TEXHOJIOTUU JIETKUX BETOHOB
I OBIIME CBEAEHUSA U KTACCUDPUKAIUA JIET'KUX BETOHOB

Jlerkue 6eToHbI (B Hadase XX B. UX HA3BIBAIIN «TETUIbIE OCTOHBI») — OCTOHBI
¢ IIOTHOCTHIO MeHee 2000 Kr/M® — YHHBEPCAIbHBIN MaTEpHal JJ OTPaXkJArOIIUX
¥ HECYIIMX KOHCTPYKITUH JKUIIBIX M MPOMBIIIICHHBIX 3aHHA.

CHImWKeHHEe TUIOTHOCTH 00ECIIeUMBACTCS 3a CUET HCIIOIh30BAHUS MOPUCTHIX
3alOJTHATENICH TPHUPOJHOTO MPOUCXOXKACHHUS (Ty(dbl, TIEM3bl, HW3BECTHSIK-
PaKyIICYHHUK | JIp.) U UCKYCCTBEHHBIX (KEpaM3UT, arjoMOPHT, ITUTAKOBAs TIeM3a U
np.). BeTOHBI Ha MOPHUCTBHIX 3aMOJHUTEISIX TPUMEHSIIOT JJII CHUIKEHHUS MAacChl
W3JIETTUIN 1 TOBBIIIICHUS TETJIO3AIIUTHBIX CBOMCTB OTPAXkIAIOIINX KOHCTPYKIMid. B
CBS3M C OTUM K JIETKUM OCTOHAM Hapsay C TpPeOOBaHUAMH TIO TPOYHOCTH
MPEABABISIIOTCS TPEOOBAHUS 10 TUIOTHOCTH.

Teopusa nezkux 6emonos Ovuta pazpadborana H.A. IlonossiM B 30-x rogax.

OnTumasbHOe COYCTAaHUC MokKazartejiei IIJIOTHOCTH, TCIJIOMPOBOAHOCTH,

IOPOYHOCTH M pacxoJda NICMCHTA JJIAd JICTKHX OCTOHOB JOCTHUTIaCTCA IIPH

HanOOJILIIEM HACHIIIEHUN OETOHA IOPUCTHIM 3allOJHUTEIEM, YTO TpeOyeT

MaKCUMaJIbHO COIMKEHHOTO pasMCIICHUS 3CPCH 3aII0OJIHHUTCIIA B 00BeMe Oetona. B

9TOM CJay4dac 6V,Z[€T JOCTUI'HYTO MHHHMMAJIIBHOC COJACPKAHHUC IICMCHTHOI'O KaMHA,

SIBJISTFOILIETOCSI CAMOM TSHKEJION YAaCThIO JIETKOro OETOHA.

3épHa TOPUCTHIX 3aIOJIHUTEIEH MMEIOT IIePOXOBATYI0 IMOBEPXHOCTb,
MOTJIONIAOT HEKOTOPOE KOJMYECTBO BOJBI 3aTBOPEHUS, IMMOATOMY JIETKOOCTOHHBIC
CMECH HYXIAIOTCI B TPUHYIUTSIHPHOM CMEIIMBAHWUA W B HWHTCHCHBHOM
YIUIOTHEHUH, KOTopoe Oosiee 2p(HEeKTUBHO TPU MPUMEHEHUH TIIACTU(GUITUPYIOIINX
100aBOK.

OcHOBBI TeopuM JIETKUX OETOHOB, BKIIOYAIOIIME OOIMMK  METO
OTIPEJICIICHHS] ONTUMAJILHOTO KOJMYECTBA BOJBI 3aTBOPEHUS ISl JIESTKOOCTOHHOU
CMECH OCHOBAHbI Ha 3aBHCHUMOCTH MPOYHOCTH JIETKOro OeToHa M Ko3dduiueHTta

BBIXOJIa OT pacxoja Bojbl (puc. 1).
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Puc. 1. 3aBucuMoCTh TPOYHOCTH JIeTKOT0 OeToHa U Kod(p(duimeHTa ero

BBIX0JIa OT pacxojia BoJibl 3aTBOPEeHUS (Boyr — ONTUMaAIbEHOE KOJIMYECTBO BO/IbI)

Ocobennocmu mexHo02uu J1eCKUX 0emoH06é CBI3aHbl CO CcHelmnbUuKON

MOPUCTHIX 3AMOJHUTEICH: UX MJOTHOCTh MEHBIIE MJIOTHOCTU BOABI, TOBEPXHOCTh

HaCcTHUIl IICPOXOBATAd 1 OHM aKTHUBHO ITOIJIOIIAIOT BOAY.

Hu3kass mIoTHOCTh TMOPHUCTBHIX 3alOJHUTENCH HE TO03BOJAET 3P(HEKTUBHO
HCIIOJIb30BaTh TPAAUIIMOHHBIE OETOHOCMECHUTENIM «CBOOOJHOTO TAaJCHUS», B
KOTOPBIX TEPEMEITNBAHNE WHTCHCU(PHUITUPYETCS 32 CUET MAJCHUS TSKEIBIX 3ePEH
3anonHuTens. [llepoxoBaTasi MOBEPXHOCTh TaKXKe 3aTPYIHSET IEepeMElIMBaHUE.
[ToaTOMy nJisi IPUTOTOBJICHUSI JIETKOOETOHHBIX CMECEH HCTOJIB3YIOT CMECHUTENN
MPUHYIUTEIHLHOTO TICPEMEIINBAHMSI.

