Tema 1 Beegenne. O6mue nogsaTs

Omnpenenenne 6eToHa u 6eTOHHOM ¢

beron — 93T0 HCKYCCTBEHHBI KaMEHHBIH MaTepuad;
pesynpTaTe TBEPACHUA PalOHANBHO MONOOPaHHOM, TIAaTebH
YIJIOTHEHHOM CMECH  BSDKYIIEro, 3amojiHUTeNell, 3aTB(
HeOOXOIMMOCTH, XHMHYECKHX H00aBOK, IO 3aTBepieBaH Kas cMech
Ha3bIBACTCS OETOHHON CMECHIO.

Hcropnyeckas cnpaBKa H NEPCHEKTHBLI PAa3BUTHA TEXH i 6eToHa

Beron u3BecTeH AaBHO. B apesHeM Pume, Hanpumep, H?}%g@lféﬂa‘ﬂa U3BECT?
ObUT MOCTPOEH pAN CIOXKHBIX UHXEHEPHBIX COOPYKCHHH. C é’r MHEHHE,
4910 ONOKM BHYTPEHHEH YacTH EruneTCKHX MUPaMuJ TaKK TOTOBIICHBI M3
Gerona, BOKYIIMM B KOTOPBIX CIyxwia u3Bects. Lllupokoe mpuseienye 6eroﬁa
Hayaloch IOCe OCBOCHUSA HPOMBIIIIEHHOIO IPOU3BOJCTBA MOL

COBpeMeHHOG CTPOUTECIBCTBO HEMBICIIHMO 6e3 OetoHa ,E{I/IH CaMbIX

MAacCOBBIX CTPOMTENBHBIX MarepuaioB. OpHako GETOH CaMblif CIOXHBIH
MCKYCCTBEHHBIH KOMIIOSHIMOHHBIA MaTepuan. OH Moxer OGNEH4Ts COBEPILEHAD
yaTalHOHHBIX

YHUKaJIbHBIMHA CBOMCTBAMHU H IIPUMEHATRECA B CaMBIX PasHBIX BK

yenosmsix.  1Hmpokxoe  wcmomb3oBanue  OeToHa — OOBACHACICA  MHOIUMH

OPCHMYIICCTBAMY CI'0, K YHCIY KOTOPBIX OTHOCATCH CJIC,ZIYYOIIII/I?C;.}

1. TapMOHAYHOE COYSTAHHE C OKPYKalolieH cpeor
- 2. VimeeT HeOrpaHHIeHHYIO CHIPHEBYIO 6a3y H CPaBHUTENIHHO: Huaxyxo

CTOHMMOCTD
3. JIOCTA4TOHO BBICOKAS apXUTCKTYPHO -CTPOUTEIIbHAS BLIpaBHTCHBHOLTB

4. CpaBHUTENbHAS IIPOCTOTA U JOCTYIIHOCTH TEXHONOTHH -
5. Bo3MOXXHOCTH IMUPOKOTO HCHIONB30BAHMS MECTHO CHIPhS ymlmaaunn

TEXHOICHHBIX OTXO,[[C’é

6. HiInpoxui auanasoH crpomemno&exnmecxnx CBOHCTB Hszi'e'ﬁﬁii

7. BO3MOXHOCTH H3rOTOBICHHS KPYIIHOPAa3MEPHBIX I/IHIEyCTpHaJIBHBIX
U3JICTIHH.

8. MsrorosiicHre OeTOHA M H3ACIHHN U3 HEro OTINYAeTCS MaNoH
IHEPrOEMKOCTBIO IKOJIOrHIeCKOH 0€30I1aCHOCTRIO H aKcnnyarauHOHHOH

HaJIeKHOCTHIO.




A
ViMeHHO >ToMy O€TOH €OMHEHMS OCTaHETCS OCHOBHBIM TIHOHHBIM

MOSIBYUTMCH, UM IIONYYWIA INUPOKOE PACHpPOCTPaHCHHUE HOB
BSDKYIEE, MOAM(UKATOPHl BKYIMX # OETOHOB, aKTHB
700aBKM W HAIONHHATENH, APMHpPYIOME BOJOKHA, HOBBIS T

PHUCMbI U METOAbl IIONYUYCHUA CTPOUTEIBHBIX KOMIIO3UTO, ’pOMe TOTO

B nocnemHue ronast yCHELIHO pPasBUBacTCA KOMIIBOTCPHOC

coctaBa OeroHa. Bce 3TO TO3BOJMWIO HE TONBKO CO37at

IIPOU3BOACTBO HOBLIX BUOB TOHA, 3HAUYUTEILHO PAaCliupUTh HX H(

Knaccuduxanus 6eronon

Knaccudukanys Oeronos mo I OCT 25192-2012 ocyuiectsis

obpazom.

