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B craTtbe paccMaTpHBaeTcsl BJMsSIHHE 3alloJIHUTeNedi Ha (opMupoBaHHe
CTPYKTYphl  OeToHa, a Takxe (PH3NKO-MEXaHHMYeCKHe  IPOLECChI
(opMHpOBaHHS MAKPOCTPYKTYPBI.

Y crTaTTi po3risAacThc BIUIMB 3alIOBHIOBa4iB Ha (OpMyBaHHSI CTPYKTYpH
0eToHY, a Takok (izMK0o-MexaHiYHI pounecu GopMyBaHHSI MAKPOCTPYKTYPH.

The article examines the impact of aggregates on the structure of concrete, as
well as physical and mechanical processes of formation of the macrostructure.

KiroueBslie ciioBa:

3anoHAUTEIN, MAKPOCTPYKTypa CTpyKTypabeToHa nedopMaruii;
3amoBHIOBaYi, MaKpOCTPYKTypa CTPyKTypa OeToHy medopmariii;
Aggregates, concrete structure, macrostructure deformities.

BBenenne

Ha c¢opmupoBanue CTpyKTypsl OeTOHa 3HAYUTENFHOE BIIMSHHE OKA3BIBAIOT
KOJIMYECTBEHHBIE " Ka4eCTBEHHEIE XapaKTEePUCTHKA 3aII0JIHATETIEH.
CtpykTypooOpa3oBaHue OTpeIeNsIeTCs: KOJIMIECTBOM 3aIIOJIHUTEIICH,
paccTosHHEM MEXOy 3aloNHATENSIMH, OpHEHTAlWel 3aloNHUTENS  JApYyT
OTHOCHUTEIIbHO JIpyra W aAre3UOHHO-KOT€3MOHHBIMUCHIIAMHU CBS3H  MEXKIY
3aIOTHATEIIEM ¥l MATPHTHBIM MATEPHATIOM.
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Takum 00pa3oM, MOXHO TPENNONOXKUTH, YTO YIPABIATh IPOIECCAMHA
OpraHM3aliK CTPYKTYPHl O€TOHA KaK MaTPUYHOTO KOMIIO3HWITHOHHOTO MaTepualia
MOJXKHO 3a CYeT U3MEHEHHUS YCIOBHIl B3aMMOAEHCTBHS TBEPICIOIIET0 MAaTPHIHOTO
Marepualia C TIOBEpXHOCTBIO 3amoiHuTeNneil. [Ipm 3TOM cleqyeT YYUTHIBATH
paccTosiHue MEXIy 3alOJHUTEISIMHI, UX OPHUEHTAIMIO APYT OTHOCUTENHHO ApyTa,
penbed MOBEPXHOCTH 3alONHUTENEH W ypPOBEHb aAT€3MOHHO-KOTE€3HOHHBIX CHII
CBA3M Ha TpaHMIAX pa3zlena. OTO TO3BOMUT HANpaBIEHO CO3JaBaTh MO
TEXHOJIOTHUECKUX JeopMaruii B KaXAOW CTPYKTYpHOM sdeiike, yMpaBlsTh
TIPOIECCaMU 3apOXKACHUS M Pa3BUTHS TPEUIWH, YTO TO3BOJWT IOMYyJaTh OETOHHI C
3alaHHBIMU  CTPYKTYPHBIMH  XapaKTepUCTUKaMU ¥ CJIEeNOBaTeNbHO, C
TIPOTHO3APYEMBIMH (HHU3NKO-MEXAaHNIECKIMHU CBOMCTBAMHY.

B cBs3u c 3TUM, OBbUIAa ompelneneHa 3amada WCCIENOBaHWM - HAlpaBICHHO
OpraHM30BaTh MAaKpPOCTPYKTYpbl 0OeToHa 3a CYeT W3MEHEHHS YCIIOBHIA
B3aMMOJAEUCTBUS TBEPHCIOMET0 MATPUYHOTO Marepuansa ¢ IOBEPXHOCTHIO
3aMoJIHUTENEH Pa3IMIHOTO BIA, ITyTEM W3MEHEHHS KOJIMIEeCTBA, OPUEHTHPOBAHUS
U COCTOSIHUS WX TIOBEPXHOCTH.