[Ipu BuOpUpOBaHUU JIETKUX OETOHOB PACCIOCHHE CMECH MMEeT OOpaTHBIM
XapakTep B CpPaBHEHUU C TSOKENBIM. BBEpX BCIUTBIBAIOT JIETKHME 3€pHA
3aMOJHUTEIS, @ BHU3 OIYCKAETCS IIEMEHTHOE TECTO.

TBepnenue 1ieMeHTa B JIETKMX OETOHAaX MPOMCXOJAUT B  Oojee
ONarompUATHBIX YCJIOBHSAX, Ye€M B TsDKEJIOM OETOHE, TaK KakK 3aIlOJIHUTEIb,
BIIUTABIIMA BOJY BO BpEeMsl TMPUTOTOBIICHUS CMECH, CIYKUT Kak Obl
aKKyMYJIITOPOM BOJBI, OOCCIEYHMBAIOIIMM BJAXXHOE TBEpACHHUE OETOHa B
JUTUTEIIBHBIE CPOKH.

Cmpykmypa u ceoiicmea nezkux 6emonog. [1opucTbie 3aNI0JTHATETN UMEIOT

mepoxoBaTyro IMOBCPXHOCTD, IMO3TOMY CLCIIJICHUC OEMCHTHOTI'O KaMHs1



3aIOJTHUTEIEM HE SIBISETCS ClIa0bIM  3BEHOM JIETKHX OETOHOB. JTOMY
CIIOCOOCTBYET TakKe XHMHUYECKas AaKTUBHOCTH BEIIECTBA  3aIlOJIHHUTEIICH,
conepxkamux amopdusiii  SiO,, cnocoOHbIN  B3aumojeicTtBoBath ¢ Ca(OH),

HeMEeHTHOTO0 KaMHA. [[JTOTHOCTE M IPOYHOCTH KOHTAKTHOUW 30HBI «IIEMEHTHBLIN

KaMEHb — TIOPUCTBHIM 3aIlOJIHUTECIIbY 00BACHSIOT nmapaaoKCaJIbHO BBICOKVIO

BOJOHCIIPOHUIIACMOCTD n IIPOYHOCTDH JCTKHNX OCTOHOB Ha IHOPHUCTBIX

3aI10JJHUTCIIAX.

]_IJ'ISI JIETKUX OETOHOB YCTAHOBJICHBI CJIICAYIOIINUC KJ4aCCbl nO npodHocmu

(MIla) or B0.35 no B40. IIpoyHOCTh JIETKMX OETOHOB 3aBUCHUT OT KayecTBa

321HOJ'IHI/ITCJ'ICI\//I, MAapKMm "W KOJIMYCCTBA HCIIOJIb30BAHHOI'O LECMCHTA. HpI/I 3TOM,
CCTCCTBCHHO, UBMCHACTCA U IINIOTHOCTD OcToHa. HJIH JIeTKoro OeToHa YCTAaHOBJICHBI

19 mapok no nnomnocmu (xr/m> or D200 1o D2000 (¢ uatepsamom 100 xr/m?).

[ToHrKeHHas TUIOTHOCTH JIETKUX OCTOHOB MOKET OBITH JOCTUTHYTA IMOpH3aIueit
[IEMEHTHOTO KaMHS.

Tennonpogoonocms JneTKOTO OETOHA 3aBHUCHUT OT €ro IUIOTHOCTH |
BJIQXHOCTU. YBelWdeHHe OObeMHOM BIaXHOCTH Ha 1 %  MOBBIIIAET
TeIIoNpoBOAHOCTH O6eTona Ha 0,015...0,035 B1/(m-°C).

B 3aBucHMOCTH OT TEIIOMPOBOIHOCTH JIEFKOT0 OETOHA TOJIIIMHA HAPYKHOU
CTEHBI MOKET U3MeHsThes oT 20 710 40 cMm.

Mopo3ocmoiikocmb JeTKUX OCTOHOB TIPH HMX TIOPUCTON CTPYKType

JIOBOJILHO BBICOKasi. I1o Mopo3ocToiikocTh n€rkue OCTOHBI JIeIT Ha Mapku: F25,

F35, F50, F75, F100, F150, F200, F300, F400, F500. PsnoBble snerkue OETOHBI

HMMEIOT MOPO30CTOMKOCTh B ipeaenax F25...F100.

Bo3moxHOCTB moy4deHus: JTErKUX OETOHOB C BBHICOKON MOPO30CTOHNKOCTBHIO
U MaJlod BOJONPOHUIIAEMOCTHIO 3HAUMUTENBHO pacliupsieT o0JlacTh HX
IIPUMEHEHMUS, HAIPUMEDP, B MOCTOCTPOEHUU U TUAPOTEXHUYECKOM CTPOUTEIILCTBE.
Booonenponuyaemocmp y nerkux OETOHOB BBICOKAasi M YBEIMYMUBAETCS MO MEpE
TBEPJICHUS OETOHA 32 CUET YIJIOTHEHUSI KOHTAaKTHOU 30HBI «IIEMEHTHBIH KaMEHb —
3aMOJIHUTEIbY, SIBJSIIOMICHCS CaMbIM YS3BUMBIM MECTOM JJIsi TPOHUKHOBEHUS

BOJIbI B OOBIYHOM O€TOHE. Y CTAHOBJICHBI CJICAYIOIINE MAPKHU JIETKUX OETOHOB IO
3




BojioHenpoHuitaemoctu: W2, W4, W6, W8, W10, W12 (naBiaenue Boabl, Mlla, He

BbI3bIBaloOIee (PUIBTpALUK NIPHU CTAaHAAPTHBIX HCIBITAHUIX). XapaKTepHO, YTO CO
BPEMEHEM BOJOHEIIPOHULIAEMOCTD JIETKMX OETOHOB IOBBIIIAETCSI.