1. B 3aBUCHMOCTH OT OCHOBHOI'O Ha3HAa4YCHUA!

- KOHCTPYKIHMOHHBIC,

- crienyasibHbIe (HAIpUMep, TEIION30JIIMOHHBIE, panxaunormocfbﬁkne,

HEKOPaTHUBHEIE).

2. TXo CTOMKOCTH K BHJIaM KOpPO3UH:

A - 6eTOHEI, SKCILTyaTHpyeMble B cpene 6e3 puCKa KOPPO3HOHHOTO BoszeficTRHY

(XO);

B - GeTOHBI, PKCILTYaTHPyEMbIE B CPEJie, BHI3HIBAIOMIEH KODPO3HIO TIOX IeicTBHEM
xapborusamuu (XC); f

B - GeTOHbI, IKCILTyaTHPYEMBIE B CPE/I€, BRI3BIBAIOMICH KOPPOIUIO MO AeHACTBHEM

xnopuos (XD u XS);
I - GeTOHBI, IKCILIYaTHPYEMBIE B CPELE, BRI3BIBAIOIIEH KOPPOSIIO TTOZ, ACHCTBHEM

nonepeMeHHOTO 3amMopaxuBanus 1 orransanns (XF);



Il - GeToHBI, SKCILTyaTHPYEMBIE B Cpeile, BBI3BIBAIOLICH ngnq'eéi{y;o KOPPO3HIO
(XA) |

( Cpena skcmnyaranuu Getona ykasana B coorserctum ¢ ['OCT 31384)

3. I'lo Buxy BEXKYLUETO: e

- LIEMEHTHBIC; - U3BECTKOBEIE;

- IIJIaKOBEIC;

- PUTICOBBIE;

- coenuanbHbie (HAIpuUMep, IOJIMMepOeTOHBI, OETOHHI HA MAarHe3WalbHOM
BSDKYIIIEM). o

4. TIo BUAY 3arIONHUATEICH:

- TLIOTHBIX;

- TIOPHCTHIX;

- CrIeNHATBHBIX (HaIpuMep, MeTAJUIHYecKast JpoOhb, BCIICHEHHbIH
IpaHyIUpOBAHHbIH TTOTUCTAPOIL).

o XpyTHOCTH 3alI0JHUTENEH:

- obBruHbI GeToH (CONEepKUT 3aOTHUTEIN QPAKIMH IO SMM (bpakﬁm{ Gonee
Sam);

- MEJIKO3epHHCTEIH 6eTOH (CONEPIKUT 3aONHUTENH TOJBKO (paKiuy MeHee 5 MM);
-KpYIHO3EPHUCTHIH 6eTOH (COREPXKUT 3aIONHUTENH TOIBKO dpaxiuu Gonee 5 MM).

5. I'lo crpyxType:
- IWIOTHOMW CTPYKTYPEI;

- TIOPHU30BAHHOHN CTPYKTYPHI;

~ JYEUCTOU CTPYKTYPEHI,
- KPYNHOLOPHCTOM CTPYKTYPBL.

6. ITo ycnoBusaM TBEpHEHHUL.
- TBEPACONINEC B €CTeCTBCHHBIX YCIIOBUAX!
-B HOPMAJIBHEIX ycioBusix (t = 20+2°C, ¢ 295%);
- B 3EMHHAX yCToBHIX (cpenmsst t< +5°C, mmbo min cyrousas t<0°C);

- B YCIIOBHSIX CyXOif %apKoi morozs! (t Bo3ayxa B Terd B 12:00 Gonee 25°C,

©=<50%)



