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Heas uccienoBanus — MPOBEPKa ACKIIEPUMEHTANBHBIM ITyTEM MPEAaraeMoro B CTaTbe PacyeTHOTO ammapara ¥ Ha-
KOIJICHHE HOBBIX OITBITHBIX JAHHBIX O CII0KHOM COTIPOTHBIICHUH KeJIe300€TOHHBIX KOHCTPYKIHMI U3 BEICOKOIPOYHOTo OeToHa
KOJIBLIEBOT'O M KPYIJIOro NOIEPEYHbIX CEUeHUH Ha HCHbITaTesibHOM Oase FOro-3amnasiHoro rocy1apcTBEHHOTO YHUBEPCUTETA.

Mertoa ucciieq0BaHUI — SKCIIEPUMEHTATIBHO-TEOPETHUECKHI.

PesyabTatsl. [1o utoram mpojenanHoi pabOTHI MOCTPOCHBI rpadUKKA MPOTHOOB U YIIIOB MOBOPOTA, 3aBUCHMOCTEH
JedopmMariiii 6eToHa 1o MOKa3aHUsIM PO3ETOK AJIEKTPOTEH30PE3UCTOPOB 110 OTHOIICHHIO K pacueTHOMY cedeHHto 1—1. OnpeneneHbl
TNIaBHBIC AedopMay Y/UIMHCHHUS W YKOpOYEHUs OeTOHa; apMmarypa ObUla MOAoOpaHa TakMM OOpa3oM, YTO B CTaIuH,
TIPEIIIECTBYIOMIEH Pa3pyIICHIIO, OHA JOCTHTANIa TeKYJEeCTH, TTO3TOMY HAIPSHKEHHMSI B apMaType U3BECTHBL. Y CTAHOBIICHO, UTO IS
JKeJe300€TOHHBIX KOHCTPYKIMIA W3 BBICOKOIPOYHOTO OETOHA KPYIJIOTO CEUCHMs, KaK MPAaBIUIO, HAOIIOMACTCS pa3BUTHE IBYX Tpe-
IIWH, T. €. Kpyriias (opMa TOIEPEIHOTO CEYEHMS HECKOIBKO CHIDKAST KOHIICHTPAIHIO, O0YCIIOBICHHYIO CTPYKTYPOH BBICOKOIIPOY-
Horo G6eToHa. J{Jisl KOJBIIEBOTO CEUSHHUSI MMEJI0 MECTO HECKOIBKO TPEILHH, HO 0CO00 BBIIEISIETCS Ta, TI0 KOTOPOH MPOUCXOIHT pas-
pymenre. Ha cTymnensx, npeuiecTBYIONIX pa3pyIIeHHIo, 3Ta TPEIMHA HAYMHACT PEBATUPOBATH HaJl OCTATGHBIMHI U IMEET MaK-
CHMAJIGHYIO IHUPUHY pacKphITHs. Ha 0OCHOBaHMH SKCIIEpUMEHTATBHBIX MCCIIEIOBAaHIN KeJIe300€TOHHBIX KOHCTPYKIMIA U3 BBICOKO-
MPOYHOTO OETOHA KPYIJIOrO M KOJIBLIEBOTO CEYEHHIH MOTyUEHbI JOCTOBEPHBIE IAHHBIE O CII0KHOM HaIpsDKEHHO-1e(hOpMHUPOBaHHOM
COCTOSIHMM B MCCIIETYEMBIX O0JIACTSX CONPOTHBIIEHNS, TAKME KaK: 3HA4YEHHs: O0OOIEHHON HArPY3KHU TPEIMHOOOPa3oBaHus Rgyp, crc
¥ paspyIenns Ry, i, €€ YPOBEHb OTHOCHTENLHO PENENBHON HATPY3KH; PACCTOSHUE MEXITy TPEIMHAMH Ha Pa3HBIX YPOBHAX TpeE-
IIMHOOOpa30BaHus (0 MOMEHTA pa3pyILLICHHs, KaK MPaBmIIo, 00pa3yeTcs JBa-TPH yPOBHS); IIMPHHA PACKPHITHS TPEIINH Ha YPOBHE
ocH paboyeii apMaTyphbl, Ha yIaJIeHH! 2 IMaMETPOB OT OCell apMaTypbl M BIIOJIb BCErO NPOMUIS TPELIMHBI HA PA3IMYHBIX CTYCHSX
Harpy>kKeHs1, 13 KOTOPBIX CJIEAyeT, 9TO PAaCKPHITHE TPEIIMH Ha YPOBHE OCH apMaTypsl B 2—3 pasa MEHBIIIE, 10 CPAaBHEHHIO C pac-
KPBITHEM TPELIMH Ha yJaeHud 1,5-2 nmuaMeTpoB oT ocH pabouel (IIpoAOIBHO 1 MONEPEeYHOI) apMaTyphl; KOOPAMHATHI TOYEK (X;
y; z) 00pa30BaHUs MPOCTPAHCTBCHHBIX TPEIIMH; CXEMbI 3aPHCOBKH Ha IUIAHIIETaX 00Opa30BaHMS, PA3BUTHSI U PACKPHITUS TPEIIUH
KeJe300eTOHHBIX KOHCTPYKIIMI MPU KpydeHUH ¢ u3ruooM. Takum 00pa3oM, BHITOIHEHHBIC SKCIIEPUMEHTAIIBHBIC HCCIICIOBAHMS U
TIOJTYYCHHBIA Pe3yJIbTaT TPEIOCTABISIIOT BO3MOXKHOCT MPOBEPKU pa3pabaThiBACMON PAcYETHOM MOJEIM U e padOdYmX THIOTE3
OLICHKH COITPOTHBIICHHS KENe300€TOHHBIX KOHCTPYKITHI U3 BRICOKOIPOYHOTO OETOHA TIPH KPYUCHHH C U3THOOM.

