA; ¥ — KO3 UIKMEHT, yYUTHIBAIOLK BIUSIHUE [INTEJbHON HAarPy3Ky; P_ k03bdULMeHT

npoAoJIbHOI'O n3ruba (Ta6JI. 16), R — pac4eTHOe COIPOTUBJIEHHUE CKATUIO KJIaJKU; A_ IJiomaab Ce4eHHW s 3JIEMEHTa; n_

N
k03¢ UIMEHT, IPUHUMAIOT 1o Tab1. 16; & —pacyeTHas IpoJOJbHAA CUIA OT JJUTeNbHBIX HArPY30K.

h > 30

Jlng 1pAMOYTOJ/IbHBIX Ce4eHUH IPY MeHbllIeM pasMepe
i 28,7 cM IPHHHMAKT M, = 1.

CM U JIJ1s1 ce4eHUH 110601 GopMbI C MEHBLIUM PaZiIyCOM HUHEPLIUU

H
3HaueHUs K03PPUIMEHTOB " (p,saBu—
CAT OT MaTepuaJsia KJIaJK1 U THOKOCTH CXKaTbIX 3JIEMEHTOB:

A= lofi
'r\.,, = Ioﬂl

(A1 ceyeHUsT MPOU3BOJIBHOM POPMBI);

(A/1s1 MPSIMOYTOJIBHOTO CIJIOIIHOTO ceyeHus),  (406)

h

rae fo _ pacyeTHas BbICOTa (JIJIMHA) 3/IeMEHTa;
HHepLUHU CeYeHHs..

— MeHbIIHUH pasMep NPSIMOYTOJBbHOTO CeUeHHUsl; — HauMeHbIIUH pajuyc

PacyeTHas BbICOTa CKATbIX CTEH U CTOJI60B IO 3aBUCHUT OT YCJIOBUM ONMPAHUS UX Ha TOPU30HTA/IbHbIe ONOPHI (epeKpbITHs). [Ipn

HeTO/BUKHbIX IIAPHUPHBIX ONOpax NPUHUMAIOT lo=H (puc. 128,a) (H—

pacCTosiHHe MeXAY NepeKPbITUAMHU WK APYTUMHU FOPU30HTAJIbHBIMU ONIOPAMH).

lo= 1,54
HpPOJIETHBIX 3/JaHUH lo=125H (Pre-128,6). [l1s1 KOHCTPYKIMH € YaCTUYHO 3allleMJIeHHbIMU ONIOPHBIMH CEYEHUSMU — C y4eTOM

fo =08H.

[Tpu ynpyroit BepxHel onope U XKecTKOM 3allleMJIeHUH B HHXKHeH onope /Il 0JHO-IPOJIETHBIX 3/laHUH * lJI1 MHOTO-

daKTHYeCKO! CTENeHH 3alleMJIEHHs], HO He MeHee J1s1 CBOGOHO CTOSIIUX KOHCTPYKIMHA lo=2H (puc 128, B). 3HayeHus

ko3 PuiueHTOB g M B 10 BbICOTE CXKAThIX
CTeH W CTOJIGOB TNpPUHUMAIOTCI 1O puc.128,3a,6,B
5.U3ru6 u UeHTpaJbHOE paCTsKEHHe.
Ha n3ru6 pa6oTarT Hapy>XKHbIe CTEHbl MHOTO3TaXXHbBIX 3JaHUH OT JIeHCTBHUS BETPOBOU HArpy3KH, HApy»KHbIe IJIUNThI KOHTPOGOPCHBIX
MOZNOPHBIX CTEH U APYTHe 31eMeHThl. HopMaMu He JjonyckaeTcst pa6oTa KaMeHHBIX 3JIEMEHTOB Ha U3THG M0 HellepeBsI3aHHOMY
cedeHHUI0. PacueT kaMeHHOU KJIaIKK Ha U3TU6 MPOU3BOASAT B MPEAINOJI0KEHUH €€ YIIPYTod paGoThl, T. €. UCIOJIB3YIOT GOPMYJIbI
CONpPOTHUBJIEHUs MaTeprasoB. [Ipu pacyeTe kKaMeHHON HeapMUPOBAaHHOM KJIaZIKK HAa U3THO NPOBEPSIOT HECYIYIO0 CIOCO6GHOCTD KIaAKH
IpY BOCHPUSATUHY HOPMaJIbHBIX HAaNPs>KeHUH 110 epeBsI3aHHOMY ILIBY U KacaTeJIbHbIX HallpshKeHUH — M0 HaKJIOHHOMY ceueHHIo (KOcoH
mtpabe).

