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Bapmuncko-Masypckuii YauBepcurer, r. OnbitsiH, [lonbma

BJIMAHUE I'PAHYJIOMETPUU 30J1bI-YHOCA HA PEOJIOTHIO
HEMEHTHOM MATPHUIIbI CAMOYILTOTHSIOIIETOCSI BETOHA

IlokazaHo BIHSHHE TPaHyYJOMCTPHUYCCKOI0 COCTaBa 30JIbI-yHOCA Ha PCOJIOTHUYCCKUC MTapaMETPbl U CTPYK-
Typoo6pasoBaHHe HGMCHTHOﬁ MaTpulbl CAaMOYIIJIOTHAIOIICT OCS OeToHa.

Influence of a grain size distribution of a fly ash on rheological parameters and structurization of a
cement negative mould of self-compacting concrete is considered.

CoBpeMEeHHOE THHOBALIHOHHOE CTPOUTEIBCTBO BO MHOTOM CBSI3aHO C UCHOJIb-
30BaHKMeM «camoyruioTHsronmxcs» oeronoB — SCC (Self-Compacting Concrete),
CIIOCOOHBIX YIUJIOTHATHCS 0€3 BUOpAlMM B T'yCTOAPMHUPOBAHHBIX KOHCTPYKIIUSIX.
YTO OMPEJETSAET PAJl CYIIECTBEHHBIX TPEUMYIIECTB Nepel OOBIYHBIMU — SKOHOMMUS
paboueil CuIibl, IETKOCTh IEPEKAYNBAEMOCTH OETOHOHACOCAMU U JIP.

JIns1 BBIMOJIHEHUS YCIIOBUM CAMOYIUJIOTHEHUSI COCTaB OOBIYHOTO OETOHA J0JI-
YKEH OBITh CYIIIECTBEHHO YCIIOKHEH 3a CUET BBEICHUS MIACTUPUIUPYIOMIUX U APY-
T'MX BHJIOB XHMHUYECKHUX J00aBOK, MUHEPAJIbHBIX HAIIOJHUATENICH (C pa3MepoM JIuc-
nepcHbIx gactull < 0,125 MM — MUKpoOKpemMHE3eM, 3071a-yYHOC, MOJIOTBIA KBapIie-
BBII ITECOK U JIP.), MHOTO(PAKIIMOHHBIX 3aMTOJTHUTEIICH.

Tak kak yaenpHas MOBEPXHOCTH 30Jbl-yHOCA MOJbCKUX TOLl m3meHsercs
MPAKTUYECKU B 3 pa3a B 3aBUCHMOCTH OT XapaKTEPUCTHUK CIKUTAEMOTO YTJIsl, TeX-
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HOJIOTUU COKUTAHHS M TUNA QUIBTPOB [2] HA 0THOM M3 3TAmoB pa3pabOTKH OETO-
HOoB SCC [1] mpoaHaIu3upOBaHO BIUSHUE JHUCIIEPCHOCTH 30JIBI YHOCA Ha PEOJIo-
TUYECKUE TTapaMeTPhl IEMEHTHOW MaTPHIIHI.

Jlnst mosydeHus: pa3HbIX (PpakiUil MCHOJIb30BaHA 30Jia TEIUIOBOM CTaHIIUU
«KWIDZYN S.A.» ¢ conpepxaHreM HecropesIiero yris Mmenee 2 % (4to gomycka-
eTCSl HOPMaMH).

30/1a ¢ MCXOHOI y/eIbHOI MOBEPXHOCTHIO 10 Biteiiny s = 270 M%/kr Obuta
paccessHa Ha HOPMAJIM30BAaHHBIX CHTAX HA TPU TPYMIBl «MOHO(pakiuit» @:
«kpymHas» (D, = 70 + 100 pm, s = 180); «cpenusia» (P, = 45 + 70 um, s = 260)
u «menkas» (D, =5 + 45 um, s = 320), U3 KOTOPHIX OBUTH TaKXKe MOTydeHBI OU-
HapHBIC U TPOWHBIC CMecH. B 3TOM cilydae MpaKTHUYECKH B JIBa paza M3MEHSIACh
eé yaenbHas oBepxroctb (S = 200...500 M%/r). Ucxoxuas 301a coxepxkana dpax-
mu (24 % @,,)+(21 % @.,) + (55 % D,,.,) = 100.