KnoueBble ci10Ba: xene300eTOHHBIE KOHCTPYKIWH, BEICOKOIIPOYHBI OETOH, KPyHIeHHE C H3THO0M, Pe3yIIbTaThl SKCIIEpHMEHTa
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BBenenue

Perrenne OCHOBHBIX 3aj1a4 KalUTAIBHOTO CTPO-
UTENbCTBA CBS3aHO C JATBHEUIINM Pa3BUTHEM TeX-
HUYECKOTO Mporpecca B o0acTu OeToHa W KeJe30-
OceToHa Kak HamboJiee pacIpoCTpaHECHHBIX MaTepHa-
JIOB HECYIIMX KOHCTPYKIMHA COBPEMEHHOTO CTPOH-
TEJILCTBA.

Pa3Ho0Opa3ue U yHUKaJIbHOCTh apXUTEKTYPHBIX
(bopM, Kak MPaBUJIO, BHI3BIBAET CIOKHOE COMPOTHB-
JIeHHE KeJIe300€TOHHBIX KOHCTPYKIMI — KpydeHHe C
M3ruOOM | TpeOyeT co3maHus OSTOHOB Bce Oojee
BBICOKHMX KJIaCCOB, YTO BIIEYET 3a CO0OW HEe0oOX0u-
MOCTh JKCIIEPUMEHTAIbHO-TEOPETUIECCKUX HCCIIeI0-
BaHwmii [ 1-14].

ComnpoTuBieHue kene300eTOHHBIX KOHCTPYKIUI
Ha Kpy4yeHHe ¢ U3THOOM B HacTosllce BpeMs H3y4e-
HO HEJOCTAaTOYHO TITyOOKO M MPAKTHYECKU HE H3Y-
YEHO JJIS1 BBICOKOIIPOYHBIX 0eToHOB. OO 3TOM CBH-
JeTenbCTBYET U TOT akt, uto B CIT 63.13330.2012!
OTCYTCTBYIOT KaKHe-JIN0O0 PEKOMEHIAINH TIO MPOCK-
TUPOBAHUIO KOHCTPYKIHIA MPU KPYUCHUH C U3THOOM,
a MpHBENIEHBI TOJBKO OOIINE MOJOKEHUSI UX pacue-
Ta, KOTOpbIE HE BCETJia COTJACYIOTCS C peatbHON
paboToii kene300eToHa B cTaguu 00pa3oBaHus, pas-
BUTHS TPEUIUH, & TAKXKE B MPEACIbHON CTAIUH UX
COIIPOTHBIICHUSI.

Pe3y.]'[l)TaTl)I I/Icc.T[eIIOBaHI/Iﬁ U UX aHAJIN3

Jas Toro 9TtoOBI MPOBEPUTH JAOCTOBEPHOCTH
MpeIaracMoro pacyeTHOTO arapara U yCTaHOBUTh
3aKOHOMEPHOCTH COTPOTHBIICHHUS JKEI€300€TOHHBIX
KOHCTPYKIUI TPU KPYUYSHUH C H3THOOM OBLIH TIPO-
BEJICHBI AKCIICPUMEHTAIbHbIC UCCIICAOBAHUS 10 CIIe-
[IHATBHO pa3pabOTaHHON METOTNKE.

daxTHueckoe 00pa3oBaHUE U Pa3BUTHE TPEUIHH
MPU MPOBEJCHUN HMCIBITAHUIA OMBITHBIX JKEJIe300e-
TOHHBIX KOHCTPYKIIUI KPYTJIOTO W KOJBIIEBOTO TIO-
MEPEeYHBIX CEYCHUH MPHU KPyUYEHUH C U3THOOM Tpe-
CTaBJICHBI Ha puC. 1.

KapTuHbl pa3BATHS TpemUH AN KPYTIBIX H
KOJIBLIEBBIX CEYEHUI NMpUBEICHBI HA pUC. 2 U 3.

XapakTepHOi OCOOCHHOCTHIO JKEJIe300€TOHHBIX
KOHCTPYKLUH KPYIVIOTO U KOJIBLEBOI'O CEYEHHUM SIB-

' CIT 63.13330.2012. BeroHHble U KeNE300€ TOHHBIE
KoHCTpYKuuu. OCHOBHBIE MOJOkeHHs 1. M.: MHHHCTEpPCTBO
peruoHanbHOro passutus PO, 2012. 156 c.
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JSieTCs TO, YTO MPOUCXOTUT 00pa30BaHUE HECKOJb-
KHX TPEIIWH, U3 HUX BBIIAEISIETCS Ta, KOTOpas BIO-
CJICICTBUH U SIBJISIETCS paspyluaronieid. OTa TpemyHa
Ha CTyTMEeHSIX OJM3KUX K Pa3pyLICHUIO HAYMHAET Ipe-
BIMPOBATh HAJ[ OCTATHHBIMH M MMEET MaKCHMallb-
HYIO LIMPUHY PAacKpBITH (puc. 2, 3).
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Puc. 1. KapTuna o0pa3oBanusi 4 pa3BUTHS TPeIMH
TIPH NPOBEACHUH HCILITAHUIA Ke/1e300eTOHHBIX KOHCTPYKIU
HA Kpy4eHue ¢ u3rudom, cropona b:

a —1I-bB-KP-410 (2); 6 — IV-BB-KO-410 (2)

