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IpounocTs U AedOpPMATHBHOCTD KOPOTKHX TPYG00ETOHHBIX KOJIOHH
KBAJAPATHOr0 MONEPEeYHOro ce4eHHs

AHHOTALIHA

B craree OPUBCACHBI OCHOBHBIC 3aBHCUMOCTU IJIA OHNPCACICHUA TIIPOUYHOCTH U
aehOpMATHBHOCTH KOPOTKUX TPYOOOCTOHHBIX KOMOHH KBAAPATHOTO MOIMEPCUHOrO CEUCHHAL.
TeopeTHueckuM MyTEM MONYICHBI HOBBIE (POPMYIBI AN pacueTa NPEACTbHOTO HAMPSIKCHUS B
OCTOHHOM SAPEC M HANPSDKCHHS OCCBOTO HANpPABICHHS B CTaIbHOW 000104ke. BriBeacHa
dopmyna AN BRIYMCICHUS OTHOCHTETBHOW JedopManmuv B BEPLIIMHE JHArPAMMBI
nedopmupoBanust 6ETOHHOTO siapa. Pe3yabTaTsl pacteToB MO MPEATOKECHHBIM 3aBUCHMOCTSIM
Xopouro CoBnajv ¢ IAHHBIMUA 3KCIICPUMCHTOB.

KaroueBbie cinoBa: TpyOOOSTOHHBIC KOJOHHBI, KBAAPATHOE, MOMECPEUYHOE CCUCHUC,
MPOYHOCTb, A¢HOPMATHBHOCTE, OCTOHHOE SAAPO, CTATBHAS 0D0IOUKA.

OnHoll M3 TCHACHUHUI B COBPEMCHHOM CTPOMTCIBCTBE SBISCTCS VBEINYCHHUE OOBEMOB
BO3BCACHHS BBICOTHHIX 34aHMN. [lOBBIIICHUE 3TAXKHOCTH 3JaHHH ONarompHATHO CKa3bIBACTCS
Ha CTOUMOCTH CAWHULBI IIOMATH, & TAKKE YMEHBIIACT MIOMAAN 3aCTPOHKH TOPOAOB.

BeicoTHBIC 37aHHS XapaKTEPU3VIOTCS OTHOCHTCIBHO BBICOKHMH HArpy3KaMH Ha HX
HECYIOUE KOHCTPYKLHH, B YACTHOCTH, KOJIOHHHL. [Jnda Takux 3gaHuid  TpeOyroTcs
BBICOKOIIPOYHBIC, JKOHOMHYHBIC, OC30MACHBIC B OKCIUTYATALHH BCPTHKAIBHBIC HECYINUC
KOHCTPVKIIHH.

OmnbIT NPOCKTUPOBAHUS U CTPOHTENBCTBA HECKOIBKUX COTEH BBICOTHBIX 3AaHUH MO BCEMY
MHPY MOKA3aJI, YTO BBIICICPCUNUCICHHBIMA CBOMCTBAMH 00MaaroT TpyOOOCTOHHBIE KOIOHHBI
(TBK).

Mupokoe nmpumeHeHHe TPYOOOECTOHHBIX KOJIOHH B HACTOAILICEC BPEMs CACPKUBACTCS, B
OCHOBHOM, OTCYTCTBHEM B JCHCTBYIOINUX HOPMATHBHBIX AOKYMCHTAX METOAHMKH PacyeTa HX
MPOYHOCTH, YIHUTHIBAIOLIECH OCHOBHBIC OCOOCHHOCTH UX HAPSDKEHHO-IC(OPMHUPOBAHHOTO COCTOSHUSL

[IpouHOCTE KOPOTKHX LEHTPATBHO CXKaThIX TpyOoOeToHHBIX KomoHH (TBK) o6brino
onpeaesioT o dopmyiie, kotopas euie B 1935 r. reopernucckum mytem Oblia moaydcHa A A.
I'BozaeBBIM 1 MOXKET OBITh 3aIMICAHA B CIICAVIOLIEM BHIC:

N=0,4+0,4,, (1)
TJIE 05, — IPEICIBHOC HANPSDKEHHE OCTOHHOTO pa B OCCBOM HAINPABIICHUU;
0,; — HATIPSDKEHHUE OCEBOTO HAIIPABJICHUS B CTAIBHOH 000IOUKE;
A 1 A, — NI0maan NOMEPEUHBIX CEUEHHH OETOHHOTO SApa U CTATBHON 000IO0UKH.

