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Ipennoxkenbl nNepeMbIMKH M3  JIETKOOETOHHBIX OJIOKOB €  BepPXHUM
KHPIUYHBIM CJI0eM VISl YCHJICHUSI CKATO 30HbI. ApMHPOBaHHMe NepeMbIYeK
B BH/Je 3aMKHYTOH 000¥MBI M3 YIJIeBOJIOKOHHBIX MaTepuanos. Iloka3ana
NPOCTOTA UX U3rOTOBJICHHS U NPEUMYILECTBA

3anponoHoBaHI MepeMHYKHU 3 JIerk0 0eTOHHHUX 0JIOKIB 3 BepPXHIiM LErVITHUM
IIApOM JJIsl MiICHJICHHSI CTHCHYTOI 30HH. APMYBAaHHS NEPEMHUYOK Y BUIJIAAL
3aMKHEHOI 000iiMH 3 ByIJIeBOIOKHHCTUX MaTepianis. Ilokazana npocrora ix
BUT'OTOBJICHHS

Proposed bridge of lightweight concrete with brick upper layer to enhance the
compression zone. Reinforcing crosspieces in the form of a closed cage carbon
materials. Shows the ease of manufacture and benefits

ITocTaHoBKA M 32124 HCCIETOBAHUIM.

B wuccnenoBaHusx aBTOpoB [5] OBUTM TpEUIOKEHBI IEPEMBIUYKH U3
ra300€TOHHBIX OJIOKOB B 3aMKHYTOH 00OWME W3 IONUIIPONHMICHOBOH JICHTHI.
[MpenMymecTBO M TNPHUHIUIBI pacdeTa W KOHCTPYHPOBAHUS KOHCTPYKIMH U3
LITYYHBIX MATEPHUAIIOB B 3aMKHYTOH o0oiiMe mpuBenens! B [1-4], rae npuBeneHa
TaK)Ke METOJMKA pacyera C Y4eTOM IIPEBApUTEIILHOrO HANPSDKEHHST 00OHMBI, a
TaKXe C y4eTOM HEJIMHEHHBIX CBOMCTB MaTepHalIOB.

HenmocratkoM Takmx rnepemblueKk, Kak ObUIO cka3aHO B [5] sBisercs manmas
MIPOYHOCTH JIETKOOETOHHBIX OJIOKOB. B 3TOH e pabore IOKa3aHO, YTO €CiIH
MOJYIIb YIPYroCTH 000MMBI MaJl (OBUTH HCIIBITAHBI IEPEMBIYKH U3 ra300€TOHHBIX
OJOKOB B 3aMKHYTOM  IpeOBapUTENbHO  HANpsHKEHHOH — obOoiimMe W3



TIOJIMTIPOITMIICHOBON YIaKOBOYHOM JICHTHI), TO MCIIOIb30BAHUE OOBIYHBIX (HOPMYIT
pacueTa MPOYHOCTU HE MPEICTABISETCS BO3MOXHBIM, T.K. TaKHE HNEPEMBIUKU
pa3pyLIaloTcs MpU HANPSHKSHUSX, JAIEKUX OT IpeeSIbHOM MPOYHOCTH 000HMBI Ha
pacTsokeHre. B HOpMaTHBHBIX JOKyMeHTax [6, 7] oTCYTCTByeT MeToJMKa pacuera
TakuX KOHCTpyKiuid. B [5] paspaborana meronmka pacdera KOHCTPYKIHUHA c
000MMOIl M3 MaTepwana C MaJbIM MOXYIEM YIPYroCTH. B Ha3BaHBIX BHIIIE
paborax ObUTH JaHBI IPEIIOCHUIKH YBEIWYEHHUS MMPOYHOCTH CXKATOW 30HBI TAKUX
TIepeMbIYeK 3a CUeT yCTpOHCTBa KOMOMHUPOBAHHBIX, OJHAKO, TaKasi KOHCTPYKIIHS,
a TaKkKe CIocoObl ee TpeNBapuUTENbHOIO HANpsDKEHHS W pacuera He
paccMaTpHUBAIKCh.

