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C MOMOUIBIO AKCIIEPUMEHTAILHOTO MOJACIUPOBAHKS paccMaTpUBatoTCs d¢-
(exThI, BO3HUKAIOIINE NIPH Nepexofie OETOHA B CIIOKHOE HANPSHKEHHOE COCTOSHME,
KOTOpOE 00pasyeTcs B pe3ylbTare OrpaHUIeHUs IONePeYHbIX qedopmariuii 3a caer
cTaJbHOM 000souKkH. MccnemoBanus MPOBOAMIMCH HA TPYOOOETOHHBIX 00pa3iax
TpeX THIOPa3MEPOB, a TAKkKe Ha AUPPEepEeHIIMPOBAHHBIX 00pa3Iax 13 YHCTOro Oe-
TOHA U CTaJIbHOU TpyOBL. [TpuBOAsSTCS AMAarpamMMbl paboThl 00Pa310B PHU HPOIOIb-
HOM C)KaTUH U UX cpaBHeHHUe. [IpuMeHeHre TpyOOOSTOHHBIX KOHCTPYKIHUIT OKa3bI-
BaeTcst BecbMa 3((GEKTHBHBIM HE TOIBKO 3a CUET HACKHIIIEHHS MaTepUaoM Hecymieit
KOHCTPYKLIUH, HO H 33 CYET B3AUMHOTO BIMSIHUSI COCTABISFOLIMX KOHCTPYKIUH APYT
Ha npyra. [IpuBomsTCsl KOMMYECTBEHHAs! OLIEHKA W KadeCTBEHHOE 0OOCHOBAHUE
NOBBILEHNS 3()PEKTUBHOCTH PaOOThI GETOHHOIO CEPIIEUHHKA B COCTaBE TPYOOOETOH-
HOro aneMeHTa. [TokazaHo, 4TO IPUPOCT HECYIeH CIOCOOHOCTH 00pa3na 3a cueT
YCHJICHUS IPOCTOH TPyOBI 6ETOHOM B HECKOJIBKO Pa3 MpeBbINIaeT JudhepeHIrpo-
BaHHYO HECYIILYIO CIIOCOOHOCTH OETOHHOTO sipa. D(H(PEKThI, BO3HUKAIOLIHE B OETOHE
TIOJ1 BIIMSTHAEM CTaJIbHOI 000JIOYKH, CO3al0T TPEXOCHOE HANIPSHKEHHOE COCTOSHHUE,
YTO MO3BOJISIET MHOTOKPATHO YBEIMYHUTH HECYIIYIO CIIOCOOHOCTS JIF0O0T0 XPYIIKOTO
Marepraa. ITOT (aKT MO3BOJISIET CUUTATH TPYOOOSTOHHBIEC KOHCTPYKIIHMU KOMITO3UT-
HBIMH C HETMHEHHBIM IPUPOCTOM IPOYHOCTH 33 CHET COBMECTHOM PabOTHI COCTaBIIA-
fomux cucreMsl. [lepexox TpyOOOSTOHHEIX 00pa3sLOB B IIIACTHYECKOE COCTOSTHUE
MPOUCXOIUT MPH TEX JK€ 3HAYCHUSIX MPOAOILHOM Ae(hOpMALHK, YTO U y TIOJIBIX CTaIb-
HBIX TPYO, HO IIPH OOJTBIIMX 3HAYCHUSX HArpy3Ku. [TokazaHo, 4TO OETOH B yCIOBHUSIX
TAKOT0 HANPsDKEHHOTO COCTOSTHMS BelleT ce0sl Kak aMOp(HBIN MaTepHal, He pa3py-
[IaeTCs Ha BCEX ATarax Ae(hpOPMHUPOBAHUS, & TAKKE B HEM MPAKTHYECKU OTCYTCTBYIOT
MPOLECCHI 3aPOXKICHUS U PACIPOCTPAHEHUS TPEIIHH.

