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B cBS131 C pOCTOM 3T@XHOCTM XMbIX 1 0BLLECTBEHHbIX 34aHWUI MaccoBOro HasHaveHus (go 20—25 ataxen)
noTpebHOCTb MHAYCTPUanu3aumMm Mx CTPOUTENbCTBA BbI3blBAET HEOOXOAMMOCTb B KOHCTPYKLUMSIX CTbIKOB
COOPHBIX KOMOHH, CNOCOOHBLIX BOCMPUHUMATL MOBLILLEHHbIE Harpy3ku (o 10-12 MH n 6onee). BbinonHeHHbIN
B CTaTbe aHanuM3 U3BECTHbIX KOHCTPYKLMIA KOHTAKTHbIX CTBIKOB KOMOHH KapKacHbIX 34aHWI nokasbiBaeT, 4To,
B NPWHLMNE, OHY ABNSIOTCA 4OCTAaTOYHO 3hdEKTUBHBIMU. OOHAKO 3TU CTbIKU YYBCTBUTENMbHBI K TOYHOCTW U3ro-
TOBMNEHNSA TOPLOB KOMOHH. lNpn cpaBHUTENbHO HEBOMbLUMX NepeKkocax TOPLOB HecyLlas CnocobHOCTb CTLIKOB
MOXET CYLLUECTBEHHO YMEHbLUUTLCHA. YTOObI NCKMHOYUTL 3TOT HEAOCTATOK, ObINO peLleHo BBECTU B KOHCTPYK-
LMo CTbika AedOopMMPYyEMYIO LIEHTPUPYHIOLLYIO NPOKNaaKy M3 MArkom ctanu. 3a cyeT nnactudeckoro aedop-
MUpOBaHNs oHa obecnedvBaeT nepemeLleHne K OCM KOJOHHbl AEMCTBYIOLLEro B HeW MPOAONBHOro yCunus.
B pesynbtaTe obecneunBaeTcs Hanbornee BbIFOAHOE ANS KOHCTPYKUMM CTblka MOMOXEHWe MecTa nepefayv
CXKMMAaIOLLEro YCUNNS y NPoAOSbHON OCK KOJTOHHBI.

YunTbiBas TpeboBaHUS CTPOUTENbHBIX HOPM U pe3ynbTaTbl MHOTMX paboT, ObiNv BbINOMHEHbI AKCNEpPU-
MeHTasnbHble NCCNEeA0BaHNS KOHTAKTHBIX CTBIKOB C AedOpMUPYEMON LIEHTPUPYIOLLIEN MPOKIaAKOW, OCHOBHbIE
pesynbTaTbl KOTOPbIX NPEACTaBeHbl B cTaTbe. Ha OCHOBaHUM NOMyYeHHbIX AaHHbIX CHOPMYNMpPOBaHbI Npea-
TNIOXEHNS MO pacyeTy U KOHCTPYMPOBAHUKO 3TUX CTbIKOB. [lokaszaHo, YTO MpPUMEHEHWEe LEeHTpUpYytoLen npo-
KNagKku npu CoOTBETCTBYIOLLEM KOCBEHHOM apMupoBaHuy 6eToHa y CTblika no3sonseTt obecnevnTb Tpebyembie
HECYLLYH CNOCOOHOCTb U HAAEXHOCTb.

KnroueBble cnoBa: cO6opHas KOMOHHA, KOHTaKTHbIV CThIK, LLEHTPUPYOLLas NpoKaaka, HecyLas crocobHOCTb.
Wn. 6. Tabn. 2. Bubnwnorp.: 11 Ha3B..

CONTACT JOINT STRENGTH OF PRECAST COLUMNS WITH
DEFORMABLE CENTRING LAYING

MORDICH A. 1.7, BELEVICH V. N.?, BOSAKOV S. V.2

YJsC “BESTinzhiniring”,
JIRUE “Institute BeINIIS™

Due to growth of number of storeys in a dwelling and public buildings for mass gatherings (up to 20-25 sto-
reys) requirements of their construction industrialization necessitate designs of precast column joints which
are capable to bear high loads (up to 10-12 MH and more). The paper presents an analysis of the known con-
tact joint designs used in the columns of frame buildings and the analysis shows that the these design are ra-
ther efficient. However these joints are sensitive to accuracy of column butt end fabrication. Bearing capacity
of joints can be significantly decreased in case of comparatively small ends out of square. It has been decided
to introduce a deformable centering laying made of soft steel in a joint design in order to exclude the men-
tioned disadvantage. Due to its plastic deformation the laying ensures transformation of longitudinal effort oc-
curring in it to the column axis. As a result of it we obtain the most advantageous position for joint design
required for transfer of compressing force at column longitudinal axis.

Experimental investigations of contact joints with a deformable centering laying have been carried with
due account of the requirements to construction standards, results of the executed works and main results of
the investigations are presented in the paper. Proposals for calculation and designing of these joints have been
given on the basis of the obtained data and works. It has been shown that application of the centering laying
with corresponding concrete confinement reinforcement at the joint make it possible to ensure the required
bearing capacity and reliability.

Keywords: precast column, contact joint, central layer, bearing strength.
Fig. 6. Tab. 2. Ref.: 11 titles.

