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Oco0eHHOCTH PaGoTHI CTHIKOB COOPHBIX 2KeJIe300€ TOHHBIX KOJIOHH
NPH KPATKOBPEMEHHOM JHHAMHY€CKOM HArpPy’K€HHH

AHHOTALIHS

B cratbe mpuBeacHBI PE3yJabTATHl HCCACIOBAHHS PAOOTHl CTHIKOB 3KEIC300CTOHHBIX
KOJIOHH 0€3 YCHICHHUS U YCHICHHBIX MCTAUTHUCCKHUMH 3JICMCHTAMH MPU KPATKOBPEMCHHOM
JUHAMHYCCKOM Harpy:keHuu. s peanusaniu MOCTABICHHOH 3aaa4ud ObLIH pa3paboTaHbI
MPOrPaMMBbl  3KCICPUMEHTAPHBIX M YHUCICHHBIX HCCICAOBAHUH, MPU PCATU3ALNH KOTOPBIX
OBLIM TIOAYYCHBI CXEMBI AS(hOPMHUPOBAHUS, TPCUIMHOOOPA3OBAHUS W PA3PYLICHUS, & TaK K
BCJAMYUHBI  PA3PYIIAIOMAX HACPY30K OSKCIICPUMCHTAIBHBIX KOHCTpYKiui. [lonyucHubie
PE3yabTaThl COMOCTABJICHB C JAHHBIMU YHCICHHBIX PACYCTOB, OCHOBAHHBIX HA TCOPHH
paspylICHUS KOHTAKTHBIX CTHIKOB, paspadoranHoli b.C. COKOMOBBIM, KOTOPBIC MMOKA3AIH
XOPOLIYD CXOAUMOCTh U HAJACKHOCTh YCHJCHHH CTBIKOB KOJOHH MCTATHYCCKUMH
3JCMEHTAMHU MPU KPATKOBPEMCHHOM JHHAMHYCCKOM HArPYKCHUH.

KuroueBbie ¢ji0Ba: MHOTO3TAKHBIC 3aHUS, CTHIKH KEJIC300CTOHHBIX KOJOHH, AC(ECKTHI,
YCUJICHHE, MCTAUTMYCCKUE OJJICMCHTHI, SKCIICPUMCHTAIBHBIC W YHUCIICHHBIC HCCICIOBAHUS,
TCOPHS pacyeTa.

B nocneanee BpemMs BOMPOCH OLCHKH MPOYHOCTH M Ae(POPMATHBHOCTH CTHIKOB KOJOHH
COOpHEIX  JKENME300CTOHHBIX KApKACOB 3JAaHHH W COOPYKCHHI TPH CTATHYCCKOM U
KPaTKOBPCMCHHOM JHHAMUYCCKOM BO3ACHCTBUAX CTAaHOBATCA BCE OONEEC aAKTYaIbHBIMH,
MOCKONBKY HA CTaAMAX MPOCKTHPOBAHHS, H3TOTOBICHUS W MOHTa)XA CTBIKOB COOPHBIX
JKENEe300CTOHHBIX KOIOHH JomyckaroTcs pasnuusbie aedektel. K takum gedexram MoxKHO
OTHECTH HEIOCTATOYHOE apMHPOBAHUC CTHIKOB KOJIIOHH, HEKAYCCTBECHHOC UX OOCTOHHPOBAHHC,
MOHMKCHHYIO MPOYHOCTh OCTOHA 3aMOHOJIMYUBAHMS TOAPE30K, CMCIICHHE KOJIOHH OT
MPOCKTHOI'O TIONOKCHUS B IUIAHC W O BEPTUKAIHM, 3aMCHY BAaHHOH CBAapKH BBINYCKOB
MPOXONBHBIX CTEPXKHEH Ha AYrOBVIO € HaKIaJAKaMd U T.I. Tak ke akTyambHOCTb JAHHOTO
HCCICIOBAHMS OOVCIIOBICHA AOMOIHUTCIBHBIMA JHHAMHYCCKMMHU BO3ACHCTBHAMH B CBSI3H C
MOBBIIICHUEM CCHCMUYHOCTH U1 MHOTHX peruoHoB Poccuu, B TOM 4ucie H A7 TOPOAOB
3anaxuoit Cubupu. Bce mepeuucieHHOE BHIIIEC MPUBOAUT K MOSABICHHUIO JOTOTHUTCIBHBIX
H3rHOAOIUX MOMCEHTOB M OOJBINMX JKCICHTPUCUTCTOB NPOJOIBHBIX YCHIHH, KOTOPBIC
BBI3BIBAIOT OTKA3bl OTIACIBHBIX HECYIIHX JKEMC300CTOHHBIX KOHCTPYKUHUH WM 30aHUH B LIETIOM
€ TIOBPEKICHHUAMH JOPOTOCTOAIIETO 000PY IOBAHMS, TPABMAMH H AAXKE THOCTIBIO TIOACH.