B cBf3M ¢ 3TUM HeNbI0 HACTOAINCH CTATBbHU ABISETCA NPEATIOKEHHE
KOHCTPYKIIMH IepeMBIYeK U3 JIETKOOETOHHBIX OJIOKOB, YCHJICHHBIX B CXKaTol 30HE,
a TaKKe MEepeMBIUEK C IPUMEHEHUEM BBICOKOIPOYHBIX ITOJIOCOBBIX MaTEPHUATIOB.

H3i10:xeHHE OCHOBHOT0 MaTepHAaJIa.

Tak kax BBICOTa C)KaTOH 30HBI B IEPEMBIUKE HE BEJIHMKA, TO OoJiee MPOYHEIHA ee
cIoO MOXET HMEeThb HeOONbIIyI0 TOMmuHY. I[losToMy Ha Ta300eTOHHYIO
TIepeMbIUKY TpeIaraeTcsl yIOKUTh OJMH CJIOH KUpIU4a TIHHIHOTO (pHc. 1).
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Puc.1. Cxema KOMOMHUPOBAHHOM NEPEMBIUKH U3 JETKOOETOHHBIX OJIOKOB ( C
TIepeBSI3KOH IIBOB) M KUPIMYA TIIMHSHOTO. 1 — ra3o0eToHsIe OJI0KH; 2 — KUPIHY
TJIMHSHBIHN; 3 — 000fMa 13 YIIIepoIHOMN JICHTHI

IMpn Takoif cxeme B ckaToil (OT HAarpy3KH) 30HE HAaXOAUTCS KHPIIHY,
MIPOYHOCTH KOTOPOI'O BO MHOI'O pa3 BHIIIE IIPOYHOCTH JIETKOOETOHHBIX OJIOKOB.
Hcnonp3oBaHue Oojee MPOYHOro, ueM Tra300€TOH MaTepuana I03BOJIAET
WCIIONIb30BaTh TaKke 000WMY M3 BBICOKONPOYHBIX MAaTepHajoB, B T.4. JICHTY U3
YIIEBOJIOKOHHOTO Matepuana (Hampumep, JieHta ¢upmbr “Sika” win yriepoaHast
nenta o OCT 28006-88 [8]).

Kpome Toro, ¢ momMompio BEPXHEro KHPIMYHOTO CIOSI TOCTATOYHO IPOCTO
BKJIIOYATh 3aMKHYTYIO 000iMy B paborTy. Jlid 3TOro cHauanga CleayeT U3 JIEHTHI
CKJIEUTh 3aMKHYTYIO 000KMY, AJIMHA KOTOPOI HEMHOIrO (OmpeesnseTcs pacueToM)
NPEBBIIIAET TEPUMETpP IMEPEMBIYKH. 3aTeM HaJeTh O00OHMY Ha IEpeMBIUKy H
BCTaBJIATH KUPIHYM 1O OAHOMY (pHC. 2), mepeiBuras WX II0 HaNpaBlICHUIO K
omopam. Taxum oOpa3zoM B o0oiiMe cO34acTCs HEKOTOPOE IPeaBAPUTENHHOE



HaNpsDKEHWE W OHa BKIIIOYMTCS B paboTy KOHCTPYKUIMH. 3HAsl II€PBOHAYAIBHYIO
JUITNHY O0OWMBI (IO MOHTa)Ka B KOHCTPYKIMIO) U IIEPUMETP MEPEMBIYKH BMECTE C
BEPXHAM CIIOEM KHPIIMYa, IOCTATOYHO JIETKO IIOCYHMTATh YHJIHMHEHHE OOOWMBI
MocJIe  TIPEABAPHUTEILHOTO HANpSDKEHWs, a 3HA4YUT, W BEIWUMHY YCHJIHSA
MIPEIBapUTENHLHOrO HAMIPSKEHMUS.