Beenenue. COOpHBIE KeTIe300€TOHHBIE KOJIOH-
HBI TIOJ] pacyUeTHBIC MPOJIOJbHBIC YyCWIHs OoJee
5 MH, kak mpaBmiIo, CHabXKaroT 0 TUIOCKHM TOP-
[aM CTaJIbHBIMH IUIACTHHAMHU. OTH IUIACTHUHBI
yalle BCEro KPemsT CBapKOH K CTEPIKHIM IIpo-
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nonbHOH apMaTypsl [1]. CTBIKM TaKWX KOJIOHH BHI-
MOJHSIOT C pa3MElICHHEM MEXIy IUIaCTHHAMHU
TOHKOI'O CJIOSI EMEHTHOW MAcThl U € MPUBAPKOI
IUTACTHH 10 epUMETpY. TopLbl KOJOHHBI B TAKOM
CTBIKE JIOJDKHBI OBITh BBITIONIHEHBI CTPOTO 10 HOP-

Hayka
uTexHuKa, Ne 5, 2014



Civil and Industrial Engineering

MaJli K €€ OCH. Y CTAaHOBJICHHAsI BEJIMYMHA JIOITyCKa
OTKJIOHEHHsI OT HOpMmanu coctaBisser 3°. Takas
KOHCTPYKIUsI KOJIOHHBI U €€ CTHIKOB, peai30BaH-
Has B psle OOBEKTOB CTPOMTENBCTBA, NMPH Kade-
CTBEHHOM BBINIOJIHEHUN OOECIIeYHBAET HUX BBICO-
KYI0 HecylIylo cnocoOHocTh [2]. OgHako obecrie-
yeHue TpeOyeMoill TOYHOCTH pPa3MEpOB 3BEHBLEB
TaKMX KOJIOHH BBI3bIBACT IOBBIIICHHBIC 3aTpPaThl
TpyZla Ha WX HM3TOTOBJIEHHE. Takke HeoOXoauMma
crienyanbHasi OCHACTKa JUisl (PUKCALUU apMaTyphbl U
TOPUOBBIX 3aKJAJHBIX AETAIEH, YTO HE UCKIIOYAET
NEPEeKOCOB TOPLOB. B pesymbraTe mpu MOHTaxe
BO3MOXKHO 00pa30BaHHE KIMHOBHIHOW IOJIOCTH B
CTBIKE, TIPH KOTOPOW BO3ZHHKAET OMACHOCTH CKOJa
0eTOHa KPOMKH TOpIIa KOJIOHHBI, a TaKKe IMOsBIIC-
HHE HEpPacyeTHOro SKCLEHTPHCUTETa paBHOAEHU-
CTBYIOIIEH MPOIOJIBHOTO cxaTHs [2].