[Figure 1. The picture of formation and development of
cracks during testing of reinforced concrete structures
for torsion with bending, side b:

a —11-BB-KP-410 (2); 6 — IV-BB-K0-410 (2)]

OnBITHBIE HCCICIOBAHNS KaXI0H IKCIIEPUMEH-
TaNbHOM KOHCTPYKLUHU COMPOBOXKJIATIUCH BEICHUEM
J)KypHana ucnbiTanuil. IlosydeHHbIE JaHHBIE TIpUBE-
nessl B Tabmuue. ['paduku nedpopmanuii (mporudos
U YTJIOB IIOBOPOTA) MO OTHOMICHHIO K PacyeTHOMY
cedeHuto 1—1 mpuBeneHs! Ha puc. 4.
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Puc. 2. PackpbITHE TPELIUH B IKCIIEPUMEHTAIbHOM KeJie300eTOHHOI KoHCTpYKuuu BTopoii cepuu II-bB-KP-410 (2):
6e3 ckoOOK MPHBE/ICHBI 3HAYCHHS LLIMPUHBI PACKPBITHSI TPELIHH, 3aMEPEHHbIE BJIOJIb OCH paboueil apMaTyphl,
B CKOOKAax — TO K€ Ha yJaJIeHUH JIByX JUaMETPOB OT OCH paboueil apMaTypsbl
[Figure 2. Crack opening in the experimental reinforced concrete structure of the second series I1I-6B-KP-410 (2):
without brackets — the values of crack opening width measured along the axis of the working rebar are given,
in brackets — the same at a distance of two diameters from the axis of the working rebar]
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Puc. 3. PackpbiTHe TPEIIUH B JKCIIEPUMEHTAJIbHOI kej1e300eTOHHOI KOHCTPYKIHHU YeTBepToii cepun IV-BB-KO0-410 (2):
0e3 CKOOOK MpHBE/ICHbI 3HAUSHUS LIMPUHBI PACKPBITHS TPEILMH, 3aMEPEHHbIE BIOJIb OCU paboyeil apMaTypbl,
B CKOOKAaX — TO K€ Ha yJaJleHHH 2 THaMeTPOB OT OcH paboueil apMaTypel
[Figure 3. Crack opening in the experimental reinforced concrete structure of the second series IV-BB-K0-410 (2)
without brackets — the values of crack opening width measured along the axis of the working rebar are given,
in brackets — the same at a distance of two diameters from the axis of the working rebar]
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Puc. 4. I'padpuxu yriioB noBopoTa u NporudoB ONbITHOH Kej1e300eTOHHOI KoHcTpyKkumuu IV-BB-KO-410 (2):
1 — nporu6 no uxpuKaTopy W2; 2 — nporu6 no uapukaropy M3; 3 — yron noBopora no unaukaropam 11-12; 4 — yrox mosopota o uaaukaropam U3-14
[Figure 4. Graphs of rotation angles and deflections of the experimental reinforced concrete structure:
1 — deflection on the indicator 112; 2 — deflection on the indicator 13; 3 — angle of rotation on the indicators 1-12; 4 — angle of rotation on the indicators N3-114]

Puc. 5. Cxema pa3BHTHSI TPEIIMH N0 OTHOIIEHUIO K PO3eTKAM JJ1eKTPOTEH30Pe3NCTOPOB /17151 ONBITHOI JKe1e300e TOHHOH
koHcTpykuun III-BB-KOP-410 (3) Ha craauu, npeamecTBYOIeii pa3pylIeHHIo: a — ctopona A; 6 — ctopona b
[Figure 5. Scheme of cracks’ development in relation to electrical resistor sockets for experimental reinforced concrete
structure III-bB-KOP-410 (3) at the stage preceding destruction: a —side A; 6 — side B]

TakiM 00pa3oM, BBITIOTHEHBI SKCIICPHMEHTAITHHBIC
HCCIICTIOBaHMUS HKEJIe300ETOHHBIX KOHCTPYKIMHI 3 BBI-
COKOIPOYHOTO OETOHa MpH KPYUEHHH C M3rHOOM C Lie-
JBIO0 TIPOBEPKU TPEIIaraeéMoro MeToJla pacyeTa U BbI-
SIBJICHUSI 3aKOHOMEPHOCTEH W TapaMeTPOB COMPOTHBIIC-
HUSL KEIe300€TOHHBIX KOHCTPYKIIMH MPU KPYyYCHUH C
n3ruboM, TakMX Kak KOOPIHMHATHI OOpa3oBaHUS TPO-
CTPaHCTBEHHBIX TPEUIWH, 00OOIIeHHas Harpy3Ka Tpe-
IMHOO0Pa3oBanus Rgyp crc, IMPUHA PACKPBITHS TPE-
IIMH Ha YPOBHE OCH IMPOJIOJILHOM U TIONEPEYHOM pacTsi-
HYTOM apMaTrypbl BJOJIb BCEro Mpo(uIIs TPEIIH; n3Me-

54

HEHUSI PACCTOSIHUS MEXIY TPEIIMHAMH lopc W JUTHHBI
TPEIMH Agpe O Mepe yBeMuueHHs Ae(opMAaIMOHHON
Harpysku; aedopManuii cxkatoro 6eToHa (CM. TabIHILy)
TIPH CJI0KHOM HAIpsDKEHHO-1e(OPMHUPOBAHHOM COCTO-
sHAM 1 Ap. s aHanmm3a B paboTe TpencTaBlieHbl Tpa-
¢ukn nedopmarivii, MoMyYeHHBIE MO TIOKA3aHMsIM JJIeK-
TPOTEH30METPUUYECKHX PO3ETOK (puc. 5-7).