B PacueTHbIH M3rMGaOUIMM MOMEHT OT BHELIHUX HAarpy30K HeapMUPOBAHHBIX 3JIEMEHTOB

Mg%mmm
rae Ry _ pacyeTHOe CONPOTUBJIEHHE KIAIKU PACTSHKEHUIO IIPY U3THbe 110 epeBsI3aHHOMY cedeHHIo (CM. mpuiok. 15); W_
MOMEHT CONPOTHUBIIEHUs] CEUEHUs KJIAJKU PU yIpyrou pa6ore.
PacyeTHast nonepeyHas cuia

Q S-. Rtwbz‘ (419)

rae Rew _ pacyeTHOe CONPOTHBJIEHHE KJIAJIKU IJIaBHBIM PACTATMBAIOIIMM HaNPsHKEHUM NP U3rube (CM. npuiiox. 15); b_ IIMPHUHA

cedenus;; € — muieyo BHYTpeHHei naphbl CUJ (/151 TPAMOYTOJILHOTO CeYeHUs 2= 2‘,3]1-).
KaMeHHbIe KOHCTPYKIMH, paGoTalol{e Ha IleHTPa/IbHOe pacTshkeHHe (CTeHKH KPYTJIbIX pe3epByapoB, CUJIOCOB U APYTHUX eMKOCTER),
PacCYUTHIBAIOT, UCXO/(S1 U3 MPOYHOCTH KJIAJKH 110 ITepeBs3aHHOMY CeYeHHI0 UJIU 110 KaMHIO:
N<RA
M (420)
N R

rae — pacyeTHasd oceBas CHJIa IPU PACTAXKEHUHU OT BHEITHUX HArpy3o0K; t — pacyeTHOE COIPOTUBJIEHHE KIALKU 0CeBOMYy

pacTsHKEeHUIO 110 TepeBs3aHHOMY CedeHHIo (CM. TpUJIoK. 15); An_ pacyeTHas IJIOIA/Ab CeYeHHUs KJIAJAKU HETTO.



