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AHAJIN3 1 OBOBLHIEHUA PE3YJIbTATOB SKCIIEPUMEHTAJIBHBIX
UCCIEJOBAHUH YCUJIEHHBIX KEJIESOBETOHHBIX KOHCTPYKIIUU
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PaCCMOmp€Hbl pes3yibmambl KOMNIEKCHbIX IKCNEPUMEHMATIbHBLX uccaedo8anuil YCUTIEHHbLX acenesobe-
NOHHbIX KOHcmpyKuuﬁ. Ycunenue KOHCI’npyKI/;MIZ BbINOJIHAIOCL HapawueaHuem cedyeHus u u3mMeHeHuem
cmamuyeckou cxemol. Tlonyuenvl danuvie 0 NPOYHOCMU, 0eQOPMAMUSHOCU U MPEUWUHOCTHIOUKOCMU YCU-
JIEHHbIX KOHcmpyKZ/lI/IIZ npu pas3iudrsvlx 6apuanmax KOMNOHOBKU CeYeHUsl U YPOBHS HACPDYHCEHUA.
Knrwouesvie cnosa: IKCnepumermailbHvle uCCJlé@O@dHu}l, Jrcene3obemontbie KOHCmMpyKyuu, ycuiernue,
YPOBEHb HACPYIHCEHUA, USMEHEHUE CMAMUCIMUYECcKol cXembl.

HapexHocTh cTpouTensHOTO 00BEKTa TOA-
Jep>KUBaeTCsl OOecTieueHHeM JOJNTOBEYHOCTH H
0€30TKa3HOCTH, KOTOPbIC TPeOYIOT (YHKIHMU 00b-
€KTa B 3aJIaHHBIX YCIOBHUIX M PEXKHUMaX dKCIUTyaTa-
.  COOTBETCTBHE NapaMETPOB SKCILTyaTUpye-
MBIX KOHCTPYKIWH MPOEKTHBIM 3HAYECHUSIM OIpee-
JsieTcss KOHCTPYKTUBHOW OesomacHocThio [1, 2].
JMUTenbHBIN CPOK DKCIUTyaTalluu 3JaHUN MpU OJl-
HOBPEMEHHOM MPOSBJICHUU CHJIOBBIX U CPEIOBBIX
BO3JICHCTBUI MPUBOJUT K MOABJICHUIO U PAa3BUTUIO
noBpexaeHud. J{nsg oOecreyeHus] MPOCKTHHIX TMa-
paMETpOB TOBPEXKICHHBIX KOHCTPYKIUH pa3pado-
TaHbl Pa3HOOOpa3HbIe CHUCTEMBI YCHJICHUS KEIe30-
OETOHHBIX KOHCTPYKLHA [3, 4].

