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KOJIEBAHHAS KOJILIEBON TPEXCJIOHHOM IJIACTUHBI
B YCJIOBUSX PE3OHAHCA

FO. B. TPOMBIKO
Benopycckuti 2ocyoapcmeenislii yHueepcumem mpaKcnopma

PaccMaTpHBAKOTCA PE3OHAHCHBIC OCECHMMETPHYHLIC koneOaHMs YIPYTo# TPEXCTOHHOH KOMbLEBOH
qnacTEHBL. [118 OMHCAHAA KMHEMATHKY [AKETA MPHHATH! FANOTE3E JTOMAHOH HOPMATH: B HECYLLHX CTOAX
cnpaseaiBbl THroTessl Kupxroda, B 1erkom 3anoTHATENE HOPMATH OCTACTCA NpAMOTHHEHHOH. HE HaMe-
ager cBoeil anuHbl. PaBoToil 3anonHUTe s B TAHNCHIMATLHOM HamnpaBICHHH npenebperaem. dedopmaunn

MaJlbl.
OﬂHOpUﬂHaﬂ CHCTEMA, OMHCHEIBAKOLIAA JBHOKEHHE, MONYHEHa BapHATTHOHHBIM METOAOM:

Lau+a,y—aw,)=0; L(autay-an, )=0; Li(au+agy—agw, )-Mw=0,
rae g, My — ko3 dHIHEHTH, 3aBHCALIHE OT (hU3MHECKAX M TEOMETPHHECKHX MapaMeTpoB COCE, L -

aaddepeHLiHanbHbIe ONEPATOPhL.
Buemnsas sHarpyska g(r, f) ¥ ICKOMOE PELICHH
KeHM B pAm Mo cucteMaM  (yHAAMEHTATBHEIX

¥ v(ﬁﬂir):
=M, Svan®; u(r) =8 0,003 W) =b, S @ L0 wir)= TvL ).
n=0 n=0 n=0

e u(r, f), yir, 1) mw(r, f) MpEACTABNAIOTCA B BHIC pasio-
COBCTBEHHBIX OpPTOHOPMHPOBAHHBIX (YHKUHH

n=0

071araeTcs, 4TO Ha BCKO BHELIHIOI0 MOBEPXHOCTh HECYLIETO €04 YIIPYroil TPEXCIOAHOH KObLE-

[pean
yeT pacrpe/ie/IeHHAs rapMOHIIECKAA PEIOHAHCHAA HATPY3Ka

BOM MIACTHHBI ACHCTB
q(r, 1) = g, (Dcos(@, 1) + Esin(@,t)).

3nech t — Bpems: go, D, E, k — const.
Oyuxips spevenn [,(f) MPHHAMACT BAL

D E |
———"—zcos(wkr) + —;"—?Slﬂ(ﬁ’ﬁl n=k

-

; @, — @ @y 0y
T.(f) = A, cos(w,f) + B, sin(Ww,f) +3,0, y,(0)= b
~ Tk fcos(@, 1) + ——tsin{@, 1), n=k,
20, o,

YpceHHbIH CHET MPOBOAMACA AN MIACTHHLI CAHAITHOTO paamyca, o KOTOpOH HabpaHbl H3 MaTe-
prasos: 16T — droponiact — J16T. PaccmoTpes cly4aH, Koraa BHELIHMH H BHYTPEHHUH KOHTYPBI JKE-
crio 3axenanst. Tomyuerst TpadKH, MOKA3BIBAIOLIHE HAMEHEHHe TIporuda BA0Mb PAAHYCA [IACTHHE! NPH

pasiHYHOM YACTOTC pe30HAHCHON Harpy3KH.
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CHWKEHUE YHEPTO3ATPAT INPH H3rOTOBJEHMM KEPAMHYECKHX KAMHEN
C BBIFOPAKOLIIMMH TIOBABKAMM

A. M. HBAHEHKO, B. B. BO3BL/IEB
Tonoykuii 20Cy0apCmeeH bl YHUGEpcumem
M KEPAMHUECKHE CTEHOBBIC M3NCTHA ABIAKOTCH TPAIHLMOHHBIM CTNOMTCILHBIM
viatepuanoM. K HX OCHOBHBIM AOCTOMHCTBAM CICAYET OTHECTH APXMTEKTYPHYIO BBIPA3HTECIBHOCTD TO-