Jlerkue OETOHBI maccud)uuupvlom 10 CJICAYIOIMNM ITPHU3HAKAM.

[To Ha3HaYeHMIO:
- KOHCMPYKYUOHHbLE,;
Mapku 1o cpenner iotnoctu D1100 — D2000;
KJIACChI MPOYHOCTH Ha cxkatue B12,5 — B40;
Mapku 1o mopo3socrorkoctd F100 — F500.
- KOHCMPYKYUOHHO-MENTIOU3ONIAYUOHHDIE,
Mapku no cpeanei miotHoctu D600 — D1600;
KJIACChI MTPOYHOCTH Ha cxkatue B2,5 — B10;
Mapku 1o Mmopo3ocroikoct F25 — F100.
- Men1oU30IAYUOHHbIE.
Mapku 1o cpennen mwrotoctu D200 — D500;
KJIaCChI MPOYHOCTH Ha cxkatue B0,35 — B2;
MOPO30CTOMKOCTh HE HOPMHUPYETCHI.
[To BUy KPYNHOI0 MOPHUCTOTO 3ATOJHUTEJIS:
- kepamzumobemor (0ETOH Ha KEPAM3UTOBOM IIICOHE WIIM TPABHH ),
- wyHeuzumobemon (OETOH HA IIYHTU3UTOBOM IIEOHE WJIM TPABUM);
- aenonopumobemor (OETOH Ha arJOMOPUTOBOM ITIEOHE UITH TPABUH);
- wnakonemzobemon (OETOH Ha IJIAKOTIEM30BOM I1I€OHE WJIM TPaBUM);
- 6emoH Ha CMEKIOBUOHbIX NOPUCMBIX 3anoaHumensx (Ha OCTEKIOBAaHHOM
[IJIAKOBOM T'paBUH, 1I€0OHE WU TPaHyJIMPOBAHHOM MEHOCTEKIIE);
- nepaumobemon (0€TOH Ha BCIIYUYEHHOM IMEPJIMTOBOM IMECKE U IIeOHE);
- bemon Ha webHe u3 nopucmulx 20pHvix nopod (0ETOH Ha Tyde, memse,
BYJIKAHUYECKOM IIUIAKE);
- mepmoaumobemon (OETOH Ha TEPMOJIMTOBOM IIEOHE WUJTU TPABUN);

- gepmukyiumobemor (0€TOH Ha BCITYYEHHOM BEPMUKYIIUTE);



- kepamzumonepiumobemon (0€TOH Ha KEpaM3UTOBOM TpaBUU U
MIEPJIIUTOBOM BCITYYCHHOM IIE€CKE);

- wnakobemon  (0ETOH Ha  30JOILJIAKOBBIX  CMECSX  TEIUIOBBIX
anekTpoctanunid (TOC) win Ha TOIUIMBHOM NUIAKE, TPAHYJIMPOBAHHOM JTOMEHHOM
WU DJIEKTpOoTEpMOPoChHOPHOM IILIAKE).

ITo cTpykType:

00blunble lecKue OemoHnbl Ha NOPUCMBIX 3ANOJTHUMENAX, B KOTOPBIX pacTBOP
Ha IJIOTHOM WJIM TIOPUCTOM IECKE MOJTHOCTHIO 3aIOJIHAET MEK3EPHOBBIEC ITyCTOTHI,
TaK Ha3bIBaeMasi CJIUTHAS CTPYKTYPA;

nopu3zoeanHvle Jerkue OETOHBI, B KOTOPBIX PAcTBOPHAs YacTh MOPHU3YETCS
crieruaibHbIMU J0OaBKaMu, 0OecrieurBas 3ar0JIHEHUE TTOPU30BAHHBIM PaCTBOPOM
MEX3EpHOBBIX ITyCTOT;

KpYnHOnopucmole JErKue OETOHBI, B KOTOPBIX OTCYTCTBYET TIE€COK H

COXpPaHAIOTCA MCIK3CPHOBBIC ITYCTOTHI.

