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K OMNPEAENIEHUIO PACHETHOI'O COMNPOTUBINEHUA CXATUIO
NMPOAOJIbHOU APMATYPbl TPYBOBETOHHbIX KOJIOHH

A.Jl. KpuwaH, P.P. Cabupoes, 3.I1. YepHbiwoea
MazHumozopckuli 2ocydapcmeeHHbIU mexHudYeckul yHusepcumem um. I.U. Hocosa,

2. MaeHumoeopck

KoJIOHHBI U3 CTaJBHBIX TPYO, 3aIlIOJHEHHBIX OETOHOM, MPEICTABIAIOT COOOH OMH U3 HEMHOTHX
yIa4HBIX IPUMEPOB, KOr/a OETOH U CTallb B3aHMHO H CYLIECTBEHHO OMOTAIOT COMPOTHBIISATHCS CHIIO-
BBIM BO3/ICHCTBHSIM, YTO IIPUBOJUT K HOBBIIICHUIO HECYIIEi CIIOCOOHOCTH 2JIEMEHTA B IIEJIOM.

TpyOoOeToHHBIE KOHCTPYKIMU 00JIaJaloT PSIOM CYIIECTBEHHBIX TOCTOMHCTB IO CPaBHEHHMIO C
HKENIe300CTOHHBIMY WM MeTAJUTH4ecKMMU. OCHOBHBIC M3 HUX — BBICOKHE HECYIIasi CIIOCOOHOCTB, JKe-
CTKOCTb M HaJIGKHOCTb B OKCIUTyaTalllH, Majiasi TPYJIOSMKOCTh U BBICOKask CKOPOCTb BO3BE/ICHHS Kap-
Kaca. B kOHeuHOM cuere, BCE 3TO NPUBOJUT K COKPALICHHIO PacXo/ia MaTepUAIBbHBIX M ICHEKHBIX pe-
CYPCOB Ha U3TOTOBJICHHE.

[TepCrieKTUBHBIMU HANPABICHUSMH JABHEHILET0 COBEPIICHCTBOBAHUS TPYOOOSTOHHBIX KOJIOHH
SBIIIIOTCA TPEBApUTEIbHOE O0KOBOE OOXKaTHEe OETOHHOTO Spa MM €ro palOHAIbHOE apMHPOBa-
Hue. B paboTe npuBeeHbl OCHOBHBIE Pe3yJIbTaThl SKCIIEPUMEHTAIIBHBIX UCCICI0BAHNI HECYIIeH CIIo-
COOHOCTH TMPEBAPUTENILHO 00XKATHIX M TPAIULHOHHBIX TPyOOOSTOHHBIX KOJIOHH CO CTEPXKHEBBIM ap-
MHpPOBaHHEM OETOHHOTO sapa. Ha oCHOBaHMH TOJYYSHHBIX JAQHHBIX CleJIaH BBIBOJ, YTO PallMOHANb-
HOE HCIIOJIB30BaHUE B TPYOOOCTOHHBIX KOJOHHAX MPEABAPUTEILHOIO 00XKATHS M BBICOKOIIPOYHOH ap-
MaTypsl IPUBENO K MOBHIIICHAIO UX Hecymel crocobHocTH 10 20 %. IIpemmoxeHs! GpopMybl, yau-
THIBAIOIIHE BIMSHHE Kacca OETOHA M apMaTypBbl, a TAaKKe IPOLEHTa apMHPOBaHHs Ha BEJIMYHHY pac-
YETHOTO COTPOTUBJICHHUS CIKATHIO BHICOKOIIPOYHON apMaTyphl.

Kmouesvle cnosa: IKcnepumernmaibHble ucczzet)oeaﬁu}z, mpy606€m0HHbl€ KOJIOHHbl, Hecywias
C}’IOCO6HOCmb, BbICOKONPOYHAs apmamypd, pacuemyoe COnpomueieHue Coicamuio.

