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NPOrHO3YBAHHS NNACTUYHUX OEDOPMALIA NPU POBOTI
KPYNHO3EPHUCTOI0 BETOHY B YMOBAX MAJIOLIMKJ10BUX
HABAHTAXXEHb

HaBepneHi pe3ynbTaTy € NPoAOBXEHHAM AOCNIMKEHD, L0 NPUCBAYEHi poboTi
6eTOHHMX KOHCTPYKLi NPU MaJIOLMKITOBUX HABaHTa)XKeHHsX. B pesynbrari
peanisauil n1aHOBaAHOro eKCNepMMeHTy, OTpMMaHa MaTeMaTU4Ha MoAesb,
LLIO AA€E 3MOry NPOrHO3yBaTH PO3BUTOK NnacTMyHUX aedopMadin (B Mexax
dakTopiB BapiloBaHHS) B 6eTOHaX i3 ApPiGHO3ePHUCTVM 3aMN0BHIOBAYEM.
KnroyoBi cnoBa: 6eTOHHI KOHCTPYKLiI, MaTeMaTU4Ha Moaenb, 6eToH, ApibHO-
3epHUCTUI 3aN0BHIOBaM.

BuBueHHs pedopMauUiMHUX XaPaKTEPUCTUK KPYMHO3EPHMUCTOro
6€eToHY, B TOMY 4YMCAi i PO3BUTOK NANacTU4HUX aedopmauin, NpoBOAU-
NI0Cb 33 AO0MOMOrOK MJAaHOBAHOMO0 EKCNepUMEHTY, Wwo 6yB AOKNaAHO
onucaHun B poboTax [2; 3]. HaBegeMo OoCHOBHI MapaMeTpy LbOro eKc-
nepuMeHTy, Ae Nig KPynHO3epHUCTUM BETOHOM PO3yMIeTbCS BETOH i3 Lie-
6eHeBO CK1aA0Bok.

dakTopw, SKi 4OCNIAXKYBaNUCh K HaWBMNIMBOBILI:

v BEpXHill piBeHb HAaNPYXeHb LMKIIYHUX HAaBaHTaXKeHb 77y =0p / Rp;

v/ xapakTepucTuKa uukny (acumetpis) p=n1/n:, Be ni=op / Rp — HUXK-
HiN piBEHb HaNPY>eHb;

v' KiNbKICTb LMKAIB N.

[ns oTpMMaHHSA 6iNnbll NOBHOI Ta LiNICHOT KAPTUHU 3MiHU NPYXHO-
NNACTUYHMX XapaKTEPUCTUK AOCNiAHMX cepi BeTOHIB Mig BNIMBOM Ma-
JIOUMKJIOBUX HABaHTa)eHb MPOaHani3oBaHoO 3MiHy KoediuieHTa niac-

TUYHOCTI 6eTOHY Z.b. Cnip 3ayBa*uTu, WO B HOPMATUBHIN NiTepaTypi Ta

B poboTax nepeBa*kHOI 6iNbLWOCTI AOCNIOHUKIB, NPUCBAYEHUX 3MiHi KO-
ediLiEHTIB NPYXHOCTI Ta NJACTUYHOCTI NPM HAaBAHTAXEHHI, NPUBOAATb-
CS Nuwe Ans ogHoro PpikCoBaHOro 3HaYeHHS BEPXHbOro PiBHSA HaBaH-

TaXeHb 7= Ub/Rb =0,5. Ha BigMiHy Bif ubOro B faHin poboTi 3a [ONOMO-
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rol MJIaHOBAHOro eKCMEePMMEHTY OonMcaHa 3MiHa KoedilieHTa naacTuy-
HocTi B gianasoHin=o, /R, =0,5 ~ 0,8,

Taébnuus 1
YMo0BM NjiaHYBaHHA €KCNEepUMEHTY ANA 3paskKiB
®dakTopu PisHi BapitoBaHHSA | IHTepBan
HaTtypanbHun Burnag KoRosanu -1 0 +1 BaplioBaH-
BUrNAL HS
BepxHil piBeHb Hanpy»eHb, 7 X 05| 065 |08 0,15
XapaKTepucTuKa umKny, p X5 0 0,3 |06 0,30
KinbKicTb UnkniB, n X3 1 6 11 5