II EI'KHUE BETOHbBI HA ITOPUCTBIX 3AITIOJTHUTEJIAX

OCOBEHHOCTH TBEPJAEHUA U CTPYKTYPOOBPA3OBAHUA
JETKOT'O BETOHA HA ITOPUCTBIX 3ANNOJTHUTEJSAX

Crpykrypa nérkoro OeroHa (GopMHUpYyeTCs MpU y4dacTUu (U3HMUYECKUX U
XUMHUYECKUX IPOLIECCOB, MPOTEKAOIIMX B MECTaX KOHTAKTa MOPUCTOrO 3€pHA
3aMOJHUTENS] C LEMEHTHBIM TECTOM M KaMmHeM. LleMeHTHoe TecTO MpOHUKAET B
MOBEPXHOCTHBIE TIOPBI 3€pHA, IIPU ATOM 3€PHO OTCACHIBAET HEKOTOPOE KOJIMYECTBO
BOJIbI U3 MPUJIETAOIIEr0 K HEMY CJIOSl LIEMEHTHOTO TecTa, moHmxkas B/Ll, moatomy
B OCTOHE IMJOTHOW CTPYKTYPhI Ka)J0€ MOPUCTOE 3€PHO OKPYKEHO KOHTAKTHBIM
cioeMm. CuermjeHre BSKYLUIETO C TMOPHUCTBIM 3arlojHHUTENeM, OO0YCIOBICHHOE
MEXaHUYECKMM 3alIEMJICHUEM LEMEHTHOIO KaMHsA B IOpax 3€pHa, BO3pacTaer
BCJIEZICTBUE XMMHUYECKOTO B3aMMOIEHCTBUSI KOHTAKTUPYIOMHUX (a3.

BONpIIMHCTBO MOPUCTBIX 3alOJIHATENEH (KEpaM3HT, arjolnopuT | Jp.)

conepkuT aMmopdHbiii Si0,, cnocoOHbIM xumuyecku pearupoBaTh ¢ Ca(OH),,
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o0pa3yomuMcs MpU TUAPATAlUU IIEMEHTa, YTO MPHUBOJUT K 0Opa30BaHUIO Ha
MOBEPXHOCTU KOHTAaKTa HEPACTBOPUMOIO B BOJE THMIPOCHIIMKATa KaJbLus
Ca0O-Si0;'nH,O  ympouHSIONIEro KOHTAKTHBIM CIIOM  «IIOPUCTOE 3E€pHO —
[EMEHTHBIN KaMeHb». BOT mouemy O6eTOH Ha MOPUCTOM 3amoJHHUTENE (B KOTOPOM
75 ... 80% oObEMa 3amoiaHEHO MOPUCTHIMU 3EPHAMM) HE MPOIMYCKAET BOAY U
JIPYTUE KUJIKOCTU Jake MpU OOJBIIOM OAHOCTOPOHHEM JaBJICHUHU, M ITOT Ke
OETOH OKa3bIBa€TCS JOCTATOYHO MOPO3OCTOMKHMM. JIaHHBI mexHuueckuii
napadokc WMMeEEeT MECTO, eclii olecreyeHa IUIOTHas CTPyKTypa OeToHa, T.e.
LIEMEHTHOE TECTO 3aIlOJHSAET BCE IYCTOTHI MEXAY 3EpHAMH M MEK3EPHOBAs
MOPUCTOCTh OETOHA MUHUMAaJIbHA. B MI0THOM NErkoM OETOHE K TOMY %€ CTajbHas
apMarypa JOCTaTOYHO XOPOUIO 3alllMIIeHa OT KOPPO3UU U B OOBIYHBIX YCIIOBUSX
JKCIUTyaTalli He TpeOyeTcss CHeUUalbHBIX 3alUTHBIX MEP IO COXPAHEHHIO
apMaTyphl.

Jlerkuii O€TOH MOYKHO paccMaTpUBaTh Kak JABYXKOMIIOHEHTHYIO CUCTEMY,

COCTOSIIYIO U3 KPYITHOTO IOPUCTOTO 3aMOJTHUTEINS U PACTBOPHON YaCTH.
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Puc. 2 CtpykTypa jerkoro 0eToHa Ha MOPUCTHIX 3aMOTHUTEISAX

a — JIeTKU OETOH Ha MOPUCTOM 3aIOJTHUTEIIE;

0 — KpyMHOMIOPUCTBIN JETKUH OETOH HAa TOPUCTOM 3aIMOJIHUTENIE

PactBopHas cocraBnsomas obpasyer cpeny (MaTpuily), B KOTOpOH
pa3MeIlEHbl 3epHa KPYMHOro 3amoJiHATENs. Takas MOJenb OTpa)kaeT CTPYKTYpY
JIErKOoro 0eToHa, B KOTOPOM BCE€ IMYCTOTHI 3aMOJHEHBI PACTBOPHOM COCTABIISIONIEH
C HEOOXOJIMMOM pa3ABMKKOW 3epeH KpymHoro 3amonautens (puc. 2, a). Ecmum

