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Hagezeni pe3ynbTaTi eKCIIEPUMEHTAIBHUX JOCHTIIKCHD 3USTUICHHS
apMmatypu 3 OeToHamMu pi3HMX kiaciB. I[IpoBeneHwii aHami3 BIUIMBY
JOBXWHH aHKETYBaHHS Ta JilaMeTpa apMaTypy Ha TpPaHUYHI HANPYKEHHS
3YCIUICHHS apMaTypH 3 OCTOHOM.

The article gives the results of the experimental researches of the
bond between steel and concretes of different classes. The basic test
samples were produced in the form of concrete prisms of square cross
section, sides of which equal 15 ¢cm, and the height corresponds to the
planned length of anchorage. Steel bars were located in the prisms in
such a way that their longitudinal axis matched together, and parts of
bars cantilevering out of prisms allowed to fasten in the grip of the
hydraulic press on the one side, and on the other (free) side of the bars to
measure their displacement relative to the end of the prisms. The analysis
of the impact of the concrete cover on the boundary stresses of the bond
between steel and concrete was carried out. The analysis of regression
equation structures shows the absence of the linier impact of the bar
diameter on the boundary stresses of the bond f,. The obtained
mathematical model allows analyzing the impact of factors, that were
investigated on the boundary stresses on the contact surface of steel and
concrete. The analysis of the results of the experimental researches
speaks that the depth of the concrete cover has a significant impact on
the boundary bond stresses. A similar relative reduction of the bond
stresses is observed in samples with steel bars of 16 i 20 mm in diameter.
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Thus, the maximum bond occurs at the largest concrete cover, while the
minimum bond being at the least. The character of destruction of the
samples also depends on the depth of the concrete cover. At ¢ = 3d the
destruction occurred in three-four planes with the appearing of cracks on
the lateral area, the prism was divided into separate elements. However,
in the prisms with the concrete cover |, = 10d there was a stiffening of
the steel bar and appearance of a split in the direction toward all sides. At
¢ = 1,5d cracks were developed within the concrete cover, but
immediately before the complete destruction — in the direction toward
the cheeks. In the samples with ¢ = 1d, the destruction took place in the
plane which crossed the concrete cover. It should be noted that the
longitudinal cracks were formed along the longitudinal actions of the
bars as a result of the wedging moment of the transverse actions, located
at the angle to the direction of pulling out the bars. It has been
experimentally proved that the depth of the concrete cover substantially
affects the maximum stresses of the bond between concrete and steel and
the character of destructing prisms.

Knro4doBi cioBa: MillHICTb, apMaTypa, OETOH, 34ETUICHHS.
Keywords: strength, armature, concrete, adhesion.

Beryn. 3ueruieHHss apmatypu 3 OETOHOM € BaXKJIMBOIO SKIiCTIO
3ai300€TOHy, sIKa BH3HAaYa€ HOro HECydy 3AaTHICTh, KOPCTKICTh Ta
TPIIIMHOCTIHKICTh, 3aJIE)KHUTH BiJI BEJIMKOI KUTBKOCTI (pakTOPiB: MIITHOCTI
OeToHy, BUIY 1 JlilaMeTpa apMaTypH, JOBXHHHU 3apOOJICHHSI CTEPIKHIB Y
0€TOH, TOBIIMHU 3aXWUCHOTO Iapy OETOHY, XapakTepy HaBaHTa)KEHHS,
TPUBAJMX IMPOLECIB, TPaHYJIOMETPHUYHOIO CKJIaxy CyMillli, NPUPOIH
HAalOBHIOBAaYiB, YMOB TBEpIiHHs, PpO3TALlyBaHHA CTEPXKHIB MpHU
OeronyBaHHi Tomo [1]. B 3B’s3ky 3 UM HamilHICTh aHKEPyBaHHS
apMaTypd B 3aJi300€TOHHHX KOHCTPYKLISX TaKOX 3aJeKUTh BiJ
YHCICHHUX (aKTOpPiB, AKI BH3HAYAIOTH i1 34erUieHHS 3 OeToHOM. [3-3a
BEJIMKOT KUTBKOCTI BIUTMBOBHX (DaKTOpIB 3ajadya BUBYCHHS 34ETUICHHS
apMatrypu 3 6ETOHOM CKJIaJHa, aje AyXKe akTyalbHa [2].