B  geiictBytomiem  cBome  mpaBun  CII
63.13330.2012 mpuBeneHsl TpeOOBaHUSI K BOCCTa-
HOBJICHHI0O W YCHJICHHIO JKeJe300€TOHHBIX KOH-
CTPYKIUH, KOTOPHIE CBEICHBI K OOIIUM YKa3aHUSIM
0 TTOBEPOYHBIM pacderaM KOHCTPYKLHUH | IO pac-
yeTy ycuneHus. llpu mpoeKkTHpOBaHWHU yCHUIICHHS
KeNe300€TOHHBIX KOHCTPYKIMHA HEOOXOJUMO YUH-
THIBaTh CHenH(pUUECKUE OCOOCHHOCTH: HATU4YUE B
YCHWJINBAEMOM 3JIEMEHTE TOBPEKICHHA, HAaJNIUE B
YCUJIHNBaEMOM AJIIEMEHTE HaIpPsHKEHHO-
ne(OpPMUPOBAHHOTO  COCTOSIHHS, MHOT000pasue
KOHCTPYKTHBHBIX PEIICHUH YCUIICHUS jKeie300e-
TOHHBIX KOHCTPYKIIUH, W3MEHEHHE T'PAHUIHBIX
ycioBui M TpaHchopMaIys BHYTPSHHUX W BHEII-
HUX CBSI3EH B MpOIecCce YCHUIICHHS, TpaHCHOpMAaIHs
KOHCTPYKTHUBHBIX cucteMm [4, 5, 6]. C mo3umuit
OLICHKH HAaNpsbKEHHO-IepOPMUPOBAHHOTO COCTOS-
HUSl YCWICHHBIX JKEIe300€TOHHBIX KOHCTPYKITHIA
BBICTISIIOTCS. 1B MPUHIIUIHAIBHBIX HAIpPaBICHHUS:
YCWJIEHHE KOHCTPYKLIHHU C TIPEeABApUTEIHLHOW pas-
Ipy3KOH U yCHJIEHHE KOHCTPYKLMH IOJ Harpy3kou
[4]. Ycumenne KOHCTPYKITHH C TIpeIBapUTEIHHOM
pasrpy3koil BO3MOXKHO B OTPaHHMYEHHOM HYHCIIE
CJIy4aeB, KOT/Ia BEITIOIHSIECTCS YCHICHUE OTACIBHO-
ro cOOpPHOTO 3JIEMEHTa, HE BXOZSIIET0 B KOHCTPYK-
TUBHYIO cucTeMy 31aHus. [loaToMy B Teopuu ycu-
JICHHBIX KEJIC300€TOHHBIX KOHCTPYKIUH OCOOYIO
3HaYUMOCTh  MpHoOpeTaeT  mpobiema  ydera

MPEABICTOPUN HATPYKEHUs] KOHCTPYKLMHA C TMO3HU-
IIH OIIEHKW BPEMEHHBIX TIPOIIECCOB X AcHOpPMU-
pOBaHUS, W3HOCA MaTEpHaJIOB, TOBPEKICHUH 3a
BpeMs JKCIUTyaTalluu, PeKUMa Harpy>KeHHsI, U3Me-
HEHUS HANPsHKECHHO-Ie()OPMUPOBAHHOTO COCTOSI-
HUSL.

PasButne Teopun ycuieHHs Kelne300€TOHHBIX
KOHCTPYKIIMII BO3MOXHO Ha OCHOBE JKCIIEPUMECH-
TaJIbHBIX HCCIIEIOBaHUM. PaHee BBIMOJHEHHBIE pa-
HEe MCCIIENOBAHMS MAaJIOYMCIIEHHBI, OHH HOCSTCS
(hparMeHTapHBIN XapakTep, HE B MOJHOW Mepe OT-
paxarmT cHenu(HUKy YCWICHHUS KEIe300eTOHHBIX
KOHCTPYKITUH M HE MOTYT CIYXHTb JKCIIEPUMCH-
TaJbHOM OCHOBOM METOAOB MPOEKTUPOBAHUS KOH-
CTPYKIIUI paccMaTpuUBaecMOro Kiacca.

YuenbiMu Kypckoro rocyapcTBEHHOro yHH-
BEpCUTETAa B TIOCIICTHHE TOIBI BBITOJHEHBI IIPO-
0JIeMHO-HaTNPaBICHHBIE SKCIIEPUMEHTAIBHO-
TEOPETHUECKHUE MCCICAOBAHIS YCHICHHBIX KEIE30-
OCTOHHBIX KOHCTPYKITHH, HAKOIICH OIBIT BBITIOJN-
HEHUS SKCIEPUMEHTAIBHO-TCOPETUUCCKUX HCCIIe-
JIOBaHHE IO NaHHOU mpoOieme. OCHOBHOMW IENBIO
BBITIOJTHCHHBIX UCCIICOBAHUN SIBIISICTCS TTOTYUYCHUE
SKCIEPUMEHTAIBHBIX JaHHBIX O MPOYHOCTH, JHe-
(hOpMaTUBHOCTH U TPEIIUHOCTOMKOCTH YCHIICHHBIX
JKeIe300€TOHHBIX KOHCTPYKIIMA B PE3yIbTaTe HC-
MBITAHKS CTATHYCCKH OIPEACITUMBIX W HEOomIpee-
JUMBIX KOHCTPYKUUU MPHU JJIUTEILHOM U KPaTKO-
BPEMCHHOM Harpy>KeHWH. BBIMOTHEHBI MCCIemoBa-
HUS BHEIICHTPEHHO CXKATBHIX, M3TH0ACMBIX DJIEMCH-
TOB, a TAKXKe MPHU U3TUOE C KPYUCHUEM.

