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AHHOTANUA

Beseoenue. Brioop MeTOna yCHIICHHS JKEJIE300€TOHHBIX KOHCTPYKIMH B OCHOBHOM 33aBHUCHT OT CTOMMOCTH U CPOKOB
npoBeeHus paboT. B Ka)10M KOHKPETHOM Clly4yae pelieHUe IPUHUMAETCS B 3aBUCMOCTH OT Harpy3KH, Buzia 1e()eKToB,
0coOeHHOCTEW SKCIUTyaTaluu W 1Ip. [loMnMo IpsAMBIX 3aTpaT Ha OOCIEIOBaHWE, BBIIIOJHEHHWE INPOEKTA YCHUIICHHS,
MaTepHrasl, MOJbEMHO-TPAHCIIOPTHBIC YCIYTH 1, HETIOCPEIACTBEHHO, CTOMMOCTH Pa0OT MO YCHIIEHHIO CYIIECTBYET PsII
JIOTIOJTHUTENBHBIX 3aTPaT, CBSI3aHHBIX C 0COOCHHOCTSIMH TEXHOJIOTHH BBITTOJIHEHNUS paboT. VI3 HOBBIX METOJIOB YCHIICHNUS
MOXXHO OTJENHHO BBIICIUTH BHEUIHEE KOMIIO3UTHOE apMHPOBAHNE, OCHOBAaHHOE HA WCIIONB30BAHUM YTJIEMATEPHAIIOB.
B omimmame ot paHee pa3paOOTaHHBIX METOIOB YCHJICHHS, OCHOBAaHHBIX Ha HCIIOJIB30BAHHUHM JKEJIE300€TOHA M METallIa,
KOMITO3UTHBIE CHUCTEMbI OTJIMYAIOTCS BBICOKOH MOOHMJIBHOCTBIO W HE TPEeOYyIOT IOMOJHUTENbHBIX 3arpaT Llenbio
HACTOSIIIEr0 HCCIICAOBAHUS SIBISETCS OINpeNelieHne HamOoJjiee palMOHAIBHOTO crocoba YCHICHUS M CXKaThIX
KOHCTPYKLIUK.

Mamepuanvt u memoowvt. ABTOpaMU OBUIO PACCMOTPEHO YCHJICHHE TPEMsS METOAAaMHU CHKATBIX IKEIC300CTOHHBIX
KOHCTpYyKLuil. B paboTe ObLI c/ienaH YHCICHHBIH SKCIIEPUMEHT, B KOTOPOM BBITIOJIHSUIOCH YCHUIICHHE JKelle300€TOHHOM
KOJIOHHBI IIpU pa3HbIX kKoddduruentax ycunenns ot 1,1 mo 2,0, To ects ot 10 % mo 100 % yBenmmueHns: MPOYHOCTH.
PacueTsl cToMMOCTH yCHIIEHHSI KOJIOHHBI BBITTOJIHSUTUCE JUTS TPEX CIIOCO00B YCHIIEHUS )KeJ1e300€ TOHHON, METaJUTNIECKON
1 KOMITO3UTHOH 000MMOA.

ITocne BbmonueHuss 30-TH BapHMaHTOB pacdyeToB ObUIA IIOCTpOGHA TaOJMIA, B KOTOPOH MPEICTABIECHBI BCe
XapaKTePUCTUKHU U 00BEMbI MaTepralioB. B 3akimrountensHON cTaguy paboThl ISl KasKA0To CIIoco0a uccie10BaHus OblT
c/ienaH pacyer o01Iel CTOMMOCTH COTJIacHO mpaiicaM (GUpM pean3aToposB.