MeTtoauka npoBeAeHHs HCCIeA0BAHUMN

Ou3NKO-MEXaHUIECKHEe  TPOIECCH  (OPMHPOBAaHUS  MaKpOCTPYKTYPHI
aHATM3MPOBAI HA MOIENSIX CTPYKTYpHBIX sdeek Oetona [1]. Ilpm stom GetoH
paccMmaTpuBajics KaK MAaTpPUYHBINH KOMITO3WIIMOHHBIM MaTepuall, CTPYKTypHOE
odopMieHHE KOTOPOTO 3aBHUCHT OT XapaKTepa B3aWMOJEHCTBUS TBEPICIOIIETO
MaTpUYHOTO MaTepuana C TIOBEPXHOCThIO 3amoiHuTenei. B pabortax [1,2]
oTtMedaeTcs, 9To (OpMHUPOBaHNE TEXHONOTHYECKHX Aedopmaruii onpenensercs B
OCHOBHOM TreOMETPHYECKAMHE TTapaMeTpaMy CTPYKTYPHBIX siueek 6eToHa — popMoii
3aMOJIHUTENS, UX OPHUCHTUPOBAHMEM IpPYT OTHOCHUTENBHO APYra M PacCTOSTHUEM
MeXIy 3aloJHUTEAMUA. BUI MaTpUYHOTO MaTepHaia OKa3hIBaeT BIIMAHHE Ha
KWHETHKY Pa3BHUTHS W BEIMYHMHY OCTATOYHBIX Nedopmarmii. [Ins moaTBEpKACHNS
TaKUX BBHIBOJIOB B MPHUHATBIX MOJENAX CTPYKTYPHBIX SUEEK M3MEHLIN Kak BUI U
¢dopmy 3amomHUTENEH, TaKk W TPUPOLY, W CIIOCOOBI TBEPOECHUS MATPUIHOTO
MaTepuana. KoHTpompoBany KHHETUKY Pa3BUTHS OCTATOYHBIX JedopMalmii mpu
WCTIONTE30BaHUH B Kav4eCTBE MATPHUIBI (JOTOTYBCTBUTEIHHBIX MAaTEPHANIOB, BPEMS
TIOSIBIICHUS. M XapakTep Pa3BUTHSA TEXHOJOTMYECKMX TPEIIWH, BO3HHUKAIOINX B
MaTpHIle pa3TudHON IPUPOIHI B TIporiecce GopMHUpOBaHUS CTPYKTYPHI OeTOHA.

XapakTep B3aMMOJEHCTBHA MAaTPUYHOTO MaTepHaga ¢ TOBEPXHOCTHIO
3aroHUTeNel U3MEHIN IyTeM M3MEHEHUS KOT€3MOHHO-aIT€3MOHHBIX CHUII CBSI3U
Ha TpaHmre pasgena. s obecrnedeHus ycmoBuii MUHAMAIBEHOM aare3nn (R <Ry,
rie — Rj-cuma aaresmm, Ry - cuila KOTe3uM),IOBEPXHOCTh 3allONHUTENEH
TIOKpHIBAJIaCh BOJOOTTAIKHBAIOIUMH cOoCTaBaMH. ObGecneueHue
Ra>Ryocturanocs obe3xupuBaHUEM IOBEpXHOCTElN 3amonHuTenedt. YactuaHas
agre3msi (Ra=Rg) peanmsoBbBanach IyTeM 3alUThl OTAEIBHBIX YYacTKOB
TIOBEPXHOCTH 3aMOHUTENEH BOJOOTTAIKUBAIOMIUMY cocTaBaMu|3].

B kadecTBe MaTpU4HOr0 MaTepwala B WCCICHOBAaHUAX HCIOIB30BAIH
nementHoe Tecto ¢ B/Il = 0,32 Ha ocHoBe mopTmanauemenrta 11 mapku 500
mpomsBoactBa 3A0 «OJJECCALIEMEHT».Takke B KadecTBe MaTpHIHOTO

443



MaTepurala MpUMEHIach dIOKcHaHasa cMona (oTBepautend [IOITA, cooTHOmEHNE
10:1 mo o6BeMy), koTopas 00IagaeT onTHdeckoi aHu3oTpomme# u riuHa ¢ B/T" =
0,6.

AHa/Iu3 BIIMSIHMS YCJIOBMII B3aMMOJeiicTBHS MaTPHILI ¢ 3alIOJTHUTEISIMU
Ha KMHETHKY H XapaKTep TPEIIHHO00pa30BaHUsI MAKPOCTPYKTYPBI.