Knrouesvie cnosa: Tpyb00OETOH, KPUTEPHUH IIPOYHOCTH, TPEXOCHOE CKaTHe Oe-
TOHA, CJIOKHOE HAIPSHKEHHO-1e(hOPMUPOBAHHOE COCTOSIHKE, 3()(HEKTUBHOCTH TPYOO-
6eToHa, HecylIask CHOCOOHOCTb.

BBepgeHue

[Mpupona pa3pymenns GETOHHBIX 00pa3IOB TP OCEBOM CXKAaTHH 3aKIIOYAETCS B MO-
CTETICHHOM OTKAJIbIBAHUU MaTepualia ¢ MOBEPXHOCTH B HANPABICHUSIX, EPICHIUKYIISP-
HBIX Harpy3Ke, KaKk Mpu craTudeckoM [ 1, 2], Tak u mpu AHHaAMHUYIECKOM Bo3neicTBun [3-9]
(puc. 1a). Haubonee mpocToii criocod yBeIMYUTh HECYILYIO CIIOCOOHOCTD 3aKITI0YaeTCs
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B OrpaHWYECHUH MOABMKHOCTH Mareprasa B paJIdalbHOM HalPaBIeHUH, YTO TPUBOINT K
3¢ ety 000timMbI [7], 2 0ETOH EPEXOIUT B HEOIHOOCHOE (IIBYX-, TPEXOCHOE) HATIPSIKEH-
Hoe cocrosiue (puc. 16).

Hasnenne TpyOBI Ha Bremnss Harpyska
OCTOHHBII CEpIIETHUK

Puc. 1. beroHHbIi1 00pa3erl B yCIOBUAX OCEBOTO CKaThs (a), NPUHIIUI BOZHUKHOBEHHS
TPEXOCHOI0 CXKaTusi B Tpy00O6eToHHOM 00pasLe (6)

CloKHOE HAMPSDKEHHOE COCTOSTHUE MOYKET BO3HUKATH B IIEJIOM PSIIe KOHCTPYKIIUIH CII0XK-
HOW KOH(UTYpaIiy, B MACCHBHBIX JKeJIe300e TOHHBIX KOHCTPYKIHIX [ 10—13], TpybobeToH-
HBIX KOJIOHHaX [7, 14-32]. Pabota 6eToHa, HAXOAIIEroCs B YCIOBHUIX TPEXOCHOTO CKATHS,
3HAYUTENHHO OTIIMYAETCS OT PadOTHI IIPH OCEBOM CXKaThH. B mepByto ouepes mpakTuiec-
KH OTCYTCTBYET XPYIIKOE pa3pyIllIcHHE MaTepuaa, a ero MIacTu4eCcKrue CBOMCTBa BBIXO-
IUIT HA TIepBBIi Tu1ad. Kpurepuu mpogHocTr OSTOHA 3aMETHO YCIIOKHSAIOTCS B 3aBHCHMO-
CTH OT THIIA CJIOKHOTO HAMPSHKCHHOTO COCTOSIHUSI, COOTHOIICHHS TNIABHBIX HAPSDKCHUN
¥ WX 3HaKa. Pa3paboTke 3THX KPUTEPHEB IMOCBSIIECHO OOJIBIIOE KOJHUYECTBO ITyOIIMKa-
nuit [10-13, 33-36].

PaccmarpuBas paboTy OeToHa B cocTaBe TPyOOOSTOHHBIX KOJIOHH, MOYKHO OTMETHTb,
YTO TPEXOCHOE HAMPSDKEHHOE COCTOSHUE CO3MACTCS B HEM 3a CUET HaJU4IHs TPYObI-000-
JIOUKH, OrpaHHYmBaroniell nonepednoe nedopmuposanue (mo [lyaccony) n moreHmu-
aJNbHOE pa3pylIeHUe B STOM HarnpasieHuu (cM. puc. 16). CoznaHue Takoro HapsHKEHHOTO
COCTOSIHUA He TpeOyeT 0COOBIX CII0COO0B MPUIIOKEHHSI HATpy3KH [7, 36-39].