Pesynvmamol uccnedosanus. AHanM3 xene300€TOHHOTO YCHJICHHsI MOKa3all, YTO MPH OOJBIIMHCTBE KOA(PPHUIIUEHTOB
YCHJIEHHST MMEET MECTO MHHHUMaJbHOE€ KOHCTPYKTHBHOE apMHpoBaHue. MeTalulndyeckoe yCWIIeHHE TpH OOJbIINX
YPOBHSIX Harpy3kud SKOHOMHYECKH HEleJIecO00pa3Ho, TaKk KaKk HEe0OXOJMMO HCIIOIb30BaTh YTOJIKH OOJIBIIOTO CEUSHHUSI.
KoMI103uTHBIE CHCTEMBI BHELIHET0 apMHUPOBAHUS NMPH BceX KO3(D(UIMEHTaX MOBBILICHHUSI HATPY3KHU SIBISIOTCS OY€Hb
MaTepHalOEMKIMH. YUUTHIBask BBICOKYIO CTOMMOCTh MaTE€pPHAJIOB, TAHHBIH METOM, B OOJNBIIMHCTBE CIyd4aeB, SIBISETCS
CaMbIM SKOHOMHYECKH HEIeTIeCO00Pa3HBIM.

Oécyrycoenue u 3akniouenue. Ha OCHOBaHMM IIOJNYyHdEHHBIX pPE3yJbTAaTOB BBINOJIHEH aHATU3 3(QEKTUBHOCTH Tpex
HanboJee pacpoOCTPaHEHHBIX CIIOCOOOB YCHIICHUS JKEJIe300€TOHHBIX CKATBIX KOJIOHH. Pa3paboTaHbl MpeyioxKeHus 1o
panMoHaILHOMY ITPOEKTUPOBAHUIO CHCTEM YCHJICHHUS! BHEIIEHTPEHHO CXKATBIX KEIe300€TOHHBIX CTOEK, paboTarolux ¢
Pa3HBIMHU SKCHEHTPUCUTETAMH PUIIOKEHUSI HATPY3KH.
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Abstract

Introduction. The method of strengthening the reinforced concrete structures is chosen depending mainly on the cost
and timeframe of the performed work. In each specific case, the decision is made depending on the load, type of
defects, operational features, etc. Apart from the direct costs of inspection, strengthening project design, materials,
lifting and transport services and the cost of strengthening works proper, there is a number of additional costs related
to the technological features of the work performed. Among the new methods of strengthening, the method of external
strengthening with the composite carbon materials can be particularly emphasised. Compared to the previously
developed methods of strengthening with the reinforced concrete and metal, the composite systems are easily
transportable and do not incur additional costs. The aim of this study is to determine the method of strengthening most
rational for the compressed structures.

Materials and methods. The authors have examined three methods of strengthening the compressed reinforced concrete
structures. In the frame of the research a numerical experiment has been carried out, in which a reinforced concrete column
was strengthened at different strengthening coefficients from 1.1 to 2.0, i.e., from 10 to 100% of strength increase. The
estimations of the cost of strengthening the column by three methods of strengthening have been carried out: jacketing
using the reinforced concrete, metal and composite materials. After carrying out thirty variants of calculation, a table
presenting all specifications and quantities of the materials has been drawn up. At the final stage of the research, the total
cost of each method under investigation has been estimated based on the prices of the selling companies.

Results. The analysis of strengthening with the reinforced concrete revealed that at most of the strengthening coefficients
the achieved structural reinforcement is minimal. Under the high loading levels strengthening with the metal is not
economically expedient, as it implies the use of the large-section angles. The composite material systems of external
strengthening are very material-consuming at all load increasing coefficients. Taking into account the high cost of
materials, this method is basically the least economically expedient.