HocnigXeHHa 3MiHM 06paHOro NapamMeTpa CNMpannMcb Ha METOAUKY
J1.MN. MakapeHka i .0. ®eHKa, AKi BigHANLWAN NiHINHY 3aNEXHICTb MiXK
E,') i 77 NPU HENiHINHIA 3aNeXHOoCTi o, ~ &, [1], AKi poBenu, wo 3anex-
HICTb MiX CiYHMM MOAYNEeM MPYXXHO-NAACTUYHOCTI 6BETOHY (TaHreHC KyTa
Haxuny ciyHoi Kpueoi ~ go oci (puc. 1)) Ta BiGHOCHMM piBHEM Hanpy-
>XEHb NPU LEHTPANIbHOMY CTUCKY 3Pa3KiB NPU3M, L0 HAaBAHTAaXYOTbCA 3
MOCTINHOW WBUAKICTIO, € NiHiINHOW (puc. 1) aXk A0 TXHbOro pyWHYBaHHS
NpW HeNiHiHiA 3anexHocTi o, ~¢, (puc. 2).

Ry A
_ Puc. 1. 3aranbHun Burnap giarpamu

s 2 ]“/”' /// nedbopMyBaHHA 6eToHyY (op - &)
e /// &,; — NPY>HI BiAHOCHI aedopMauir;
< & ,; — NNacTUYHI BigHOCHI pedopMali;
. [Ei=ga] ¥
/4 /4;9,[{% Y E,=1ga, &, — rpaHunyHi nedpopmalii 6eToHy
€b

Y

€ Er

E o
Puc. 2. FpadivHa
iHTepnpeTawuia NiHinHoro
Eur piBHAHHSA perpecii (E'y ~ 6p)

>

Ry

BiawToBxytounce Big Bupasy E, =E, (1-A4,,7,), npuxoammo po
BUCHOBKY, LU0 AN KOXHOI0 LMKy HABAHTaXEHb MOXXHA 3HAWUTW rpaHu-
YHe 3HayeHHA KoediuieHTa nnactuyHmMx pedopmauin 4, npu
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PexXVMM HaBaHTaXKEHHA AOCNIAHMX 3Ppa3KiB i cepefHi 3HAYEeHHSN
OTPUMAHUX BUXiIAHUX NapaMeTpiB HaBeOeHo B Tabn. 2

Mpu 06pobui AaHMXx 6yNn BMKOPUCTAHI pe3ynbTaTW NaHOBAHOIO
eKCnepuMeHTY, METOAMKA AKOro AoKaaaHo onucaHa B [1; 2].

Op = Rb.

Tabnuus 2
PeXxXnMu HaBaHTaXKeHHS gocnigHux 3pas3kis 3 [13b

Ta 3Ha4YeHHS BUXigHOro KoediuieHTa k;

Toukn Wudp Pexxumu le,nH k/1
nnavy npusMm HaBaHTaXKeHHA k, =
n (p) M n Ao

1 M-63, M-67 0,48(0,6) | 0,8 6 0,786;0,912 | 0,849
2 M-64, N-65 0(0) 0,8 6 0,482; 0,078 | 0,280
3 M-68 0,3(0,6) 0,5 6 0,750 0,750
4 Mn-70 0(0) 0,5 6 0,250 0,250
5 M-66, M-62 0,24(0,3) | 0,8 11 0,449; 0,345 | 0,397
6 M-72 0,24(0,3) | 0,8 1 0,437 0,437
7 Mn-76 0,15(0,3) | 0,5 11 0,560 0,560
8 n-77,Mn-78 0,15(0,3) | 0,5 1 0,456; 0,244 | 0,350
9 n-79, n-8o 0,39(0,6) | 0,65 | 11 0,438; 0,46 | 0,449
10 M-82 0,39(0,6) | 0,65 1 0,650 0,650
11 MN-74 0(0) 0,65 | 11 0,289 0,289
12 M-85 0(0) 0,65 1 0,530 0,530
13 M-86 0,195(0,3) | 0,65 6 0,498 0,498
14 M-87 0,195(0,3) | 0,65 6 0,560 0,560
15 -88 0,195(0,3) | 0,65 6 0,873 0,873