B pe3synbraTte npoBEAEHHBIX ONBITOB MO YCTAHOB-
JICHHBIM PO3€TKaM 3JICKTPOTCH30PE3UCTOPOB TAKKE
OBLIH TOCTPOCHBI TPa(UKH «HArpy3Ka — OTHOCUTEIIb-
Has gedopmanus». [ ONBITHBIX Kene300€TOHHBIX
koHcTpykumii 1I-6B-KP-410 (2) u IV-bB-KO-410 (2)
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Takue rpaduKkyu MpUBeIeHBI HA pUC. 6 U 7 COOTBET- st 00paboTKH MOKa3aHUH SIEKTPOTEH30pe3UC-
CTBEHHO. TOPOB HCIIOIB30BATUCH (POPMYJIBI ONPEETICHHS TIIaB-
Po3eTkH 3meKTpOTEH30pE3UCTOPOB 00PAOATHIBAIHCH HBIX aedopmaruii ymnHeHus (YKOpodeHus) 6eToHa.
B COOTBETCTBHHU C (DOPMYJIOH IJIsl OTIPEACICHHUS TIIaB- [MpumenurensHo k 1I-bB-KP-410 (3), cropona b,
HBIX JeopManuii yUTHHEeHUs (YKOpOUeHus1) OeToHa. (puc. 6) moyanm:
7 aman:

€ :M+£\/((—115)—(—114))2 +((-114) = (=27))* =-10;

: 2 2
g, = —(_“5); (=27) —g\/((—l 15) = (—=114))” +((-114) = (=27))’ =-132;
2(=114) = ((~115) +(-27)) o
= =0,97, =27).
g 20 (—115)— (-27) hoe=27)

6 sman:

o -0 H(25) V2
2 2
:, = M_g\/((—%) —(=100))’ + ((—100)— (=25))> = ~110,9;
_ 2(=100) - ((=90) +(=25)) _
S

J(-90) ~ (100))" +((~100) ~ (-25))* = ~4;

tg 20 L3; (p=33").
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Puc. 6. I'padpuxu 3aBucumMocty gedopmManuii 6eToHA 0T HATPY3KH 114 sKe1e300eToHHO0i koHcTpyKuuu II-BB-KP-410 (3)
[Figure 6. The dependence of deformation of concrete load for reinforced concrete structure II-bB-KP-410 (3)]
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Puc. 7. I'paduxu 3apucumMocTH AedopManuii 6€TOHA OT HATPY3KH 1A 7Kej1e300eTOHHOIH KOHCTPYKIUU
[Figure 7. The dependence of deformation of concrete load for reinforced concrete structure IV-BB-K0-410 (2)]

[Ipumenurensho k IV-bB-KO-410 (2), cropona b, (puc. 7) momyuum:
7 aman:

£, =%+%J«—7)—(—15»2 H(-19)~(-5,9)" =4.5;

™
. D= CI9) +(C19)- (5.5 =265 ®)
2(=5,5)~ ((=7) + (~15)) o
tg 20 = =0,86; =24"). 9
g2 - (15) (¢ ) )
6 sman:
—6 - 2 5 >
q=%+§¢«—6)—(—w» H(C10) - (-3)) =15; (10)
—6 — 2 2 2
e;%—%w—é)—(—w» 10— (5) =-16; (1)
2(-10)~ ((~6) + (=5)) o
tg 20 = Z1,9; (p=44). 12
g2¢ 61 (3) (¢ ) (12)
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Takum 00pa3oM, MpPOBEIECHHBIE HKCIIEPUMEH-
TaJbHbIC HCCJIEAOBAHUS IKEIE300€TOHHBIX KOH-
CTPYKLUI U3 BBICOKOIPOUYHOro O€TOHA IpPH Kpyue-
HUM C U3rHOOM TO3BOJHIN NPOBEPUTH pa3padaThbl-
BAaEMYI0 PacueTHYI0 MoJeNb, ee pabouue mpen-
MOCBUIKM U BBIIBUTH 3aKOHOMEPHOCTH M IapaMer-
pBl COTIPOTHUBIICHHS >KeJIe300€TOHHBIX KOHCTPYK-
Ui, Takue Kak KOOpAMHATHI 00pa3oBaHUA MpO-
CTPaHCTBEHHBIX TpeLMH; 0000IIeHHass Harpys3ka
TPemUHOO00Pa3oBauus Rgypcre W paspylleHHs
Rgypy; NIMPUHA PACKPBITHSA TPEIIMH Ha YPOBHE
ocell MPOJOJIbBHOW W MONEpPEYHOH pacTIHYTOH ap-
MaTyphl Ha yJQJIEHUHU JBYX IHAMETPOB OT Ocel ap-
MaTypbl U BJIOJIb BCETO MPOQWIS TPEUIMHBI, U3Me-
HEHUsI PaCCTOSHUS MEXIy TpelIMHAMU l.,.. U UIn-
HBl TPEUINH h .. 110 Mepe YBEINYEHHS HATPY3KH;

¢ubpoBbIe rnaBHbIE NedopMalH CKATOTO OSTOHA
IIPH CJII0)KHOM HaNpPsSKEHHO-1e()OPMUPOBAHHOM CO-
CTOSTHUH (CM. TaOJIHUILY).