PacyeTbl HeapMHpOBaHHO! KJIafKM Mo | rpymme npefie/IbHbIX COCTOAHHI, 06INMe MOJIOXeHHA. PacueThl HeapMHUPOBAaHHOH KIaJKH Ha
LleHTPaJIbHOE M BHEI|EeHTPEHHOE CKaTHe, Ha M3TU6 U cpes. [Ipe/ie/IbHOE COCTOSTHME — COCTOSTHHME, TPU KOTOPOM KOHCTPYKLUS NepecTaeT
Y/ZIOBJI-Tb IPE/'bSIBJIEHHBIM TPe6-iM. KaMeH. 1 apMOKaM-e KOHCTPYKLMH PACCYUTBHIBAIOT MO 2-M NpeA-M cocT-M. PacueTs! no I rpynne -
3TO COCTOSIHMsI, NIPH KOTOPBIX K-LIMM HeJsb3sl 3KCIJI-BAaTh M3-3a UX paspylleHUs WM NOTePU YCTOMYMBOCTH; JJISI TOTO, YTOGBI He
HaCTYIWJIM NpeJieJIbHble COCTOSIHUSA | rpynibl, HE06X0 MO NOLTBEPAUTD 3TO pacyeTaMy Ha MPOYHOCTb U YCTOWYMUBOCTE. [IpeaesbHble
cocTosiHus He poucxogaT npu T < Ty T - ycuive WM HanpsDKeHUe B 3JIeMeHTe OT JeHCTBYIOLIMX pacueTHbIX Harpysok (N; M; Q;).
T = f( 8w Vo Y5 Yo P, € ); 8o — HOpMATUBHOE 3Ha4eHHUe const Harpy3o0K; Vn - HOPMaTUBHOE 3HaYeHHE BpEMEHHBIX Harpy30K, ONpe/esieTcs
110 MAcNopTaM Ha 060py/i0BaHue; Yt — KO3)-T HafleXKHOCTH 10 HarpysKe; Yn - KO3Q-T 110 HaZeXHOCTH 3JaHus; - K03d-T cOYeTaHHH; ¢ -
pacdeTHas CXeMa. g OIpeJiesIAeTCs 110 HOPMaTHBHOM IVIOTHOCTH MaTePHUaJIOB M pasMepaM; HOPMAaTHBHO — paclipe/ie/ieHHble HAarpy3Ku
IpHU OGCAY’KUBAaHWM U CKJIAJAMPOBAaHMM HHCTPYMEHTOB M MaTepHasOB ONpPeJessAIoTCS 10 HOpMaM NpOoeKTHpoBaHHA. Harpysku ot
aTMocdepHBIX BO3JEHCTBUI 3aBUCAT OT PACMOJIOKEHHUS, KOHQUTYPALMH, Pa3MepoOB U ONpeAeJIAITCA M0 HOpMaM NPOeKTHPOBaHUS
(CHull «Harpysku 1 Bo3A-1»). Yr — y4UTbIBaeT He6/1aronpuATHbIE OTKJIOHEHMS Harpy3KH OT HOPMaTUBHOM BesIMIMHBL Ha yr jesuTcs uin
YMHOXaeTCs 3HaueHHe HOPMAaTHBHBIX HarPY30K. Yn 3aBUCUT OT CTENIEHHW OTBETCTBEHHOCTH: | cTeneHb —oco6o orBeTcTBeHHbIe (A3C), I
cTeneHb —6OJIBIIMHCTBO 3JaHUM Yn = 1 - 1,2; 111 NPOMBILJIEHHBIX U POKAAHCKUX 3JaHUM yn = 0,95. { yYUTHIBAaeT BEPOSITHOCTh
Heb6J/1IaronpUsATHOrO JeHCTBUS pa3IMYHbIX HAarpy3ok BMecTe. Ty — ycuine (Hanpsbkenue); Tu = f(S; R; Rs; ps; z); S yuutsiBaeT dpopmy 1
pasMepbl ceyeHHs;; R - NPOYHOCTD KJIAAKK ONpeAe/IsieTCsl pacCieTHbIM CONPOTHUBJIEHHEM; Rs — pacueTHOe CONPOTUBJIEHHE apMaTyphbl;
Hs — YU TBIBAET KOJMYECTBO apMaTypbl, ONpe/iessieTcsi K03¢d-TOM apMUPOBaHUS;
Z - YYUTBIBAeT AJUTENbHOCTb JEUCTBUS HArpysKH, T.K. IPOYHOCTb 3aBUCUT OT JAJMTEJBHOCTH, MeCTa NPHUJIOKEHUS HAarpy3Kd U Ap.
daKTophl, BIMAILIME HA NPOYHOCTDb KaaJKH. LleHTpasbHO — cxKaThle. VX pacyeTbl BBINOJHSIOT UCXOAsl U3 NPOYHOCTH M YCTOWYHBOCTH.