3 2 _ 1
2 e

Puc. 2. Cxema BKIIFOUEHUSI 3aMKHYTOH 000WMBI C TOMOIIBIO TIEPEABHKECHUS
BEPXHETO CJI0s KUpru4el. 1 — Ierko0eToHHbIe OJIOKH; 2 — KUpu4; 3 - o0oiimMa

Banku 6e3 mpenBapuTeNbHOrO HANPSHKEHHS OOOHMBI MOXKHO HM3TOTABIIMBATH
MIPUKJICHKON yIIIEpOJHOM JICHTHI 110 MEPUMETPY KOHCTPYKLMHM C HEOOXOAMMBIM
HaxyecToM. IIpu 3TOM Hecymasi CHOCOOHOCTh TAaKMX OalOK IONydaeTcs BEeCbMa
BBICOKOM. [yl IpUMepa MOXKHO PacCMOTpETh Cilydaid, korna Oajka (repeMbluKa)
COCTOHT M3 TPEX CJIOEB Ia300€TOHHBIX 0JIOKOB TONMIIUHOM 100 MM 1 BEpXHETo CI1os
n3 kupnuua rmHsSHoro. Ilyctes Mapka kuprnmua M200, mapka pactBopa M100,
Mapka yriepogHoit yieHTsl DJIYP-TI-A mo [8], mmpuHa genTs! 245 MM, TONIIMHA
0.12 wmm. Ilpm Ha3BaHHBIX XapaKTEpUCTHKAaX OyleM HMETh pacyeTHOe
conporusieHre kupnuua R=25 MIla, npenensHoe ycunue B yeHTe Ns=26.5 xH.
Torma mpu pacdyere Ha H3rHO BBICOTa CXaTol 30HBI Oynmer paBHa 42 MM, a
peaenbHBIH m3rubdaronwii MomeHT [M]=923.5 kH*cMm. [lpu pacuerHOM mponere
6anku (mepembruky) 3000 MM MakcuMasbHas Harpyska cocraBut 8.2 kH/M, urto
Kak BHIWUM, COCTaBJIICT JIOCTATOYHO OOJBIIYI0 BeNWYMHY. llepeMbIukH,
COCTOSIIIIME TOIBKO U3 Ta300€TOHA, MPU TaKOW e 000iMe UMenr Obl 3HAYUTEIEHO
MEHBIIIYIO HECYIIYIO CIIOCOOHOCTE.

Takum 00pa3om, MBI MOKa3aid, YTO KOMOWHHPOBaHHAS NEpEMbIUKa HMEET
CYIIECTBEHHO OOJIBIIYIO HECYIIYIO CIIOCOOHOCTb, Ye€M NEepEeMBIUKa, COCTOSIIAs
TOJBKO M3 JIETKOOETOHHBIX OJIOKOB. HemocTaTkoM TaknmX MHEepeMBIYeK SIBISETCS
(axT, 4TO NMpH AECHCTBUU COCPEAOTOUCHHON HATPY3KHM BEPXHHUH CIION, COCTOSIINI
W3 KHAPIIMYa, MOXKET OTOPBATHCSI OT Ia300€TOHHBIX OJIOKOB. DTOT (hakT MPOBEPEH
aBTOpaMH  JKcmepuMeHTanbHo.  OngHako, HpH  JEUCTBUM  PaBHOMEPHO
pacIipeielleHHO Harpy3kd (4To /Il IepeMbIUeK INPaKTHYECKH IOCTOSHHO
CIpaBeUIMBO) OMTACHOCTh OTPBHIBA KUPIIMIHOTO CJIOSI OTCYTCTBYET.

[MpenBapuTenbHOE HANIPSHKEHUE 3aMKHYTOH 000WMBI C LIENBIO €€ BKIFOUCHHUS B
paboTy MOXeT OBITh OCYIIECTBJIEHO TaKXE C IOMOLIBIO IUIOCKOTO pblyara Kak
roka3zaHo Ha puc. 3. [Tmockuii peraar Mo>xeT OBITh H3TOTOBJIEH U3 KYCKa JHCTOBOU



.

cTamu TOMmIMHOM 20 MM, K KOTOpDOMY IpHBapeHa pPYKOSATKa C pblYaroM Juis
IIOBOPOTA.
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Puc. 3. Cxema BKIIIOYEHHUS 3aMKHYTOH 000HMBI C TOMOIIBIO TIOBOPOTA
IUTOCKOTO phruara. | — merko0eToHHbIe OJIOKH; 2 — INIOCKHIA pUar; 3 — oboiiMa