3a cdeT W3MEHEHHUS KOJIMYECTBA BOJIBI JOCTUTANICS TPAKTUYCCKU OTMHAKOBBIN
auametp (D = 190 + 10 mm) paciuibiBa IIEMEHTHOM MACThl U3 MHHH-KOHYCA BBICO-
toit 60 MM 1 ruamerpoM B ocHoBaHWHU 100 MM).

Peonmornyeckue xapakTepuUCTUKH, BXojsmmue B (Gopmyny bunrama (ruractu-
Yyeckas BS3KOCTh 1| M MPECIIbHOC HANpsHKEHUE CABUTA Tp), ONMPEACISUIMCH HA YC-
JIOBHO «PaBHOMOABUKHBIX» cMecsaX. C nmo3unuid 3p(HeKTUBHOCTH BO3AEUCTBUS J0-
0aBOK T11€1eCO00pPA3HO TOBBINICHNE BI3KOCTH «PABHOIIACTUIHBIX» CMECEH.

Tak xak caMOYIUTOTHSIIOLIMECS CMECH PACTEKAIOTCs MoJA COOCTBEHHOM Mac-
COM, JOIYyCKAJINCh PE3YyIbTaThl OMPECICHUS BI3KOCTH 1) HA HaWMEHBIIIUX CKOPO-
crsx [3].

Ha pwuc.l mokazaHpl 3aBUCHMOCTH W3MEHEHHS BS3KOCTH «MOHO(MPAKIIMOH-
HBIX» KOMIO3HIHNA TpeX coctaBoB Ne 4, 6, 10 (Tadmn. 2) ot ckopoctu aedopMmaruii
y' (ua yaactke 0,045<y'<2,0 ¢), ommcannsix ¢ koapdurmentom R? = 0,975...0,997
CTeneHHON (QyHKIMEeN Tuna 7 = Ax“,

YMeHbIeHue pa3Mepa 4acTHUIl PE3KO TOBBIMIAET BI3KOCTh, B TOM YHCIIE U U3-
3a YBEJIMUCHUS KOJMYECTBA aICOPOIMOHHO CBSI3aHHOW MOBEPXHOCTHIO YaCTHII BO-
Ibl. AHanMW3 3aBHCHMOCTEH W3MEHEHHS BS3KOCTH OT CKOPOCTH naedopmanuu
(puc. 1) yka3piBaeT Ha 3aKOHOMEPHBIN POCT BA3KOCTH C YBEJIMYCHHEM JIHCIIEPCHO-
CTH 30JIBI.

W3 panubix tabn. 1 caegyer, uro cmecu gppaxuuii 305161 3G PEKTUBHBI ¢ TO3U-
IIUH YMEHBIIICHUS BSI3KOCTH IEMEHTHBIX KOMIIO3HITNH, TOT/1a KaKk MOHO(PAKIIHOH-
Has MeJTKast PpaKIus BO BCEX CIydasiX MOBBIMIACT BSI3KOCTb.

DTO MOXKET ONMPEETATHCA NPOCTPAHCTBEHHOM CTPYKTYPOH CMECHU MHUKPOJIUC-

141



MEPCHBIX 3epeH (MX «YKITaIKON») U (M) KOHTAKTHBIMHU B3aUMOJICHCTBUSAMHU.

1400 -

1200 | 4B

acdhdekTuBHan BA3KocTb, Max ¢
[
N N (2] (0] o
o o o o o
o o o o o
| | | | |
N

ydr = 3066,8x 17

R%=0,9806

y$r = 864,09x %%

R%=0,9966

ygr = 186,53x %481

R?=0,975

ckopocTb gedopmanum

Puc. 1. 3aBucUMOCTH BSI3KOCTH 1) OT I'paJieHTa CKOPOCTH Aedopmanuii y'

st Tpex miactuduuupoBanHbix (BV = 0,7%) cmeceit ¢ 3omoii-yroc (Z = 40 %) dpakuuii:

1 — kpynHas; 2 — cpenusis; 3 — MeyKasl.