Taxxe ObTH onpeaesneHsbl pakTHYecKas BHICOTa
CXKATOU 30HBI Xfqcr U BBICOTA CIKATOTO OETOHA HAJ
HaKJIOHHOW TPEIMHOU X, B paboueMm ceuenun 1-1
(mpoxonsameM dYepe3 KOHEL NPOCTPAaHCTBEHHOM
TPELIMHBI); MPOrHOBl M YIJIBI MOBOPOTA; 3HAYCHHE
MPOEKIHMH MPOCTPAHCTBEHHBIX TPEIMH HA TOPU30H-
TaJb.

B utore nansble, momydeHHbIE B PE3YJIbTATE IKC-
[IEPUMEHTOB, IIPEJOCTABJIAIOT BO3MOKHOCTH IPOBE-
PHTB IOCTOBEPHOCTH PAaCUETHOTO armapara CJI0KHOTO
CONPOTHBIICHHUS KeJ1e300€TOHHBIX KOHCTPYKLUHN U3
BBICOKOIIPOYHOTO O€TOHA IIPU COBMECTHOM JI€HCTBUU
KPY4CHHS C U3THOOM.

Tabauya

JKCIepUMEHTAIbHbIEC IAPAMETPBI CONPOTHBJICHNA Ke/1e300eTOHHBIX KOHCTpYKuuii cepuii Il u IV npu kpydenun ¢ usruéom
[Table. Experimental parameters of resistance of reinforced concrete structures of series II and IV at torsion with bending]

Dakrnye-
cKkasi BbIco- | KoopauHatsl
Ta CKaToOil | oOpasoBaHus
IIpocrpancrBeHHas
. 30HBL, Xfact, | POCTPAHCTBEH-
TpeIrHA, II0 KOTOPOit .
Crynenn MPOM301ILIO0 Pa3pylLeHue MM HOU TPEIIIHEL
Unpp Rsupcre: | Roupmaxs | Pmax; narpysennsi, | [Spatial crack, which was h[A.c:lualf [Col(:rdma?e: of
Cep_ml KOHC’I:pyKIlP[I/I xkH kH xkH PP the destruction] eight o the spa_tla
[Series] [Cipher [Rsup,cres | [Rsupmaxs| [Pmaxs [Loading the com- formation
design] kN] kN] kN] stage, PiPam] pressed zone, of cracks]
> 40T ma Xtact, M|
acrc,l ) acrc,Z ’ lcrc,max,
MM MM MM Xexp, Yexps
[acrc,l [acrc,Z [lcrc,maxa MM MM
mm| mm| mm|
BB-KP-410 (2)
Cropona A 0,79 2,5 1,0 0 11,1 | 354
[Side A]
II BB-KP410 (2) 6,62 7,11 14,22 385
Cropona b 0,79 2,5 1,7 0 2744 | 473
[Side B]
0,85 0,2 0,1 —
BB-KO-410 (2) 0.90 06 03
Cropona A . : : — 2644 | -1,6
[Side A] 0,95 3,0 0,6 75
v 7,61 9,57 19,13 é’gg 3; (1)"2‘ 436 Zg
bB-KO-410(2) 0.90 06 06 10
Cropona b > > > =535 | 11,6
[Side ] 0,95 3,0 35 10
1,00 33 4,0 0

IlpuMedyaHUeE: Qccq — WMPHHA PACKPHITHS TPEIIMHEI HA YPOBHE OCH PACTAHYTON paboueit apMaTyphl, MM; (crcz — LIMPUHA
PACKPBITUS TPEIMHBI HA YPOBHE CEPEIHHBI BEICOTHI CEUEHMUS], MM; [crc max — JUIMHA NPOEKLUH NPOCTPAHCTBEHHOM TPEIHMHBI, MM; Xexp —
paccTosiHUE 10 TOPU3OHTAIH OT OLOPHOM PEaKLUK, MM; Vexp — PACCTOSIHUE I10 BEPTUKAIU OT FEOMETPUUECKONH OCH, MM

Jnsa II-6B-KP-410 (2). O6pa3oBaHue TPEIIUHBI
Tp-4, nepexomsmeit B Tpemuny Tp-3 Ha Tpanud A u
nepecekaronieit Tpemuny Tp-1 Ha BepxHel TpaHu.
Takxe oOpa3oBaack HUTEBUAHAs TpemnHa Tp-5.
IIponsomno nanpHelIee yBETUYEHUE MIMPUHBI pac-

OKCNEPUMEHTAILHBIE UCCNEROBAHMA

KpBITHS U POCT MO BBICOTE C€YEHUs TpeuuH Tp-1,
Tp-3, Tp-4. Ha rpanu b ot tpemmunsr Tp-3 oTBeTB-
nsetcs TpeurHa Tp-2. MakcumanbHas Harpyska co-
craBuia 1700 xrc, 3aTeM Mocie BBIACPKKU Harpy3Ka
Ha nipecce ynana 10 1 000 kre.
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Jlna 1IV-BB-KO-410 (2). [lanpHeiiniee yBennde-
HUE IIHUPUHBI pacKkpbiTus Tpemud Tp-1 — Tp-4 u ux
pa3BUTHE IO BbICOTE ceueHus. TpeuuHa Tp-5 pas-
BHJIACh TI0 BBICOTE M OOpa3oBamach TpemmHa Tp-5°,
BeIXOAsAmas u3 Tp-2 mapamnensHo Tp-5. Beikon Oe-
TOHA CKaTOM 30HBI BOMM3U TpermHbl Tp-4. [Ipown3o-
IIUT0 CMEIIeHNe OJIOKOB OaqKd OTHOCHTEIHHO APYT
nIpyra Ha 5 MM (cpaboTan HarenmbHbIH ¢dekT). Mak-
cUManbHas Harpyska cocraBwia 2 000 krc, 3atem
Harpy3ka Ha npecce coctaBuia 1 500 krc.