- TBEPJEIOIIKC B YCIOBUAX TEIIOBOH 00paboTKu mpH aTMOC(bepﬁbM aBﬁeHm,
- TBEPACIOINYE B YCIOBUAX TEIUIOBOH 06pabOTKY NpH AaBICHUH BbI 7
armocdepuoro (beTOHB aBTOKIABHOI'O TBEPACHHAA). k
7. Ilo mpOoYHOCTH:
- GeTOHBI CpeaHEe IPOYHOCTH (KJIACC MPOYHOCTH IIPH COKATHH B_<_ 50)
- BEICOKOIIPOUHBIe OeTOHB! (Kiacc IPOYHOCTH NIpH CxaTtud B ZBSS). |
8. ITo ckopocTs Habopa NPOYHOCTH B HOPMANBHEIX YCIIOBHSIX TBEPICHIS:

- Opictpotepaeronme (Ry/Ras>0,4);

- MesuieHHoTBepAeonme (Ry/Rys<0,4); :
Q
(R, - mpoyHOCTh GeTOHA B BO3pacTe 2-X CyTOK; Rag- IpouHOCTh GeToHa B 28

CYTOYHOM BO3PACTE).

9. Ilo cpenHeit IIIOTHOCTH:

- 0c060 Jierkue (MapKH 10 CcpeHel IIIOTHOCTH MeHee D800); "
- erkue (Mapku 1o cpennedt mwiotHocty ot D800 1o D2000);
- TsDKenbie (MapKy 1o cpe,zzﬂéﬁ mroTHOCTH Gonee D2000 xo D2500);
- 0c060 TKENbIe (MAapKH 110 CpelHell ITOTHOCTH Horee DZSOO).

10. TTo MOpo30CTORKOCTH GETOHE! HOAPA3AENIOT Ha BETOHBL:

- HI3KOM MOPO30CTOMKOCTH (MapKw 110 Mopo3ocroiikocts F50 u menee);

- cpenHei MOpo30CTORKOCTH (MapKy 110 Mopo3ocToiikoctu Gonee F50 no F300);

- BBICOKOII MOPO30CTOMKOCTH (MapKu 110 Mopo3ocTolikocTr Goitee F300).
11. ITo BOJOHENPOHUIAEMOCTH GETOHB! OAPA3ACIIAIOT Ha OCTOHBL:

- HU3KO0i BOJIOHETPOHMIIAEMOCTH (MapKH 110 BOFOHETPOHMIAEMOCTH MeHee W4);
- cpenHeil BOMOHEMPOHAIASMOCTH (MapKy 1O BOXOHENPOHNUIIAEMOCTH OT W4 no

W1i2);
- BRICOKO# BOJIOHETIPOHMIAEMOCTH (MapKH [0 BOAOHETIPOHMIAEMOCTH GoTee

Wi2).
12. Tlo moupaeMocTy GETOHBI TOAPA3ACIOT Ha OCTOHBL:

- um3Kol retrpaeMocTy (Mapka 1o uerupaemocta Gl);
- cpeniHedi meTHpaeMocTH (Mapka 1o uetupaemocta G2);

- BEICOKOM neTupaeMocTH (Mapka rmo uctupaemocty G3).



TTpu TBepacHUH BCe GETOHBI IIOABEPraroTCA OO yCaaKe, ECiH Hpr
TBEpEHHH NPOUCXOIUT YMEHBIIeHHEe 06beMa [0 CPABHEHNIO C TIEPBOHAYATBHEIM

(edopMarEH yeaaKu), b0 paciIMpeHrIo, eCil OTMEHacTCs! yBellieHIe oGbeMa

(medopmanyiv paclIupPEHus).

Io nedopManusiM OpY TBEPASHUH BCe OSTOHBI ACIATCS Ha:

- oOnruaEIe 6€TOHBI, KOTOPBIE IIPH TBEPASHUY NAIOT YCAAKY
LC i

£4> 0,2 MM/M (ycanxa) e

VHOCJIS TBCP,Z[< VHCPBOHa"l.

- BeToHBI O€3yCaNOTHEIE

g Vnocne Taepn"‘vrzepam{aq_

Ecnu ycanxa £, < 0,2 MMM

7 o~
Ay e =
- paciuupsromuecs: O€TOHBI
é:s
Vnocne TBele>Vnchouaq.