MyCTOTHI HE 3aMOJHEHBI, TO OETOH UMEET CTPYKTYPY (pHC. 2, 0), XapaKTEPHYIO AJIs
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KPYIHOMOPUCTOTO JIETKOTO O€TOHa, KOrjJa 3€pHa KPYIMHOTO 3arloIHHUTENS
COIPHUKACAIOTCS U [IEMEHTHOE TECTO YACTHYHO YAAJIEHO U3 30HBI KOHTAKTA.
[Topucteie 3anogHUTENN O00JaAAIOT 3HAYMTENBHBIM BOJOMNOIVIOIICHUEM U
IpU BBEACHUU UX B CMECh OTCACHIBAIOT M3 IIEMEHTHOTO PAcTBOpa 4YacTh BOJBI.
UYToOBl KOMIIEHCHPOBATH BIIMSHHUE BOJOMNOIVIOIIEHUS MOPUCTOIO 3alOJHUTENS U
COXPAaHUTh MOJBUKHOCTh OETOHHOM CMECH, NMPUXOAUTCS YBEIWYUBATH PaCXo]
Bozbl. CTENeHb MOBBIMIIEHUST BOJOTIOTPEOHOCTH OETOHHON cMecu OyAeT 3aBUCETh
OT Ppacxoja JErkoro 3aloJIHUTEIs] M €ro BOJONOTPEOHOCTU: YEM BBILIE
BOJIONOTPEOHOCTh 3aMOJHUTENSA, TeM OOJbIIe pacxod BOABI I MOTyYEHUS
ONPEJEICHHOW TMOJBMKHOCTU O€TOHHOM cmecu. BojonorioiieHne MnopucToro
3allOJIHATENS]  CYLIECTBEHHO BIMSET HAa BOJOYJEPKUBAIOIIYI0 CIIOCOOHOCTH
OETOHHON CMECH, YMEHbIIasi CKIIOHHOCTD K PacCIauBaHHIO Y JTUTHIX U MOIBUKHBIX
CMecel U MO3BOJISISI IPUMEHSTh CMECH C BBICOKMM BOJOLIEMEHTHBIM OTHOIIEHUEM.
Oto uMeeT OosblIOE  3HAYEHWE  JUIL  MOJIYYEHHUS  KOHCTPYKLIHMOHHO-
TEIUTOM30JSIIIMOHHBIX JIETKUX OeToHOB. BMecTte ¢ Tem IerkoOeTOHHBIE CMecH
KECTKOM KOHCUCTEHIIMU CKJIOHHBI K paccIauBaHUIO P BUOPUPOBAHUU.
[TopucTeie 3amoMHUTENH BCIEACTBHE CBOEH CIOCOOHOCTH K BJIaroOOMEHY C
LEMEHTHBIM TECTOM B OOJIblIEH Mepe, yeM OObIYHbIE IJIOTHBIE 3aMOJIHUTEIH,

BIIMSIOT Ha MPOIECCHI €r0 CTPYKTYpooOpa3oBanusi. Ha nmepBom s3Tane mopucThie

3aI10JIHUTCIIN, OTCAChIBAdA BJIArYy, CHOCO6CTBYIOT IMOJIYYCHUTIO 0oJiee INIOTHOrO U

IIPpOYHOI'0 KOHTAKTHOI'O CJI0A INIEMCHTHOI'O KaMH:. Ha BTOpOM oTaIlie, IIpu

YMCHBIICHUH KOJMYCCTBA BOJbI B HEMCHTHOM KaMHC BCJICACTBHUC THApaTalllU
OEMCHTA, IIOPUCTBLIC 3allOJIHUTCIW BO3BpallalOT pPaHCC IIOTJIOMICHHYIO BOAY,
co3aaBas 6HaFOHpH$ITHI>I€ YCI0OBUA MJI1 IIPOTCKAHUA THUApATallMid LHOEMCHTA H
yYMCEHbIIAs YCAAOYHBIC SABJICHWA B HICMCHTHOM KaMHC.

[TopucThlii 1Ie0EHh W IIECOK COCTOST M3 3€pEH HENPABWILHONW (OPMBI C

CHJIBHO DaBBHTOﬁ IIOBCPXHOCTBIO M O6J'I3I[aIOT BCICACTBHC 3TOI'O YBCIMYCHHBIM

00BEMOM MCXK3CPHOBBIX ITIYCTOT. I[J'ISI 3aII0JJHCHUA DJTHUX MNYCTOT M CO3JaHUIA

I[OCTaTO‘lHOfI CMAa3KHM MCXKAY 3CpHAMH 3allOJHHUTCIIA C  HCJABIO MOJYYCHMA

HepacclaanBaeMbIX W ya00000pabaTeiBaAEMBIX OETOHHBIX CMECEH TpeOyercs B
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1.5...2 pa3a 00Jblile IEMEHTHOIO TECTA, YEM IIPU MMPUMEHEHUH TUIOTHBIX TIKEIbIX

3aM0JIHUTEIIEH.

®AKTOPBI HPOYHOCTHU JEI'KOI'O BETOHA
IIpouHOoCTh JIeTKHX OETOHOB, KaK U TSDKEJIBIX, 3aBUCUT OT UEeMEHMIHO-
600H020 OTHOILIEHUS, TaK KaK OHO ONIPEIENsieT CBOWCTBA LIEMEHTHOIO KaMHS,
CKPEIUISIOIIEr0 BCE COCTaBisiONIMEe OeToHa B eIuHBIH MOHOIUT. OpHaKo
MOPUCTHIE 3ANOJHUTEJH BCJIEICTBUE OCOOEHHOCTEW CBOEH CTPYKTYpbl HUMEIOT
HEBBICOKYIO TPOYHOCTh, 0OBIYHO HHMKE MPOYHOCTH LIEMEHTHOTO pacTBOpA.
Hpyroii BaxXHOM OCOOEHHOCTBIO JIETKMX OETOHOB Ha MOPHUCTHIX

3aIIOJIHUTCIIX SABJIACTCA TO 06CTO}ITCJII>CTBO, YTO KaXXJbIM KPYHHBIA 3aIIOJHUTEIb

IO3BOJISICT  IIOJIYYAaTh OCTOHBI _ TOJBKO 40 OHDGI[CJ'IGHHOf/i IIPOYHOCTH, IIO

JOCTHKEHUH KOTOPOM JalibHEMIIee MOBBILICHUE TPOYHOCTU pacTBOPa, HAIpUMED,
3a CYET YMEHbBIICHUS BOJOLEMEHTHOTO OTHOLIEHMsS, HE MPUBOJUT K 3aMETHOMY
MOBBIIICHUIO POYHOCTU OETOHA.