JJIeMeHTbI HAaNPsDKEHWH NMPU LIEHTPaJIbHOM OKAaTHU B KJ/aJZiKe NPUHUMAIOTCS C OAMHAKOBBIMH HANpPSDKEHUSIMU 10 BCer

. miomagu. CGKUMarlas CHja Ao/DKHA 6bITh NPUJIOXKEHA B IEHTPe TOKECTH IJIOWAHN cedeHus. PacueT Ha MPo4YHOCTD G0 <
0.T R, o=N/A;=>N<Ramg Heo6X0A1MO y4ecTb BJUAHHE JIUTEJbHOCTH HarPy3KH Ha IPOYHOCTh

knagku => mg; N < Nu Takoii pacyeT cmpaBejJIMB AJI1 KOPOTKHX 3JIEMEHTOB NpH TMOKOCTH A < 14. /g AJMHHBIX
3JIeMEHTOB pa3pylleHHe HacTyHaeT OT MOTePHU YCTOHMYMBOCTH, XOTHA HMPOYHOCTb MOXKET GBITH JOCTAaTOYHA. BimMsAHMe ycToHYMBOCTH
YYUTBIBAETCA KO3QPUIHEHTOM MPOAOIBHOro u3ruba @. ; 6 =N //A@ => N< Nup = ¢ RAmg; ¢p 3aBUCHT OT yIPYyroi XapakTepUCTHKH
KJaAKu a U rubkoctd A = lo/i 1 Ah = lo/h npu npsaMoyronbHbix 3neMeHTax.Puc(l) lo - pacyeTHass JMHaA 3j7eMeHTa (BBbICOTA)
onpejesisieMasl C y4eTOM YCJOBUH 3aKpellJleHHs. 1 - pajuyc HMHepIUM HauMeHbLIMH; h - pa3Mep ceyeHHs] HPSIMOYTOJIBHOI'O
(HauMeHbIIU). r-n? y4uT AJ-Hoe ji-Bue Harp-ku mg = 1-nNg/N; Ng - yacTb A/MTe/IbHO JeHCTBYIOLIEH Cuibl B 001el cute N; K-T1 -
MPUHUMaEeTCs] B3aBUCUMOCTH OT F'MOKOCTH 3JleMeHTa U BUJia Kiaaaku 1o CHull. [lis snemenToB npu i = 8,7cM mwin h = 30cm => mg = 1;
KoadduuneHT mg 1 ¢ NpUHUMAIOT /151 CeYeHUH, I'/ie BbINOJIHsIeTCsl pacyeT. BHelleHTpeHHOe cxkaTHe- HauboJiee pacipoCTPaHeHHbIH CIly-
Yail paGoThl KaMeHHbIX 3J1eMEHTOB. JKCLIeHTPUCUTET NPUJI0KEHHUS CUJIbI OTHOCUTEJIBHO II.T. IVIOIAAH Cey. TOJbKO B OJJHY CTOpPOHY. Tak
paboTalT CTEHbI, Ha KOTOPbIE ONMUPAIOTCS MJIUThI U 62Ky nepekpbiThsi. PUC(2)
Pa6oTa Ha BHElleHTpeHHOe CXKaTHe, 3aBUCHUT OT BeJIMYMHBI SKCLIEeHTPUCUTETA: a) BCe ceyeHHe Gy/leT CKATo, HO C IKCLIEHTPUCUTETOM; 6)
3KCLEHT-T e 60JIbllle, 4eM B CJIyYae a, U eCJIM 3TH PACTAT HaNpsHKeHHUs He NPEeBBILIAI0T MPOYHOCTH KJIAKH NP PaCT, TO TPeIUHbI 06pa3o-
BbIBaThCsA He OyayT. Ciyyaii B) Ha pucyrKke(3). [lns pacueTa BHEL-CXK-X 3JIeMEHTOB * JONylleHUs: 1) pacTsHyTas 30Ha He pa6oTaeT 2)
HanpsixeHus B cxkaTol 30He NIPUHHUMAIOTCS OJMHAKOBBIMH IO BeJIMYMHE, T.e. 3MI0pa HaNpsbKeHUH mpsiMoyrosibHasA. 3) Pasmep cxaToit
YacTH ONpefie/IeTCsl U3 yCJAOBUA PaBEHCTBA HYJIIO CTATUYECKOr0 MOMEHTA, IJIOLIAJH 3TOW YacTH OTHOCHUTEJIbHO ee LeHTpa TAXKEeCTH,
KOTOpPBIN COBNMAZAeT C TOYKON NMPHUJIOKEHUS BHelIHeH cuJbl. CkaTasd 4acThb Oy/eT MCIBITBIBATb LEHTPAJbHOE CXKAaTHe, HO NMPOYHOCTh