BoiBoabI

1. Ha ocHOBaHWMM 3KCTIEpUMEHTAIBHBIX UCCIIE-
JIOBAaHUH >KEJIe300€TOHHBIX KOHCTPYKIIUH W3 BBICO-
KOIIPOYHOTO OETOHA KPYTJIOrO M KOJBIIEBOTO CEUSHUI
MOJTyYeHBI IOCTOBEPHBIE JaHHBIE O CJIOKHOM HaIIpsi-
JKEHHO-1e(OPMUPOBAHHOM COCTOSIHUM B HCCIIEAye-
MBIX 00JIaCTAX CIOXKHOTO CONPOTHBIICHHS TpHU Jeii-
CTBUU W3THOAIOIIETO U KPYTAIIETO MOMEHTOB, TaKHe
KaK: 3HaueHHsI 00OOLICHHON HArpy3kd TPEIIUHOOO-
pasoBaHus R W paspyLICHHs R ee YpOBEHb
OTHOCHUTENBHO MpeaeIbHON HArpy3KH; PacCTOsSHUE
MEXIy TpEUIMHAMH Ha Pa3HbIX YPOBHIX TPEILUHO-
o0pazoBanms (10 MOMEHTA pPa3pylICHUs, KaK TpaBH-
710, 00pasyeTcsi ABa-TPH YPOBHS); IIUPHUHA PACKPHI-
THS TPEIIWH HA YPOBHE OCH pabodyeil apMaTyphl Ha
yIaleHuu IBYX AHAMETPOB OT OCEH apMaTypbl U
BJIOJIb BCETO MPOQWIISA TPEIIUHBI Ha PAa3IIUYHBIX CTY-
MEHSIX HAarpy»XeHUs, U3 KOTOPBIX CIEIYET, YTO pac-
KpBITHE TPEIIWH Ha ypOBHE OCH apMaTypel B 2-3
pa3a MeHbIIIe, IO CPABHEHHIO C PACKPBITHEM TPEIINH

sup,u ?

Ha ypaleHuu 1,5-2 auaMeTpoB OT ocu paboueit
(IpOAOIBHON W TIOTIEPEYHON) apMaTyphl; KOOPIUHA-
bl TOYeK (x; y; z) 0OpasoBaHMs IPOCTPAHCTBEHHBIX
TPELIMH; CXeMbI 3apPUCOBKHU Ha IJIaHIIETax o0pa3o-
BaHUsl ¥ Pa3BUTHUS TPEIIUH KEIe300€TOHHBIX KOH-
CTPYKIHIA TIPH KPYUCHHUHU C H3THOOM.

2. B pe3ynbpTare MpPOBEAECHHBIX ONBITHBIX HCCIIE-
JIOBAaHUH TIOCTPOCHHI Tpaduku nedopManuii (TIporu-
00B U YIJIOB MOBOPOTA) MO OTHOIICHHIO K PACYETHO-
My cedenuio 1-1.

3. IlocTpoeHs! TpaduKy 3aBUCUMOCTH AehopMa-
Ui OETOHA MO MOKA3aHUSAM PO3ETKU JEKTPOTEH30-
pEe3UCTOPOB, U 0 popMmylie po3eTOK ONpeaelICHb
TJIaBHBIE Ie(OpMAIINH YATUHEHHS U YKOpOUeHHS Oe-
TOH2 B 30HE, PACIOJIOKEHHON B OKPECTHOCTH pac-
4eTHOTO ceueHus 1—1; apmarypa Obuia momoOpaHa
TaKuM 00pa3oM, YTO B CTaJUH, MPEINIeCTBYOIEH
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pa3pyLIeHnto, OHa JAOCTHTAaja TEKYYeCTH, IIO3TOMY
HamnpsoKeHUS B apMaType U3BECTHBL. B psne ciydaes
MIOKa3aHUs DIIEKTPOTEH30PE3UCTOPOB MPOIyOIMpoBa-
HBl MEXaHWYECKHUMHU W MUGPOBBIMH IPUOOpaMHU C
nenou aemeHuns 0,001 mm.

4. BpimonHeH aHanu3 o0pa3oBaHUA U PAa3BUTHS
TPEUIMH C MCIOJIB30BAHUEM JXypHaja HCIBITAaHUN
JKEJIe300€TOHHBIX KOHCTPYKIIUH M3 BEICOKOTIPOYHOTO
0eToHa MpH KPYUYEHUH C U3THOOM.

5. YcTaHOBJIEHO, YTO IS KeJI€300€TOHHBIX
KOHCTPYKITUH W3 BBICOKOIIPOYHOTO OETOHA KPYTIIOTO
CEYCHMSI, KaK TPaBIIIO, HAOIIOIACTCS PA3BUTHE JABYX
TPEeIH, T. €. KpyTrias ¢opMa IOMEePEedHOTO CEUSHHS
HECKOJIbKO CHIDKAET KOHIIEHTPAINIO, 00YCIIOBICHHYIO
CTPYKTYPOU BBICOKOIIPOYHOTO OETOHA.