Pacuer »16MEHTOB ¢ BEpXHMM KUPIUYHBIM CIOEM TIPOU3BOAMTCA Kak
OOBIYHBIX BHEIEHTPEHHO CXKAaThIX 3JIEMEHTOB, Ha KOTOpPHIE IEHCTBYIOT BHEUIHSS
BEPTUKaJIbHAsl HArpy3ka W YCWJINS OT OOOMMBI, MPHUIOKEHHbIE K BEpXHEH N,

HHKHEH Nn rpanud Tema Oamku. Ycwims B o0oliMe OT  JICHCTBHSA

MIPEBAPUTEIILHOTO HANPSDKEHHWS W BHEIIHEW HAarpy3Kd C y4eTOM CHJI TpEHHS
OIPEIENAIOTCS 110 PEKOMEH/IAIIUSM aBTOPOB HacTosiuiei crateu [3-5].

[Tpu ucnonp30BaHMH B KauecTBE 000WMBI O0Jiee BEICOKOIIPOYHOT0 MaTeprania,
4YeM TpHUBENISH BhIIIE Uil ipuMepa (Harmpumep, JeHTsl ~Sika”), miomans cedeHust
JICHTHI TOJDKHA MTOJOUPATHCS IO pacdeTy U3 yCIOBHS, YTO BBICOTA CKATOM 30HBI HE
JIOJDKHA TIPEBBIIIATh TOJNIIMHY BEPXHETO KHUPIHWYHOIO cJos (T.e. TOJNIIMHY
KHPITYA).



3. OnpenensieM ycuire B O0KOBOM BETBU 00OHMBI
Ny = Np — Fy — Fn (®)

4. OmpenensieM CHITY TPSHUS B BEPXHEH TOPIIOBOI YaCTH KJIa KA



I[anee OIpeacissem paC‘IGTHI)II\/’I OKCHCHTPUCUTCT I pacCMATpUBACMOIr0
CCUCHUA:

e Mot (18)
Ntot

O6o3HaueHus B BbipaskeHusIx 3-17 mpunstst mo [3-5].

Takum 00pa3oM, MBI IOJYYHIIA CXEMY BHEIIEHTPEHHO CXKaTOr0 KaMEHHOT O
9JIEMEHTA, KOTOPHIM PacCUNTHIBACTCS C YUETOM HEJIMHEHHBIX CBOMCTB KIIAJKH IO
METOAWKe, IPUBEICHHOM B [2].

Kak BuauMm, pacuer n3rumbOaeMbIX KaMEHHBIX 3JIEMEHTOB B 3aMKHYTOH
NIPE/IBAPUTEIHHO HAINpPSDKEHHOW 000MMe CBOOWTCS K pacdeTy BHELEHTPEHHO
CXKATOrO DJIEMEHTa C Y4YeTOM HEJIMHEWHBIX CBOMCTB MaTepuanoB. YCHIUs B
000iME OIPEAENAIOTCS C YYeTOM IIPEABAPHUTENILHOTO HANpPSDKEHUS, TPEHHs
000MMBI 0 KJIQJIKY, HETMHEHHBIX CBOMCTB MaTepHalioB O METOUKE, IPHUBEICHHON
BBILIE U 11O MeToauke [2-5].

BbiBoabl M mepcHeKTHBBI WcCJAeAOBaHWM. [lepeMblUKM W3 JIETKOTO
TEIJIOU3OIALIMOHHOTO OEeTOHa C BEPXHMM KHPIHUYHBIM CJIOEM, apMHUpPOBAaHHBIE
3aMKHYTOH 000MMOM M3 YIIIEpOIHOH JICHTHI, SIBISIOTCS JOCTATOYHO HAJEKHBIMHU B
9KCILTyaTaluH, IIPOCTHI B M3TOTOBIICHNH. B cTaThe paspaborana MeToanka pacuera
C YYETOM IPEABAPUTEIILHOTO HAIIPSDKEHUS U TPEHUSI.

B mepcrnektuBe mpenmonaraercst paszpaboTka mporpaMMbel Ha OBM s
MIPOEKTUPOBAHUS PACCMOTPEHHBIX B CTAThe KOHCTPYKIIHH.
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