KJIaZKH B 3TOW YacTH OyZeT HECKOJIBKO BbIlle, YeM IIPH O6BIYHOM LieHTPaJbHOM CXKaTHH, T.K. YYUTBIBAETCS BJIMSAHUE OCTABLIEHCH YacTH
cedyeHus. [l onpefesieHUs: @ HEO6X0AMMO TaKXKe YYUTBIBATh BJMsHUE Bcel miowaau ceueHus. N < @RAmyg; N< RAcmgop w; -
YYUTBIBAET BO3pacTaHue NPOYHOCTH KJIaIKK npu BHELEHTP. CKaTHUH;
® = 14e0/2¢p < 1,45 - st mpousBosibHOTO cevenust. w = 1+(e/h) < 1,45 - a1 npsiMoyroJibHoro cedeHus;; @1 = (@ + @c)/2; ¢ - Kk npoy,
usruba JJisl BCero ceyeHus:; @C — Il CKaTOro CeYeHusl; mg — YYUThIBAeT JielcTBYe Harpy3KHy M0 AJUTEJbHOCTH U 3aBUCUT OT 3KCLEHTp-
Ta e pasmepoB cedenus. mg = 1-n Ng//Nx(1 + 1,2 eog/h); eog - IKCL-T /151 A/IMTEIBHOM YacTH Harpysky; mg =1 ecam h > 30cM mim i >
8,7cm. Ilpy pacyeTax HeCyIUX ¥ CAMOHECYIMX CTeH CJe/yeT YIUThIBATh BJAUSIHHE CIy4alHOTo sKcleHTpucuTeTa: 20cM - JJ1s HECYIUX
CTeH ¥ 1CcM AJI1 CAMOHECYIIMX CTEH. €0 = €¢°™ + ey; TPU BHELIEHTPEHHOM CXKaTHH BeJIMYMHA SKCLIEHTPHUCUTETA OrpaHndnBaeTcs eo < 0,9y
- OCHOBHOE; €9 < 0,95y - oco6oe. h < 25cm: ep < 0,8y - ocHOBHOE; €0 < 0,85y — 0c060€; y - pacCTOsIHUE OT LI.T. BCETO CeYeHHs 10 IPaHHU B
CTOPOHY 3KCI[-Ta. B HanpaB/IeHUH NepHeHUKY/IIPHOM HalPaBJeHUH 3KCLEHTPUCUTETA 3JIEMEHT PaboTaeT Ha LieHTpaIbHOEe CKaTHe =>
HeO06X0/JMMO BBINOJHUTh NPOBEPKY NPOYHOCTH B NEPIEHANKYJIIPHOH IIJIOCKOCTH Ha LieHTpa/IbHOE CKaTHe.
Ha msrun6 PUC(4;5)paboTaloT CTeHbI MOABAJIOB, NMOJIOpPHbIE CTEHKHM U T. J. PaboTa Ha W3ru6 mo HenepeB3aHHOMY CeYEHHIO He
Jomyckaetcs. [IpoCTeHKH NpU /laBJIeHWH BeTpa paboTalT Ha M3rub. Kaxaplil mosic pa6oTaeT Ha U3rub Mo mnepeBsI3aHHOMY CeYeHHMIO.
Pac4éT BbINOJIHAETCSA Ha AielicTBUe MOMEHTA B NPeJI0JIOKeHUH YIIPyrol paboThbl KIaJKU Ha U3ru6. [IpoyHOCTh Ha U3rM6 obGecrevyeHa,
€CJIM Omax<R:t- pacy conpoTHBJIeHUE NIPU PACTHKEHUUN. Omax=Mmax/W. = Mmax<R¢* W. W=Dbh?2/6.B u3rrub6aemnix ajsieMeHTax Kpome M ewié
nfedctByeT Q. [IpouHOCTBb 0GecneyeHa ec/iM cpe3aroliiee Hanp-e oT Q He NpeBbIIaeT pacy CONp-e PacTsK-10 KJIaAKU pH usrube. T < Ruw,
T-Hanp. oT JeictBusa Q. T = Q/(bi*z); z-nuleyo mapel cuJi; AJs NpsMoyr. cedeHuss z=2*h/3. Cpe3. MoxeT GbITb [0 NepeBsI3aHHOMY
CeyeHHUI0 U He MO0 NepeBsiz3aHHOMY cedeHMIo. 1) IlpaBast yacTb c/BUraeTCsi OTHOCUTeJbHO JeBoM Q < R¢*A, rae Rq - pacueTHoe
CONPOTHBJIEHUE Cpe3y;, A - momazb cpesa. A = bh; 2) Cpe3 BepxHell 4acTH OTHOCUTEJIbHO HHXKHEH. DTOMY Cpe3y HpensiTCTByeT
MPOYHOCTb KJIQJKHU NpPU Cpe3e U CUJIbl TPeHHUd, MpensATCTBYLIMe CABUTY IO HemepeBs3aHHOMYy cedeHHo. Q < Qsq + Qg Qsq -