MoaroToBKa K UCNbITAaHUAM

Bynem HazpiBath manee nud¢epeHIIUpOBAaHHON Hecyllel CroCOOHOCThIO 00pa3ia
HECYIIYIO CHOCOOHOCTh OT/EIBHBIX COCTABILIIONINX TPYOOOETOHHOTO 00pasiia, Harmpumep,
II0JI0H TPYOBI HiTH OETOHHOTO IIMIIMH/IPA, TEOMETPHYUECKH COBITAAIONIETO C CEPACTHUKOM;
WHTETPUPOBAHHOH Hecyllel crocOOHOCTBIO — HECYIIyIO CIIOCOOHOCTh KOMITO3HUTHOTO
TpyO0oOeTOHHOTO 00pas3ia.

B cratbe [1] moka3zaHo, YTO HHTETPUPOBAHHAS HECYILAsl CIOCOOHOCTh BCEX COCTAB-
JSIOIUX TPYOOOETOHHOTO 00pasiia 3HAYUTEIHLHO MPEBOCXOANUT COOTBETCTBYIOIUE TU(-
(hepeHIMpOBaHHBIE 3HAUEHH S, YTO JeNIaeT TPyO0OeTOH 3 PEeKTUBHON KOMIIO3UTHON KOH-
CTPYKLMEH.

KonuuectBeHHBIN BKJIa]] OSTOHA P €T0 MEPEXOE K TPEXOCHOMY CIKATHIO B COCTABE
TpyOOOETOHHBIX 0OPA3IOB MONYUEH B CEPHU UCTIBITAHUIA, POBOIUMBIX B JIJA0OpaTOpHU
kadenpsl «CTpOUTENbHBIE KOHCTPYKIUI» HIDKEropoackoro rocyiapcTBEHHOTO apXu-
TEKTypHO-CTPOUTENHFHOTO YHUBEpCHUTETA. 711 IPOBENCHNUS UCTIBITAHUHA OBIIIM H3TOTOB-
neHsl 3 Tunopasmepa odpasuos amuHoi 100 MM (puc. 2a), a Tarke 00pa3sibl OeToHa U
TOJION TPYOBI, HEOOXOAUMBIC TS OTpeAeTcHHs TU(PepeHITNaTLHON HeCyIel croco0-
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HocTH. Ha puc. 26 0603HaueHO: / — HCIIBITYeMBIi 00paselr; 2 — MOABHKHAS 3arpyKaromiast
IUIACTUHA; 3 — HETIOBM)KHAS 3arpy’Karoliasi INACTUHA; 4 — UHIUKATOP JJIS PErUCTpaIiu
CONMKEHMsI TUIACTHH. JKCIIEPUMEHTHI TIPOBOAMIIMCE ¢ MPUMEHeHueM npecca [1-125 ¢
MaKCHMAaJbHOH Cokumaroteii Harpyskoit 1250 kH.

Puc. 2. O6pa3up! U1 UCTIBITaHUi (@) U IPUHLUIKAIBHAS CXeMa
IKCIIEPUMEHTAIILHOM YCTAaHOBKH (6)

Haceiienue 06pa3ioB OETOHHOW CMEChIO IPOBOAMIOCH ¢ H3MHIIKOM 5—10 MM, 3aTem
BBITIOJIHSIACH TOPLIOBKA AJIMa3HBIM AMCKOM M HANMIIbHUKOM. [Tokpacka 60KOBOit moBepX-
HOCTH 00pa3I0B BBITIOJIHSIACH C I[ETbI0 BU3YabHOTO OTCIICKUBAHUS BO3HUKAIOIINX T10-
MePEYHBIX Je(opMaryii.