Tabmuma 1
CocTaBbl U XapaKTePUCTUKH KOMITO3UIIAN

% (paraunit 1 106250k n °x10° i TeHrJ[IafBaIi\fle[;I;:;HH

Ne B/ ac a Pm=05 - y 9
Dy | Pp | P | L | BV MUWH M:Iil Br;Iixr Tk
1 1333|333 333 (40| 0,7 | 0393 | 22 22 228 420 | 1,02 | 30,5
2 0 0 100 | 40| 10 | 0339 | 63 14 272 480 | 1,16 | 29,8
3 0 | 100 0 40| 10 | 0383 | 38 52 228 650 | 1,14 | 34,6
4 1100 O 0 40| 10 | 0463 | 35 0,68 448 500 | 1,16 | 35,1
5 0 50 50 |20 10 | 02% | 47 1,0 330 430 | 1,28 | 41,8
6 0 50 50 30|04 0379 | 30 0,6 461 410 | 1,27 | 47,2
7 | 50 0 50 20| 04 | 0339 | 40 0,47 440 410 | 1,38 | 50,3
8 | 50 0 50 |30 07036 | 19 1,7 363 390 | 1,33 | 45,8
9 | 50 | 50 0 0| 10| 034 | 29 9,0 382 390 | 1,34 | 429

CrnepnoBarenbHO, NMPaBIONOJ00HA HETPUBHAIIbHAS TUIOTE3a 00 YIy4dlIEHUH

PEOIOTHYECKHMX XapakTepucTuk (¢ mo3unuii 6eToHoB tuma SCC) 3a cueT u3MeHe-

HUA T'PaHYJIOMCTPUICCKOT'O COCTABA YJIbTPAAHUCIICPCHBIX 3CPCH.
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[IpucyrcTBre MoauKapOOKCHIATHOM JOOABKU OCIOXKHSET ONpENeNICHUE pac-
TUTBIBA TTACTHI U OIEHKY MOTPYKEHUSI KOHYCa, TaK KaK CBOMCTBA IIEMEHTHOMN ITacThI
C «KOHCHUCTEHIIMEH Mema» He CTaOWIM3UpOoBaHBI TepBoe Bpems. [loatomy mpe-
JeNbHOE HaIpsDKeHue 7o (Tadi. 1) usmepsu nociae 30 MUH BBIICPKKH MAaCTHI.

Nmerotcs nannblie [4], uro mis 6etoHHBIX cMeceir SCC ¢ muaMeTpoM paciuibl-
Ba koHyca AGpamca 600-700 MM amama3oH MIACTUYECKON BS3KOCTH COCTAaBIISET
60 — 120 I1a-c, a mpenenpHOE HanpsukeHue capura — 10 — 60 Ila.

B namewm ciyuae, Hau6osee 3p(HEKTUBHBIMU C ITUX MO3UIMUI CIEAYET MPHU-
3HaTh cocTaBbl Ne 5 m No 7 (tabiu. 1), comepkamiue B paBHOW MPOMOPIIMH 30JIbI
Menkoi ¢pakuuu co cpeaueit (50D,,,, + 50P,,) nmu kpynHoit (50D,,., + 50D,,).

ITo cpaBuenuto ¢ coctaBoM Ne 2 (Toapko Menkas pakius @,,,), coctaB Ne 5
XapaKTepu3yeTcs OOJBITMMH 3HAYCHUSIMH 7p U MeeT MeHbIee B/1], 9yTo momoxu-
TEJTHHO OTPAKAETCS HA MTPOYHOCTH.

Crnenyer OTMETUTH, YTO MPOBECTH KOPPEKTHOE COMOCTABICHUE 3HAUCHHM, T10-
JYYCHHBIX Ha CICIUATBHBIX (M, KaK M3BECTHO, SKCKIIO3UBHBIX) MPUOOpax THIIA
«Peotect» mis uccnenoBaHus OETOHHOW CMECH M 3HAYEHUH 7] U To TIPH MCCIICIOBA-
HUU [IEMEHTHBIX IMaCT HA BUCKO3UMETPAX IS BA3KHUX KUIKOCTEH MPU OTCYTCTBUHU
BITUSIIOIIETO HA PEOJIOTHIO 3aTOTHUTENSI — MEeCKa U MEeOHs, MOYKHO JIUIIH YCIOBHO.
B To xe BpeMsi HEOOXOAMMOCTh M3YUYEHUS TAKHX PEOJIOTHYECKUX CBOWCTB Iie-
MEHTHBIX TAaCT, KaK BSI3KOCTh, BOJAOCOACPIKAHUE, TIPEICTLHOE HAMIPSHKCHUE CIIBUTA
00yCJIOBIIeHA HETIOCPEACTBEHHON CBS3BIO0 XapaKTEPUCTUK MATPHUIBI CaMOYILIOT-
HSIOIIETOCS] ¢ OSTOHA C TEXHOJOTWYECKUM KAadeCTBOM W IKCIUTYyaTallHOHHBIMU
cBoiicTBamu 6eToHOB THTa SCC.