Discussion and conclusion. Based on the results obtained, the efficiency of three most common methods of
strengthening the reinforced concrete compressed columns was analysed. Proposals on the rational design of the
strengthening systems for the eccentrically compressed reinforced concrete poles under the different eccentricities of
load applied have been developed.
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Benenune. OnHoM U3 TEHIICHIINIT Pa3BUTHSI COBPEMEHHOT'O OOLIECTBA SIBIISIETCS YBEIMYEHHUE 00BEMOB CTPOUTEIBCTBA
HOBBIX 3JaHUi W coopyxkeHuil. IlocTossHHO pacTymmue mOTpeOHOCTH B HMH(MPACTPYKTYpE NPOU3BOJCTBEHHOM
MIPOMBIIIJICHHOCTH TPeOYIOT Pa3BUTHS HOBBIX TEXHOJIOTHH BO3BEACHUS 3MaHMN C MHHHMAIBHBIMH TPyIO3aTpaTaMu U
BpeMEeHeM Ipon3BoJCcTBa padboT. [Ipn HEOOXOAMMOCTH peopraHM3aly CYMIECTBYIOIIUX OOBEKTOB BO3HHKAET BHIOOP:
CHOC 00BEKTa M CTPOUTEIHCTBO HOBOTO MIIM PEKOHCTPYKIUS CYIIECTBYIOIIET0. 3a49acTy0 pabOTHI MO PEKOHCTPYKLINH
COIIPOBOXK/IAIOTCS YCHIIEHHEM HECYIIMX KOHCTPYKIMIT 31aHnil 1 coopyxeHuid. Ocoboe BHUMaHKE YIEISIeTCs YCUIISHHIO
XKeJe300€TOHHBIX C)KATBIX 3JEMEHTOB, KOTOPHIE BOCIIPHHHMAIOT BCE JONOIHUTENFHBIE HATPY3KH OT BBIMIEIEKAIINX
PEKOHCTPYHPYEMBIX 3Takeil. CylmecTBYIOT NMpoOjeMbl yCWIICHHS, CBS3aHHBIE CO CIIOKHOCTBIO NPOM3BOACTBA pabOT
TPaIUIIMOHHBIMH CIIOCO0aMI, OCHOBAHHBIMHU Ha MCIIOJIb30BAaHUH TEXHOJIOTHH jKe1e300eTOHHBIX [1, 2] 1 MeTaTniecKux
o0oiim [3, 4]. CiengoBarenbHO, Bce pa3padOTKH IO M300PETEHHIO HOBBIX CIIOCOOOB YCHIIEHUSI CXKATHIX KEIe300€TOHHBIX
KOJIOHH SIBJIAIOTCSA paboTaMM MEepPCIEeKTHBHBIMH M aKTyaJdbHBIMH [5—7]. Kak M3BECTHO, MPOYHOCTH KEIEe300€TOHHBIX
cKaThIX 3neMeHTOB Ha 80 % 3aBUCHT OT NMPOYHOCTH OeToHa [8], KOTOpHIi SIBISIETCS MaTepHalOM HEOIHOPOIHBIM.
B yCIIOBHSIX MOHOJMTHOTO CTPOWTENHCTBA OOJBIIOE KOJMYECTBO (DaKTOPOB BIHUSET HAa KadecTBO OertoHa [9-11], m
JIOIYIIEHHE OMNOOK HIIM HECOOIII0/IeHIE TEXHOJIOIHH BBITTOJIHEHUsI padOT IIPUBOJINT K 3aHI)KEHHIO Kilacca OEToHa, 4To,
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B CBOIO OYEpEllb, IPUBOJUT K HEOOXOANMOCTH BBINOJIHEHHS ycwieHHs. HeoOX0oIMMOCTs yCHIIEHNUS jKeIe300€ TOHHBIX
KOHCTPYKIMI BO3HUKAET HE TOJBKO MPU CTPOUTEIHCTBE HOBBIX 31aHUH, HO U TP pa3pyLICHUSIX, IPHIHMHAMH KOTOPBIX
SIBISTFOTCS] BHEIIHUE (DAaKTOPBI, TAKHE KaK BO3ACHCTBHE arpeCCUBHBIX CPEJl, MONEPEMEHHOE 3aMOPaKMBAHIE U OTTANBAHHE
0eToHa, BO3ICHCTBHE aHTPOIOTeHHBIX (hakTopoB u ap. [12, 13].