CVIHGCTBGHHOG BIUMJAHHNC Ha IIPOYHOCTH JICTKHX OCTOHOB _OKa3bIBACT

COACPKAHNUC B HCM KPVIIHOI'O TITOPHCTOIO 3allOJHUTCIII WM KOHICHTPALIHUA

3a110JIHUTCIIA, 0OBIYHO YKa3bIBaCMasd KaK OTHOCHTCIIbHAA BCIIMYHMHA (O6”beM

JIETKOTO 3aIIOJHUTENS, cofepxkaiuiica B 1 m> 6eTona).

OBLIUE IMMTPUHLOUIIBI MIOABOPA COCTABA JIETKUX BETOHOB
HA ITOPUCTBIX 3AITIOJIHUTEJISIX
CnoxHoCTh TI0100pa cocTaBa JITKUX OETOHOB COCTOUT B HEOOXOJAMMOCTH
MOJIYYCHUS TIPU MUHUMAJIBHOM PacXoje BSXKYIIEro, KpoMe TpeOyeMoil MpOYHOCTH,
TaK)kK€ HaWMEHBIIICH TJIOTHOCTH, a MHOT/IA W KOd(h(HIMEHTa TeIIONMpOBOAHOCTH

oetoHa (Tab. 4).

Tabmauma 4
OcoOEHHOCTH JIETKOTO OETOHA
OCHOBHBIE TpeboBaHnus, IpeabABIIEMbIE K OETOHAM
noKas3aresnu JCTKAM TSHKEITBIM




OcHoBHO¥H (akTop
NpOYHOCTH OeTOHa

PacxoJ1 1IeMeHTa pH
ONTHMAaJIBHOM PAcXojie BOJbI HA
1M GeroHa

BoponemenTHoe nin
[IEMEHTHO-BOTHOE
OTHOILIICHUE

oOeTtoHa

[L1oTHOCTH JlomkHa OBITE He OoJiee 3aJaHHOM|[MOXKET OBITh JTI000M
OOBIYHO B HECKOJIBKO pa3 JlomkHa ObITh B 1,5-2
[Ipo4HOCTH . .
MEHbIIIE TPOESKTHON MapKu pa3a BbIIIE MPOEKTHOMN
3AMOJIHUTEIIS

MapKku OeTOHa

3EpHOBOI cOCTaB
3aMOJTHUTEIS

CunbpHO BIUSET HA IJIOTHOCTD U
MPOYHOCTH OETOHA, & TAKXKE Ha
pacxo]i IIeMeHTa

Biuser Ha pacxon
HEMCHTA

Pacxon BsxyIero

BiusgeTr Ha IJIOTHOCTH U

CTOMMOCTH O€TOHA

Biauser Ha CTOUMOCTB

OeToHa

[TonGop coctaBa cMecu Jsl JIETKOTO OETOHA CYIIECTBEHHO OTIUYAETCS OT

noa0opa coctaBa OOBIYHOW OETOHHOW CMECH, YTO CBSI3aHO C PSAJIOM XapaKTEPHBIX

O0COOCHHOCTEH JICTKHX OCTOHOB.

IIpy ucHonaB30BaHMM NOPUCTBIX 3AMOJHHATENEH 3amada mnoadopa cocTaBa
OeTOHa YCJOXHSETCS €Ille M TeM,

BOJOIOCMCHTHOC OTHOIICHHC KU OIIPCACINTDb Tpe6yeMy10 y,Z[O60y1(J'IaI[I>IBaeMOCTB

CMCCH.

HOI[6OD coCTtaBa CMCCHM JJId JICTKOI'O OCTOHA MOKHO IIPOBOJANTL ABYMI

4TO TpyaAHO YCTAHOBUTb HCTHHHOC

MCTOJaMU. C OIITUMAJIBHBIM PaCXO0A0M BOJBI U C SaHaHHOﬁ OABMXXHOCTBIO.

MOJB0OP COCTABA JIETKOBETOHHOM CMECH
C OITUMAJIBHBIM PACXO/J0M BO/IbI

JIaHHBIA METOJT COCTOUT U3 CIECAYIOIINX ATAMOB:

1) BeIOOpA IIpeIeTbHOM KPYITHOCTH 3aIlOJTHUTEIIS;

2) Ha3HAYCHUSI 3€PHOBOI'O COCTaBa 3aMoJHUTENECH;

3) ompeaeneHus pacxo/ia BSHKYIIEero U J00aBOK JJIsI OMBITHBIX 3aMECOB,;

4) ONpCACIICHUA OIITUMAJBHOTO KOJUMYECTBA BOABLI [JIA BBI6paHHBIX pacxoaoB

BsDKYIICTO U MPUHATHIX ITApaMCETPOB YIINIOTHCHUA CMCCH,

5) yCTaHOBJEHHUS 3aBUCHUMOCTH MEXKAY pPAacXOoJOM BSKYLIETO W IPOYHOCTHIO

OeToHa IIpH 3aJaHHBIX YCJIOBHAX €TI0 YIINIOTHCHHA U TBCPACHUAA,

6) pacueTa IIPOU3BOJICTBEHHOI'O COCTaBa OETOHA.