C no3unuii popMHUpoBaHUS KAaYECTBEHHOW MaTpHIlbl OETOHA 1eIeco00pa3HO
OBLIIO MCCIEAOBATh BIHMSIHUE (PAKIIANA 306l HA IMapaMeTPhl THAPATAIIUNA U CTPYK-
TypoOOpa30BaHUs IEMEHTHBIX KOMIO3UIM. M3MeHeHue gpaxkuuil 30161 Cyiiect-
BEHHO BJIMSICT HA KHHETUKY CTPYKTYpPOOOpa30BaHUS IIEMEHTHBIX MAcT, O YeM CBH-
JETEILCTBYIOT 3aBUCUMOCTH TUIACTUICCKOU MPOYHOCTH Py, oT Bpemenwu 7 (KpuBbIC
Ha puc. 2a). PaccMaTpuBaivch COCTaBBI C MOCTOSHHBIM BOJO-IIEMEHTHBIM OTHO-
mennem 0e3 CII. B kauecTBe oHOTO M3 IMOKa3zaTele MHTEHCUBHOCTH IIpoliecca,
KaK ¥ B 1.5.1, mpuHATO BpeMs 7, MPU KOTOPOM COCTABBI XapaKTEPU3YIOTCS TUIACTH-
4ecKoi mpouHocThio P = 0,5 MIla, oTBewatomeit nepuoay hopMHUpOBaHUS KPH-
CTAJUTH3AIIMOHHOM CTPYKTYPHI (KOTOPBI OTBEYACT YyU4acTKY MO IbeMa KPUBOK ).

Ananu3 cMeceBoro tpeyrojbHuka (puc. 20) ¢ m3omunusmu t = {P,=0,5 Tla},
MOKAa3bIBACT, UYTO YIPABJICHUE (HPAKIIMOHHBIM COCTABOM 30JIbI 32 CUYET CMEIICHUS
MenKuX U cpennux ¢pakuuii (0,61D,,, +0,39®,,) no3BonseT nHTEHCH(UINPOBATH
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Puc. 2. Ananu3 BnustHUS (ppakiuii Ha XapaKTEePUCTUKH UHTECHCUBHOCTU CTPYKTYPOOOpa30BaHUS
u ruapatanuu cmeceit (Z = 30 %, BV-10 = 0 %):
a — KHHETHKA TUIACTHYECKOW MPOYHOCTU Pm=@(7);
0 — Bpems (7, MuH) noctmxenus Pn=0,5 MIla;
B — ckopocTh TemoBbaenenus (dQ/dz, B/kr); r — obmee TeroBsiaenenue 3a 24 vac (Q, x/r):
1-Dy+ O+ Dyer; 2= Digp; 3= Dyt Py 3 4 = Dy 5 = Dy + Diyen; 6 = Dy 1 — Dy + D

Ha puc. 2B mokazaHo W3MEHECHHE BO BPEMCHH CKOPOCTH TCIUIOBBIICICHHUS
dQ/dz Tpex (M3 cemMu MpUBEACHHBIX B Ta0JI. 1) COCTaBOB, COEPIKANUX KKPYITHYIO»
D,,, «CpeIHIOI» D, N «KMENKYI0» D,,.; PPAKIKU 30116l YHOCA.

3oJ1a-yHOC HA paHHEH CTaJuu THAPATALMU OTHOCUTCSA K MHEPTHOU B XHUMUYE-
CKOM OTHOIIICHHU JI00aBKe.