Beron BimHOCHTBCS 1O YHCIa TOraHO OpraHi3oBaHHX abo Tak
3BaHMX AU(QY3HHX CHCTEM, XapaKTepHUMH pHCaMH SKHX €
HEMOXUIMBICTh YITKOTO BHUAUICHHS OKPEMHUX SBHI 1 HEOOXITHICTH
ypaxyBaHHSI 0aratboxX pi3HOPiZHHX (akTopiB. CTOCOBHO 3YEIJICHHS
apMaTypu 3 OETOHOM CHCTeMy «OETOH — apMmarypa» TaKoXX MOXKHa
posrmsanatu sk augpys3Hy cuctemy. ns nudy3HHX cHCTEM B yMOBax
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HETNIOBHOT'O 3HAHHS MEXaHI3My BChOI'O SIBHIIA 3UYEIUVICHHA OCOOIMBO
¢()EeKTUBHUM € CTATUCTUYHHIA 1 KiOCpHETHYHWIA METOJU JOCII[KCHHI.
[Tepmuit 103BOJISTE PO3POOIATH PEKOMEHIAITIT 3 ONITUMAILHOT TTOBETIHKH
CUCTEMH B yMOBaX HEBHU3HA4YEHOCTI, a TaKoX MPEACTaBIATH
eKCIepUMEHTAbHIKA MaTepian y ¢(opMi aHaliTUYHOTO BHpasy —
PIBHSHHS perpecii.

MeToanka a0CTiIKeHb. B IOCTIIKEHHSX BHKOHAHO TPH cepii
TpHOX (DAKTOPHHUX EKCIIEPHMEHTIB. B KOXHIH TOYI TUTaHy BATOTOBIISITH
MO TPU 3pa3Kd — OJHM3HIOKH, a Ha OCHOBHOMY pPiBHI — IIICTh 3pPa3KiB.
OCHOBHI JOCHiHI 3pa3Ku BUTOTOBISUIM Y BHIJISANI OSTOHHUX IPU3M
KBaJIPaTHOTO TIepepi3y, CTOPOHH SKOTO AOpiBHIOBaNH 15 cM, a BucoTa -
3alUTaHOBaHIA JOBXKHHI aHKeTyBaHHs (puc. 1). dopmyBaHHsS 3pasKiB
3MIHCHIOBaIM B JiepeB’stHUX  (¢opMax, B  SKi  IONEpPeIHbBO
BCTAHOBITIOBAJIUCS ~ apMaTypHi  CTepkHI.  ApMaTypHi  CTEpiKHi
pO3TAIIOBYBAJIM B MPU3Max TaKUM YMHOM, 00 iXHI MO3IOBXHI OCI
CHIBMaJali, a BUCTYHArOUi 3 MPHU3M YaCTHHU CTEPKHIB JO3BOJISUIA 3
omHOTO OOKy 3aKpilUTIOBaTH B 3aXBaTax TipaBIivyHOrO Tpeca, a 3
Ipyroro (BUTPHOTO) KIiHIIM CTEPXKHIB — BUMIPIOBATH iXHI MEPEeMIillIeHHS
BIJIHOCHO TOPIIS TPpU3M (pHuc. 2).

TakoX TOpSO 3 OCHOBHHUMHU 3pa3kaMH BHUTOTOBISUIMCS KyOWKH
po3mipom 150%150x150 MM s BH3HAueHHS KyOWKOBOI MIITHOCTI
OeroHy y Bimi 28 11i0 i B epio1 BUIPOOYBaHb 3pa3KiB, TPU3MH PO3MipOM
150%150x600 MM ansi BU3HAYEHHsST NPU3MOBOI MIIHOCTI OeTOHY W
MTOYaTKOBOTO MOJYJISl IPY>KHOCTI y Birli 28 mi6 Ta mij yac BUIIPOOyBaHb
3pa3Kis.

B nmocnigax BukopuctoByBaiu apMmatypy kiacy AS00C miamerpom
12, 16 Tta 20 MM, sika HalOIIBII MOMIMPEHO BUKOPUCTOBYETHCA IS
apMyBaHHSI 3aJ11300€ TOHHUX KOHCTPYKLIH.

Jiss  BHTOTOBJICHHSI 3pa3KiB BHKOPHCTOBYBAaBCS OETOH KJjaciB
C16/20, C20/25, C25/30 ta C60/70. Y Bimi 28 nid cepenHs KyOWKOBa
MintHIicTh 11 0eToHiB kiacis C16/20, C20/25, C25/30 1 C60/70 cknana
BIAMOBITHO Tem cuve = 24,6; 29,7; 34,7 Ta 70,4 MIla. 3riaxo 3 IBH B.2.6-
98:2009 Taka KyOMKOBa MIIIHICTh MPAaKTHYHO BIAMOBIZA€ Ha3BaHUM
kiacam Oerony [3, 4].
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Puc 1. 3aransHuii BUTISI BUPOOYBaHHS 3pa3KiB