Hns  wusydeHuss paOOThl  CTHIKOB  3KCIC300CTOHHBIX  KOJAOHH TIPH  JCHCTBUHU
KPaTKOBPCMECHHBIX ~ JUHAMHUYCCKHX  HArpy30K, Obita  pagpaboTaHa  mporpamma
SKCICPUMCHTAITBHBIX WCCACIOBAHUM, KOTOpas cocrosna w3 Tpex cepuit [1]. Kaxmas cepms
BKIMIOUana B ceOf maTh KOHCTpyKuui ceueHuem 100x100 mm m BeicoTOM 1000 MM. B
SKCIEPHUMEHTAIBHBIX KOHCTPYKLUHAX BaPbHPOBATUCH CICAVIOIINE MAPAMETPHI: HATMYHC CTHIKA,
KOHCTPVKLHS ApPMHUPOBAHUSA B CTBIKE, a4 TaK JKC HAIWYHC BHCIUHETO YCHJICHUSA B BHIC
METAJITUYCCKUX  3JeMeHToB. [lpu  oToM OBITa TpUHATA  CICAVIOIAS  MapKUPOBKA
SKCICPHUMEHTANBHEIX KOHCTpYKUW: Ka — koHctpykums 6e3 creika (xononHa); CKn -
KOHCTPVKIHS CO CTBIKOM, B YPOBHE KOTOPOT'O YCTAHOBICHO KOCBCHHOC apMHPOBAHHC B BHIC
cerok; CKJln — KOHCTPYKIUS CO CTBHIKOM, O€3 KOCBCHHOT'O APMHPOBAHHUS B VPOBHE CTHIKA;
CKMg — KOHCTPYKUHS CO CTHIKOM NPU HAJIMYHH KOCBCHHOTO apMHUPOBAHHS B YPOBHE CTHIKA U
yeuiIeHHas MeTammmaeckumu sneMentamu; CKM/lx — koHCTpyKIHs cO CTHIKOM 6€3 KOCBEHHOT'O
apMHPOBAHHS B VPOBHC CTHIKA M YCHJICHHAS MCETAIHUCCKHMHU 3JICMEHTAMH. ApPMHUPOBAHHE
BCEX OKCICPUMCHTAIBHBIX KOHCTPYKLMH MPOU3BOAMIOCH NPOCTPAHCTBCHHBIMH BSI3aHBIMU
Kapkacamu ¢ padoduci MpogOJBHON apMaTypod B BHIAC 8 CTCPXKHEH AMAMETPOM 8 MM Kjiacca

62



Hasecmua KTACY, 2014, Ne 3 (29) Cmpotmenstisie kosempykutt, s0aH4 U COOPYykeaa

A400 (A-IIT). KoceeHHOE apMUPOBAHHE (XOMYTBHI U CETKH) OBINIO BBIMIOJHCHO U3 MPOBOJOKH
muamerpom 3 mm knacca B500 (Bp-1). B mpuonopHbix 30HAX, A WCKIOYCHUS JOKAIBHBIX
paspylicHui, ObLIO YCTAHOBICHO KOCBCHHOS apMHUPOBAHKUE B BUAC 5 CETOK ¢ 1maroM 20 M 1o
BBICOTE KOHCTPYKIHHU. B 30HE cThiKA keme300eronnbix KOMoHH 0¢3 aedexroB (CKa, CKJlx)
OBLJIO YCTPOSHO KOCBEHHOS ApMUPOBAHUE B BUAC ISITh CETOK ¢ miarom 20 MM, MpH HAJIUYHH B
croike  komoHH gedexkroB (CKIHx, CKMJn) cerkm B 30HC CTHIKA OTCYTCTBOBAJIH.
I'ecomerputeckue pasMepsl U APMUPOBAHKUE SKCICPUMEHTATBHBIX KOHCTPYKIIUH TIPU UCTIBITAHHH
HA KPATKOBPEMCHHYIO TUHAMUYCCKYIO HATPY3KY MPUBESACHBI HA puc. 1.
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Puc. 1. T'eomeTprueckue pa3Mepsl H ApMHUPOBAHNUE IKCTICPHMEHTAIBHBIX KOHCTPY KU
TIPH MCTIBITAHHH HAa KPATKOBPEMEHHYIO JHHAMHIUICCKYIO HATPY3KY