Eme BO BpeMeHa COBETCKOTO CO03a ObutM pa3paboraHsl 3(¢QeKTHBHBIE METOABI YCHWJICHHS, TaKHe Kak
KeJIe300€TOHHBIE ¥ METATMYECKUEe 000HMBI. DTH METOABI SBJISIOTCS aKTyaJIbHBIMH U Ha CErOHSIIHNHI JIeHb. Bricokue
MIPOYHOCTHBIE CBOICTBAa OETOHA HAa CXKAaTHWE B COBOKYITHOCTH C COBMECTHOW pabOTOH apMaTyphl, BOCIIPHHAMAIOIIEH Ha
ce0st Bce pacTATMBAIOLINE HAINPSDKEHHUS, MO3BOJIIIOT peliaTh MPAaKTUUECKH JIIOOYIO 3a7ady 10 BOCCTAHOBJICHHIO HIIH
YCHIICHHIO JKeJIe300€TOHHBIX KOHCTPYKIUi. OMHIM U3 BaXKHBIX (PaKTOPOB SIBISIETCS O0OECIIeUeHHEe COBMECTHOM pabOTHI
CYIIECTBYIOIEH KOHCTPYKIIMH C CHCTEMOH ycriieHHst. Tak Kak UCIONIB3yeTCsl OJJH U TOT ke Marepuai (0eTOH 1 MeTaJl)
CHCTEMBbI YCHJICHUS U CYIIECTBYIOIEH KOHCTPYKIMH, TO U THHEHHOE TEMIIEPAaTypHOE PACIIUPEHNE, K MOAYIIb YIIPYTOCTH
SIBJISIFOTCS. O/IMHAKOBBIMHU. [IpH TaKMX yCIOBUSIX YCHICHHBIE KOHCTPYKIMH HUYYTh HE YCTYNAIOT HOBBIM I10 HaJIe)KHOCTH
U JIOJTOBEYHOCTH.

OnHaKo, HECMOTPSl Ha BECh INEpPEUEHb NMPEUMYIIECTB JKeIe300€TOHHBIX M METAITMYECKUX CUCTEM YCHIICHHUS,
HUMeEETCs PsIi OTPHLATENBHBIX CBOWCTB. B 3aBHCHMOCTH OT yCIIOBHH IPOU3BOACTBA PabOT, YAAICHHOCTH 00BEKTOB
yCHJIEHUSI OT MH(PACTPYKTYpPHI, NPOU3BOACTBA PabOT HAa BBICOKMX dTakax 3AaHMU W JAPYTUX YCIOBUI JaHHBIE
METOJIbl YCWJICHHUS NPEBPAMIAIOTCS B OUYEHb JOPOTOE MEPOINPHUSITHE, & CTOUMOCTh PEMOHTHO -BOCCTAHOBUTEIIBHBIX
paboT BO3pacTaeT HACTOJIBKO, YTO 3a4acTyl0 3aKa34MKU OTKA3bIBAIOTCA OT YCHJICHHS KOHCTPYKIUH B CTOpPOHY
CTPOUTENECTBA HOBBIX.

B nocnepnue rompl 3a pyOexxoM OONBIIYIO MOMYJISPHOCTH B 0O0JAacTH YCUJIEHHS KeJle300eTOHHBIX
n3rubaembix [14-16] u cxateix [17-19] koHCTpyKimii TpHOOpeIH KOMIIO3WTHBIE MaTepuansl. HccienoBaHus,
MPOBOJIUMBIE B POCCHH, TOJIBKO MOJTBEPKAAIOT BBICOKYIO 3((PEKTUBHOCTh KOMIO3UTHBIX MaTEPHAJIOB MPU YCHIICHUU
LEHTPAIFHO U BHEIICHTPEHHO CXKATHIX KeJIe300eTOHHBIX cToek [20—22]. IX 0OCHOBHOE PENMYIIIECTBO MO0 CPABHEHHUIO C
TPaAMLIMOHHBIMU 3aKJIFOYAETCsl B BBICOKOW MOOWJIBHOCTH M TPOCTOTE BBINOJIHEHUs paboT no ycuienuro [23-25]. Ilpu
3TOM YMCHBIIAIOTCS CPOKH NPOM3BOACTBA pabOT, OTCYTCTBYET HEOOXOJMMOCTh OCTAHABIMBATH IPOW3BOJCTBEHHBIC
MPOLIECCHl B MOMEIICHUAX O0BEKTa YCHJICHHS, COXpaHsAETCs MOJe3Has IJIOIAJb NOMENICHUI M HE YBEeIHYHBAIOTCS
Harpy3Kd OT 3JIEMEHTOB YCHJICHHSI HA HIDKENEXKaIlne KOHCTPYKIUH H Ap. OJHAKO BBICOKAs CTOMMOCTh KOMITO3UTHBIX
MaTepHaJiOB  YCWJIGHHS [0 CPAaBHEHHIO C JKEJIe300€TOHOM W  METaJUIOM OCTaBIgeT IOJ  BOIPOCOM
KOHKYPEHTOCIIOCOOHOCTh KOMITO3UTHOTO YCHIICHHUSL.