JocmipkeHHsT 34€IUIEHHS apMarypd 3 O€TOHOM 3IiHCHIOBaJH
LUISIXOM BUTATYBAaHHS CTEPKHIB i3 OETOHHHMX HPU3M 3 BUKOPHUCTaHHSIM
CHELiaTbHOTO PEBEPCHOTO MPHUCTPOIO B PO3PHUBHIN TipaBIiuHii ManmHi
YHUM-50. BuTsiryBanHs cTepKHiB BUKOHYBAJIU CTYIEHSAMH, piBHUMU AF
=(0,5...1,0) xH

3a TpaHWYHMH CTaH 3YCIUICHHS apMaTypu 3 OETOHOM TNpUIMaTH
3YCWILISL B CTepyHI Fy, KoM 3MileHHsT HOro BUIBHOTO KIHIS BiJHOCHO
TopLs npu3MH ckiagano d, = 0,1 MM abo BizOyBaiocs pO3KOIIOBAHHS
npu3Mu ipu 0 < 0,1 Mm.

B rpanmyHOMYy cTaHi BH3HAYAUCS MAaKCHMalbHI CepeqHi TIo
JOBXHHI JOTHYHI HANPy>KeHHs (HaNpy>KEHHs 34YEIICHHS) U1 KO>KHOTO
3paska 3a popmyoro

foi = F, /(7-d 1) (1)

Ae f - TPaHMYHI CEPeHi IO NOBXKMHI HANPYXKEHHS 3YCIUICHHS

i —TO 3pa3Ka Mo NOBEPXHI KOHTAKTY CTEP>KHS 3 OETOHOM;
F,, — PYHHYrO4Y€e 3yCHILIS [ —T0 3pa3ka B IPaHHYHOMY CTaHi;

d — JlaMeTp CTePKHS,
|, — AOBXKMHA 3apOOKH CTCPHKHs B OCTOH (JOBXHMHA aHKCPYBAHHS

CTEPIKHS).
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Puc. 2. BUrotoBneHHs1 OCHOBHHX 3pa3KiB B KACETHHX JIEPEB’ THUX
¢dhopmax

I'pannyni cepeaHi MAOTWYHI HAampyXeHHs, $Ki BHUHHMKAIOTH Ha
NIOBEPXHI KOHTAKTy CTEpXkHA 3 OeToHOM f,, IO BU3HAYAIMCS 32

¢dopmyioro (1), MOXHa HA3WBAaTH MIIHICTIO 3YCIUICHHS apMarypu 3
6eronoM. Kpurepiem MiHOCTI € 3MilleHHS TOPLS CTEPXHsI B OETOHI Ha
0,1 MM i OiybIIe a00 PO3KOJIFOBAHHS OCTOHY.

Pe3yabTaTH J0CTiIKeHb. PO3risHEMO XapakTep HampyXeHb
3YerieHHs IS OeToHiB 3BmyakHux kiaciB C16/20, C20/25 1 C25/30.
ITpu nowxuHi ankepysanns |, = 5d qst niamerpis crepxuiB d = 12, 16 i
20 MM MIIHICTh OETOHY MPAKTHYHO JIIHIKHHO BIUTMBAE HA HANpPYyKeHHs fp,
a s crepykHiB giamerpom d = 25 — 1ieii BIUIMB CTae KPUBOJIHIHHKM,
Opy 1IbOMY 31 30UIBIIEHHSM MIIHOCTI OETOHY 3a MeEXKaMH IUIaHy
eKCIIEPUMEHTY 3Ha4eHHs f, 3MeHmyoThes. Tak i 3pa3kiB 3 JiaMeTpom
12 MM 1ipu e prism = 26,1 MIla rpanuunwmit cran Hacras, koiu fp = 6,82
Mlla, a npu niamerpi crepxHiB 20 i 25 MM po3paxyHKOBE 3HAYECHHS
HaIpYXXeHb 34eIIeHHs BiamoBigno ckmamo f, = 6,52 i 3,99 MIla.
3icTaB/sAOYM 1I PO3PAXyHKOBI 3HAYEHHS 3 EKCICPUMEHTAJIbHUMH
JTaHUMHU, MOXKHa TPUHATH JO BUCHOBKY, IO JIOBXHHY aHKEpyBaHH,
piBaoto l, = 5d, He cnig BHUKOPHUCTOBYBATH MpPU KOHCTPYIOBaHHI
3a1i300€TOHHUX  ejieMeHTiB. KpiM  1bOro, Mpu Takill JTOBKHHI
aHKepyBaHHS 3HAYHO HE BUKOPHCTOBYETHCS MIIIHICTh apMaTypH (puc 3).
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1 — knac 6etony 12/15; 2 — te came — 16/20; 3 — te came -20/25;
4 — te came — 25/30; 4 - te came ; 5 — Te came — 30/35; 6 - Te came —
35/40