HcnriTanns skcnepuMEHTATIBHBIX KOHCTPYKLMN MPOBOANINCE B JadopaTtopuu kadeapsl
«Kenez00eTOHHBIC B KAMEHHBIC KOHCTPYKIHM» TOMCKOrO rOCyJapcTBEHHOIO apXUTEKTYPHO-
CTPOUTEIBHOIO YHHBEPCUTETA HA CIICLHUAIBHO Pa3pabOTaHHOM CTEHAE [2], MpeaCTaBICHHOM HA
puc. 2. CreHn mpencTaBiseT coOOH KOMPOBOKO YCTAHOBKY, Pa3MCLICHHYIO HA CHIOBOM IO,
MO3BOJISTIONINH CO30aBaTh KPATKOBPEMCHHYIO JHHAMHYCCKYIO HATPY3KY.

B pesynbpraTte mpoBeacHHS 3KCIICPUMCHTATIBHBIX HCCICIOBAHUN HA KPATKOBPEMCHHBIC
JHUHAMUAYCCKUC HATPYKSHIS ObLTH ONPEICICHBI XaPAKTeP TPSIIHHOOOPA30BaHMUS U AChOPMHPOBAHHSL,
paspyliaroImuye Harpy3Kl U CXEMBI Pa3pyLICHUS SKCTICPUMEHTATBHBIX KOHCTPYKIHH.

Ha puc. 3 mpusemenst rpaduku nonepeunsix acdopmanuii OSTOHA U H3MCHCHUC
JUHAMUYCCKOW HArpPy3KH BO BPEMEHH IS OKCHCPHUMCHTAIBHOH KOHCTPYKLHH CO CTBHIKOM.
AHanu3 JaHHBIX TpadUKoB MOKa3akd, YTO HONEpeduHble acopManmuu OCTOHA B 30HE CTHIKA
HU3MCHSIOTCSl MO BBICOTC BICMCHTA OTHOCHTCIBHO CTHIKA B 3aBHCHMOCTH OT PACIOIOKCHUS
TOYKH WX wu3MepeHusa. Tak 3HaueHus mnomepedsbix aedopmarnuit TeHzopesucropa T63-2,
KOTOPBIH OBLT VCTAHOBJCH OKOMO CTHIKA SKCICPUMCHTATIBHOW KOHCTPVKLHMH, O BEIUYHMHE
Oonmplie, 4YeM 3HAUCHHS mMOmepeyHbIX Achopmanmii TeHzopesuctopos T103-1 u T63-3,
YCTAHOBJICHHBIX HA PACCTOSHUK 125 MM IO BBICOTC KOHCTPYKLHH OT TeH30pe3ucropa 163-2.
ComnocraBieHHE MOTYICHHBIX 3HAYCHUH MOMECPEUHBIX AchOpMALMI HOKA3BIBACT HATMYHC KIHHA
B 30HC CTHIKA COOPHBIX >KEIC300CTOHHBIX KOJIOHH MpPH HCIBITAHHH HA KPATKOBPEMCHHOE
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JUHAMHYECKOE HArpyKEHHE, YTO COOTBETCTBYET TEOPHH Pa3pyIICHHS KOHTAKTHBIX CTBIKOB.
Hannas teopus npeanokeHa b.C. CoxomoBelM H mpeamonaracT paspyLICHHE KOHTAKTHBIX
CTBIKOB (CTBIKOB KOJIOHH) B PE3yJbTATC BHCAPCHHS B TEIO 3JICMEHTA VILIOTHCHHOrO OETOHA B
BHJC KIIMHBCB MM KOHYCOB, B 3aBUCHMOCTH OT (POPMEI rPY30BBIX IIOIAAOK. Y INIOTHCHHBIN
OCTOH, NPOHUKAA B TEIO DBICMEHTA, MNPHUBOAUT K €ro PaspyliCHHIO OT MPEOAONCHUS
CONIPOTHBICHUS OETOHA pa3JaBIUBAHUIO, OTPEIBY U CABUTY [3, 4, 5].
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Puc. 3. I'paduk 3aBuCHMOCTH MONIEpEYHBIX Ae(opMalmii OETOHA OT BPEMEHH
B YPOBHE CTBIKA IKCIICPUMEHTAIbHON KOHCTpY Ky CK-1-2