CTPOCHHBIX 3AaHMHA, 61arONPHATHBIH MHKPOKITHMAT MOMEIIEHHH, A0CTynHOCTS chipbsit. Hegocrarkamu ma-
Tepuana cauTaloTcd GObIIOH BEC H HHIKHE tennozamuTHbE XapakrepucTrky. [lepea MpOHIBOANTEIAMY

[lposcpeHHbIE BpEMEHE
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CTeHOBO# Kepamuky Pecny6mmku Bemapycs cToat Tﬂ{’“{fwﬁzsm’”m’““” KAHCCTBA, pacumpenyy o,
CHIDKE CTH BBIMYCKaeMOH :
Mergi:?ﬁp;g npmﬁlf::ﬂn‘;:g:n?;?a?ima:[::nejmﬁ Ha Tanc 00XKHra B TYHHCILHOH MEYH A8 /ge7eq pas.
6poC TemmepaTyp Mo CeueHHIO MEYHOTO Ka®ana JTa pasHuLa MO’R‘: AOCTHTATE _B 30HE Mojorpesg p,
420 °C, a Ha yuacTke MakcEManbHEIX Temmepatyp Ao 20 - 40 'C [1]. omneucupomf'rb CHIDKEHHE Tepe.
PATYPHl MOXKHO NMyTeM FCTIOTB30BAHMA BSIFOPAIOWAX J106aBOK. EIO'“"‘”“”CTBQ TEXHOTOMHYECKEX exey
MPOM3BOACTBA rPy0OH KepaMuKu ObLTH OPHEHTHPOBAHBI HA HCHOHb&OBaHI:;I: A0 zfamr r'{’ risi, KOTOpas g .
CTOMIEE BpeMs A0KHA MMTIOPTHPOBATLCA M3-3a mpeaeaos Pecrybmuxu benapycs. 03TOMYy Eommc %a-
MEHBI BEIrOpAXOMEeH A00aBKH yriA HA APYTYK HA OCHOBE MECTHOTO CHIPES SBIAETCA B HACTOMmcE Bpeyy

AKTya/abHBIM [IPH H3IOTOBJICHHH KEPaMHYECKHX H3/CTHH. .
B IlonoukoM rocyaapcTBeHHOM YHHBEPCHTETE BHINOTHAIOTCA PabOTBI MO HCCIEI0BAHMIO COCTaBOB e.

PaMHHYCCKOH Macchl ¢ BHITOPAIOIMMMYU A00aBKAMH HA OCHOBE TOp(a W MasyTa. Bb{."l[[ ONTHMH3HPOBaRE! ¢
CTaBbl 110 NMOKasaTensM GopMyEeMOCTH, IIOTHOCTH M NPOYHOCTH FOTOBBIX H3ACTHI. 5

Beogumas B KepaMHYeCKyI0 MacCy OpraHHIeckas COCTABIAIOIAN HIMEHSET TCII0BOH Oa/laHe o6
Hns rccneaoBarns 3THX MpOUECCOB BHINOMHEH ARDDEPEHIMATEHO-TEPMHIECKAH aHATHS CIeAYIOMmHX co-
CTABOB: I/IHHA, I7THHA ¢ J0baBKoii Topa, rHHa ¢ KOMIIEKCHOH A0baBkoi Topda M MasyTa.