B oT10il cBs3um mpencraBisercs Lenecooopas-
HBIM Pa3MECTHTh B CTBIKE MEXIY TOPLIOBBIMU IUIA-
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CTUHaMH JIe(OPMUPYEMYIO LEHTPUPYIOIUIYIO TIPO-
knaaky (LIT) (puc. 1). Ee Hanuume mo3BossieT 3a-
METHO YMCHBIINTh BEIMYHHY OJKCIEHTPHUCHTETA
MIPOJIOIBHOTO YCHIMSL W HCKIIOYUTH BEPOSITHOCTH
ckonma OetoHa Ha Kpomke TopioB. O6brHO LII1 B
TUTOCKOM CTBHIKE KOJIOHH B OCHOBHOM IIpeJHa3HaYeHa
1t obecriedeHnst B HeM TpeOyeMoil TONIIMHEI pac-
TBOPHOTO MOHTaKHOTO IIIBa, a TaKXKe Uil yIoOCTBa
MoHTaxa [2-5]. [loaTomMy mpoBepka MPOYHOCTH Ta-
KOTO CTBIKa Ha JISWCTBHE MECTHOTO CXKAaTHS IO TOp-
[aMm TMpPeaycMOTpEeHa TONbKO JUIl CTaJWH MOHTa-
’Ka, KOTJla PacTBOp HE JOCTUT TPOEKTHOW MPOYHO-
ctu [4, 5]. IIpu 3TOM pacueTHas IUIOMIAAbL CMSITHS
0eToHa MPUHIMAETCS] PAaBHOM IIIOMIAIN TPOKIAIKH.
Kpome TOro, mpum HeZOCTaTOYHOM TOJIIMHE TPO-
KJIaJIK{ B KJIMHOBH/IHOM IIIBE OHA JTaYKE MOXKET OBITh
BBIKITIOUEHA M3 Pa0OThI CTHIKA, W MPOAOJILHOE YCH-
ne, AEWCTBYIOIee B KOJIOHHE, KOHIEHTPHpYEeTCS
Ha ee KpoMke [2].
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Puc. 1. IlpuHnunuansHast KOHCTPYKIMS CThIKa KOJIOHHHI (2, 0) U cxema paboThl O[] HAarpy3Koi (B):
1 — 3BeHbst cOOPHOI KOJIOHHBI; 2 — MPOA0JIbHASA paboyas apMaTypa; 3 — CBapHbIE CeTKH; 4 — TOPIIOBBIC IITACTHHBL,
5 — nenTpupyromas IpokiaaKa; 6 — aHKepHbIe CTP)KHH KPEIIEHHS TOPIIOBOH IUIACTHHBI;
7 — pacmpeieNieHue CKMMAIOIINX HANPSHKEHUH B TOPIOBBIX IUIACTHHAX
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OueBuaHO, 4TO JIg obecreueHUs 3 HEKTHUB-
HOW paboTel cThika ¢ gedopmupyemoit LT ee
TOJIIIMHA JOJDKHA OBITH JOCTATOYHOM, YTOOBI HC-
KIIFOYUTh KACaHWE KpacB TOPILIOBBIX IUIACTUH B
CTBIKOBOM 3a30pe Jayke NpH ACUCTBHHM HAaUOOIb-
[IET0 PAaCYETHOTO MPOJOIBHOTO yCHIHA. UTOOBI
CONMM3UTH TIONOXKEHUE PaBHOJCHCTBYIOMIEH pac-
YETHOTO MPOJOJIBHOTO YCHIIMS C OChIO KOJOHHBI,
HII opyu TOCTH>KEHUH HOJHOM pacuyeTHOUM Harpys-
KM JIOJDKHA OBITh CIIOCOOHA MPETEPIeTh JOCTaTOu-
HBIC TUIacTHYeCKue nedopmaruu (puc. 1B). B ta-
KOM cIlydae MpOJOJIbHOE CKUMAIOIIEe YCHIIHE
KOHIICHTPUPYETCS B CTHIKE TOJBKO BJOJb OCH KO-
JIOHHBI, 2 B €€ CCUCHHUIX y TOPIIOB MOXXET OBITh
BOCTIPHHATO Kak OETOHOM, COAEp)KallUM KOCBEH-
HOE apMHUpPOBAHHUE, TaK M MPUKPEIJICHHBIMH CBap-
KOH K TOPIIOBBIM IUIACTMHAM aHKECPHBIMH CTEPIK-
HaMU. [103TOMyY BaskHBIM BOTIPOCOM SIBIISIETCS pac-
NpeJeeHne CKUMarolmux HanpsbkeHuid noxa LI1
10 TOJIIIMHE TOPILIOBBIX IUIACTHH. B HOPMaTHBHBIX
U PEKOMEHJIATENILHBIX JOKYMEHTAaX TaKHe JaHHbIC
He cozepxkarca. B oObraHOM pacuere, HE TPOBOJIS
HUKaKHX HCCIIETOBaHUI, MOXKHO TPUHATH pacipe-
JejeHue cxxumarommx Hanpsbkenuit nmoa LT mox
yriom 45°, wiu t:m = 1:1. 3xech t — TommmHa TOp-
IOBOM IUIACTHHBI, M — 3aJI0KCHUE YITUPCHUS
IJIONIAAN Mepelayd HaNpsHKeHU Mo MIIaCTUHON
y kaxknoro kpas LI (puc. 16). B [6] Ha ocHOBaHUU
MIPOBEJICHHBIX MCIIBITAHUN JUISI KOHTAKTHBIX CThI-
KOB KOJIOHH TIPEJIO’KEHO IPUHUMATH 3HA4YEeHHE M,
paBHoe 2,5. Takoe mpeasokeHUe 3aMaH4MBO, IO-
CKOJIBKY 3aMETHO BO3pacTaeT pa3Mep IUIomaan
nepeayd MECTHOTO CXKaTHs Ha OETOH IO TOpIy
KOJIOHHBL. JTO TIO3BOJIIET YMEHBLIMTH COZIEpKa-
HUE apMaTyphl Y TOPIIOB, OOECIIEUNTh KaueCTBEH-
HO€ M3TOTOBJICHHE KOJOHHBI M COKpAIleHHE TPY-
Jo3aTpar.

Uto0Obl TIPOBEPUTH YKa3aHHBIC IPENITOCHLIKH,
B 000 «b3CTunxunupunr» (r. MUHCK) U
PYIT «Muctutyr benHUUC» Obimu mpoBeneHsI
AKCMEPUMEHTAIEHO-TEOPETHUECKAE  HCCIIEI0Ba-
HUS, OCHOBHBIE PE3yJIbTaThl KOTOPBIX IMPE/ICTaBIIEC-
HBI HUXKE.

OnbiTHBIE 00pa31bl, METOAUKA MUCIBITAHUMA.
Jnst mpoBefieHHsT AKCMEPUMEHTAIBHBIX HCCIEO0-
BaHUH OBUIM CKOHCTPYHPOBaHBI U H3TOTOBJIC-
Hbl BOCEMb (PparMeHTOB KOJIOHHBI CEYCHHEM
400x400 mm (puc. 2). OO6pasupl HU3roTaBIUBAIN
n3 OeToHa OJHOW MapTHH C MPOYHOCTHIO Ha CHKa-
tne foq = 34,1 MIlla. Kaxnapiii obpaser; comep-
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JKaJl 110 YEeThIPe CTePXKHS TUaMEeTpoM 32 MM Kiacca

S400 (f_y‘xy = 460 MIIa). XoMyTbI BBIIOJHEHBI U3

cTepxHel nuameTpoMm 8 MM kiacca S400, o0beau-
HEHHBIX 10 yIJIaM KOHTaKTHOW cBapkoil. Beepxy
Bce (hparMeHTHI COJIEPIKAIH 10 CEMb CBApHBIX Ce-
Tok. Kakymasi ceTka BKITIO4ana BAONH 00eWX Ocei
CUMMETPHUH IO MATH CTCPXKHEU AMAMETPOM 8 MM
knacca S400, o0ObeIUHEHHBIX B y3JIax Iepecede-
HUU KOHTAKTHOM CBapKOil.
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Puc. 2. KOHCTpYKITUSI ONTBITHBIX 00pa31ioB
(pozomnbHBI paspes): 1 — cTep)KHHU IPOTOILHON apMaTypsl;
2 — cBapHBIC apMaTyPHBIE CETKHU; 3 — XOMYTHI; 4 — CTajbHas