OpHUM U3 HallpaBJIeHUH WHHOBALMOHHBIX pa3pa-
00TOoK Kadeapbl MPOEKTHPOBAHMS 3AaHUH U CTPOH-
TENbHBIX KOHCTPYKIMHA SBJISAETCS YCOBEPIICHCTBOBA-
HUE KOHCTPYKIIMM W METOJOB pacuera TpyOoOeToH-
HbIx KosoHH (TBK). JlanHBIe BepTUKAJIbHBIE HECYIIHE
KOHCTPYKIIMHU BBICOKOIIPOYHBI, SKOHOMUYHBI U 0€30-
IacHsl B 3KCIUTyaTanud. Takwe 3JIeMEHTB MOTYT C
YCIIEXOM HCIOJIB30BATHCS B CIICIHATBHOM, IPOMBIII-
JICHHOM, TPaKIaHCKOM CTPOHUTENHCTBE, B MAlIMHO-
CTPOEHHH, B MOCTOCTPOCHHH M JpPYTHX O00JacTIX
ctpoutenbeTBa [1]. CpaBHUTENBHO HEOOJBIIAS IUIO-
IIab TONEPEYHOT0 CEUYEHUS TPYOOOETOHHBIX CTOCK
JleaeT 3TH KOHCTPYKIIMH TIPUBIICKATEIBHBIMU JUIS
BO3BEICHUS MHOTO3TAXKHBIX BBICOTHBIX 3/1aHHUH.

BBuny cymiecTBeHHBIX mpeumymiecTs [2, 3] Tpy-
000ETOHHBIE AJIEMEHTHI MPEACTABIAIOT CO00M mocTa-
TOYHO MEPCIEKTUBHYIO KOHCTpyKuuio. C npyroi cro-
POHBI, 3Ta KOHCTPYKIHS HY)KAAeTcs B AajbHEHIIEM
BCECTOPOHHEM  SKCHEPHMEHTAIFHO-TEOPETHUECKOM
HCCIIEJOBAaHUU M COBEPIICHCTBOBAHHY.

[Iporniecc  coBepuIeHCTBOBAaHMS  TPyOOOETOHHBIX
KOHCTPYKIIMH OCYIIECTBIISIETCS IO TPEM HaIlpaBJICHUSIM:

— 3aMeHa TPaJUIOHHOTO OETOHA Ha MaTepPHAaJIBI,
obagaromue JTy4lIIMMHA XapaKTepUCTUKAMHU Ui JaH-
HBIX YCJIOBHM MpUMEHEHHs (CepoOeTOH W Ap.), WIH
JTOCTM)KEHHE BBICOKMX TOKazaTeleif 3a CUeT BBEACHUS
B OCTOHHYIO CMECh BBICOKOIPOUYHBIX MEIKOIHUCIIEpC-
HBIX YacTull (cTanepudpodeToH u ap.);

— JlanbHEHIee pa3BUTHE CIIOCOOOB TMpenBapH-
TEJILHOTO 00’KaThsi OETOHHOM CMECH U NpeABaAPUTEIb-

HOTO HANpsDKEHHS CTaIbHOW 000J0YKH TPyOOOETOH-
HOTO JIEMEHTA B IIONIEPEUYHOM HaIpaBJICHUH;

— JOCTIDKeHHE 0ojiee BBICOKHX IMOKa3aTelel He-
cyme# crocobnoctn TBK 3a c4eT KOHCTPYKTHBHBIX
U3MEHEHUH.

OpHUM W3 METOZOB ITOBBHIILICHUS HECYIIEH cIo-
coOHOCTH TpPYyOOOSTOHHBIX KOHCTPYKIIMHA SBISCTCS
apMHUpOBaHHE OCTOHHOTO 5i/Ipa 3JEMEHTa CTEPKHAMHU
B TIPOZIOJIFHOM HaIpaBJICHUH.