3a BMXigHi napamMeTpu B paHOMy BUNagKy 6ynu NpurHSATI BigHO-
LWEHHS FPaHUYHUX 3HayeHb KoediuieHTa nnacTuyHmx pedopmauin Ha
OCTaHHbOMY PYWNHYHUYOMY LUK 3rigHO 3 MaTpuLe NinaHyBaHHSA Oo TiEl
XX BEJINMMHM HA NeploMy UuUMKi. PexxuMm HaBaHTaXKEHHA AO0CAIAHMX
3pa3kKiB i cepeAHi 3HAa4YEeHHS OTPMMAHUX BUXIAHMX NapaMeTpiB NpUBeAEHI
B Tabn. 2.

3 1abn. 2 BUAHO, WO 3MeHLWeHHS KoedilieHTa, sKe cnocTepiranocb
y ApiOHO3epHUCTMX BETOHIB, B Pi3HiM Mipi 3aneXnTb Bif Pi3HMX GaKToPIB.
B Hambinbwin Mipi 3MeHLWeHHS KoedilieHTa NNACTUYHOCTI 3aNeXNTb Bif
BEJIMYMHUN aCUMETPIT LUKNY, WO XapaKTepM3yeTbcs GaKTOPOM p.

TyT BCTaHOBNEHO TEHAEHLII0 3MEHLIEeHHA k, 3i 3MEHLIeHHsAM xapa-

KTEPUCTUKM UKUKNY p npu ikcoBaHux 7; i n. Hanpuknag, B npu3Max 3a
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nocTinHmx 7;=0,8 i n=6 cepenHi 3HauyeHHs A, ., onap =0,6 i 0 MmeHwe 3a
Ary | CKNapaoTh BignosigHo 0,849 Ta 0,280 Big ocTaHHLOrO, @ B NpuU3-

max, ge 7,=0,5 3a iHWKnx He3MiHHNX GaKTOpPIB CNOCTEpIraeTbCa TEHAEHLINA
3MeHLWeHHA KoediuieHTa &, Big 0,750 oo 0,250.

3 MEHLUO IHTEHCUBHICTIO BNAMBAE Ha KoedilieHT k, BepxHin pi-
BeHb HaBaHTaXeHb 7;. Llen BNAMB TMM BigYYTHIWMNA, YUM BULLE PiBEHb
Hanpy»eHb 77; 38 GIKCOBAHMX 3HAYeHb p Ta N. Tak, 3a NOCTIMHUX 3HAYEHb
p=0,3 Ta n=11 ana npusm, ge 7=0,5 i 0,8, rpaHNUYHMI KoedilieHT A,
3MEHLYHTbCA N0 BiAHOLWEHHK 00 aHanoriyHux gedopmMauin npu ogHo-
pa3oBoMYy cTucKy BianosigHo B 0,56 i 0,397 pa3u (guB. Tabn. 2).

Mpun 36iNblIEHHI KiNbKOCTI LMKIIB HABAHTAaXXEHHA N 3a PiKCOBAHMX
Nt i p TakoX Byno BCTaHOBJIEHO NOCTYNoBe 3MeHLWeHHs k ;. Tak, B Npu3-
Max 3a nocTinHux 7=0,8 Ta p=0,3, ge n=1 i 11 uuknis, BiAHOLWEHHSA
k; = Apppir [ Apry BiBNOBIAHO 3MeHWYyeTbCs Big 0,437 fo 0,397, a 3a no-

ctitium 7,=0,65 Ta p=0, k; = Ay .1/ App, 3MEHILYETLCS BIANOBIAHO Bif
0,530 po 0,289.

AHaniTM4HI 3aneXHocTi 3MiHM AedopMaLiNHUX XapaKTepUCTuk be-
TOHiB. Ha migcTaBi BMLLEONNCAHMX NJTAHOBAHUX EKCMEPUMEHTIB BigHan-
OEeHi MaTeMaTuUyHi Modeni 3anexHocTi gnsa 6etoHiB 36, ak dyHKUIl 77, p
i Ny BUrnaApi nofiHoMa gpyroro nopsakKy.