TOpPLIOBAs NIACTHHA; 5 — HEHTPHUPYIOLIas MPOKIIagKa

Kos¢puumeHT KoCBEHHOr0 apMUPOBaHHUS P, =

=2,27-10"2 <0,04. Tlo BepxHEMY TOPLY KakIOr0

(parMeHTa cBapKoil B pa33eHKOBAHHBIX OTBEPCTH-
SIX K TPOJOJBHBIM CTEPXKHSAM ObUIa MPHUKpPEILIe-
Ha crampHas 1oiactuHa 380x380 MM  (C345,
f,= 310 MlIla). TommuuHa IIACTHH B PA3IHIHBIX

oOpasnax cocrasimsuia 10-30 mwm (Tabm. 1).

st mpoBesieHUsT UCTIBITAHUM Ha LEHTpajbHOE
cxatue (puc. 3) oOpasIbl yCTaHABIIUBAIN B BEPTH-
KaJIbHOE IIOJIOKEHHE TOPIIOBOW TUIACTHHOW KBeEp-
xy. lloHn3y oHn 3apaHee ObLTH BOETOHMPOBAHHI B
OTIOpHBIE cTajbHBIE OamMaku. C)KMMarolee ycH-
JIFie TIpY Harpy>KeHUH CO3AaBajii PACIIONOKEHHBIMU
CHM3Y 4eTblppMs ruapogoMkparamu JII-200 ot ox-
HOW HACOCHOW CTaHIIMHM C YIOpOM 00paslia BBEPXY
B IIAPHUPHYIO TPaBepCy CHIIOBOTO Tpecca.
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Tabauya 1
XapaKkTepucTHKA HCHBITAHHBIX 00pa310B
Paspymatomee younne Neg, KH OrHocurenbHas nedop-
pacuetnoe N ,%%IC, [IpH Niepenaye yCuus Manus /HarpshKeHHe N
HPOJOJIBHOTO apMUpPo- | =
Mabxa Tonumua | Yenosue | Pazmep S qei).ef HI npi OTHOIJI_I.ZH;I = BaHWsI B cedeHunu h/2 ;’
o6 213_ TOPLIOBOM | HArpy»e- | IOWAL- orpITHOE] . — 2
P MUIACTHHBI,| HUS YCH- | KM TIepe- exp 3
ua N N calc ~ ~ o
MM mueM N | gaum, Mm Rd calc Rd N calc | = Ncalc = SeXP % exp o,
NRg NEP [Nl —Rd_jq | jcalc| ZRd_ o $,Max Osmax | ©
TR g | 8 TR e | 8 | o ma | R | £
< < s
Ki1-1 10 1T d=130 | 4560 - — 12925| 0,64 [1,77/ 3566 | 0,78 (2,54| 0,18/350 0,78 |Tum 1
794
K1-2 10 T 380x380 | 6590 % 1,03 - - - - - 0,23/450 1,0 (Tum2
K2-1 20 1T d=130 | 4680 - — |3351| 0,72 2,27/ 4682 | 1,0 (4,16| 0,17/340 0,76 |Tum 1
794
K2-2 20 T 380x380 | 6530 % 1,02 - - - - - 0,22/450 1,0 (Tum2
K2-3 20 11 d=130 | 4720 - - [3351]| 0,71 [2,274682 | 0,99 (4,16 - - |Tum1
K2-4 20 1T d=160 | 5800 - — |4005| 0,69 [3,14/5373| 0,93 (5,31| 0,20/400 0,88 |Tum 1
K3-1 30 1T d=130 | 5940 - — |3784| 0,64 2,84/5847| 0,98 (6,16| 0,20/395 0,88 |Tum 1
6794
K3-2 30 T 380x380 | 7050 |——| 0,96 - - - - - 0,23/450 1,0 |Tum2
9590
IIpumeuanus. B uncnurene — paspyluaromee ycuiane Ui CEUCHUH Ha cepeinHe BBICOTHI 00paslia, B 3HAMEHaTelle — paspylia-
Iolllee yCUITHe /Ut cedeHuid y Topua; Tun 1 — paspyuienue ot pa3apobieHus 6etona y topia; Tum 2 — pa3pylieHne cedeHuii B cepe-
JHE BBICOTHI 00pasma; T — cranbHast TOpIOBas IUIACTHHA; A, — KOHTaKTHas IUIOIaIb ¢ GETOHOM.

Puc. 3. O6mumii BUA UCTIBITAaHUI HarpyXeHHEM
OIIBITHBIX ()ParMeHTOB KOJIOHH

Ycunue Ha TOpel KaxJoro odpasia nepeana-
mu yepe3 cranbHyto (C440) L1 B Bune kpyra aua-
MeTpoM 130 mnu 160 MM MM HEMOCPEICTBEHHO
Ha TOPILOBYIO IUACTHHY. VcmbiTanwst Harpyxe-
HUEM MPOBOJWIM MOATANHO BO3PACTAIOIIUM YCH-
aueM o 0,1-0,2 oT oxuaaemoro paspyuiarouie-
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r0 B COOTBETCTBUHM CO CTaHAAPTHOH METOIUKOM.
Ha xaxxgom stane (GukcupoBaiy MmpupamieHue jae-
¢dopMmaruii apMaTypsl U OeTOHa, OOpa3oBaHHE B
HEM TpEIINH U CKOJIOB.