AKCIIEPUMEHTAIBEHOE 00OCHOBAHHME TCOPUU Pe-
KOHCTPYKIUH kelie300eToHa. [IporpamMma mccieno-
BaHWH YCWJICHHBIX JKEJI€300€TOHHBIX KOHCTPYKITHI
npencrarieHa B tabmure 1. [Iporpamma wuccneno-
BaHMI BKJIIOYAJa:

- mporpaMMa HCIBITAHWKA 1: BHEIEHTPEHHO
CXAaTble DJIEMEHTHI MPU KPATKOBPEMEHHOM U JJIU-
TETBHOM CXKAaTUU 0€3 MPEeBAPUTEIBHOTO HArpyKe-
HUS yCHJINBA€MOT'O DJICMEHTA C BapWaHTAMH COYC-
TaHUI B CEYCHHHU DJICMCHTA Pa3IMYHBIX OCTOHOB C
SKCIICHTPUCUTETAMU MPHIIOKEeHUsT Harpy3ku a0 0,3
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BBICOTHI CEUEHHSI YCHJIEHHOTO 3JIEMEHTA, ; BHEICH-
TPEHHO C)KaTble DJEMEHTHI, YCWICHHBIE TIOJ]
Harpy3KoH, MpH YpOBHE HATrPYKCHUS yCHUIHBAEMO-
ro osnementa 0,3;0,4;0,6 ¢ SKClIEHTpUCUTETAMU
TIPUIIOKEHUST KpaTKOBpeMeHHOW Harpys3ku mo 0,3
BBICOTHI CEUYCHHs ycuieHHoro 3jementa 0,3; mpu
JUINTEIbHOM HAarpy>KeHHe C O3KCLEHTPHUCHUTETaMHU
puIoXeHus: Harpy3ku 0,3 mpu ypoBHE Harpyxe-
HUA ycruiamBaeMoro aieMmenTta 0,6. Bcero ucmeitTano
24 obpa3na [4, 7, 8];

- mporpamMma ucnbITaHuid No2: e u3rudaemolie
Harpy»XCHHBIC OJIHONPOJIETHBIE OaKU OOBEIHHS-
IOTCSl B CTATUYECKH HEONpPEAETHMYIO JBYXIPOJICT-
HYIO CHCTEMY HOCTaHOBKOW HaJOMOPHOW apMaTypbl
¥ HapalimBaHWeM OalloK CBepXy IO BCeW IMHE,
ycwiIeHHe OalloK BBIMIOJNHEHO IO HArpy3Koil mpu
YPOBHE Harpy>keHusi ycunuaemoro snemenra 0,78;
TakuM 00pa3oM, B pe3yNbTaTe yCHICHHS JBE OIHO-
MPOJICTHBIE OalKU TPaHCHOPMUPOBAHBI B JBYXIIPO-
JIETHYIO Hepaspe3Hylo Oanky. Bcero wucmeitano 4
obpasnal4, 9, 10];

- mporpamMma wucmbeITaHuil Ne3: wusrubaembie
NpeIBapUTENbHO HAMPSDKEHHBIE 3JIEMEHTBI, YCH-
JICHHBIE TIOJ] HATPY3KOH, NMPHU YPOBHE HATPYKEHHUS
ycunrBaeMoro snemMenTa (,7; yCuieHne BhIITOJTHEHO
HapaluBaHUEM CEUYEHHs CBEPXY MpPH >KECTKOM H
MOJATIMBOM CONPSDKEHHH YCHIINBAEMON KOHCTPYK-
uun 1 OetoHa ycuneHus. Beero ucnbirano § o0pas-
1oB [4, 8, 11];