BrLsBNeHO, 9YTO NPU OJMHAKOBOM B3aMMOJIEHCTBUM TBEPAECIOIIEr0 MaTpUIHOTO
MaTepuaia ¢ HOBEPXHOCTHIO 3allONHUTENeH U OIUHAKOBOM PACCTOSHHU MEXIY
3aMOHUTEISIMY, pacmpelneieHne cOOCTBEHHBIX JedopManuii U CBsI3aHHOE ¢ HAM
pacmpenielieHHe TPEIIMH 3aBUCUT OT OPUEHTUPOBAaHMA 3allONHUTENEH Opyr
OTHOCHTEJIBHO JIPYyTa.

Ipu mosHO# anre3uy TBEPACIOMEr0 MAaTPUYHOTO MaTepralia ¢ IOBEPXHOCTHIO
3aMoJHUTENIeH TPaKTUIEeCKH OTCYTCTBYET TPEIMHBI CIIEIIeHNs, puc. |

e g

Puc. 1. Xapaxrep TpemurHO0Opa3oBaHMs B MOAENH CTPYKTYPHO#H saeiiku 6eToHa mpr

Ra>Ry, MaTpuIia U3 IIIMHSHOTO TECTA; | — 3allOMHUTENH; 2 — MAaTPHUIA; 3 - TPEIIKHA B
MaTpUYHOM Marepuaie

Bonee cnoxkHas KapTWHA paclpelesieHHs TPEIIUH B MOJENSAX C Pa3IudHbIM

OpPHEHTHPOBAHUEM 3aTIOTHUTENEH MTPH M30MpaTeNbHOM anre3un TBEpACIOIIETO

MAaTpUYHOTO MaTepuana K moBepxHocTH 3amonHuteneit (Ry= Rx). B momenn

MPUCYTCTBYIOT TPEIIWHBI CIEIJICHHS Ha TOBEPXHOCTH paslela MaTpPHUIBl C
3aMOJTHATETIEM B MECTaX, TIe HET BOJOOTTAIKABAIOIIETO MaTeprana.

Puc.2. Xapakrep TpenmHo06pa3oBaHUs B MOJETH CTPYKTYPHOI saeiiky OeToHa Ipi
Ra=Ry, MaTpuIia U3 rIMHIHOTO TECTA; | — 3allOMHUTENH; 2 — MAaTPHUIA; 3 - TPEIIKHA B
MaTpPUIHOM MaTepuale
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B Mopensx 6e3 aare3mn Ha IOBEPXHOCTH Pa3elia MATPHILIBI C 3aMOJTHATETIEM,
BOKDYT MMOCJIETHETO0, 00pa30BBIBAIOTCS TPEIMHBI CIIETUICHMUS.

0 t=53"". : 03 -

Puc.3. Xapaxrep TpemuHo06pa3oBaHus B MOJENH CTPYKTYPHOH sT9eiky OeToHa IpH
Ra<Rg, MaTpuia U3 HeMEHTHOTO TeCTa; | — 3aMoJIHUTENh; 2 — MaTpHULIa; 3 - TpEelUHA B
MaTpUYHOM Marepuaie

TpemuHOOOpa3oBaHUE MATPIIHOTO MaTepHalia BO MHOTOM 3aBHCHT OT
xapakTepa GOpMHUPOBAHNS TEXHOJIOTHIECKHX Ae(hOPMAIIHif, KOTOPHIE
aHaJIM3UPOBAIIMCE Ha MOJEIAX, B KOTOPBIX B KAUECTBE MaTPHUIIBI HCIIOJIB30BAINCH
(oToonTuueckre MaTepuaibl. BUm 0CTaTOYHBIX MOJIeH AeopMaIiuii 3aBUCUT OT
YPOBHS a[ire3MOHHO-KOT€3MOHHBIX CHJI CBSA3U Ha FpaHMIAX pas3jgena, puc.4

1 2 3

a 0 B

Puc.4. Xapakrep BO3HUKHOBEHHS HANIPSDKEHUM B MOJEIHN CTPYKTYPHOH SMEHKY ATIOKCUIHOM
CMOJIBI TIpH @) aare3ud R ,>Ry, 6) yacTidaHoif anre3mn R =Ry ¥ B) OTCyTCTBUY anre3un
RA<Rg; 1 — 3anomHuTEND; 2 — MATPHILA; 3 - TPEIMHA B MATPUIHOM MaTepuae

AHanu3 TMoKasal, 4TO NpU B3aUMOJEIHCTBHM MaTpUYHOTO Marepualia B HEM
BO3HHMKAIOT TPAJWEHTH OOBEMHBIX IedopMammii, KOTOpBIE MOXXHO CUHTATh
TPUYUHOMN HAPYIIECHUS LEIOCTHOCTY MATPHULIBL.