B nmaboparopun kadeaps! MpoOeKTUPOBAHUS 371a-
HUI U cTpouTenbHbIX KOoHcTpykuui OI'bBOY BIIO
«MI'TY um. I''I. HocoBa» OBbLIH BBIIIOJHEHBI 3KCIIE-
pUMEHTallbHBIE uccienoBaHus 13 cepuii 00pa3ios
TpyOOOETOHHBIX KOJIOHH CO CTEP>KHEBBIM apMHpOBa-
HHeM OeTOHHOTrO sipa 1o 4 obpasma B kaxnoil. O0-
pas3ipl HCTIBITHIBAIUCH HA OCEBOE KPaTKOBPEMEHHOE
cKaTHe C IeTbl0 M3YYCHHS HX HampsDKeHHO-
JIe(OopMHPOBAHHOTO COCTOSHUS M TPOYHOCTHBIX Xa-
pakrepuctuk. Juamerp ceuenus TBK cocrasnsn 159
MM, TOJNIIHHA TPyOUaToit 000I0uky — 6 u 3 MMm. [Ipu-
YeM B Ka4ecTBE IPOJIOJIbHOM apMaTyphl HCIOJIB30Ba-
Jach BBICOKOIpOYHas mpoBosioka 5 B1400 -
8 nnu 4 crepxkHeil winm  apmarypa kiacca A800 —
4 crepxast. OOGxaTne OSTOHHOTO Sapa OCYIIECTBIISA-
JIOCh JIMOO MEXaHWYECKHM CIIOCOOOM, JIMOO 3a CYeT
WCTIONB30BaHusl Hampsratomero Oetona (HB). s
MOJY4YCHUs Hampsramoumero OeToOHa HCIOIb30BaJICs
pacuupsitoruiics remMeHt Macflow.

[IpenBaputensHelil aHanu3 [4, 5] mokasai, d9To
0eTOH, 3aKIIOYCHHBIH B 000WMY, MOXET HUMETh Je-
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¢opmarin, B 3—5 u Oornee pa3 MpeBhIIAIOIINAE YKOPO-
yeHHs1 OCTOHHBIX Ipu3M Oe3 oboiiM. Benencreue 31o-
ro, B 3JEMEHTaX, UMEIOUMX 000iiMy B BHAE TPYOHI,
MOXHO 3((EKTHBHO HCIOJb30BaTh BBHICOKOMPOUYHYIO
apMarypy 1pH ee paboTe Ha CKaTHe.

[MosyueHHbIE AKCTIIEPUMEHTAIBHBIC JaHHbIE MO/~
TBEPAWIN 3TO NpearnosoxeHne. OCHOBHbBIC pe3ylibTa-
Tl MCIIBITAHUII OTpa)KeHbI B Tabiuie U Ha rpaduke
(cM. pHCYHOK).

Paspymenne apMupoBaHHBIX TPyOOOCTOHHBIX 00-
pa3LoB HOCHJIO TUIACTHYECKHUH XapakTep M COIPOBOXK-
JIATIoCh 00pa3oBaHHEM ropoB B CTAJIBHBIX TPyOax Ha
ux OOKOBBIX ITIOBEPXHOCTAX. B 30Hax oOpa3oBaHus
ropoB mporcxoauIa MOTepPsi MECTHON yCTOWIMBOCTH
CTEHOK 000JI0UKH U pa3apobiaeHne 6ETOHHOTO siapa.

DKCIEepUMEHTAIBHBIC HCCIIEIOBAHUS TIOKa3allH,
YTO TpyOOOETOHHBIE 3JEMEHTHl C apMHPOBAHHBIM
spoM paboTaroT 6osee dhPeKTUBHO, YeM aHATOTHY-
HbIe 00pasibl 6e3 apMaTypsl (POCT Hecymel crocoo-
HocTH cocTaBui (5—10 %); TpyOOOETOHHBIE HIIEMEHTHI
C apMHUPOBAHHBIM O0XKATHIM sApoM paboTtaroT Oolee
3¢ (eKTHBHO, YeM aHAIIOTHYHBIE 00pasnbl O0e3 00xa-
THsI (IpUPOCT Hecylel crocobHocT — 5—-8 %); Tpy-
600eTOHHBIE 3JIEMEHTHl C apMHUPOBAaHHBIM OCTOHHBIM
SIpOM, BBHINTOJHEHHBIM M3 HANpsraromero OeToHa,
pabotator 6osiee 3h(HEKTUBHO, YeM aHAJOTHYHBIC 00-
pasipbl, BHINOJIHEHHbIE HA OCHOBE OOBIYHOTO IIEMEHTa
(poct Hecyiei ciocodnoctr — 7-9 %).

[ToBbIlIIeHUE METANIOEMKOCTH 00pa3la 3a c4eT
YBEJIMYEHUS CTCHKH TpyO4aToil 000I0UKH MU BBEIEC-
HHUS B OCTOHHOE SAPO BHICOKOIPOYHOM CTEP)KHEBOM
apMaTypbl, a TaKKe IpeABapHUTeNbHOE oOXkarue Oe-
torHoro simpa TBK oOecrmeunBaioT He TONBKO MpH-
POCT HecyIel crocoOHOCTH 00pasna Ha CKaTHe, HO U

Ooyiee HHM3KHE 3HA4YeHHUs aedopMmarmii obOpasma mpu
OJTHMX U TeX K€ Harpy3Kax.