PesynbTathl UCccneaoBaHus

Ha puc. 3 npuBonsaTcs muarpaMmbl 1e(hOpMUAPOBaHUS TPYOOOSTOHHBIX 00pa3IoB U
WX CpaBHEHHUE C U QepeHIIMPOBAHHBIMHU THATPAMMAaMH JUIsl CTATBHOUN TPYOBI.

Tpyb6a &60 MMx2 MM Tpyba D76 MMx3 MM Tpy6a 102 Mmx3,5 MM
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obpasna Th-11
Pe3ynbrarhl HCIIBITAHUS

obpasua Th-12
Pesynbrarsl HCIIBITAHUS

obpasua T-11
Pe3ysbrarbl HCIIBITAHHS

obpasua T-12
AnnpokcuMupyromas
Jarpamma

obpasua Th-21

1 P €3YyJIbTAThl UCIIBITAHUS

obpasua Th-22
Pe3sybrarsl HCIIBITAHUS

obpasua T-21
Pe3ymnbrarhl HCTIBITAHUS

obpasua T-22
Arnmnpokcumupyromast
Jarpamma

o>

obpasna Th-31
Pe3ynbrarel HCIIBITAHHUS

obpasua Th-32
Pe3ysbrarbl HCIIBITAHHS

obpasma T-31
Pe3ynbrarsl HCIBITAHUS

obpasua T-32
AMNpOKCHMHUPYIOLIAs
quarpamMmma

Puc. 3. luarpammMbl po1oabpHOTO AeGOpMUpOBaHus 00pa3ioB,
P — texymas Harpyska, A — cOMDKEHUE TOPLOB 00pasLa



[MpupocT Hecymeit ciocobHOCTH A1 TPyOOOETOHHOTO 00pa3Iia BO BCeX CIIydasx B
2,5 pa3a npessimaet qudhepeHINPOBAHHYIO HECYIIYIO CIIOCOOHOCTH OETOHHOTO Cep/iey-
HUKAa, YTO TIO3BOJIAET YIPOCTHTH MPEMIOKESHHYIO B [19] dhopmymny

N, =(cR,+d)4, +oR A, (1)
BBIpaskas MOHYIO0 HECYILIYIO CTIOCOOHOCTh KaK
N, =2,5R,A, +R.A_, 2)

rae N, — MHTerpupoBaHHAas HEeCyIIask CIocOOHOCTh TpyOoOeToHHOTO 00pasua; R, R, —
pacueTHbIe CONPOTHBIEHHs OeTOHa U cTainy; A, A, — IIoIaau onepevHbIX cedeHnit oe-
TOHHOTO CepJCUYHIKA U MaTepuaja TpyOsl; ¢, d — KOHCTAHTHI, YIUTHIBAOLINE YIIPOYHECHHE
OetoHa 3a cueT 3hexTa 000iMBI; 0L — K0IDDHUIIMEHT, YIUTHIBAIOIINHN YIIPOUHEHHE TPYOBI,
CBSI3aHHBIN C OrpaHIMUYEHHOMN NoTepelt MecTHOM ycToitunBocTH. Dopmyna (2) MOXET ObITh
IpPE/ICTABICHA B BUJIC:

N,=25N,+N,, A3)

rae N, = R.A,. — muddepeHunpoBaHHas Hecymas ciocOOHOCTh CTaIbHOM TpyObI, N, =
= R, A4, — muddepeHnrpoBaHHas HeCyIas CIOCOOHOCTh OSTOHHOTO CEPCUHHKA.

Kaxk 6b110 cKa3aHo paHee, s onpeaeaeHus quddepeHInpoBaHHON HECYINei cIo-
COOHOCTH M pacyeTHOTO COTIPOTHBIICHHUS CTaJIH U OETOHA OBIIM W3TOTOBJICHBI JOTIOIHH-
TesbHbIe 00pa3ibl (6 cTaJbHBIX U 6 OETOHHBIX 00pa310B). 3HAYSHHSI PACUETHBIX COMPO-
THBJIEHHH, IOJTydE€HHBIE B Pe3Y/IbTaTe SKCIICPIMEHTOB B MX 00pabOoTKH, cocTaBmiu R, =
=319,8 MIla, R, = 10,46 MIIa.