AHaNOTMYHBIN Pe3yNbTaT IO BIUSHUIO COCTOSHUS IOBEPXHOCTH 3allOMHUTENEH
Ha XapakTep TpPEIMHWHOOOpa3oBaHWSI MATPUIHOTO Marephalia TONydeHHBIX Ha
CTPYKTYPHBIX sYelikaX, B KOTOPhIX B KaueCTBE MAaTpHUILI UCIOJB30BAINACH
LIEMEHTHO—BOIHBIE KOMIIO3HLIMH. CymmapHas IMApUHa packpsITHL
TEXHOJIOTUUECKUAX TPEIIUH B LEMEHTHOW MaTpHlle Ha MOPSAAOK MEHbBIIE, II0
CPaBHEHHIO C CyMMAapHO! IIMPUHOW pPacKpBITUS TPEIIMH B MaTpULE W3 TIIUHBL
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IIpu 3TOoM KO3(h(UIKEHTH TOBPEKAEHHOCTH, KOTOPHIE OLEHUBAIOTCS O
OTHOIIEHWIO K OOMEel MpOTSHKEHHOCTH TEXHONOTHYECKUX TpemuH, y. LT, k
IITOINAIY TIOBEPXHOCTH HAa KOTOPBIX OHM MPOSBIINCE, S, Kn=) L1/ S, 3aBucur ot
YCIIOBHIT B3aMOAEUCTBYS TBEPICIOMIET0 MATPUIHOTO MaTepHraja ¢ TOBEPXHOCTHIO
3a0THATEJICH.

IIpoBeneHHBIN  KOMIDIEKC HCCIEIOBaHWU 10  BIUSHUIO  KOJNUYECTBA
3aMoNHATENIe W CIOCcOOOB WX OPHEHTHPOBAHWS IPYT OTHOCHTENHFHO [pyTa,
TOKAa3aJ1, YTO XapaKTep TPEIMHOOOPa30BaHUs MAaTPUIHOTO MaTepHalia, 3aBUCHT He
CTOIBKO OT €ro TPHUPOABI, CKOJBKO OT TEOMETPHIECKHX XapaKTepHUCTHK
CTPYKTYPHBIX SU€eK W aIre3MOHHO-KOT€3MOHHBIX B3aUMOJEHCTBUI Ha TpaHMUIlE
pa3mena. AHanu3 TMONYyYEHHBIX Pe3yJIbTAaTOB MO3BOINSET BHISBUTH YIPABIIOIINE
(dakTopel I HAMpPaBIEHHOTO W3MEHEHHWS XapaKkTepa TpPEeIUHOOOpa3oBaHUs

MaKpOCTPYKTYpHI O€TOHA. ] ) 3

Puc.5. Xapaktep TpenuHo0Opa3oBaHus B MOJETSIX CTPYKTYpHOIt ssueiiky 6eToHa Ipu: a)
anre3un Ry>Ry, 6) gacTuuHo# aare3un Ry=Ry u B) oTcyTcTBHM anre3nu R <Ry, Marpuiia
U3 IIEMEHTHOTO TecTa; | — 3amoMHUTENk; 2 — MaTpHIla; 3 - TPEIlMHA B MaTepuaie

BriBoga. [TpoBeieHHBIE UCCIEIOBAaHUS M X AHATIU3 MO3BOJIAIOT 3aKIF0UYHTh:

1. Xapaktep ¢opMupoBaHUs TIONei TeXHONOTWYeCckWX nedopmammii B
3HAUUTENbHOW CTENEHW MPENOMpPENeNseTcss TeOMETPUUIECKUMH MapaMeTpaMu
CTPYKTYPHBIX sdeek OeTOHaBHE 3aBHCHMOCTH OT BHIa W TPWIWH TBEPICHUS
MaTpU4YHOTO MaTepuaa.

2. B 3aBHCHMOCTH OT YCIOBHIl B3aUMOJEHCTBUS TBEPICIOIIETO0 MAaTPUIHOTO
MaTepualia C 3alOJHUTENSIMU OIPENENsAeTCS <«PUCYHOK» TpEIUH Ha YpPOBHE
MaKpOCTPYKTYpBI, 9TO TpeHONpenensieT MeXaHu3M (OPMHPOBAHWS TPEOIMH Ha
YPOBHE MaKpOCTPYKTYPHI.
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