Hcnonp3oBaHue BHICOKOIPOYHOH apMaTypsl MpU
U3TOTOBIICHUH TPYOOOETOHHBIX JJIEMEHTOB MOXET
MPUBECTU K CYIIECTBECHHOMY IOBBINICHUIO Hecymeﬁ
CITOCOOHOCTH KOJIOHH WJIM HCIOJb30BaHUIO TpYyO
MCHBIICTO AuaMeTpa, 4TO AacT CyH.[eCTBeHHBIﬁ JKO-
HOMHYECKHH 3P PeKT u 3xoHOMHUI0 Martepuaia. Ho s
3TOT0 Hy)KHa JOCTAaTOYHO TOYHAs METOAMKa pacdera
Hecylel CIIoCOOHOCTH TaKUX KOJIOHH, MO3BOJISIOIIAS
yudecTs paboTy apMaTyphl.

[IpuHATEIH B HOpPMax MOIXOA K HA3HAYCHHUIO
pacyeTHOTO CONPOTHBIICHUS CKaTHIO BBICOKOIIPOYHON
apMarypbl HE€ BIIOJTHE COOTBETCTBYET COBPEMCHHBLIM
JIAaHHBIM 0 JedopmatuBHOCTH OeToHA. DTO OBUIO J10-
Ka3aHo B [6—8]. Tam jxe ObuIH IPeIOKEHB! (POPMYJIBI
10 OMpEeNeICHUI0 OTHOCUTEIHHON JedopMmaiuu 6ero-
Ha €, %o IIPU OCEBOM CIKATHU:

€50 =1,2+0,16vB; (1)
g0 =1,2+0,19R, . 2)

Jns ompenenenust paspymaroonield Harpy3ku Ko-
POTKOTO IIEHTPAIbHO CXKATOTO TPyOOOETOHHOTO »3Jie-
MEHTa UCII0JIb30BaIach (GopMyia

N,=0,.4,+R3A+0c,4 3)

su“’s?
TIe G, — NpeAelbHBIC HANPSKCHUS B CXKATOH apMa-
Type (O, <6, G, — IpPEAEeI TEKy4eCTH apMaTypel);
R,3; — POYHOCTE 00BEMHO-CKATOT0 GETOHHOTO S1IPa;
G, — CKHMAIOIEE HANPSIKCHHE OCEBOro HampasJie-
HUA B CTalbHOH oOon0uke; 4 — IUIoLaib Momeped-
HOTO cedeHus GeToHa; A, — IUIOI[ajb HONEPEYHOro

CpeaHuve 3Ha4YeHUA paspyLlualolleit Harpy3kyu U OTHOCUTerNbHbIX Aedopmauuii No cepusim

Paspymaromas OtHocutenbHble nedopma-
KybOuxkoBas uu 00pasia, 3ahUKCUPO-
Cepus, obpazert Harpyska,
npouHocTs, Mlla Nt BaHHBIE IIPU MaKCHMaJSH)-
v HOU Harpy3ke, X10~

HI[.B1400.8.153.3-1 55.18 216,67 1100
OI1.B1400.8.153.3-1 ’ 235,83 1350
HII.B1400.8.159.6-1 298,33 1400
OI1.B1400.8.159.6-1 52,14 325,0 1700
OI11.B1400.4.159.6-2 291,67 1250
HII.A800.4.159.6-1 5876 331,67 1180
OI1.A800.4.159.6-2 ’ 343,33 1400
HIIBT.B1400.8.159.6-1 49.64 271,67 1300
OI1BT.B1400.8.159.6-2 ’ 288,33 1650
HITHB.B1400.8.159.6-1 5497 290,0 1350
OI1HB.B1400.8.159.6-1 ’ 316,67 1750
HITH.B1400.8.159.6-1 50.79 321,67 850
OIIH.B1400.8.159.6-1 ’ 340,0 2000