B tabmine 1 mpuBoANTCS CpaBHEHHUE PE3YIIETATOB HCIIBITAHUH C pe3ylIETaTaMH, TIOITy-
yeHHbIMU TI0 popmymne (3).

Tabnuya 1
Juddepenuupoannas Hecymas WuTerpupoBanHas Hecylas CriocOOHOCTb
Pasmepnr
crocoOHocTh, KH TpybobeTonHoro obpasmna N, kH
TPy, CranpHas Bberonnsrit ITo ¢popmysne |TTo pesynsraTam
MM Tpyba, N.=R_.A.|cepneunuk, N, =R A4, 3) JKCTIIEPUMEHTOB Pacxoaere
260x2 116,41 25,79 180,89 178,50 1,3%
DT76x3 220,02 40,30 320,77 335,00 4,2%
2102x3,5 346,34 75,7 535,59 512,00 4,4%

ITnomans ceueHus cepieaHnKa A, onpeessiiack o BHyTPEHHEMY IHaMeTpy TPyOBI.

Amnamu3 auarpaMmsl (cM. puc. 3) MOKa3bIBaeT, YTO JOOUTHCS MalCHUs HATPY3KH HE
YIAJIOCh HU B OJIHOM Cllydae, HECMOTPS Ha SBHO KpHUTHYeCKue aedopMaiin oOpasioB
(puc. 4).

[Tocne ucripiTannii Bce 00pasiibl ObITA BCKPBITHI ITyTEM POCITYCKa CTaTBHON 000JI0UYKH
(puc. 5). BHe 3aBUCHMOCTH OT HTOrOBOM MPOIOIBHON ieopMaIuH (JUTHHA UCTIBITAHHBIX
o6pasioB cocrasimsuia oT 40 no 70 mm, o ucobrranust — 100 mm (cM. puc. 4)) 6eToH He
Pa3pyIIUICS, KaK 3TOT0 MOKHO OXKHIATh OT XPYIKOro Matepuana. Kak u nmpezmnoiaranocs,
B YCJIOBUSIX TPEXOCHOTO CXKaTHsI CBOMCTBA OETOHA KapANHAIBHO H3MEHHIJIKCH, B OTJINYNE
OT XPYIKOTO pa3pyIICHHs TPU 0CEBOM CxKaTHH (CM. puc. 1), B cocTaBe TpyOOOSTOHHOTO
oOpa3siia 6eToH BeneT ce0s Kak aMop(hHBINH MaTepual, CIIoCOOHBINA PaKTHIECKH Oe3rpa-
HUYHO Je(hopMHUPOBATHCS, 3aMETHO U3MEHss popMy (cM. puc. 5). [lo BeieneHHOMY Ha
pHCYHKE (parMeHTy MOXKHO 3aMETHUTh HOJIHOE OTCYTCTBHE TPELIHUH.
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a)

Puc. 5. BekpaIThiii 00pasels mocie uCnbITaHni

BbiBOAbI

AHanu3upys pe3yabTaThl HCCICAOBAHUN, MOXKHO CIENaTh CIEAYIONINE OCHOBHBIC
BBIBOJIBL.

Hcnonp3oBanue OETOHA TPH OJHOOCHOM CXKaTHUH HE YCTPAHsIET INIaBHbIH HETO0CTATOK
KaMEHHBIX KOHCTPYKIHH — UX XPYNKOCTh. [lepexon K CI0KHOMY HANpPSHKEHHOMY CO-
CTOSIHUIO MO3BOJISIET YBEIUYHUTh OTCHIIHAIBHYIO HECYIIYIO CIIOCOOHOCTh OeTOHA B He-
CKOJIBKO pa3.