Pe3sysabTarsl ucnbITAHUNA U UX aHaau3. [Ipu
HarpykeHum oOpasnoB depe3 L1 paspymenue nx
MPOU3OIIIIO OT PAa3APOOIICHUST Y BEPXHETO TOPIIA.
Ha BenmmumHy pa3pymiaromero ycuivs OKas3ald
BinusHue pasmep LIl u TonmmHa TOPUOBOW Iia-
ctunbl. OHO U3MeHsToch B npenenax 0,69-0,84 ot
BEJIMYUHBI TPENEIbHOIO YCUIMS, IOCTUTHYTOTO
IUTsL 00pa3ioB-0IM3HEIIOB, HATPYKEHHBIX 10 BCE-
My TOpLY U pa3pyLIMBIINXCS B CEPEANHE UX BBICO-
Tl OT JOCTIDKEHHS TEKy4eCTH B TIPOJOJIBHBIX
crepkHsx (Tabm. 1).

[Ipu nHarpyxenmn depe3 LI mepBeimu (mpum
N = 5000 kH) nosiBuIMCh BEpTUKAIbHBIE U KOCHIC
TPEeIIMHBl HEMOCPEICTBEHHO TOJ IIJIACTHHOM,
a TaKXKe BJOJNb TMPOJIONBHBIX CTEP)KHEH B BEpX-
Hel MosoBUHE KOJOHHBL. C JanbHEUIIMM POCTOM
Harpy3kM ceTKa TpelldH pa3BUBajach KHH3Y,
a BBEpPXY HAMETHJIOCH OTJENICHHWE 3alIUTHOTO CIIOS
OeroHa (puc. 4). Takasi KapTHHA TOBPSKIACHUIN CBH-
JIETEeIbCTBYET O pPacKaIbIBAHUM U TONEPEYHOM pas-
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IBIDKKE OeToHa y Topiia koiaoHHbI nox L{I1. Anarno-
THYHBINA XapakTep paboThl OeTOHA y TUIOCKOTO TOpLA
npu Hammumu [T 661 otmevyen u B [7-10]. [pm
Harpy>KeHUH 00pa3loB HETOCPEICTBEHHO MO BCEMY
TOpIy TOBPEXKICHUS HMX OOKOBBIX TpaHed ObLIH
IIPUMEPHO PAaBHOMEPHBIMH I10 BCEH BBICOTE.

B comocraBieHun rpaduKyd  pazBUTHS IO
HArpy3KOH CpeAHUX NPOAONBHBIX U TOMEPEYHBIX
OTHOCHUTENBHBIX JAedopmannii, 3a)nKCHPOBAHHBIX
MOCPEJCTBOM TEH30pPE3UCTOPOB Ha OOKOBBIX Ipa-
Hax oOpasioB K2-1 u K2-2 B ceuenusx y topua
U B CepelMHE MX BBICOTHI, MPUBEICHBI Ha puUC. 5.
Kaxnpiii u3 3THX 00pasioB OBUI CKAT COOTBET-
cteeHHo uepe3 LIl (K2-1) u mo Bcemy Ttopuy
(K2-2). Xapaktep nedopMupoBaHuSI TaHHBIX 00-
paslioB y BEPXHEro TOpIA CYIIECTBEHHO pa3iu-
yaercsl.

Tak, B mepBom obpasue (K2-1) mpomonbHOe
yKOpoUeHHE OeTOHa Ha TPaHsIX Pa3BUBAJIOCH MEHEE
WHTEHCHUBHO. boJee Toro, nmocne AOCTHXEHUS yCHU-
sueM BenuunHbl 2 MH ux 3HaveHus Hayanu yObI-
BaTh, a 1pu ycuiuu 6osiee 3 MH rpanu o BepTH-
KaJi HauyuHalOT yanuHAThCs. llomepeunsle ne-
dbopmanuu yIJIMHEHUsT TpaHel 3Toro e obpasia,
HA000POT, pa3BUBAIMCH 0OJIee NHTCHCUBHO, Y€M B
comnocraBisgeMoM obpaszue K2-2. Takoe nedopmu-
pOBaHHE YKa3bIBaeT Ha IepepacIpe/ielieHne yCH-
nuii B OetoHe ceuenwit y topua moxa LI, cmsrue
OeToHa y ocu 00pa3iia U BBITyYHUBAHUE €r0 3alllHUT-

HOTO CJIOS, Ha4YaBIIEECs MOCINE TOCTHKEHHS YCH-
must N = 2 MH. Bce 310 conpoBOXaanoch WHTEH-
CHUBHBIM 00pa3oBaHMEM Ha OOKOBBIX MOBEPXHO-
CTAX y Bepxa OOpasloB CETKH BEPTUKAIHHBIX,
TOPU3OHTAIBHBIX M KOCHIX TPEIINH.

Puc. 4. Xapaxrep pa3pylueHus GpparMeHTa KOJOHHbI [IPH HATPY)KCHUH Yepe3 LeHTpHUpYoILyro poknaiky (K3-1):
a — HavaJIo TpenuHooOpa3oBaHus; O — HayaIo pa3pyLIeHHs; B — XapaKTep pa3pyLICHHs
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OTH. yKOpoyeHve OTH. yanuHeHve