[Ona 3HaxomXKeHHA KoediuieHTIB NOMIHOMianbHUX PiBHAHb Oynu
CKNapeHi MaTpuui NNaHYBaHHSA, @ TAKOX CXeMu B3aeMoAil paKTopis.

3 ypaxyBaHHSIM KOAOBaHWX 3HayeHb $aKTopiB Ta BigMNoOBiIAHOCTI
rPaHNUYHMM yMOBaM npwu [oBipyin iMoBipHocTi 0,95 oTpMMaHi HacTynHi
PIBHSAHHA perpecii ons 3MiHM KoedilieHTa NnacTUYHOCTI GeToHIB npu
MasIOLMKI0OBOMY OCbOBOMY CTUCKY:

ona apibHosepHuctoro 6etoHy (O3B6):

k, = /1bR,n+1//1,)R,l =0,6437+0,0066X1+0,1686X2-0,034X3-0,0775X12-
0,0341X22-0,1304X32+0,0172X1X2-0,0625X1X3+0,0099X2X3. (1)

CniBcTaBneHHs napameTpiB kﬂ, OTPUMAHUX OOCNIOHUM LUNAXOM 3
TeopeTnuHuMun gna 36, aki 6ynu 3HanaeHi 3a 3anexHicTio (1) nokasanu
ix 6nm3bKe 36iraHHa (Tabn. 2). MNpu LbOMY PO3paxyHKOBi 3HAYEHHSA Kpu-
Tepito Piwepa 6ynn 3Ha4YHO MeHWi 3a TeopeTuyHi (Tabn. 3). HapinHicTb
po3pobneHoi Mogeni NiATBEPAXKYIOTh | CTAaTUCTUKA BapiauinHoro psay.
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Tabnuusa 3
MopiBHANbHA Tabnuua 36iraHHA OOCNIAHUX | TEOPETUYHUX OAHUX OIS

3MiHM KoedilieHTa NIACTUYHOCTI NPU MAaNOLUKIOBUX HABAHTAXKEHHSAX
3pa3kKiB 3 Api6bHo3epHucToro 6etoHy (36)

Wnop k, = /1bR,n+1//1i)R,1 BiopxuneHHsa
npusm ,U,OCi'Ii.D.Hi TeopeTuuHi | A = 1;1 —k, A2 = (];i _ ki)z
k, k,
M-63, N-67 0,8489 0,7245 0,1244 1,5E-02
M-64, N-65 0,2800 0,3530 -0,0730 5,3E-03
M-68 0,7502 0,6770 0,0732 5,4E-03
Mn-70, N-71 0,2500 0,3741 -0,1241 0,0154
M-66, N-62 0,3969 0,3459 0,0511 0,0026
n-72,N-73 0,4370 0,5390 -0,1020 0,0104
M-75, N-76 0,5600 0,4577 0,1023 0,0105
n-77, N-78 0,3500 0,4008 -0,0508 0,0026
Mn-79, N-80 0,4487 0,6238 -0,1751 0,0307
M-82 0,6500 0,6720 -0,0220 0,0005
MN-74 0,2890 0,2668 0,0223 0,0005
M-85 0,5300 0,3547 0,1753 0,0307
MN-86 0,4980 0,6437 -0,1458 0,0212
M-87 0,5600 0,6437 -0,0838 0,0070
M-88 0,8732 0,6437 0,2295 0,0527
CTaTUCTUKM 3a BapiauiiHuM psaom &, / k ;:
n=15; M=1,004046; G=0,2454486;V=24,54%; P=6,34%.