C mnoBbIlIEHUEM KPYHTHOCTH (Ppakidii TEPMOKHMHETHUYECKHE MMOKA3aTeNu €Ille
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Oonbie yxyamarorces (yIUTHHICTCS WHIYKITUOHHBIA MEPUOJI, COKPAIIASTCS BpPeMsI
MaKCHMyMa TEIUIOBBIICIICHHS U 00Iee KOJMYSCTBO BBIICICHHOTO TeIia 3a 24 u),
YTO CBUJICTEIILCTBYET O €€ BIMSHHUH Ha 3aMeJJICHHE TIpolecca TuApaTaIiy.

OMHOBPEMEHHO OTMEYACTCsl MOJIOKHUTEIbHAS POJIb «CpeaHer» (PpaKIiu, Tak
KaK mokasareib ckopoctu 0Q/dr mocTturaer MaKkCHUMalbHbBIX 3HAYCHHH.

CpaBHEHHE CMECEBBIX JUarpaMM IapaMeTpOB BPEMEHHBIX 3aBUCUMOCTel Pp
u terutoBeinenenus: dQ/dr (puc. 2r)ykaspiBaeT Ha BO3MOKHOE OTIIUYNE BO BIMSTHUH
IPaHyJIOMETPUYECKOTO COCTaBa HA YINPOYHEHUE CTPYKTYPHI M HAa CKOPOCTh peak-
1007178

3a cyeT ONTUMH3AIUU TPAHYJIOMETPUIECKOIO COCTaBa 30JIbI YHOCA JOCTHTA-
eTcst 0OJIbIIask CKOPOCTh TBEPICHUS IIEMEHTHBIX KOMITO3UITUH.

DddexTuBHON MOXeT cuntarhesa cpennss dpakunust (D, = 70...90 %) ¢ no-
0aBnenuem menkoi (D,,., = 10...30 %) npu MUHUMU3AUN KPYITHOM.

OmHaKo, KaK yKa3bIBAJIOCH BHIIIE, KPYITHAs (PAKIIHMs BeChbMa IMOJIC3HA C ITO3H-
U YMCHBIIICHUS MPEACTLHOT0 HANPSDKEHUS CIBUTA, YTO TPEOyeT e€ yBEIIMUCHUS
1o yposHs @,, = 10...15 % npu onHOBpeMEHHOM yMeHbllIeHUU D, U P, Bapu-
aHT ONTHMHU3HPOBAHHEIN rpanyiaomerpuu 15 % @,,+60 % @+ 25 % D, (B 00-
JacTH «B» Ha CMECEBOM TPEYIOJbHUKE PHC. 2T) 3HAYUTEIBHO OTIMYACTCS OT CO-
CTaBa MCXOAHOHN NPOMBINUICHHON 30116l 24 % @, + 21 % Dyt 55 % D, (0OmacTs
«A» Ha puc. 20).

[TpoBecHHBIC UCCIICIOBAHMS YKa3bIBAIOT Ha BO3MOXHOCTD YJIYUIICHHS PEO-
JIOTHYECKHUX XapaKTEPUCTHUK CAMOYIUIOTHSIOIIETOCS OETOHA 32 CYET ONTUMAIBHOTO

IPaHyJIOMETPUYECKOT0 COCTaBa BHICOKOUCIIEPCHOM 30JIbI-YHOCA.

Cnucok suteparypsl: 1. Kosarw C.B. Ilytu co3nanus camoymutotHstoumxcsi 6eronos / [C.B. Kosanw,
M. Ionsxos, M. Luax u op.] /| byniBenbni konctpykuii. — 2009. — Bun. Ne 72. — C. 232 — 238.
2. Sciubidlo A. Zagospodarowanie popiotéw lotnych z polskich elektrowni i elektrocieptowni poprzez
modyfikacje popiotéw w materiaty mezoporowate / A. Sciubidlo, W. Nowak, 1. Majchrzak-Kuceba //
Migdz. konf. EUROCOALASH. — Warszawa: EKOTECH Sp.z.0.0., 2008. — P. 163 — 179. 3. Emborg M.
Rheology Test for Self Compacting Concrete / M. Emborg // RILEM Symp. on Self-compacting Con-
crete. — Sttockholm, 1999. 4. Wallevik O.H. Rheology — a scientific approach to develop self-compacting
concrete / O.H. Wallevik // 3 Int. Symp. on Self-compacting Concrete. — Reykjavik, Iceland, RILEM
Publ. S.A.R.L., 2003. - P. 22 — 34.
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