Puc. 5. PazBuTHe 1oJ Harpy3Koi CpeIHUX OTHOCHTEIBHBIX AedopManuii 6eToHa Ha GOKOBEIX rpaHsax oOpasmos K2-1
(nmuaum 1 — nponosbHble; 2 — nonepeunsie nedopmarn) U K2-2 (coorBercTBerHo, nunun 1’ n 2') y Bepxa (a)
U B CCYCHUH Ha CEPEIMHE BBICOTHI (0)
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XapakTep pa3BUTHS MPOAOJBHBIX M IMONEped-
HBIX jaedopMaiuii mo G0KOBEIM TpaHsIM 00pa3IoB
K2-2 B ceuenusix y Topua ObUl IPUMEPHO TaKUM
JKe, KaK U I €r0 CeYeHUH MocepennHe, pa3inya-
SICh, OJTHAKO, BEIMYNHON AeopMaItiii Ipu OTHOM
U TOH e Harpyske. Bmecrte ¢ TeMm, IIpu paccMoT-
peHnu rpaduKoB pUC. 6 MOXHO OTMETUTh, UTO
B CEYEHHUSAX Yy CepenuHbl oOpa3ia-0im3Hena,
HarpyxenHoro depe3 L1, nedopmaruu pa3BuBa-
IOTCSl HECKOJIBKO WHTCHCHBHee, 4eM B oO0pasle,
Harpy>kKeHHOM 10 BceMmy Topiy. llo-Bumumomy,
packanbiBanue Oerona mox LII1, HecmoTps Ha
HaJIM4Yue TOpHOBOfI IJIAaCTUHBI U KOCBECHHOC apMU-
pOBaHHE, MOMKET Pa3BUBATHCS HAa 3HAYUTEIHHOM
YAaJI€HUuHM OT TOpLa KOJIOHHBI U BBI3bIBATH HA 3TOM
y4YacTKe MOBBINICHHYIO NepOpPMaTUBHOCTD. JJTUHY
JTAHHOTO y4YacTKa MOXXHO YMEHBIIHTH, YBEIHMYUB
collep)kaHue KOCBEHHOTO apMHPOBAHHS y TOPLIOB
KOJIOHHBL. JlehopManny poOoTbHBIX CTEpPIKHEH B
CPEIHMX IO BBICOTE 00pa3LOB CEUYECHUSIX Pa3BHUBa-
JUCHh TOJ HArpy3KOW HETMHEWHO M Takxke Oosee
WHTEHCHUBHO B 00pa3iax, Harpy>XxeHHbIX uepe3 [II1
(puc. 6), o0 cpaBHEHHIO ¢ 00pasliaMu, HarpyKeH-
HBIMH TI0O BceMy Topily. B mocrmemmem ciydae,
a TaxKe TpH ToMmuHe TuracTuHb 30 MM (00pasery
K3-1) pa3Butue nedopmauuii apMatypsl 10 ypOB-
Ha Harpy3ku 0,75-0,90 oT pa3pymaromero ycuims
OBUTO TIpaKTHYECKH JIMHEWHBIM. K MoMeHTy pa3s-
pylieHus: o0pasuoB, HarpykeHHbsix uepe3 LI,
HamNpsOKEHUS B MPOAOIBHON apMaType B CPeIHHX
ceueHusax cocrasisuiu 0,76-0,88 ot npenena Teky-
yectu (tabm. 1). Takum oOpa3oM, mepemaya mpo-
JIOJIBHOTO cxxuMarolero ycunus uepes LI Ha To-
pell KOJIOHHBI, CHA0XKEHHBIN CTaIbHOMW IJIACTUHOM,
OKa3bIBaET BIUSHHE Ha XapakTep paOboThl OeTOHA
apMarypbl He TOJBKO y €€ TOpIla, HO M Ha JI0CTa-
TOYHOM YIAJICHUU OT HETO. CBapHBIC CCTKH TAKXEC
3¢ (GEeKTUBHO BKIIOYUIUCH B paboTy Mox Harpys-
KOH, U 1O BeNWYrHaM 3a()UKCHPOBAHHEIX Jaedop-
MaHI/Iﬁ MOXHO CYJIHWTb, YTO HAIIPAKCHUA B HCKO-
TOPBIX HMX CTCPXKHAX Y OCH KOJIOHHBI JOCTHUI-
MU TIpeneia TEKydecTH IpH Harpys3Ke, paBHON
75-80 % oT pa3pymiammnero ycunus, kax B [9].

st OLIEHKM NPOYHOCTH HMCIBITAHHBIX 00pa3-
LIOB BBIMOJHWIN pacyeT NPOYHOCTH UX OTOJOBKOB
Ha MECTHOE C)KaThe N0 (DAaKTHYECKUM XapaKTepu-
CTHKaM apMarypsl U 6eToHa. Pacuer nmponsBoammm
cormacHo Mmeroauke CHB 5.03.01 nns cmyuaes
pacnpeneneHus COKMMAIOINX HAIPsDKEHUH B TOP-
oot twracture mox L{IT mpu cootHomenmsx 1:1
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u 1:2,5. TlockonbKy Ipu nepeaaye Harpy3Kku 4epes
IIT crepkHU NPOAOIBHOM apMaTypbl HEMOCpen-
CTBEHHO IO/ TOPLOBOH ITacCTWUHOH B paboTy He
BKJIFOUATHCH [11], X COMPOTUBIICHUE CIKATHIO JJIS
3THX 00pa3IOB HE YUUTHIBAIIH.