OCOBEHHOCTH HOABOPA COCTABA JIEI'KOBETOHHBIX
CMECEMH C 3ATJAHHOHM MOJABUKHOCTHIO

[Tonbop cocraBa JIerkOOETOHHBIX cMecel ¢ TpeOyeMoW MOABHKHOCTBIO U
OIIPENIENICHUE NPENEIbHON KPYIHOCTH 3alOJHUTENEH OCYHIECTBIIIOT TEM XKe
METOJIOM U B TOH K€ IOCIIEJOBATEIBbHOCTH, YTO U CMECEHl C ONTUMAaJbHBIM
pacxonoM Boabl. OJHaKO C yMEHBLIEHUEM KPYNMHOCTH  3allOJIHUTENEH
YBEJIUYHUBACTCS IOABMKHOCTH CMECH, HAaHOOJBIIYI0 KPYIMHOCTH 3alOJIHUTENS
PEKOMEHIYETCSl PUHUMATh JJIsl CMECEH ¢ ocaikol KoHyca 3-8 c¢M - He Bbiue 20
MM, a IIpH OcajJKe KoHyca Oonee 8 cM - 10 mm.

3epHOBOI COCTaB 3aMOJIHUTENECH HA3HAYAIOT TEMU K€ CIIOCOOaMHM, YTO MpHU

Hon60pe OeTOHA C ONTHMAJIbHBEIM pPacxoaoM BOIBI. Ecau npu BI)I6DaHHOM 110

I"Da(bI/IKaM 3€pHOBOM COCTAaBE 3alOJIHUTEICH U TDC6V€MOI>1 INOABMXXHOCTH CMCCh

pacciiauBacTCsa MJIN KC TD€6V€TCSI OOJIBIITHI pacxod BAXKYIICTO JJIA ITOJIYVYCHUS

OeToHa 3aJIJAaHHOM MOPOYHOCTH, TO NPHMHUMAKOT CJICAVIOIIME MEphbl: B CMECHU

3al0JHUTEIICH YBCINYHUBAKT COACPKAHUC TICCUHAHBIX d)DaKHHﬁ, B OCHOBHOM

MCJIKHUX, Pa3sMCPOM JO 1,2 MM, YMCHBIIAIOT IIPCACIABHYIO KPYIIHOCTE 3aII0OJTHHUTCIIA

no 10 mm. Ecnm ke naxke mpu O4eHb OOJIBIIIOM PACXOJ]I€ BSIKYIIMX U MECKa HE
JIOCTUTAETCS 3aJlaHHas MOIBMYKHOCTD CMecH, B Hee BBOJIAT
MUKpOIeHOo00pa3ytomue J00aBKH (JIerkhe OETOHBI C TOPU30BAHHBIM PACTBOPOM).

Pacxon Boabl 7151 OoJydeHHs] TpeOyeMOon MOABMKHOCTA CMECH MOAOHUPAIOT
OMBITHBIM IyTEM OTACIBHO I KaXJOTO 3EpPHOBOTO COCTaBa JaHHOTO
3aMOJHUTENS U KOJIMYECTBA BSKYIIETO.

Pacxon Bspkymiero, obOecreyuBaroliero MojiydyeHue OeToHa TpeOyeMoi
MPOYHOCTH TPH 33JIaHHOM MOJBUKHOCTH OETOHHOM CMECH, a TaK)Ke PAcXOJ BOJIBI
¥ 3anojHuTenedl Ha 1 M® OeTOHa, ONPENENsAIOT TAKUM K€ IyTEM, KaKk M IIPH

oA00pEe COCTABOB JISTKMX OCTOHOB ¢ ONTUMAJILHBIM PACX0JI0M BO/IBI.

III IOPU30OBAHHBIN JIETKUM BETOH
Jlnia ynydiieHus: Tero(u3nuecKux CBOMCTB JIETKOT0 O€ToOHa Ha MOPUCTOM

3alO0JIHUTEJIC NPUMEHSIIOT NOPHU3ALMI0 PACTBOPHOM YaCTHU OeToHA WJIM 3aMEHSIOT
10




€C IIOPU30BAHHBIM IICMCHTHBIM KAMHCEM, T.C. TOTOBAT JIETKUA OEeTOH Ha KpYIITHOM

MOPUCTOM 3arojHuTene 0e3 necka. K Mopu30BaHHBIM JErKUM OE€TOHAM OTHOCST

6GTOHBI, CoACpKaIunc oosee 800 .II/M3 JICTKOI'O KPVYIIHOT'O 3aII0JTHUTCIIA, YV KOTOPBIX

00BbeM BO3AYIIHBIX TOp cocTaBisieT 5 ... 25%. llopuzamuio Takux OETOHOB
OCYHIECTBJISIIOT JIMOO TpPEABapUTENbHO MPUTOTOBICHHOW MEHOM, b0 3a cuer
BBEJICHMSI Tra3000pa3ylolmUuX WIM BO3JIyXOBOBJEKarommx go0aBok. IleHoi
MOPHU3YIOT TOJIBKO OecriecyaHbleé CMECH, BO3IyXOBOBJICKAIOIIMMU J00ABKaMHU -
TOJIBKO CMECH C MECKOM, ra3000pa3yromuMu T00aBKaMH - CMECH C MEeCKOM U 0e3
necka. B 3aBUCHMOCTH OT HCIOJIB3yeMOTO 3aloJIHUTENS U crocoba Mopu3aiuu
OCTOHBI TMOJYYAIOT Ha3BaHHWE: KEPAM3UTOINECHOOETOH, KEepaM3UTOra3o0eToH,
KepamM3UTOOETOH ¢ BO3yXOBOBJIEKAIOIIEH 100aBKO.