- IporpaMM HCIbITaHUN Ne4: 3yeMeHTHl Ips-
MOYTOJIFHOTO M TaBPOBOT'O CEYCHHUS, YCHJICHHBIC C
MpeIBApUTEIIbHON pa3rpy3Kou, Mpu KPaTKOBPEMEH-
HOM W3rHOe ¢ Kpy4YeHHEM IMPH COOTHOIICHHH Be-
JUYUH KPYTALIEro U uirudaromero MomeHToB 0,2 u
0,3. Beero ucmeitano 12 obpasmos [12, 13].

Bo Bcex mnporpamMmax HWCHOBITAHUM W3Y4YEHO
BIIMSIHUE TEXHOJIOTMYECKUX BO3JCHCTBUH NpU ycH-
JICHUU ’KeJIe300€TOHHBIX KOHCTPYKLHMH MeTOJ0M
HapalMBaHUs CEYCHHUs, a UMEHHO HalyxaHue Oe-
TOHa YCHJIMBAEMOTO AJIEMEHTA OT YBIAXKHEHUS MPU
yKi1agke OeToHa YCHJICHHWS, WU3MEHEHHE HaIlpsKe-
HUU B OC€TOHE, CHIDKCHHE MPOYHOCTH OCTOHA YCH-
JTUBAEMOW KOHCTPYKLMHU TIPH YBIAXXHEHWH, HAOOD
MPOYHOCTH YCWIICHHS M TepepaciipeiefieHne BHYT-
PEHHHUX YCHINH C YCHJIMBAaEMOTO 3JIEMEHTa Ha BCE
COCTaBHOE CEYCHHE YCUIICHHON KOHCTPYKIINH.

PesynbraThl  BBIMOJHEHHBIX — HMCCIICAOBAaHHUN
MO3BOJISIIOT TIPU YCHUJIGHUH SKCIUTyaTUPYEMBIX Ke-
71e300€TOHHBIX KOHCTPYKIWH, HaXOSAIIMXCS TIOJ
Harpy3KOH, AJsl IPAaKTHYECKUX PacyeTOB MPOCKTH-
pOBaHUs yCWJICHHUS KOHCTPYKIHMHA PEKOMEHIOBATh
mud GepeHIINPOBAaHHYIO CUCTEMY PacUETHBIX KOd(-
¢dbunmentoB: mis 6eToHOB KiaccoB B10-B20 mpwm
Harpy3ke 0,5-0,65 pacueTHON BEIMUYMHBI pacuerT-
HBIE XapaKTEPUCTHKH OETOHOB YMHOXAIOTCS Ha
kodpduument ycnoBus padotel 1,=0,9, ans KoH-
CTpyKIUi n3 0eToHOB B25 M BhIe Mpu HArpyske

0,6-0,75 — vv+=0,9. Jlnsg KOHCTpyKIuH uU3 OETOHOB
B10-B20 mpu ypoBue Harpy3ku 0,6 u Oomee —
vv=0,8, mns OeronoB B25 u Bbime xo3ddummeHT
vv=0,8 mpuMeHAT, Tpu ypoBHE Harpy3ku 0,75 m
Oomnee.

IIpu mpoBepke MPOYHOCTH YCHIMBAEMON KOH-
CTPYKIMU Ha HArpy3kd, ACUCTBYIOIIHE B TEPHUO.
CTPOUTEILCTBA, TEXHOJIIOTUYCCKHE BO3ACHCTBUS
npeJIaraeTcs YIUThIBaTh BBEACHUEM KOd(UITeH-
Ta ycJoBuid paboTsl OeToHa 14=0,8.