rornepeyHasi CHJIa, BO3/JeHCTBYIOLIast BCIEACTBHE NPOYHOCTH Ha cpe3, Qsq = Rq*A; Rq- pacyeTHoe compoTHBIeHHe KaaAKU Hacpes. A=h |
- IJIOIAJb MJIOCKOCTH cpe3a; Q: — monepeyHas CWJIa, BOCTIPUHMMaeMasi 3a cyeT TpeHHs; OHa 3aBUCHUT OT K03 HUIHMEHTA TPEHHS, OT
IJIOLA/IM CABUTa, HA KOTOPOH JIeHCTBYET CUJIa TPEHHUs], OT HANPsDKEHWH, KOTOPBIMU CKMMAIOTCSA C/IBUTAIONIHE YacTH . 3aBUCUT OT BUAA
KJIaZKU 1 HePaBHOMEPHOCTH paclnpe/ie/IeHUst TpeHus no miomagu. Qr = 0,8*n*p*Go*A; 0,8 - K0ad-T HepaBHOMEPHOCTH, N — YYUTHIBAET
BU/J K1aAkH (n = 1 mpu KJIa/iKe U3 CIUIOLIHOTO KUPIMYa UM KaMHel; n =0,5- /1 yCTOTeJIbIX); L — K03d-T TpeHUs KJIaAKH MO LBy AJIs
KUpHU4el U KaMHel npaBuIbHOH ¢popMbl i = 0,8; Go — cpe/iHee HaNpsHKeHHE CKATUSA B pacieTHOM CeYeHUH 110 IJIolaAu cpesa. Go =
N/A, N - pacyeTHas cuJia [0 IJIOLIAAM cpe3a; Ec/in cBepXy HUKAKOTO yCUJIUS HET, TObKO COGCTBeHHBIH Bec => N =y * h*I*b1* yr* yu; yn -
YYUTBIBAeT HEGIAronpusTHOe OTKJOHeHHe. Yr = 1, yr = 0,9 T.K. He6JIaroNpUATHBIM SIBJISIETCS yMeHbIIeHHe PAacyeTHOM Harpys3kd o
CpaBHEHMIO C HOPMATHBHbBIM 3HAYEHHEM.
Ecsi B KOPOTKOM CKaTOM 3/IeMeHTe YCTaHOBUTB NONIepeYHyI0 apMaTypy, COCO6HY0 3pPeKTUBHO CAEePKUBATD NONepeYHble
AedopManuy, TO STUM MOXHO CYIeCTBEHHO YBEJUYUTh €0 HECYIIyI0 CIIOCOGHOCTh. Takoe apMUpOBaHKe Ha3bIBAeTCS KOCBEHHBIM.
B npakTHKe /11 371eMEHTOB C KPYTJIbIM HJIM MHOTOYTOJIbHBIM ITOIIepeYHBIM Ce4eHHeM IO0JIYIUI0 PacipocTpaHeHHe KOCBEHHOe
apMHMpOBaHHUeE 3JIeMEHTA B BU/ie CIIMpaJIel UM CBAPHBIX KoJiell. [l 3JIeMEHTOB C IPSIMOYTOJIbHBIM CE4eHHEM IPUMEHSIOT 00 beMHOE
KOCBEHHOe apMHpPOBaHKe B BH/le YAaCTO Pa3MelleHHBIX NI0TIePeYHbIX CBAPHbIX CETOK. KOCBEHHOE apMUpOBaHKe B BU/ie IIONIEPEYHBIX
CETOK LIMPOKO MPUMEHSIIOT [lJIsI MECTHOTO YCUJIEHH XKeJIe306e TOHHBIX COOPHBIX KOJIOHH B6JIM3H CTBIKOB, @ TAKXKE [0/} aHKEPAMU U B
30He aHKEepPOBKH Npe/iBapHUTEe/IbHO HaNpsAraeMoi apMaTypb! .ONbITaMH BbISIBJIEHO HAaJIMYKE NTOBBILIEHHOT0 CONPOTUBJIEHUs GETOHA
CKaTHIO B IpeJieJiax A/[pa, 3aK/II0UEeHHOT0 BHYTPH CITUPAJIM WM CBAPHOH ceTKU. CIMpaslv U KoJIblia TOA06HO 060HMe CIePKUBAIOT
nonepeyHsle AepopManyy 6eTOHa, BOSHUKAIME IPU MPOAOJIbHOM CKAaTHH, U TEM CaMbIM 06YCJIOBJIMBAIOT MIOBBILIEHHOE
CONPOTHBJIEHHE GETOHA NPOJI0JIBHOMY CXKAaTHIO, B TOM YHCJIE U NTOCJIE NTOSIBJIEHUs B HEM IIePBBIX NPO/I0JIbHBIX TPelUH. beToH B