[IpouyHocThs MOpU30BaHHOTO OeTOHA cocTaBisieT S ... 10 Mlla, a mioTHOCTS -
700 ... 1400 kr/m>. JIjis IOPH30BAHHOIO JIETKOrO GETOHA PALMOHAILHO IIPUMEHSTH
neMeHT M400 u BbIle, TaK Kak 3TO CIOCOOCTBYET YMEHBIICHHUIO €r0 pacxoia U

TEM CaMbIM ITOHMKEHHIO IJIOTHOCTH OE€TOHA.

IV KPYIIHOIIOPUCTHIA JIET'KUMA BETOH

CocTaB KpYyIMHOMOPUCTOTO KOHCTPYKITMOHHO-TEIIOM30JISIIMOHHOTO OeTOHA
Ha JIETKUX 3allOJIHUTEIISAX OIPEACISIOT TaKKe pPacuyeTHO-IKCIIEPHUMEHTATIbHBIM
MeTo oM. [Ipr 3TOM 3a7ar0TCs KJIIacCOM U TJIOTHOCTBIO OeToHa. KpymHonopucTeie
OCTOHBI Ha JICTKHX 3aIOJHHUTEISAX OTIMYAIOTCS BBICOKOW KECTKOCTBIO, ITOATOMY
IPH ONPEICICHHH HMX COCTaBa KOHTPOJHUPYIOT HEpacClauBaeMOCTh OCTOHHOMN
cmecu. Pacxon memeHTa IS TOJNYYEHHs — KPYIMHOIOPUCTOro  OETOHA
yCTaHaBJIMBAIOT 1O Ta0II. 5.

Pacxon kpymHoro 3amosHuteNs 1] mpuHUMAOT B 3aBHCHMOCTH OT €rO
yCTOTHOCTH Il
npu I, = 40%, 1= 1,1 M/,
npu I, = 50%, 1= 1,15 m3/Mm3,
npu I1,= 60%, 1= 1,25 m>/m>.
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Jljis IpOU3BOICTBEHHOTO COCTaBa PAcXoJ 3alOJHUTENS YBEIMUMBAIOT HA 5
... 15% B 3aBUCHMOCTH OT OCOOEHHOCTEW CMECHUTENS U MPOYHOCTH 3AIOTHUTEIS:
IpY TIepeMEIINBaHIH YacThb €0 3€pPeH MOXKET Pa3pylIaThCs.

Tabmnuma 5

OpuentupoBouHbIi pacxof ieMenta M300 mi1g KpynmHOIOPUCTOTO
0eToHa Ha JIETKHUX 3allOJIHUTENSIX

3anonHHTeNs [TnotHOCTE INpouysocTs GeTona, Mlla
3anonHHTENN B 35 5.0
YIUIOTHEHHOM
COCTOAHHH
Kepamauroswii rpaswii 500 ... 800 225 ... 190 300 ... 235
Arnonop T, HLIAKOBaA
nemsa, NpHpPOaHLIE S00 ... 8OO 215 ... 155 250 ... 180
KPYNHOTIOPHCTHIE
3anoNHUTENH
[Npupoaneic
MENKONOPHCTHE 800 ... 1200 285 ... 180 275... 210
JANoNHATEMH

Pacxon Bogsl, (1)
B=(HI'-I] + l]w4,)/100

rae HI'- HopMainbHas rycToTa H€MEHTHOTO TecTa, %o;

®30 - BOJIOMOTJIONIEHKE 110 MAacCe CyXOro KpymHoro 3anonHurens 3a 30 MuH,
%.

[TnoTHOCTH CyXxoro 0eToHa

Pt =150 + 1]

JIyist yTOuHeHus pacxoja IEMEHTa U BOJIbI TOTOBSIT TPU OMBITHBIX 3aMeca:
OJIMH C PacCYEeTHBHIM KOJUYECTBOM IIEMEHTA U JIBa, OTJIMYAIOIIMXCS OT MEPBOTO Ha
+15 ... 20%. OnTumanpHOE KOJIMYECTBO BOJABI IPUHUMAKOT IO COCTAaBY CMECH,
UMeIoIel HauOOoJIBIIYIO TJIOTHOCTh U MOKa3aTelb paccianBaeMoctu meHee 10%.
Ecnu O6eToHHAass cMeCh MMEET INIOTHOCTEH OOJIBIIIE 3aJJaHHOM, TO B Hee J0OaBIISIIOT
KPYITHBIN 3aMIOJIHUTEIb WA 3aMEHSIIOT €ro 00J1ee JIETKUM.

OnTuManbsHBIN COCTaB OETOHA YCTAaHABIMBAIOT MO PE3YJIbTaTaM HMCIBITAHUS

00pa31oB Ha TPOYHOCTb.
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