I[J'IH OLICHKHU TMPOYHOCTH CTBIKOB KOJOHH TIIPpU KPAaTKOBPCMCHHBIX JUHAMHYCCKUX
Harpy3kax ObUTH pa3paboTaHbl AIrOPUTM M MPOrpamMma pacdyera CTHIKOB COOPHBIX
JKene300CTOHHBIX KOMOHH, ocHoBaHHble Ha Teopun Coxonosa B.C. PaspaGoranHas Tteopus
MO3BOJISICT OMPEACIATh HECYINYIO CIIOCOOHOCTDh CTHIKOB COOPHBIX JKEIC300CTOHHBIX KOJOHH C
YUCTOM TUHAMHUYCCKUX XapPaKTCPUCTUK MATCPUAJIOB KOHCprKHHﬁ:

Nptgcosa+ Ny g

Nuta = . + Nega, (1)
rzae Ny 4 — AMHAMIYCCKOS YCHITHE OTPhIBA, BOCIPUHUMACMOE GETOHOM, OIpeAesieMoe o hopmyie:
Npta = 4Rpa@erLioe (3 — 0,25 sin 20), Q)
Nshd — /JAMHAMHYCCKOC YCHIHEC CABHMra, BOCIPHHHMACMOC OCTOHOM, OIPEACTSIEMOC
3aBUCHMOCTBIO!
Nend = Rpsnalfoc(sin? a+ 1) cosa = 0.577,/Ry; qRp qLic (sin? a + 1) cos o, 3)

Nefq — AMHAMHYECKOE YCHIIME Pa3AaBIMBAHMS, BOCTIPHHAMACMOE OETOHOM, OIMpPEIEIsIEMOE MO
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BBIPAKCHHIO:
Nega = Rpalisc sin® a €))
IMoxncrasus Beipakenust (2), (3), (4) B Boipaxkenue (1) monyumm MPEACIPHOS YCHUIHE,
BOCIPHUHUMACMOC HOPMAJIBHBIM CCUCHHEM CTHIKA KOJIOHH:
4Rt qaerLioc (3 — 0.25sin 2a) cos o + 0.577\/mLf0c (sina+ 1) cosa N

N = :
ult,d sina (5)
2 ind
+Ry, gL, sin® a.

B soipaxennsix (1)...(5) Ry g, Rptd ¥ Ry sh,g — pacdeTHeie mpodyHOoCcTH GETOHA HA CXKATHE,
PacTsHKCHHE W Cpe3 MpPH KPATKOBPCMCHHOM JHHAMUYCCKOM HATPYKCHHH, TIOBBILICHHUC
KOTOPBIX, B CPABHCHHH C AHATOTHYHBIMH XapPAKTCPHUCTHKAMH NMPH CTATHUYCCKOM HATPYKCHHH,
VIUTBIBACTCA KO3 (UIHCHTAMI AHHAMHYCCKOro yIpouHeHUs k. OCHOBHBIC TapaMETPHUIECKUC
TOYKH HENUHCHHOM IauarpamMMbl OCTOHA TPaHC(HOPMHUPYIOTCS BAOIb BPEMECHHOU KOOPIMHATEHI
JUI aHATHUTHYCCKHMX METOJOB PacueTa W KOOPAWUHATHI CKOPOCTH ACHOPMHpPOBAHUS — s
YUCIACHHBIX METOmOB pacuera [6, 7, 8] Ilpm amamuTwdeckux Meromax pacdera s
ko3 PuumentoB kg OpUHATA  CKOPPEKTHpOBAHHAS — JorapudMuveckas  3aBUCHMOCTb
IO.M. baxenoBa [6]. OcranbHbic 0003HAUCHHWS NPUHATH COTJACHO AalrOpUTMa pacueTra
MPOYHOCTH CTHIKOB JKEIC300CTOHHBIX KONOHH NPH CTATHYCCKOM HATPYKCHHH IO TEOPHU
b.C. Coxomona [3, 4, 5].