d. yma

Puc. 3. BruiB miameTpa CTepKHIB Ha TPaHUYIHI HATIPYKEHHS
34YCIUICHHS 10 MTOBEPXHI KOHTAKTY 3 OETOHOM
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Y HOpMax MPOEKTyBaHHA 3a1i300€TOHHUX KOHCTPYKIIA MiHIMaIbHE
3HAYEHHS 3aBeJICHHA CTEP)KHIB B OETOH 3a BHYTPILIHIO I'paHb BUIBHOT
OIOpH PeKOMEHIYEThCs npuiimatu piBauM |, = 10d. 3a Takoro 3HaueHHs
l, 11 cTepxkHiB miameTrpoM 12 MM 3 MiABHIIEHHSIM Kiacy OCTOHY 3
C16/20 pgo C35/40, T0ob6TO, B 1,93 pasu, rpaHU4HI HaANPyKCHHS
3uerieHHs 30unemunmes 3 f, = 4,61 no f, = 10,43 MIla, To6t10, B 2,26
pasu. llpu migBumenHi kmacy 6etony no C60/70, Tobto, B 2,86 pasm
nopiBHAHO ¢ 6eToHOM Kiacy C16/20, rpaHrYHI HANPY>KEHHS 34ETICHHS
30imbImmucs ao f, = 12,17 MlIla, To6to0, B 2,64 pa3u. [IpoananizyBaBuim
JaHl 3HAYEHHS MOXKHA 3POOWUTH BUCHOBOK, IO 31 30UIBIICHHSIM KIACY
O0eToHy BinOyBaeTbcs 1 30LNBIICHHS 34YEIUICHHS, MPOTE 3 MEHIIUM
MPUPOCTOM, HIX JIUIsI MEHIIKX KjaciB OeTony (puc. 4).
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Puc. 4. BruB niameTpa CTepKHIB Ha TPAaHUYHI HATPY)KEHHS 34CTUICHHS
110 IOBEPXHI KOHTAKTY 3 6eToHoM kiacy C60/70

[Mpubim3HO Takuii XapakTep 3aJIeKHOCTI Ma€e MICIle 1 JJIsi CTEPIKHIB
niamerpom 16 1 18 mm, ane ansa crepxkHiB aiamerpoMm 20 MM 1 Oibie
301ubmenns f, 3HauHO MeHIe.

IMpu pomxkuni aHkepyBanus |, = 15d mis Bcix kiaciB OeToHIB
TpaHWYHI HANPY)KEHHS 34YCIUICHHS MaJIi POMIXKHI 3HaYeHHs Mk |, = 5d
ta l,=10d.

Xapakrep pyHHYBaHHS 3pa3KiB TaKOX 3aJCKUTh B TOBIIUHH
saxucHoro mapy (puc. 5). Ilpu ¢ = 3d pyiinyBaHHS BigOyBajocs 1O
TPHOM — YOTHPHOM IUIOIIMHAX 3 BHXOJIOM TPIIIMH Ha OOKOBI IMOBEPXHI,
MpuU3Ma pO3OUIAIacs Ha OKpemi eleMeHTH. lIpore B mpu3Max i3
saxucHuM 1mapoM |, = 10d cmocTepiranocss BACMUKYBaHHS CTEPIKHS 3
YTBOPEHHSM IO3J0BXHIX TPILMH B HANPAMKY A0 Bcix rpaneid. [Ipu ¢ =
1,5d TpimuHM pO3BUBATKCS B MEKaX 3aXMCHOTO IIapy, a 6e3mocepeiHbO
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mepesl MOBHUM pYyWHYBaHHSAM — B HamNpsMKy 10 Oi4HWX TpaHeil. B
3paskax, B sSkux ¢ = 1d, pyiiHyBaHHs BigOyBasocs MO TUTOIIHHI, sSKa
nepeTHHaNa 3aXxucHui map. Tpeba 3a3HAYUTH, 10 TO3IOBXKHI TPIUHA
YTBOPIOBAJIMICSI B3J0BX TIO3JIOBXKHIX BHCTYINB CTEP)KHIB, BHACIIJOK
PO3KIIMHIOBAJILHOI [Iii TMOMEpPeYyHHX BHCTYMIB, fKi PO3TALIOBaHI Mij
KyTOM JI0 HamnpsIMKy BUTATYBAaHHS CTEPKHIB.

. ‘ A
Puc. 5. Xapaxrep pyiiHyBaHHs 3pa3KiB 3 JiaMeTPOM
CTEepkHiB 16 MM

BucnoBok. 3i 30iblIeHHsSM Kiacy OETOHY BimOyBaeTbes i
301IBLICHHS 3UETUICHHS, TPOTE 3 MEHIIUM MPHPOCTOM HiX JJIsi MEHIITUX
kiaciB OetoHy. ToOBIIMHA 3aXMCHOrO IIApy BIUIMBA€ Ha  XapakTep
pyHHYBaHHS IPU3M.
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