Hs3sectro, uto B nponecce ofkura riauus B auTepBate Temneparyp 100 — 300 °C OPOHCXOANT Bpige-
/ICHAC MEHKCO0eBOH Moneky1apHoil Boasl. [lpu zamerefimenm ysenudennn Temneparypst (300 — 650 °C)
BLIACAACTCA KOHCTHTYLHOHEAS BOJA H NPOHCXOIMT HacTHYHAs MEPECTPOMKA CTPYKTYPHI, avopdmsamsy
TIHHACTOrO Bewectsa. B uaTepBane 750 — 850 °C ypansercs ocTaBIIASCH XHMHTECKH CBA3aHHAA BOMA i
NOMHOCTHIO paspymacTes crpykrypa. [lossimenne Temneparypst 6omee 850 °C NPHBOAHUT K (hOpMuposa-
HHIO HOBBIX KPHCTALTHYECKHX (a3 H3 aMOP(HBIX TPOAYKTOB Pa3pyLIEHHUS TTHHHCTIX MHHEpanos [2]

Beenenue 1o6aBku Topda B COCTaB KepaAMHYECKOH MAcCH IPHBOAKMT K NOABNCHHIO Ha AEPUBATOTPaMME
k300 exTa B HETEpBAte Temmepatyp 200 - 500 °C, cEs3aHHOrO C roperuem topda. [lpu cpaszeruy
kpuBbix [ITA wHCTON TTIMHBI M KepaME9eckoli Macchl ¢ 10BaBKoil TOpha MOKHO CAenaTh BBIBOA, 4T
‘pasorpesy kepammyeckor Macest Ha [ITA coxpanseres 1o 600 °C.

Kpusas [ITA npn Acrons30BaHmm KOMILIEKCHOH 106aBKkH Topha ¥ MasyTa UMeeT WHOIL xapakrep. [o-
PEHHE OPraHHYeCKOH 4acTH KEPAMHYECKOH MACChl IPOMCXOJMT B B4 3TAma — B HHTEPBAJIE TCMIIEPATYP
200 - 500 "C 1 600 - 700 °C. Iepertit 3tan xapaxrepusyercs BHITOpPaHHAEM Topa W ferkux (hpakumii Ma-
3yTa. BTopoii 31an ceszan ¢ npomeccamu, nporcxoampmy npu TepMoodpaborke mMasyta. [Tpu Temmepa-
Type 400 — 500 "C oBpa3syercs Tak HA3BIBAEMOE «IACTHIBINEE) BELICCTBO, U3 KOTOPOro B uHTepeane 600 -
700°C mponcxoanT rasossAcICHAE H TOPEHHE ra3000pa3HbIX MPOAYKTOB PAINOKEHMS YIIeBOAOPOA0S [2].
Sdexr pazorpesa kepaMHdecKol Macch TP HCMOMb30BAHUH KOMIMIEKCHOH A0DABKH COXpaHAeTCs A0
800 °C.

Ha ocroBaunu nonyyenssix PE3YIIBTATOB MOXHO CAENATH BEIBOJ, YTO 100ABKA HA OCHOBE Topga 1 Ma-
3yTa N03BOAACT Go/ee PaBHOMEPHO pa3orpesars KepamMueCkyo Maccy npu ofxure B TYRHETbHOH MevH,
YBEIHYHTE CKOPOCTE MOABEMA TEMIEPATYPhI, CHH3HTS HCTAaTHBHOE BIIMAHME Tepenaja TeMneparyp H, B
PE3YIBTATE, MOBBICHTH KA4ECTBO BBITYCKAEMOT NPOAYKUMH,

Pacuer sxonomuaeckoro apdexra npu ucnomsosanmuy NpeanaracMeiX COCTABOB [MOKA3an BO3MOK-
HOCTb CHH/KCHHA LIEXOBOH ceBeCTOMMOCTH BBITYCKa | ThiC. 0T, Kepamuueckmx Kamuei 10 20 % no cpas-
HCHHIO € H3rOTABTHBACMBIMH B HACTOAIIEC BPEMS W3e THAME.

Beiroparoumme xIO_ﬁaBKH obecneunBaror Takke KOCBEHHO CHIKEHME 3HeprosaTpar NpH 3KCIUTYaTALHH
MOCTPOCHHBIX 31AaHUH 33 CYET CHIKCHHS MIOTHOCTH, a Clle0BaTeNBHO, TCMTONPOBOAHOCTH KEpaMHYECKHK
CTCHOBBIX MATEPHATIOB,