CnenoBatenpHo, Mt onpeacacHus npounoctu TBK cHauana HEOOXOAMMO BBIYHCINUTH
3HAUCHUSI HANPSDKCHUH 0y, U 0, CHauama IOKaXKeM, KaK TEOPETHUECKH MOXKHO HAUTH ITH
HANPSDKCHUS T KOOHH, UMEIOLIHUX KPYIIOE MONEPEYHOE CCUCHHCE.

UzsectHo, uto Geronnoe sapo TBK kpyrmoro momepedHoro cedcHus paboTacT B
VCIOBHAX TPEXOCHOTO CXKATUs THIA | 07 | > | 02 | = | 03 | (puc.). B Hamem cnyuae 63 = 0, 1 07 =
Oy, T1IE Op, — OOKOBOE JABICHNUE HA OETOH CO CTOPOHBI CTATBHON OOOMIOYKH.

BonbminHCTBO MccaeqoBaTene A1 HAXO0XKACHHUS MPOYHOCTH OOBEMHO CKATOrO OETOHA
Oy, TIPU PABHOMEPHOM OOXATHH 3JICMCHTA HAMPSDKCHUSIMH | 0p, | < | 0p, | HCOOMB3VIOT
JOCTATOYHO MPOCTYO 3aBHCUMOCTb!

sz = Rbu + kabr > (2)

B KOTOpOU k — k03¢ PULHEHT GOKOBOTO JABICHHS.
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a) Opz 6) Gpz
Gz Obz
Gpr Gpr
Gbr Gor
Gpr Obr Gpr Gbr
Gz Gz Oz Gbz

Puc. HanpspkeHHOE COCTOSIHHE CTANBHON TPYOBI M OCTOHHOTO SAPa B PA3JIMYHBIX CTAIMAX 3aTPY>KCHUS:
a — IPH U, > Vp; O — PH v < Vg,

OcCHOBHasI CIIOKHOCTh PAcUeTa CBI3aHA C OMPESACICHHUEM BTOPOrO CIaragMoro B MPaBOi
yactu ypaBHeHus (2). BeauunHa OOKOBOro MaBiCHHS HA OCTOH B MPESACIBHOM COCTOSHHH Op,
3aBHUCHUT OT T'COMETPUUCCKUX U KOHCTPYKTHBHBIX MAPAMETPOB TPYOOOCTOHHOrO 3CMCHTA, T.€. B
HAYAJbHOW CTAJUM pacueTa OHA HE U3BECTHA. 10 K€ MOXKHO CKa3aTh MNPO 3HAUCHHC
koadduumcHra OokoBoro gasicHus. PaHee OOJBIIMHCTBO HCCIACAOBATCICH IMPUHUMATH
k03 (dHULEHT & TOCTOSHHBIM | puMepHO paBHbIM 4. B HacTosmmee Bpems gokaszano [1, 2, 3], uro
3HadeHUE £ B hopmysie (2) mpuMeHnTEIpHO K OeToHHOMY s11py TBK MOKeT MEHSITBCS B TOBOTBHO
LIUPOKOM HHTEPBAJC (Yarue BCero £ = 3 + 7) B 3aBUCUMOCTH OT YPOBHSI OOXKATHS M = 0,/0p,; U
Buza Oerona. B wactHocTH, 1151 ITOTHEIX O€TOHOB NpeanoxeHa | 1] apobHas GyHKUuMs BUAA:

1
k= 0.1+0.9m G)

Cnenyer umeth BBUAY, 4To mneped paspyiieHuem TBK GokoBoe naBieHHE 0, MOMKET
pocrurare Bemmauabl 10 ~ 15 Mlla u Gosee, mosToMy Jake HE3HAYUTEIBHBIC HETOYHOCTH B
ONMPEACACHUH BCIMYHUHBI kK MOTYT MPUBECTH K CYIICCTBCHHBIM OIIMOKAM B OIMPEACICHUU
MPOYHOCTH OCTOHA Op, U PA3PYLIAOIICH HATPY3KH ISl KOJIOHHBI.