npeJies1ax sipa CONPOTHBIIAETCA BHEIIHUM BO3JieHCTBUAM Jlaxke MOCJIe OTC/IaMBaHUs HApY»KHOTO €J1051 6eTOHa U [0 TeX Mop, T0Ka B
HONIEePEeYHOM apMaType HaNpsDKEHUs He JOCTUTHYT NpeJiesia TeKydecTH. [IpofiosibHbIe iehopMaLMy 3/1eMEHTOB, YCUJIEHHBIX KOCBEHHON
apMaTypo¥, BeCcbMa BEJIMKH U TeM 00JIbllle, YeM CUJIbHEE TI0NlepeyHoe apMUpoBaHue. [IpOUHOCTD CXKaThIX 371EMEHTOB NIPH HAJIMYUHU B
HUX MPO/JIOJIbHOW M KOCBEHHOW apMaTyphl JIIOG0T0 BU/Ia pACCYUTHIBAIOT 0 dopmysiaM (4.6), (4.7), (4.8), B KOTOPBIX VYU THIBAIOT JIULIb
4acTb 6ETOHHOTO CeYeHHUsl, OrPaHUYEHHYI0 KDailHUMH CTEPXKHSIMHU CETOK, KOJIbLIAMHU UJIM CIMPAJIbHOW KOCBEHHOM apMaTypoii, a BMecTo
CONPOTHUBJIEHHUS GETOHA