[MokazaHo IPUHIIUIHATIBHOE OTIINYKE Je(hOpMUPOBaHHsI OETOHA B IPUBOTUMEBIX yC-
JOBUSAX — aMOP(HBIA XapakTep HmoBeJeHHsI 00pa3ila HAIOMHHAET BS3KOE TEUYCHHE
a0COIIOTHO IUIACTUYECKUX MATEPUANIOB, TAaKUX, KaK MPUMEHSEMBIH B CTPOUTEIHHOU
npakTuke ouTyM. Takue 3pQeKThl HUBEIUPYIOT OCHOBHBIE HEIOCTATKH KAMEHHBIX (M, B
YaCTHOCTH, OETOHHBIX) MaTEPHAJIOB, IPU ATOM COXPAaHsIsi OCHOBHEIC MOJIC3HBIC KAYeCTRa,
HaIpuUMep, CIIOCOOHOCTH CONMPOTUBIIATLCS PE30HAHCHBIM 3 dekTam.

INepexox Tpyb0GeTOHHOTO 00pa3na B ITACTUYECKOE COCTOSHHE (YCIIOBHAS MOTEPs
HEeCyIIeH crmoCcOOHOCTH), HAOIFOAeMBIH 10 TuarpaMmaM (CM. puc. 3), IPOUCXOINT MPH
OJIMHAKOBBIX 3HAYCHUSIX IPOIONLHOM Aehopmarmu (ropsiaka 0,015), mpruuem kak y mobix
CTalIbHBIX 00PA3II0B, TAK U Y TPYOOOSTOHHBIX. ITO 03HAYAET, YTO MOTEPs HECYIIeH Croco0-
HOCTH 00YCJIOBJIEHA, B IEPBYIO 04ePElb, COCTOSTHUEM TPYObI, 0ETOH MTPAET JIHIIIb «IIOIIEP-
JKUBAIOIIYIO» QDYHKIIHIO, HAXOJSICh TIPH 3TOM B 3alIpeesIbHOM COCTOSHUU. 110 TOCTHKEHHH
TpyOO# KPUTUUECKIX 3HAUCHHH 1e(hOPMALIMY OHA IEPEXO/UT B INIACTHYECKOE COCTOSIHUE,
YTO TIPOUCXOAUT U CO BCEM 00Pa3IOM.
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TRIAXIAL STRESS STATE OF CONCRETE UNDER LONGITUDINAL
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The effects that occur during the transition of concrete to a complex stress state, resulting from the
limitation of transverse deformations due to the steel shell, are considered using experimental
modeling. The studies were carried out on CFST samples of three standard sizes, as well as on
differentiated samples of pure concrete and steel tube. Diagrams of work of samples under
longitudinal compression and their comparison are given. The use of CFST structures turns out to
be very effective not only as a result of saturation of the supporting structure with material, but due
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to the mutual influence of the components of the structure on each other. A quantitative assessment
and a qualitative justification for increasing the efficiency of the concrete core as part of a CFST
element are given. It is shown that the increase in the bearing capacity of the sample due to the
reinforcement of a simple tube with concrete is several times higher than the differentiated bearing
capacity of the concrete core. This fact makes it possible to consider CFST structures as composite
ones with a non-linear increase in strength due to the joint work of the system components. The
transition of specimens to the plastic state of tube-concrete specimens occurs at the same values of
longitudinal deformation as for hollow steel tubes, but at high load values. The effects that occur
in concrete under the influence of a steel shell create a triaxial stress state, which makes it possible
to multiply the bearing capacity of any brittle material. It is shown that concrete under conditions
of such a stressed state behaves rather like an amorphous material, does not collapse at all stages of
deformation, and there are practically no processes of crack initiation and its propagation in concrete.

Keywords: pipe concrete, strength criteria, triaxial compression of concrete, complex stress-strain
state, efficiency of pipe concrete, load bearing capacity.
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