OrneHka KOPpPO3MOHHBIX MOBPEXIECHUIN apma-
Typbl U O€TOHAa PEKOMEHAYETCS: ISl apMaTypHBIX
CTEpKHEN AMaMeTpoM 25 MM MpH MIUPUHE PACKPHI-
TS KOPPO3HOHHOW TpemmHbl 1,0MM cTeneHb 1Oo-
BpexxaeHus 8 %, npu mmpune 2,0 mm — 12 %, nipu
mupune 3,0 mm — 15 %; 11 OIleHKU CTENeHU CHU-
JKEHUS TPOYHOCTH OETOHA MPH KOPPO3HOHHOM I10-
BPEXJEHUH TI0/I BO3JEHCTBHEM IIEIOYHBIX PaCcTBO-
POB, PacCTBOPOB KHUCJIOT Ha dTare MpeBapUTEIHHO-
ro o0OcrienoBaHusT OOBEKTOB M TPU IPOBEICHUH
OIICHOYHBIX PacueToB KOA(P(PHUIUCHTHI YCIOBUS pa-
0ot OeroHa mpW dKcruryatarmu 1 rom — 0,7,
2 roga — 0,6, 3 roga — 0,55, 5 ner — 0,4 Ilonyuen-
HBIC pPE3yJIbTaThl  TO3BONIMIN C(HOPMYITHPOBATH
9KCIIEPUMEHTAIbHO OOOCHOBAaHHBIE MPENMTOCHUIKH
TEOPUU PEKOHCTPYMPOBAHHOTO JKeje300eToHa [4,
15, 16, 17]. VcnblTaHus BBISBICHBI HOBBIE OCO-
O6enHOCTH NehOPMUPOBAHMS, TPEITUHOOOPA30BAHUS
U pa3pylIeHUs] YCWICHHBIX JXKeIe300€TOHHBIX KOH-
CTPYKLHUH.

OmpenensomuM apaMeTpoM paboTHl  YCH-
JIEHHOUW >KeNe300€TOHHON KOHCTPYKIIUU SIBIISCTCS
JICHCTBUE IKCIUTyaTallMOHHON HArpy3KH Ha yCHIIH-
BacMyI0 KOHCTPYKIIUIO B Mpolecce ycuneHus. He-
Cymasi CIoCOOHOCTh YCHUJICHHBIX KOHCTPYKITHH MOJ
HArpy3KO# MO CPaBHEHUIO C aHAJIOTHYHBIM YCHIIC-
HUEM KOHCTPYKIIMM C pasrpy3KOH CHIDKAETCS.
Ecnu B cokatom 6eToHE yCHIIMBAEMOW KOHCTPYKIIUH
Hayaycs MpPOIEeCC MHUKPOTPEUTMHOOOPA30BaHUS, TO
yK€ Ha HAYAIBHBIX CTAJUSIX HATPYXKCHUs yCHIICH-
HOW KOHCTPYKIIMH MPOMCXOIUT WHTEHCUBHOE IIepe-
pacrpeznenieHHe BHYTPEHHHX YCWIMA B CEYEHHUH
KOHCTPYKITHH.

HeoOxoquMo  y4HTHIBaTh TEXHOJOTUYECKUC
BO3JIEMICTBHA Ha KOHCTPYKIIMH B TPOIIECCE yCHIe-
HUsl. YBIaKHEHUE OCTOHA yCHIMBAEMOW KOHCTPYK-
[IUU TIPUBOJUT K 3HAYUTEIBHOMY, XOTS M HEMPO-
JMOJDKUTETFHOMY HM3MEHEHHIO €r0 HayalbHBIX Ta-
pamMeTpoB, KOTOpBIE HEOOXOAWMO YYHTHIBATH IPH
MPOSKTUPOBAHUY YCIWICHUS BBEJICHUEM KO3 QUIIH-
€HTa YCIIOBMH paOOThl. YCTaHOBJCHAa MHOTro(dak-
TOpHAsl CBSA3b CHUJIOBOTO COIPOTHBIICHHS OETOHA W
JKene300eToHa ¢ YPOBHEBBIMH, TPAaHUYHBIMU U pe-
JKUMHBIMU TIapaMeTpaMu HarpyKeHUs, ¢ TEXHOJIO-
THUYECKUMH OCOOEHHOCTSAMHU (OPMHUPOBAHUS KOH-
CTPYKTUBHOTO PEIICHHUSI.
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Tabnuya 1