N, mH
7

6,63/6,59

gs, %

0,2 0,3
OTH. yKopoyeHue

Puc. 6. PazButne nedopmannii B IpogoIBHBIX CTEPIKHIX

B CEUEHMSAX Ha CEPeMHE BBICOTHI 00pa3lia Ipu nepenayue

yeunus yepes LIT (1 — o6paser; K1-1; 2 — K2-1; 3 — K3-1)
u 1o Bcemy topuy (4 — obpazen K1-2; 5 - K2-2)

ComnocraBieHrue pe3yJbTaTOB pacdeTa C OIbI-
TaMH TIOKa3aino (Tabn. 1), 9TO BO BCEX Caydasx
pacyeT HeAOOIleHHWBAeT (B 3arac) MPOYHOCTh HC-
MIBITAaHHBIX 00pa3oB. [Ipu pacnpeneaeHun HaIps-
JKeHUH B 1iacTuHe 1:1 OTHOIIEHHE pPacyeTHOTrO
pa3pyIIaroIIero YCHIUs K ONBITHOMY COCTaBJISICT
0,64-0,72. Ilpu pacrpenenenun 1:2,5 pe3yabTaThl
pacdyeTa COMKAIOTCSA C OIBITHBIMH, COCTaBJISS
0,78-1,00 oT ONBITHOW MPOYHOCTH. DTO MOIHO-
CThIO COIJIACYETCS C PEe3yJIbTaTaMH aHaJOTHYHBIX
OTBITOB [6], BBHIMTOMHEHHBIX B ['OpHOM yHUBEpCH-
tere r. Bynmeprane (I'epmanus). B npuBeneHHbIX
pPacUYeTHBIX M OIBITHBIX COOTHOIICHUSX MCHBIIHC
3HAUCHMUS MMOJYYEHBI T 00paslia, COASpkKAIIero Ha
TOpIe TacTHHy ToimmHOX 10 MM. DTO O3Hawaer,
YTO TUIACTUHA TaKOW TONMUWHBI Hed((deKkThBHA W
OKa3bIBacT HE3HAUYMTEIILHOS BIMSIHUC HA TPOYHOCTH
TOPIIOB Y CTHIKA KOJIOHHBI. JICHCTBUTENBHO, IS TUIa-
CTUHBl TOMUMHOK 10 MM yBeIMYEHHE KOHTAKT-
HOM Ttmiomasd Acp ¢ OETOHOM ISt COOTHOIIIEHUS
1:2,5 cocraBuno Tonbko 43,5 %, B TO BpeMsl Kak
g wiactud TommuHor 20 1 30 MM OHO JOCTHTAJIO
83,2 % u 117,0 % coorBeTcTBeHHO. B 11€710M pe-
3yJBTAaTBl pacuera M OIBITOB C YYETOM JAHHBIX [6]
TOJITBEPKIAIOT BO3MOXKHOCTh UCIIONh30BaHUS METO-
ik CHB 5.03.01 1t o1ieHKH MpOYHOCTH KOHTAKT-
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HOTO CThIKa € JeOPMHUPYEMOH IICHTPHUPYIOIICH
NPOKIAAKOW TIPU  PACHpEeleNieHHd  CKHUMAFOLIHX
HarpsbkeHuil B TopuoBoi ruacture mnox LTI mpu
cootHomenuu 1:2,5.

[lomy4yeHHOE yZOBIETBOPUTENBHOE COOTBET-
CTBHE MEXIy PacUeTHHIMHU U ONBITHBIMU 3HAYCHU-
MU Pa3pyLIAIOLIETO YCHIIMS IO3BOJSET OLECHUTh
BEJIMYMHY DPa3pyLIAIOLIETO YCHIMA B CTHIKE IPH
YBEJIMYEHUH COJIEP)KaHUS KOCBEHHOTO apMHpOBa-
Hus. Tak, Ipy yBEIMYEHHH JUaMeTpa CTEp>KHER B
cBapHBIX ceTkax ¢ 8§ mo 10 MM koaddummenT xoc-
BCHHOI'O apMHUpPOBaHUS OT'OJIOBKOB OIIBITHBIX 06-

pasios cocrasut 3,56 - 107, Pe3ybTathl pacuera
00pasmoB ¢ 3THM apMUpoBaHWeM (Tadi. 2) IMOKa-
3BIBAIOT, YTO MX IPOYHOCTH BO3PACTACT U IPEBHI-
raet onbITHyo Ha (5,2-15,3) % u Ha (9,5-18,3) % —
HEepBOHAYATBHYIO pacyeTHyl0. Bo3MOKHOCTH ym-
PABIATH MPOYHOCTHIO OTOJIOBKOB CTHIKYEMBIX 3BE-
HBEB KOJIOHHBI MO3BOJISIET peain30BaTh CaMOIICH-
TpupoBaHue cThiKa ¢ nedopmupyemont L1 u Boc-
NPUHATH 3HAYUTEIBHOE TPOIOIBHOE YCHIINE, KOH-
HEHTPUPYEMOE B CTHIKE BIOJIb OCH KOJOHHEI.

Hnst obecrieueHHs] CaMOLEHTPUPOBAHUS CTHIKA
MoJi JeWCTBUEM HAMOOJNBIIET0 PAacuyeTHOrO0 CKUMa-
rowero yeunus Hanpspkenust B LI nomkHbL focTHYb
TEKy4eCcTH, oOecneuuB IUIOTHBIM KoHTakT LIIT ¢
000MMH TOpIAMH CTHIKYEMBIX 3BEHBCB KOJIOHHBI
(puc. 1B). ITockombKy 3a cyeT MOMEPEYHBIX Jedop-
Maruii pasmepsl aedopmupyemoii L1 yBemmuusa-
FOTCS, TOTIOJTHUTENFHO BO3pacTaeT pa3Mep IIIOMaan
cMATHS OeToHA. YKa3aHHOE TaKKe CIOCOOCTBYET
TIOBBIIIEHHUIO HAJIS)KHOCTH CThIKa KOJIOHH.