Lenpro HACTOSIIErO MCCIIENOBAHUS SBISETCS cpaBHEHHE d()(PEKTUBHOCTH M CTOMMOCTH YCHIJICHHSI TPEMs Pa3HBIMHU
MeTolaMH TIpH Ko3(p¢uumeHtax ycwiaeHuss KoysoHHbl oT 1,1 no 2,0. JlanHas paGora sBISETCS HPOJOIDKEHHUEM
uccienoBaHus [26], KoTopas TMOCBSIIEHAa CPaBHEHHIO 3-X METOJOB YCUJICHHS >KelIe300€TOHHOHM, MeTaTu4ecKOu
1 KOMITO3UTHOH 000MMBI TIPH 0JTHOM K03 huIMeHTe yBenn4eHHs Harpy3Ku paBHOM 1,5.

Matepuanasl u Metoabl. s onpeneneHus peajbHOH CTOMMOCTH W OOBEMOB MAaTepHajOB NPH YCHIJICHUH
CXATBIX HKEJIe300CTOHHBIX KOJOHH OBUIO MNPHHATO pENIeHHE paccuuTaTh Hambojee paclpOCTPaHEHHYIO
KOHCTPYKIUIO
npu 10 koddunuenTax ycwiIeHus AJsS TOro, YTOOBI ONpEAENUTh HamboJee palMOHAIBHBIH W 3KOHOMHYECKH
nenecooOpasHblii crocod. B pabote [26] Takke ObUIM NpENCTaBICHBI NPUMEPHI U METOJIUKH DPACYETOB TPEX
croco0oB yCHJIeHUS.

Jlyist cpaBHEHUSI TPEX BAPHAHTOB YCHIICHHS KEJI€300€TOHHOM, METAIUTMYECKONH U KOMITIO3UTHON 00OHWMON C TOYKH
3pEeHUs] TEXHUKO-PKOHOMHUYECKHX IIOKa3aTesedl Oblla paccuMTaHa peasibHas j>Kelne300€TOHHas KOJIOHHA Ha pa3HbIe
KOA(QPHUINEHTHI YCHICHUS.

Ceuenue 40x40 cm. Inuna kononusl 3 M. Knace 6etona B25 (R_b = 14,5 mna). Kiace npononsHoit apmatypst A500
(R_sc = 400 mma), a = 3 cM. Crepskuu npoonbHOI apmaTypsl 4@28A500 (a_(s, tot) = 24,63 cm?).

Jnst monydeHusl JaHHBIX 10 O0beMaM MarTepuajoB YCWICHHS ObUTH pa3paboTaHbl pPacueTHBIE METOJWKH B
IIPOTrpaMMHOM KOMIUIEKCe MS excel, pe3ynbraTel pacueToB npuBeneHsl B Tadmune | npu 10 koaddunmenrtax. s
KaXIOTO YCHIICHHS ObUTH TTOA00paHbl HEOOXOAMMBIE TIO PacyeTy MaTepHabl yCUICHNUS.
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Pesyabrarsr uccaenoBanusi. s Metoa ycuIeHHUs xKelie300eTOHHOM 060iMo# npu koaddunuenrax or 1,1
no 1,6 mpuHUManack MHHUMAalbHas JONyCTHMas HaOeTOHKa M KOHCTPYKTHBHOe HopmupoBanue. [Ipu Oonee
BBICOKHMX K03 duuuneHTax ycuieHHs TOJIIMHA HaOETOHKHM yBEIWYMIIAch OT 6 0 9 CM, YTO CBS3aHO C BBICOKOH
a3 pexTuBHOCTRIO OeTOHA, paboTaromero Ha ckatne. CTOMMOCTh MaTepHAIOB Ha YCHJIEHNE OJHOW KOJOHHEI OBl
B npenenax 2 800-2 920 py6.