BKCHepI/IMeHTa.]IbHLle HCCICA0BAHUA YCUIICHHBIX JKeJ1e300€e TOHHBIX KOHCprKHHﬁ

Ne  mpo- Bun ucneitanuit

rpaMMBI

XapakTepucTUKa UCTIBITAHUN

1

KpaTkoBpeMeHHBIE HCIIBITAHUS BHEIIEHTPEHHO CXKATBHIX
3JIEMEHTOB:

1) ycuneHne HEHarpy>KCHHBIX JJIEMEHTOB C pa3iiny-
HBIMA BapHaHTaMH KOMIIOHOBKH CEUCHHS, C IKCIICH-
TPUCUTETaMH TPHUIOKEHHS Harpy3ku 10 0,3 BBICOTHI
CCUCHUS YCHIIEHHOTO JJIEMEHTA;

2) ycuiieHHe 3JIEMEHTOB I0Ji HAarpy3Kod Npu ypOBHE
HarpyxeHus ycuiauBaemoro snemenra 0,3;0,4;0,6 c
9KCIIEHTPHCUTETaMH TPWIOXKEHUst Harpy3ku 1o 0,3
BBICOTHI CCUCHHS;

JlmnTenbHBIE MCIBITAaHUS BHELIEHTPEHHO CXKAaThIe 3Je-
MEHTOB TIPH AJIUTEIHHOM HArpy>XeHHE C IKCIECHTPHCH-
TeTaMH TpuioXKeHus Harpy3ku 0,3 1mpm ypoBHe
Harpy>KeHHs ycruirBaeMoro siemenTa 0,6;

OnHonponeTHble 0anKh OOBEIMHSIOTCS B CTaTHYECKH
HEOIPEJEIUMYIO ABYXIIPOIETHYIO CUCTEMY MOCTaHOB-
KOH HaJOTIOPHOW apMaTyphsl W HapallnBaHHEM OalloK
CBEpXy MO BCEH ANMHE DIEMEHTBI, yCHWICHHBIC IO
Harpy3Koi U3MEHEHHEM CTaTUYECKON CXEMBbl. Y POBEHb
Harpy>XeHus ycuiauBaemoro anemenra 0,7

W3rub mnpenBapUTENbHO HAIPSHKEHHBIX JJIEMEHTOB,
YCWICHHBIX O] HATPY3KOM, MPH )KECTKOM U TOAATIH-
BOM CONPSIKCHUU YCUIIMBACMON KOHCTPYKIIMH U O€TO-
Ha YCWICHHUS DJEMCHTHI, YCWICHHBIC IMOJ[ HArpy3KOH
YBEJIIMYCHUCM CCUCHHsSI. Y POBECHb HATPYKCHHS YCHIH-
Baemoro saemMenTa 0,78

W3ru6 sneMeHTa nMpsSMOYroJBHOTO W TaBPOBOTO cede-
HUSL C KPY4YEHUEM NPH COOTHOLICHUU BEIUYUH KPYTS-
mero u usruoaromero MoMeHToB 0,2 u 0,3. DIeMeHTHI,
YCWIEHHBIE € IPEBAPUTEILHOM pa3rpy3Kou.
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Tatarenkov A.l.

ANALYSIS AND SYNTHESIS OF THE RESULTS OF EXPERIMENTAL STUDIES

OF REINFORCED CONCRETE STRUCTURES

The results of comprehensive experimental studies of reinforced concrete structures. The strengthening of
the structures was performed by increasing the cross-section and from the use of static diagrams. The ob-
tained data on the strength, deformation and bursting of nastoyaschy reinforced structures with different
layout options section and the loading level.

Key words: experimental study, reinforced concrete structures, strengthening, the level of loading, a change
in the statistical scheme.
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