Bonee TouHYIO 3aBHCHMOCTD AJISi BBIYUCICHHUS Oy, MOXHO IMOJIYYHTH U3 COBMECTHOTO
peureHus ypasueruit (2) u (3):

— — 2
0, =R, + o-1, (H] +100 |R,,> 4)
2 2
[JC 0 — OTHOCUTC/IbHAS BCIUYMHA OOKOBOTO JABJICHUS CO CTOPOHBI CTAIBHOH OOONIOYKH Ha
OCTOHHOE SAPO B MPSASIBHOM COCTOSHUU!
o=0,/R, . (5)

HanpsikeHre 0c€BOro HarpaBICHUS B CTATBHOM ODOMOUKE C YISTOM YCIOBUS TCKYUICCTH

I'enku-Museca Taxk:ke BRIPA3UM Y€PE3 OTHOCUTEIBHOEC OOKOBOC NABJICHHE:

o, =R, (« pP-30" —EjAA, (6)

P
[JI€ 0 — KOHCTPYKTUBHBIN KO3¢PHIHEHT TPyOOOETOHA, ONpeACTIeMBIH 1O hopmyIe:
e c,4, 7
R, A’
B KOTOPOH 0, — IIpeaen TeKydecTu craau HemHel odonouku THK.
IMocne noacranosku (4) u (6) B ypaBueHue (1) vMeeM CIEAYIOUIYIO 3aBUCHMOCTD'

®)

3ameuacm, 9TO MPH (HUKCHPOBAHHBIX 3HAUCHUAX TCOMETPHUCCKUX M KOHCTPYKTHBHBIX
napametpoB TBK cymmapHas mpofospHas cuia, BOCIPHUHHMAaeMas OCTOHOM U CTAlbl0 B
HOPMAJIPHOM CEUCHHH, 3aBUCUT TOTBKO OT OTHOCUTEIHHOIO OOKOBOTO JABJICHUS O.

MaxkcuManbHOMY 3HAYCHUIO IPOJONTBHON CHITBI COOTBETCTBYET YCIOBHE!
dN
o, )
do
OtHocuTenbHOE OOKOBOC JABICHUE CTAmbHOH 000mMOYKH Ha OCTOHHOE AP0 B
mpeaenbHoM coctosinuu ThK MoxHO onpeaenuts no Gopmyiie:
3p

“T6614p (10)
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Haiigennpiéi mapaMeTp ¢ MO3BOJSICT ONPEACIATE HE TOABKO MPOYHOCTh KOPOTKHX
LCHTPAIBHO CXKAThIX TPYOOOCTOHHBIX 3JICMCHTOB KPYIJIOTO IOMEPEYHOrO CCUCHHS, HO U
HAIPSDKCHUS Op; U O,

C noMOMIBI0 MONYYCHHBIX 3aBUCHMOCTCH OMPEACISICTCS TCOPETHUCCKOS 3HAUCHUC
paspymaromeii Harpy3ku TBK kpyrioro momepeunoro ceucnms. [amee, mo dopmyae (10)
HAXOMUTCS OTHOCHTECIBHAS BEIMYHHA OCPCIHCHHOrO OOKOBOrO AaBICHUs, a no (opmyme (8) —
3HAYCHHUEC PA3PYIIAOIICH HATPY3KU.

Ucxoanas dopmynaa A BBIYUCICHHUS OTHOCHUTCIBHOW AS(OPMALUN Eypp B BCPIIMHE
quarpamMmbl 1e(hOPMUPOBAHUS (O, — £, OeToHHOTO sapa TBK umeer cnenyromuii Buz;

oy,

Epoo = -, (11)

Vi

TAC Vb3 — KO3 OHUIHMEHT yIIPYrocT GSTOHA B BEPIIUHE AUATPAMMBIL (0, — £y,»; K — HAYAIbHBIH
MOJIYTb YIIPYTOCTH OETOHA.
IMoxcrasus 3aBucumocts (2) B dopmyay (11) u nposeas odeBuaHBIC TPSOOPA3OBAHMSL,
MOJIYIHM CICAYIONIYIO OpMYITY:
v, ko,
Epoo = | &4y T |, 12
SN w