MpoaHanisyemo rpadiyHi iHTepnpeTauii (puc. 3) oTpuMaHoi MaTeMa-
TUYHOI Mogeni. Tak, NopiBHIOKYKN AiarpamMmu BNANBY BEPXHbOMO PiBHSA Ha-
BaHTAXEHHS 77; HA KoedIliEHT NAAaCTUYHOCTI MOXXHa BIAMITUTY, WO ANS
[3b6 rpadiky MaoTb KPMBONIHIMHUI XapaKTep | 0QHAaKOBY ANHAMIKY pea-
ryBaHHS Ha 3MiHY Uboro ¢gaktopa npu GikcoBaHUX 3HAYEHHAX Nn. BigMi-
TUMO, WO 36iNbLUEHHS 7; HA NEPLUMX LUKIaX NPU3BOAUTL [0 36iNblEHHS
k; (Big 0,508 po 0,681 onsa p=0,6 i n=1), a Ha OCTaHHIX LMKNAX NPOCiAKO-
BYETbCA 3BOPOTHSA TeHAeHUia (ans p=0,6 i n=13MeHweHHs Big 0,585 no
0,507). Cnip BiaMiTMTK, Wwo B AianasoHi 7:=0,55 — 0,7 nnacTU4Hi 3MiHK
MaTepiany ynoBi/IbHOOTbLCS, MOXXHA FOBOPUTK NPO BIQHOCHY iX cTabini-
3auito i Mwe Npu NepeBuULLEHHI 77; LMX 3HaYeHb NPOAOBXKYETLCSA 3MiHa K
B 6iK 3MeHLWweHHA (puc. 3, a).

3 rpacdiky BUNAMBaAE, WO Ha BiAMiHY Bif nonepepHboro ¢akropy,
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piBEHb acCUMETPIl UUKIIIB p MAaE OOAHO3HAYHY TEeHAEHLi: Npu 36iNblUeHHI p
Big 0 oo 0,6 36inblyeTbCA | AOCNiAHMI NapaMeTp k;, NnpuyoMy ans

a k, BB piBHS NOBTOPIOBATBHHX
HABAHTAKEHb
1,00
0,80

ky

0,80
0,70
0,60
0,50
040

Buiup piBHS  MOBTOPIOBATBHHX
HaBAHTAKeHb

ka

BuiuB piBHSL NOBTOPIOBAIBHUX
HABAHT:KeHb

0,602

0,30
0,70
0,60
0,50
0,40

0,628

HABAHTAXCHb

1,00

k Brms  KilbkocTi LMK

Puc. 3. Bnnuve piBHA NOBTOPIOBaNbHUX HAaBaHTa)KeHb (a), XapaKTePUCTUKM
umkny (6), KinbkocTi unKnie (B) Ha 3MiHy KoediuieHTa nnactuyHocTi 436
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3pa3kiB i3 [13b xapakTepHa iHTEeHCMBHA 3MiHa KoedilieHTa NAacTUYHOCTI,
0cob2MBO 3 POCTOM KinbKoCTi uMKniB. Hanpuknag, ans 7,=0,8 i n=1 pocni-
IXXyBaHWUW KoediuieHT 36inbwyetbes Big 0,329 ansa p=0 go 0,681 ons p=0,6,
a npuv TMX caMmx PiKCOBAHUX 3HAUeHHsX, ane n=11 KoedilieHT k; 3MiHI0E
3HaueHHsa Big, 0,116 go 0,507 BignoBigHo.

Tabnuusa 4

MopiBHANbHA Tabnnusa ouiHoYHOro KpuTepito Piepa NpyM BU3HAYEHHI
KoediuieHTiB piBHAHb perpecin (1)

HocnigHun napamMeTp Kk
Po3paxyHkoBun kputepin Qiwepa 1,7375
TeopeTnuHun kputepin Piwepa 19,25