Ha puc. 4 npusenenst rpadyiku 3aBUCHMOCTH YCHIIHE OTPHIBA, CABHIA U Pa3daBIHBAHMSL,
BOCIIPUHUMAEMEIC OCTOHOM IPH €r0 PACUCTHBIX ANHAMHUYCCKHX XaPaKTCPUCTHKAX, & TaK XKE
HECYIIECH CITOCOOHOCTH CTHIKA JKEIC300CTOHHBIX KOOHH B 3aBHCHMOCTH OT Kjacca OSTOHA.
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Puc. 4. T'paduku 3aBHCHMOCTH HECYIICH CMTOCOOHOCTH CTHIKA JKCIIC300CTOHHBIX KOJIOHH
0T KJ1acca OCTOHA TPH YUCTE €TO PACUCTHBIX THHAMHYCCKHX XaPAKTCPHCTHK

N3 rpadukoB, NpuBEACHHEIX HA PUCYHKE 4 BHIHO, YTO Pa3pyIUAOIINC JHHAMUYCCKHE
HArpy3KH, KOTOpble OBUTH NPHJIOKCHBI HAa SKCICPHMCHTAIBHBIC KOHCTPYKLHH CO CTBIKOM
CK-1-1 (Nya=22725xkH) u CK-1-2 (Nyq=252,98 xH) npeBelnaroT AUHAMUYCCKYIO
pacuerHyro Harpy3ky (Nyq = 207,6 kH) Ha 9,5 % u 21,9 % B cTOpOHY 3amaca MPOYHOCTH, YTO
MOATBEPKAACT KOPPEKTHOCTh  MNPEAIOKCHHOIO  METOJA  pacdyera CTHIKOB  COOpPHBIX
JKEeNe300CTOHHBIX KOJIOHH NMPH KPATKOBPEMEHHOM AHHAMHYECCKOM HATPYKCHUH.

Uccnenopanue BBIMOMTHEHO mNpH (HHAHCOBOW MOJACPKKE Pa0OT 1O  MPOEKTY
Munucrepcrsa oOpasoBanus u Hayku Poccuiickoit deneparmu.
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Features of work of combined ferroconcrete columns joints
at short-term dynamic loading

Resume

Results of research of work of ferroconcrete columns joints without strengthening and
strengthened by metal elements at short-term dynamic loading are given in article. Programs of
pilot and numerical studies were developed for realization of an objective. The program of pilot
studies included three series of designs. Each series included five designs with a section of
100x100 mm. In experimental designs the following parameters varied: joint existence,
reinforcing design in a joint, and as existence of external strengthening in the form of metal
clements. As a result of carrying out pilot studies on short-term dynamic loadings character of a
cracking and deformation, ultimate loads and schemes of destruction of experimental designs were
defined. Besides the algorithm and the program of calculation of joints of the combined
ferroconcrete columns, based on Sokolov B.S. theory were developed for an assessment of
durability of joints of columns at short-term dynamic loadings the Developed theory allows to
define bearing ability of joints of combined ferroconcrete columns taking into account dynamic
characteristics of materials of designs. Comparison of results of numerical and pilot studies
showed good convergence and reliability of strengthenings of joints of columns metal holders at
short-term dynamic loading. Thus destroying dynamic loadings which were received as a result
of pilot studies of designs with a joint, exceed dynamic settlement load of 9,5 % and 21,9 %
towards margin of safety that confirms a correctness of the offered method of calculation of
joints of combined ferroconcrete columns at short-term dynamic loading.

Keywords: multystoried buildings, joints of ferroconcrete columns, defects,
strengthening, metal elements, pilot and numerical studies, calculation theory.
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