IIpn ycunennn Merayuindyeckoi 0o0OHMOH ObIIM MOJOOpaHBI pa3HbIE BAapHAHTHI Ul KaXJI0ro Kod(hQuuueHTa
ycuneHus. CTOMT OTMETUTD, YTO Mepepacxos Matepraia He npessiman 10 %. OxHako ¢ TEXHHYECKOH TOUKN 3pSHNUS MU
kodpdunuentax ycmwierus 1,8—2,0 ucrnonp3yroTes yroiaku ¢ mupuHoi tiaHkd 160—180 Mm. YdauTeIBas, 94TO KaXkIbIit
YTOJIOK MMeEEeT IUIMHY 3 M, ero Bec mpeBbimaeT 50 Kr. OTH (akTopbl CTOUT YYUTHIBATH NPH ONpPEICICHUH CTOMMOCTH
paboT Mo YCHUIIEHUIO, a TAKXKE JIOCTaBKE MaTepHaIoB Ha 00beKT. CTOMMOCTh MaTepHaJIOB [UIsl YCUIICHHS OJHOW KOJIOHHHI,
COTJIaCHO IIeHaM, BRICTABIICHHBIM Ha CaiiTe PUPMBI «METAJUITPAHC TEPMHHAI», cocTaBisieT oT 4 362 mo 22 482 py0. D10
MIO3BOJISIET CHIENATh BBIBOJ, YTO IIPH MAJIBIX YPOBHSIX HATPY3KH YCHIEHHE METAIUIOM MOXKET OBITH Ooiiee 3 peKTHBHO 110
CPaBHECHHUIO C YCHJICHHEM JKelle300eTOHHOH o00oiMoil. Bmecte ¢ TeM mpu BBICOKMX Koa(dduIMeHTaxX yCHICHUS
esrecooOpa3Ho MCIIONB30BATh KEJIe300eTOHHYIO 000IMYy.

CormacHO pe3ynpTaTaM pacdera, IPH NPUMEHEHHH METO/Aa YCHICHHS KOMIIO3UTHOW 00O0HMOIl CTOMMOCTB
MaTepHaJiOB Uil YCWJICHHS OJHON KOJOHHBI Bapeupyercs or 43 850 mo 427 500 py6. CTOMMOCTh MaTepUaoB
MPUHHUMAJIACh COTJIACHO JIAHHBIM, ITOJYYEHHBIM U3 Mpaic-TucTa GUPMBI «TUAPO30». JJaHHBIA METO YCUIICHHUS SIBIISIETCS
CYIIECTBEHHO JOPOXKE aHAJIOTOB W IPU OONBIIMX KO3 (HUIMEHTaX YCHICHHUS KOJOHH SBIISIETCS HEIeIeco00pa3HBIM.
CornacHo pe3ysibTaTaM pacueToB OBUIO YCTaHOBJEHO, YTO IPU BBICOKMX KoddduimeHTax ycuieHus Tpedyercs
UCIIOJIb30BaTh OOJIBIIOE KOJMYECTBO MATEPHAIOB YIIIETKAHH.

OOcy:xaeHne U 3aKJII04eHHe. B pe3ynbrare NpoBeICHHBIX NCCIIEIOBAHUN MOJKHO CHENATh CIETYIOIINE BHIBOBIL:

— JKeNe300eTOHHYI0 000HMY CleayeT NPUMEHATh NMpH OOJbMIMX KOI(D(HUINEHTAX YCHICHHS, €CIH IT03BOJIACT
00CTaHOBKA M YCJIOBHSI IPOBE/ICHHS PEMOHTHBIX paboT Ha 00BEKTE;

— METAJUTMYECKYI0 000HMY peKOMEHTyeTcs IPUMEHSITh TOJIBKO MPU MalbIX KO3 (UIIMEeHTaxX yCUICHHS;

— KOMITO3UTHOE YCHJIEHHE CIIEyeT HCIIOJIb30BaTh TOJNBKO IPU OTCYTCTBHH aIbTEPHATHBHOTO METOMA. YUHUTHIBAS
BBICOKYIO CTOMMOCTh YTJIETKaHH M CHJIBHOE 3aHMKEHHE pPeabHOM A(P(PEKTUBHOCTH KOMIIO3UTHOTO YCHJICHHS TMpH
YCJIOBUM HCIIOJB30BaHHMA HOPMATHBHOTO PACYCTHOIO armapara, O3TOT MCETOA B pAAC CJIydacB ABJIACTCA
HEKOHKYPEHTOCIIOCOOHBIM I10 CPaBHEHHIO C MIPUBEACHHBIMH BBIIIE CIIOCOOAMH YCHICHUS.
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