Boinyck onbrraex mapraii KEpamuecknx kamuel Ha O60mbckoM KCpamMueckoM 3aBojie nokasai, “mo
[Py BBECHIK 100aBKY Topda B Npeaenax 2 - 3 Y, CHIDKACTCA MIOTHOCT M3nenmii Ha 5 — 7 %, ApH 310N
MIACIHA HMEIOT MapKy 110 POYHOCTH HA Cokatwe 100 — 125 (amanormansre semycxaemsie 3asozom Gesto-
DABOUHLIC M3ae1as ive Mapky 100). [pu srom ma 10 % CHH3MIIOCh BOZIOMOrNOWIEHHE, UTO MOKHO 00H

ACHHTE DOMee MOMHBIM MPOXOKIEHAEM fIpouccea cniekammus kepavinueckoii Maccel, CHmkenne cebecTol”
MOCTH IPH MCNONB30BAHMM J06ABKH T0pda cocraruno 20 %

p g
aenax 5 %. OcHOBHOI 3KOHOMHMECKHi] ekt nenonsosanny KOMMIeKCHO BrITOpatoIei o0aBKH CBi*
3aH c Bo3pacranueM Ha 20 % TENI03AIMATHEIX

XAPAKTEPHCTHK HOBOTO CTeROBOrO MaTepmana, 10 COOT
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s¢TCTBYET TEOPETHHCCKOH BOSMOKHOCTH NPH BO3BEACHHH 3aanHuii cHrkerrs 10 20 % pacxosa CTEHOBOro

MaTepHana.
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SHEAR DESIGN METHODS FOR RC BEAMS
STRENGTHENED WITH FRP SHEETS

Patrik Kotula, Ing.’
University of Zilina, Zilina, Slovakia

1. Introduction

The rehabilitation of concrete structures using fibre reinforced polymer (FRP) materials has become a
growing area in the construction industry over the last few years. Many research projects in the world were
carried out to promote this efficient repair technique to extend the service life of existing concrete struc-
tures.

The lightweight and formability of FRP reinforcement make these systems easy to install. The materials
used in these systems are non-Corrosive, non-magnetic and generally resistant to chemicals and they are an
excellent option for external reinforcement.

FRP composite materials generally consist of carbon (C), aramid (A) or glass (G) fibre in a polymer
matrix (e.g. epoxy resin). The sheets are dry or pre-impregnated with resin and cure after installation onto
concrete surface. This installation technique is known as wet lay-up. Currently, this method has been im-
plemented to strengthening of varied structures, such as columns, beams, slabs, walls, chimneys. tunnels
and soils. The carbon fibre reinforced polymers (CFRP) sheet is suitable to use for increasing shear capac-
ity of RC beams. The design aspects 1o predict contribution of CFRP sheets on increasing shear capacity of

RC strengthened beams are aims of many investigations.
Several researchers have developed design equations and analytical models to evaluate specifically the

FRP contribution of the shear strength of RC beams (1], [2], [3]-

The aim of this paper is to review and discuss three recently published FRP shear design approaches.
Shear capacity according to MBrace design guide [4] is discussed too. Experimental test results from a
two different series of RC beam specimens (with and without internal stirrups) with various strengthened
pattern of the external CFRP shear reinforcement (S&P C Sheets 640) are used in this study to compare the

predicted loads from every model investigated.

2. Experimental program

s of RC beams were made (3 beams for series A and 3 beams serics B).

For experiment, two different serie .
The A series has internal shear reinforcement (stirrups). RC beams of the first series A were loaded to

the point of shear breaking and shear cracks creation. Then, the corrupted beams were repaired (closing
shear cracks) and strengthened by added external shear reinforcement. The pattern of adding carbon sheet

and the shape of the RC Beams —series A are shown in fig. 1.
The B series (fig.2) had not internal shear reinforcement. The traditional shear reinforcement was re-

placed by externa! bonding S&P C Sheet 640.
For the concrete strength verification, 12 cubes with dimensions 150 x 150 x 150 mm were made

Compressive strength after 28 days was determined on 3 cubes. During tests, compression strength after

213 days was determined on remaining 9 cubes.
According to compressive test, the properties of concrete are: iy = 46.652 MPa;
46.652/1 5 = 24881 MPa: Ecp = 33 870.79 MPa;, fuxoos = 2.345 MPa,

=
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