53 Vu

TAC Vi, — KO3(Q(HUIHEHT YIPyrocTd B BEPLIMHE AUATPAMMbI OTHOOCHO CXKATOrO OCTOHA; &y —
oTHOCHTENbHA Acopmanys OETOHA MPH OCCBOM CKATHH U OJHOPOAHOM HANPSDKCHHOM COCTOSHHML.
Cornacno CI1 63.13330.2012, Benuuuna &, MokeT ObITh IpuHATA pasHOM 0,002.
[IpousBeacHUE BRIPAKEHHUS, 3aKIIOUCHHOTO B MPaBOH YacTH GopMysl (4) B KBaIpaTHBIE
CKOOKH, Ha MPOYHOCTh OeTOHA R, PaBHO MPOU3BEACHHUIO KO3 duineHTa OOKOBOrO JaBICHUS k
Ha BETMYUHY 0, B opMmyie (2).
Ucnone3ys 3aBucumocts (4) W cBA3E Mexay JeopMamisIMu W HANPSKCHUSAMH IS
OMHOOCHO C:kaToro OeToHa aHamorundHyio dopmyiie (11), Bepaskenue (12) sanumem B BUIE:

Epo0 = €0

(13)

B mexanuke kene300€TOHA COOTHOIICHHE KO3(DQHUIMCHTOB YIPYTOCTH B BEPIIMHAX
JUarpaMM OJZHOOCHO U 00BEMHO CKATOro OCTOHA MPUHHUMAIOT B OOPATHO MPONOPLIMOHATIBHOU
3aBHCHMOCTU OT COOTHOIICHHUSI COOTBETCTBYIOIIMX HATPSIKCHU:

Vo [%J (14)
Vs \ L%,

B pabote [1] mpunsto, uro # ~ /. AHanu3 MHOTOYUCACHHBIX JKCICPUMEHTAIbBHBIX
JAHHBIX, TIONYUCHHBIX MO PE3yabTaTaM, Kak COOCTBCHHBIX HCCICAOBAHHMN, TAK U UCCICAOBAHUM
SMOHCKUX YYCHBIX [2] mOKaszam, YTO OTHOLICHHUE Vi,/Vps HE SBISIETCS KOHCTAaHTOH. OHO
OMPEACTICTCS KOHCTPYKTUBHBIM KO3(PHUIIHEHTOM TPyOOOETOHA U MOXKET ObITh HAWACHO MO
MPUOIIKEHHON 3aBUCHMOCTH!

Ui 14035, (15)
Vi3

CraenoBaTenbHO, 3HAUCHUE OTHOCUTENBHOH aedopmannu cxatus oeronnoro sapa THK B
OCHOBHOM 3aBUCHT OT ABYX (akTopoB. nedopmanu OSTOHA B BEPIIMHE COOTBETCTBYIOIICH
JUarpaMMBbl IPH OCEBOM CKATHH M KOHCTPYKTUBHOTO Ko3(dunueHTa TpydboOeToHa.

TpyOobeToHHBIC KOJTOHHBI KBaJPATHOTO TONEPEYHOTO CCUCHHUS HMCIOT CBOU OCOOCHHOCTH.
CreHka 0D0IOUKH TAKUX KOJTOHH HAXOJHUTCS B CIOXKHOM HANPSUKCHHOM COCTOSIHUH M paboTacT
HE TONBKO HA PACTSDKCHUE-CIKATHE, KAK B KOMOHHAX KPYIJIOro ceueHHs, HO U Ha m3rud. Kpome
TOTO, BEIHYMHA U HAMTPABJICHUE HAMPSDKCHUH 0; [0 CCUCHUIO OSTOHHOTO siapa MeHsoTes [4, 5.

[epBoe 06CTOATETBCTBO BO3MOXKHO YIECTh IPH IMOMOINH KO3 PHITHEHTA },, BBEICHHOTO
B VUHUTHIBAIOIIETO VCIOBUS paboThl cranpHor o0onouku TBK kBaapatHoro ceuenus. Halitu ero
MOKHO 1O hopmyJie:

7, =072, (16)
rae ¢, — K03hPUIUEHT, YIUTHBAIOIUNA BEIMUHHY YIPOUHEHUS XOIOJHOTHYTHIX MPOGHICH; B
cyyae WCMOMb30BaHMS AN cTambHOH oOonouku TBK ropsuckaTaHHBIX HIH CBapHBIX
npoduneit a, = 1,0.
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HepaBHOMEPHOCTE PACTIPEACICHUS HATPSUKCHUM MO CCUCHHMIO OCTOHHOTO sapa Oblia
OTMCUYCHA KAaK B X04¢C CO6CTBCHHI>IX MPOBCACHHBIX SKCIICPUMCHTAJIBHBIX HCCHG,Z[OBaHHﬁ, TaK U B
paboTax apyrux aBTOPOB, HAmpumep, [6]. AHaIM3 MHOTOYUCICHHBIX 3KCHCPHMCHTAIBHBIX
JAAaHHBIX TIIO3BOJIUJI ONHUCATH HCOAHOPOIAHOCTDH HaHpH)KeHHO-,Z[e(bOpMI/IpOBaHHOI‘O COCTOAHUSA
sTpa KOJIOHHBI IpH oMoty Koddduipenra &, onpeaeasiemMoro mo hopmyire:

g:@—th5zzo, (17)

B HEH J — TONIIMHA CTCHKH CTAIBHOH 0D0IOUKH; /2 — pasMep CTOPOHBI CEUCHHS KOJOHHEI.

C YUCTOM BBIIICU3TOKCHHOT'O, IPCATIOXKCHA (bopMyna A1 ONIPCACIICHUA COMPOTUBJICHUA
OCTOHHOTO AApa CKAaTUIO B OCCBOM HAITPaBJICHUU !

(18)

rae Ry, — TPU3MECHHAS MOPOYHOCTh OCTOHA SApA, 0 — OTHOCHTEIBHOS OOKOBOC JABJCHUC
CTanpHOM 0007104YKKM Ha OCTOHHOE sApO B mpedcasHoM coctossauu TBK, ompeaemsemoe mo

dopmyie (10).

[Ipu onpenencHUM HANPSHKCHUE OCEBOrO HANPABJICHHUS B CTATBHOU 00OJOUKE € YICTOM
yenous Tekydectu [ enku-Mmseca mas TBK xBagpaTHOro ceueHus cieqyeT HCIONb30BaTh
3aBUCHMOCTS (6).

C ucnonp30BaHUEM MOTYYCHHBIX (OpMYI OBLTH OMPEICICHBI TCOPETHUCCKHE 3HAUCHUS
paspymaromei Harpy3ku Ajs panee ucnbitaHHeix 30 o6pasuos TBK kpyrimoro mormepednoro
ceuenust, 24 obpasuos TBK kospresoro momepeunoro ceuchus [7, 8], 66 oGpasmos THBK
KBaJAPaTHOTO IIOTIEPEYHOTO CEUYCHHA. Pe3ympTaTsl pacdeToB XOPOIIO COBNAIN C JTaHHBIMH
JKCIIEPUMEHTOB.

Taxum 06pa3oM, MOTYUEHBI TEOPETHUECKUE 3aBHCUMOCTH, ITO3BOJISIONIHNE C JOCTATOUHOM
TOYHOCTBIO ONMPEACIATh MPOYHOCTHEIC U AedopMaTusHbie cBolicTBa KopoTkux TBK kpyrmoro,
KOJBLEBOrO U KBAAPATHOTO MOMEPEUHBIX CEUCHUI.
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Durability and strain capacity of short concrete-filled steel tube columns
with square cross-section

Resume

The concrete-filled steel tube columns (CFST) carries the high durability, reliability, a
low material capacity and low cost. Using of the CFST currently constrained by absence of a
method of calculation of their durability considering the main features of their intense-strained
state in construction norms.

Durability of the short CFST usually defined as the sum of the strengths of the concrete
core and the steel pipe. However, the core and the shell of the CFST with square cross-section
experienced by a complex stress-strain state.

The concrete core column experiences multi-axial compression. In addition, the stress
distribution in the transverse direction over the cross section core varies, that considered by
proposed theoretical formula based on statistical processing of the experimental data. The wall of
the shell of CFST is in the complex stress state and working not only in the tension-compression
(as in the columns with circular cross-section), but also to bending. This fact considered by the
coefficient of working conditions, which depends on the type of the type of a shell.

Obtained dependences for calculation of durability and strain capacity of the CFST based
on well-known provisions of mechanics of a solid state and allow defining the strength and
deformation properties of the short CFST with round, circular and square cross-sections.

Keywords: concrete-filled steel tube columns, square, cross-section, durability, stress-
strain behavior, concrete core, steel tube.
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