Jtst sxene300€ TOHHBIX KOHCTPYKIIHH U3 BRICOKO-
MIPOYHOTO OETOHA KOJBIIEBOTO CEUYSHHI MMEIO MECTO
HECKOJBKO TPEIINH, U3 HUX BBIIEISICTCS Ta, MO KO-
TOpOM mpoucxoauT paspyuieHue. Ha crynensx, mpen-
HIECTBYIOIIMX Pa3pyIICHUIO, 3Ta TPEIINHA HAYWHAET
MPEBAJIMPOBATh HAJl OCTATLHBIMA U UIMEET MaKCUMAITh-
HYIO IIAPHHY PAaCKPBITHSI.

Taxum 00pa3oM, BHIITOTTHEHHBIC HCCIICIOBAHUS U
MOJTYYEHHBIN PEe3yIbTaT MPEIOCTABISIIOT BO3MOXK-
HOCTH TIPOBEPKH pa3zpabaThIiBaeéMOi pacueTHON Moje-
T OT[EHKH COTPOTHBIICHHS KeJIe300€TOHHBIX KOH-
CTPYKIIUH U3 BBICOKONPOYHOTO OETOHA NPHU JICHCTBUH
KpyYeHUS C U3THOOM.
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Main results of experimental studies of reinforced concrete structures of
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Abstract. Aim of the research to verify the proposed calculating apparatus and accumulate new experimental data on
the complex resistance of reinforced concrete structures, experimental studies of such structures made of high-strength
concrete of circular and circular cross-section were conducted at the testing base of the South-West State University.

Method is experimental-theoretical.

Results of experimental research the plots of the deflections and rotation angles, the dependency of deformations of
concrete according to the testimony of the outlets of electrodesorption with respect to the calculated cross section 1-1.
The main deformations of elongation and shortening of concrete were determined; the reinforcement was selected in such
a way that in the stage preceding the destruction, it reached fluidity, so the stresses in the reinforcement are known.

It is established that for reinforced concrete structures made of high-strength concrete of circular cross-section,
as a rule, there is the development of two cracks, i.e. the round shape of the cross-section slightly reduces the concentration
due to the structure of high-strength concrete. For the annular section there were several cracks, of which stands out the one
on which the destruction occurs. On the steps preceding the destruction, this crack begins to prevail over the rest and has
a maximum opening width.

On the basis of experimental studies of reinforced concrete structures made of high-strength concrete of square and box
sections, reliable data on the complex stress-strain state in the studied areas of resistance, such as: the values of the genera-
lized load of cracking Rgyp crc and destruction Rgyp, ., its level relative to the limit load; the distance between the cracks at
different levels of cracking (up to the moment of destruction, as a rule, two or three levels are formed); crack widths at
the level of the axis of the working armature, at a distance of two diameters from the axes of the armature and along
the entire crack profile at various stages of loading, from which it follows that the crack opening at the level of the axis of
reinforcement in 2-3 times less compared with the crack opening on the removal of 1.5-2 diameters of the working axis
(longitudinal and transverse) reinforcement; the coordinates of the spatial formation of cracks; schematic drawings on tab-
lets of education, development and opening of cracks of reinforced concrete constructions in torsion with bending.

Thus, the experimental studies and the result provide an opportunity to test the developed computational model and its
working hypotheses for assessing the resistance of reinforced concrete structures made of high-strength concrete in torsion
with bending.

Keywords: reinforced concrete structures, high-strength concrete, torsion with bending, experimental results

References 2. Veryuzhskij Yu.V., Kolchunov V.I. (2005). Meto-
dy mekhaniki zhelezobetona [Methods of reinforced con-
1. Bondarenko V.M., Kolchunov V.1. (2004). Raschet- crete mechanics]. Kiev: NAU Publ., 653. (In Russ.)
nye modeli silovogo soprotivieniya zhelezobetona [Com- 3. Golyshev A.B., Kolchunov V.I. (2009). Soprotiv-
putational model of a power resistance of reinforced con- lenie zhelezobetona [Resistance of reinforced concrete].
crete]. Moscow: ASV Publ., 472. (In Russ.) Kiev: Osnova Publ., 432. (In Russ.)

60 EXPERIMENTAL INVESTIGATIONS



Tpasyww B.W. n ap. CtpoutensHas MexaHuka MHXEHEepHbIX KOHCTPYKLWI 1 coopyxennin. 2019. T. 15. Ne 1. C. 51-61

4. Golyshev A.B., Kolchunov V.I., Yakovenko I.A.
(2015). Soprotivienie zhelezobetonnykh konstruktsij, zdanij i
sooruzhenij, vozvodimykh v slozhnykh inzhenerno-geolo-
gicheskikh usloviyakh [Resistance of reinforced concrete
structures, buildings and structures erected in complex
engineering-geological conditions]. Kiev: Talkom Publ.,
371. (In Russ.)

5. Geniev G.A., Kolchunov V.I., Klyueva N.V. (2004).
Prochnost' i deformativnost' zhelezobetonnykh konstruktsij
pri zaproektnykh vozdejstviyakh [Strength and deform-
ability of reinforced concrete structures under beyond de-
sign impacts]. Moscow: ASV Publ., 216. (In Russ.)

6. Karpenko N.I. (1996). Obshhie modeli mekhaniki
zhelezobetona [ General models of reinforced concrete me-
chanics]. Moscow: Stroiizdat Publ., 416. (In Russ.)