HeogHO3HAYHMM BNAUB HA AOCNIOHUMA NAapaMeTp YMHUTb KiNbKIiCTb
LMKNiB HaBaHTaXXeHb n. Hanpuknapg, ons OocnigHUX NpyM3M 30inblIeHHS
KiNbKOCTI LUMKNIB NPU3BOAUTb A0 3aranbHoro 36inbleHHs KoediuieHTa
NAACTUYHOCTI HA NPOMIXKKY 1-6 LMKNY | HABNAKN — NPU3BOAUTL A0 CYTTE-
BOr0O 3MEHLLEHHS NpUY NoganbLlioMy 36inbleHHi n Big 6 o 11 (puc. 3, B).
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pyro-nnacTMYecKmnx xapakTepucTuk 6etoHa npu cxatum / MakapeHko J1. ., PeH-
ko I A. // Use. By3oB. Cep. CtpoutenbctBo u apxutektypa. — 1970. -
Ne 10. - C. 141-147. 2. Babwnu €. M., KyxHtok 0. M. ledbopMaLiHi xapaKTepuUcTMku
6eToHY Npu 0CbOBOMY ManouUMKIoBoMy cTUCKY // BicHMK PiBHeHCbKOro oepkaBHo-
ro TexHiYHoro yHieepcuteTy. 36ipHUK HaykoBuMX npaub. — PiBHe, 1999. — Bunyck 2. —
YactuHa 3. - C. 21-25 3. KyxHiok 0. M. Bnnve ManouuknoBux HaBaHTa*KeHb Ha
MeXxaHi4YHi XapaKTepMUCTUKKN BEeTOHY Ta PpobOTY 3rMHaNbHUX 3aN1i300eTOHHUX efleMe-
HTiB. [Mc. Kana. TexH. Hayk / KyxHiok O. M. — JlbBiB, 2001. — 219 c. 4. Babnu €. M.
MNporHo3yBaHHA nonepeyvHMx gedopMauin npu poboTi ApibHO3epHUCTOro 6eToHyY B
yMOBax ManouuKkioBux HaBaHTaxkeHb / Babuu €. M., KyxHiok 0. M. // BicHuk Haui-
OHaJIbHOr0 YHIBEPCUTETY BOJSIHOMO FOCNOOAPCTBA Ta NPUPOLOKOPUCTYBaHHS. 3b6ip-
HMK HayKoBUX npaub. — PieHe, 2006. — Bunyck 2(34). Cepia «TexHiuyHi Hayku» — Ya-
ctmHa 1.-C. 110-116.

PeueH3eHT: A.T.H., npodecop Babuy €. M. (HYBIT)

Kukhniuk 0. M., Candidate of Engineering, Associate Professor
(National University of Water and Environmental Engineering, Rivne),
Myshko S. V., Kukhniuk N. 0. (Kyiv National University of Construction
and Architecture, Kyiv)

333



Cepist «TexHi4YHi Hayku»
Bunyck 4(76) 2016 p.

PREDICTION PLASTIC DEFORMATION UNDER WORK OF
SHALLOW-SIZED-GRANULAR CONCRETE IN SMALL CYCLIC LOADING

The resulted results are continuation of researches of the author,
devoted to work of concrete designs at small cycle of loadings. As a
result of realization planned experiment, the mathematical model is
received, which gives the chance to predict development of plastic
deformations (within variation factors) in concrete with a shallow-
sized-granular of a structure.

Keywords: concrete structures, mathematical model, concrete,
shallow-sized-granular.

KyxHiok O. H., K.T.H., aoueHT (HaunoHanbHbIN YHMBEPCUTET BOGHOIO
X0351CTBa U Npupoaonosb3osaHus, r. PosHo), Mbiwko C. B.,

KyxHiok H. 0. (KneBckui HauMoHanbHbIM YHUBEPCUTET CTPOMTENLCTBA U
apXuTeKTypbl, I. Kues)

NPOrHO3UPOBAHMUE NNACTUYECKUX AE®OPMALAN MPU
PABOTE KPYNHO3EPHUCTOIO BETOHA B YCJ1I0BUAX
MAJIOUMKIOBbIX HAFPY30K

MpuBeneHHbIe pe3ynbTaThbl ABNSAIOTCA NPOAOSIKEHMEM UCCNIEA0BaHUN,
NOCBSALLEHHbIX PaboTe 6€TOHHbIX KOHCTPYKLMUIA NPY MaNOLMKIIOBbIX Ha-
rpyskax. B pesynbrare peanusaumm nnaHupyeMoro sKCnepMmeHTa, nony-
YeHa MaTeMaTUyecKas Moaesib, N03BOJIAIOLLLANA NPOrHO3MPOBaTh pa3Bu-
Tue nnactuyeckux aedpopmMaumi (B npeaenax ¢pakropos BapbUpoBaHus) B
6eToHax Cc MeNIKO3epHUCTON 3anoJIHUTENEM.

KnioueBble cnioBa: 6eTOHHbIE KOHCTPYKLMW, MaTeMaTU4ecKasa Moaenb, 6e-
TOH, MEeJIKO3EPHUCTbIN 3anN0JIHUTEND.

334