IIpumedanue. B mapkupoBke cepuii MPUHATHI CIEAYIOIMNE YCIOBHBIE 0003HaueHus: HIl — munmuaapudeckuit
obpaser ¢ HeoOxaThIM siapoM; Ol — munuHApUUeckuit o6pazer ¢ ooxkaThiM simpom; Hb — Hampsiraromuii 6eToH Ha
ocHoBe nemenTta Macflow; B1400 numun A800 — kmacc ctamu apMmaTypsl, 8 wid 4 — KOJHYECTBO apMaTypHBIX
cTepkHel B 6eToHHOM szape; 159 wnu 153 — BHemHUil [uamMeTp CTallbHOW 00OJIOYKH B MM; 3 MM 6 — TOJIIMHA

000JIOUKH B MM.
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K onpedeneHuro pacyemHo20 COMPOMUEIeHUSs] CKamuio

npodosibHOU apMamypbl mMpy606emoHHbIX KOJIOHH
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OTHocuUTernbHbIE NPOAONbHbLIE U NonepeyHble AedopmMauum
Heo6XaTbIX TPy606eTOHHbIX 06pa3LOB NPU KPaTKOBPEMEHHOM OCEBOM CXaTum

CCUCHUA O6OJ'IO‘1KI/I; AS — momaab MmonepeyHoro ce-

YEHUsI apMaTyPBhl.

B pesynpTare aHanmza ObUIO OMpeeNeHO, YTO
pacdyeTHOe COMPOTHUBIEHUE apMaTyphl CKATHIO CIIEey-
€T OMpEAeNATh TI0 AaHAJIOTHH C PACUETHBIM COTPOTHB-
JICHHEM Ha pacTsikeHue, cornacHo CIT 63.13330.2012.
B cooTBeTcTBHM C TpeXJIMHEHHOW nHarpaMMou ne-
dopMHUpoBaHUsA apMaTypsl R, PacCUMTHIBAETICA IIO

bopmyie

R, =(0,1=2"51 1 0,9)R <LIR,. 4)
€50 ~ €y
[peanaraempie GoOpMyJIbl YUHUTHIBAIOT BIIUSHHE
Ki1acca OETOHA M apMaTypbl, MPOICHTa apMHUPOBAHHS
Ha BeHI/I'-II/IHy paC'—IeTHOFO COHpOTI/IBHeHI/Iﬂ CXXaTHUr
BBICOKOIIPOYHOM apMaTypsl U MO3BOJISIOT Oojee 3¢-

(1)€KTI/IBHO HCIIOJIb30BATh €€ MPOYHOCTHBIC CBOMCTBA.
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ON DEFINITION OF THE DESIGN RESISTANCE
TO COMPRESSION OF LONGITUDINAL REINFORCEMENT
OF TUBE CONFINED CONCRETE COLUMNS

A.L. Krishan, Nosov Magnitogorsk State Technical University, Magnitogorsk, Russian Federation,
kris_al@mail.ru

R.R. Sabirov, Nosov Magnitogorsk State Technical University, Magnitogorsk, Russian Federation,
sabirov_rustam66@mail.ru

E.P. Chernyshova, Nosov Magnitogorsk State Technical University, Magnitogorsk, Russian Federation,
ch-elvira@bk.ru

Columns made of steel pipes, filled with concrete, are one of the few successful examples when
concrete and steel are mutually and substantially help to resist force effects, which results in increased
bearing capacity of the element as a whole. Tube confined concrete constructions have a number of signif-
icant advantages compared to reinforced concrete or metal ones. The main of them are high bearing ca-
pacity, rigidity and reliability, low labor intensity and high speed of building a frame. Eventually, all this
leads to reduced consumption of material and financial resources for manufacturing. The promising areas
for further improvement of steel tube confined concrete columns are preliminary lateral compression ot
the concrete core or its rational reinforcement. The paper presents the main results of experimental re-
search studies on the bearing capacity of prestressed and traditional tube confined concrete columns
with reinforcing of the concrete core. Based on these data it’s concluded that the rational use of pre-
stressing and high-tensile reinforcement in steel tube confined concrete columns has led to an increase
in their bearing capacity up to 20 %. The authors have proposed formulas, which take into account the
effect of a concrete and reinforcement grade, as well as the reinforcement ratio on the value of design
resistance to compression of high-tensile reinforcement.

Keywords: experimental research studies, steel tube confined concrete columns, bearing ca-
pacity, high-tensile reinforcement, design resistance to compression.
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