B nenom npuBeneHHbIE BBIIIE JaHHBIE TOKA3bI-
BaIOT, YTO B pACCMOTPEHHOM THUIIE CTBIKOB KOJIOHH,
BKJIIOYAIONIEM TOPIIOBBIE CTaJbHBIE IUIACTHHBI U
HEHTPUPYIOUIYI0 TPOKIAAKY, MOCIEAHSS CyIIe-
CTBEHHO BJIMACT Ha HaNpsHKEHHO-Ae()OpMHUpPOBaH-
HOE COCTOSHHE apMarypbl U O€TOHa y TOPLOB
M Ha 3HAYUTEIBHOM yHaleHmn oT Hux (mo 2,0h,
rae h — MeHpmil pa3mep cedeHus). Pacuer npou-
HOCTH TOPLIOB KOJIOHHBI B TAKHX CThIKax Ha MeECT-
HO€ C)KaTHE CJelyeT BBIIONHATH C YYETOM pac-
MIpeseeHNs] C)KUMAIOIIMX HaNpsyKeHUH B TOPILO-
BbIX mtactuHax nof LI npu otHomnenuu 1:2,5.

Tabauya 2
IIpo4HOCTH TOPLOB ONBITHLIX 00PA310B NIPH CBAPHBIX CETKAX CO CTEPKHAMHU JuaMeTpoM 10 Mmm
Pazpymatomee ycunue Ngg U1 oronoBka, kKH YBennuenue npouHoctH (%)
IIpU 3aMeHEe KOCBEHHOTO
pacdeTHOe Mpu
Mapka | YcioBue Harpy- apMHUPOBAHUSI OTHOCUTETBHO
obpasiua HKEHHS OnbITHOE | (PaKTHUECKOM KOCBEHHOM CBapHBIX CeTKax 2x5 pacdeTHoro
OTIBITHOTO
apMHUpPOBAHHUHU D10 mm 1o axTuyecKkomy
- -2 _ - ycunus
(ps,xy = 2,27 - 107) (s, xy = 3,56 - 107) apMHUPOBAHUIO
K1-1 |LII(d =130 mm) | 4560 3566 4219 - 18,3
K1-2 T - 9590 - - -
K2-1 |LII(d=130wmm) | 4680 4682 5398 153 15,2
K2-2 T - 9590 - - -
K2-3 |LII(d=130 mm) | 4720 4682 5398 14,4 15,2
K2-4 | LII(d =160 mm) | 5800 5373 3883 14 9,5
K3-1 |LII(d=130mm) | 5940 5847 6571 10,6 12,4
K3-2 T - 9590 - - -
BbIB O 1 bl MeHee 20 MM, a KO3(pPHUIUEHT KOCBEHHOTO apMU-

1. s oObequHeHNsT COOPHBIX KOJIOHH, TIpe-
Ha3HAYCHHBIX BOCIIPUHUMATH NIPOAOJIbHBIE YCUIIHS
6onee 5 MH, nenecooOpa3HO MPUMEHSTH CTHIKH,
BKJIIOYAIOIINE CTabHBIE TOPLOBBIC TUIACTHHBI H
neGopMUpyeMyI0  LEHTPUPYIOUIYIO — MPOKJIAIKY
MEXJly HUMU. ToJIMHA HEHTPUPYIOIEeH TPOoKiIaji-
KU JJOJDKHA OBbITh JOCTAaTOYHOM, YTOOB! UCKIIFOUUTh
KacaHHe KPOMOK CTBIKYEMBIX TOPLOB IpH AeH-
CTBUHM IIOJIHOM pacueTHON Harpys3ku. TOJLIUHY
TOPLOBBIX IJIACTHH LEJIECO00Pa3HO MPUHUMATE HE
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pOBaHUS CBApHBIMH CETKAMH Y TOPIIOB KOJIOHHKI B
cTeike Ha3HayaTh He MeHee 0,035. OObeauHeHuUe
TOPLOBBIX IIJIACTUH CTHIKYEMbIX 3BEHLEB KOJOHH
MPOU3BOAAT CBAapHBIMH HAKJIaJKaMU Ha CTaJud
3aBEpIICHHUS CTPOUTEILCTBA OOBEKTa MOCIE [0-
CTYDKCHUS B CTHIKE YCWIIMS OT TOJHON PacueTHOMN
MMOCTOSIHHON HAarpy3KH M IOCJIE 3aJCIKU CTHIKOBO-
r'0 3a30pa LIEMEHTHBIM PACTBOPOM.

2. Pacuer mpoYHOCTHM Ha MECTHOE CXKATHE U
KOHCTPYMPOBAHHE TOPILOB CTBHIKYEMBIX KOJOHH
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CJIEITyeT BBIMOJHATH B COOTBETCTBUH C METOIAMKON
CHb 5.03.01 m ¢ ygeroMm pacupemeiacHus: CxKuMa-
IONUX HAIPSHKCHUH B TOPIOBBIX ITUIACTHHAX TOJ
HEHTPUPYIOUICH MPOKIAJAKOW MHPU COOTHOIICHUHU
t:m = 1:2,5, rae t — ToNIIMHA TOPITOBOW TUTACTHHEL,
M — 3aJ0KeHHE YIIUPEHUs IUIOMAau Mepeaayu
HANpPsOKEHUM 10 HHU3Y IUTACTUHBI OTHOCHTEIHHO
KaXJI0M KPOMKH LIEHTPUPYIOIIEH MPOKIAIKH.
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