7. Travush V.I., Konin D.V., Krylov A.S., Kaprie-
lov S.S., Chilin LA. (2017). Experimental studies of steel-
reinforced concrete structures working on bending. Stroi-
tel'stvo i rekonstruktsiva [Engineering and reconstruction),
4(72), 63-72. (In Russ.)

8. Dem'yanov A.l., Kolchunov V.1, Sal’nikov A.S.,
Mikhajlov M.M. (2017). Computational model static and
dynamic deformation of reinforced concrete constructions
in torsion with bending at the time of formation of the
spatial crack. Stroitel'stvo i rekonstruktsiya [Engineering
and reconstruction], 3(71), 13-22. (In Russ.)

9. Kolchunov V.I., Yakovenko I.A. (2016). Calcula-
tion model of static-dynamic deformation of reinforced
concrete bending structures at the time of destruction of
the concrete stretched matrix. Visnik Kremenchuts'kogo
natsional’nogo universitetu imeni Mikhajla Ostrograds'kogo
[Bulletin of the Kremenchug national University named
after Mikhail Ostrogradsky], 3(98), 56—62. (In Russ.)

10. Salnikov A.S., Kolchunov V.I., Yakovenko I.A.
(2015). The computational model of spatial formation of
cracks in reinforced concrete constructions in torsion with
bending. Applied Mechanics and Materials, 725-726,
784-789.

11. Kolchunov VL1.I., Salnikov A.S. (2016). Experimen-
tal study of the cracking of reinforced concrete construc-
tions in torsion with bending. Stroitel'stvo i rekonstruktsiya
[Engineering and reconstruction], 3(65), 24-32. (In Russ.)

12. Mullapudi T., Ayoub A. (2013). Analysis of re-
inforced concrete columns subjected to combined axial,
flexure, shear, and torsional loads. Journal of Structural
Engineering, 139(4), 561-573.

13. Bernardo L.F.A. & Teixeira M.M. (2018). Mo-
dified softened truss-model for prestressed concrete beams
under torsion. Journal of Building Engineering, (19), 49—-61.

14. Hyunjin J., Kang S.K., Deuck H.L., Jin-Ha H.,
Seung-Ho C., Young-Hun O. (2015). Torsuonal responses
of steel fiber-reinforced concrete members. Composite Struc-
tures, (129), 143—156.

OKCNEPUMEHTAILHBIE UCCNEROBAHMA

About the authors

Viadimir 1. Travush — D.Sc. in Technical Sciences,
Professor, Vice President, Russian Academy of Architec-
ture and Construction Sciences (Moscow, Russian Federati-
on). eLIBRARY SPIN-code: 6462-2331. Author ID: 562536.
Research interests: building structures and the develop-
ment of methods for their analysis and design. Contacts:
e-mail — travush@mail.ru

Nikolay 1. Karpenko — D.Sc. in Technical Sciences,
Professor, Head of Laboratory, Research Institute of Buil-
ding Physics of the Russian Academy of Architecture and
Building Sciences (Moscow, Russian Federtion). eLIBRARY
SPIN-code: 3027-2197. Author ID: 12070. Research inte-
rests.: reinforced concrete, its analysis methods, develop-
ment of reinforced concrete mechanics. Contacts: e-mail —
niisf lab9@mail.ru

Vladimir 1. Kolchunov — D.Sc. in Technical Scien-
ces, Professor, South-West State University (Kursk, Russian
Federation). eLIBRARY SPIN-code: 3990-0345. Author ID:
527187. Research interests: reinforced concrete, its analysis
methods, development of reinforced concrete mechanics,
fracture mechanics, structural mechanics. Contacts.: e-mail —
vlik52@mail.ru

Semen S. Kaprielov — D.Sc. in Technical Sciences,
Head of Laboratory, Research and Development, Design and
Technological Institute of Concrete and Reinforced Con-
crete named after A.A. Gvozdev (Moscow, Russian Fede-
ration). Author ID: 601541. Research interests: reinforced
concrete, manufacturing technology of reinforced concrete
structures, development of new high-strength concrete.
Contacts: e-mail — kaprielov@mail.ru

Alexey 1. Dem’yanov — D.Sc. in Technical Sciences,
Professor, South-West State University (Kursk, Russian
Federation). eLIBRARY SPIN-code: 1447-1505. Author ID:
310035. Research interests: reinforced concrete, methods of
its analysis, development of design models of complex
resistance of reinforced concrete structures under torsion
with bending. Contacts: e-mail — speccompany@gmail.ru

Alexey V. Konorev — D.Sc. in Technical Sciences, Pro-
fessor, South-West State University (Kursk, Russian Fede-
ration). eLIBRARY SPIN-code: 2089-9130. Author ID:
901780. Research interests: reinforced concrete, methods of
its analysis, development of design models of complex
resistance of reinforced concrete structures under torsion
with bending. Contacts: e-mail — alexeykonorev@mail.ru

For citation

Travush V.1., Karpenko N.I., Kolchunov VL1.I., Kapri-
elov S.S., Dem’yanov A.L, Konorev A.V. (2019). Main
results of experimental studies of reinforced concrete structu-
res of high-strength concrete B100 round and circular cross
sections in torsion with bending. Structural Mechanics of
Engineering Constructions and Buildings, 15(1), 51-61.
DOI: 10.22363/1815-5235-2019-15-1-51-61 (In Russ.)

61