Ecau nedopmanma &g > 0,2 MM/M

Csh




Tema 2. Marepuai AJist GeToHa

Bstxymmue

Buovr eascyuyux

- besnobasorsIME DO, B KOTOPBIX HE nOmycKaercs COnepxanus 106aBoK:;
-D5¢ Conepxanuem 106aBox 1o 5%;
- D20 ¢ coneprxanmenm HobaBok ot 5 5o 20 Ye;

- Conepxanue n06apox g laxonopTianieMenTe ot 20 1o 80%.

Yenosroe obo3HaveHMe HeMenTs AOIKHO COCTOSITE U3:
- HAaNMEHOBAaHHS THIA LeMenTa (T = LOTTIY);
- MapKm nemenra;
- 0003HaYenNs MaKCUMAIIBHOTO CONEPKAHNS T0BABOK B OOpTIaHINEeMeHTe;
- 0003HaveHHS OblcTpoTBepaeromero nemenTs - B;
- 0B03HaYeHuy IacTHDUKAIAY ¢ rugpodobuzanun uemenra - [T, I'd;
- 0003HaYeHns HEeMCHTa, IOJIYYECHHOTO Ha OCHORe KIIMHKEPa HOPMHPOBAHHOI'G -
cocrana, - H;
- 0603HaYEHHUS NeHCTRYOMEro CTaHzapra.
Hanpumep 1711 -500 -70- H FOCT 10178-85
L] 400-7420-5 - ITITOCT 10178-85.

Hoxazamenu kavecmen
1. OcHOBHBIM TOKa3aTeNEM Ka4eCTRa [ICMCHTA SBISIOTCS €r0 IPOYHOCTHHIE
XaPaKTCPHCTUKH — AKTUBHOCTD MIIM MapKa. IIpounocTs neMenTa Ha cxxarye, onpe-
AclisieMasn MCTIBITAaHUEM HOJIOBUHOK 0aiioyek, B BO3pacTe 28 CYTOK HOPMANBHOIO
TBCPACHNMS, H3TOTOBJICHHBIX 13 uﬁ pactsOpa CTaHI[apTHOﬁ KOHCHUCTCHIIUU COCTa-

Ba [:3 xonebierca or 30 go 60 MITa (urorxaa Beiine).



DaxTryeckoe 3HaYeHMe TIPOYHOCTH NPH CIKATHH, TONYYEHHOE B pesynbraTe
HCIBITAHMS TI0JIOBUHOK GalloueK HasbiBaeTes aKTUBHOCTBIO IIEMEHTA.

Oxpyrnennoe B MEHBIIYIO CTOPOHY O HOMHHAIBLHOLO piia 3navenue (ax-
THYECKON IIPOYHOCTH B Kre/cu> Ha3bIBaeTCa MapKoi I1ieMenTa (30-40 MI1a Mapka
300, 40-50 MITa — Mapka 400 u 1.x).

B pacuerax cocrasa 6etona KEJNATeIBHO MCHONB30BaTh Golee TOUHOE 3Ha-
HCHYC IIpoYrOCTH IIeMeHTa, T.e. aKTHBHOCTBH, T.K. H3MCHEHIe HIpoYHOCTY Ha |
MIla tpebyer mamencuue pacxofa niemenra Ha 3-5 kr/nm,

2. Hopmansnas IYCTOTa sBIseTCs ToKazaTtenem BOZONOTpeGHOCTH LIeMeH-
Ta.g(}pMaJ"{BHaﬂ FYyCTOTa NOpTIaHAeMEeHTOR Haxonwuresd B npenenax 22-27 % a y
ITYNIONIGHOBRIX H HMITaKONOPTIaH ALIEMEHTOR Iopsaxa 30%. ITpumenense BSDKY-
X C IOBBIIICHHOH HOPMANBHOH TYCTOTOH NPHMBOINT K MOBBIIIEHEO BOZIOIIO-
TpeOHOCTH GeTOHHON cMecH n CIICOBATENLHO K MOBLINICHHMIO pacxona nemenra
(moBenenwe Ha 1% HI IIPUBOZMT K IOBBLIIICHHIO BORoconepxanus GeToHHO;
cMecH Ha 3-5 n/m’), Iostomy renecoobpasmo IIPHMEHEHHE EMEHTOB C [TOHIDKEH-

Hol HI' , nanpumep nnacmcbﬁuﬂpomﬁﬁmx.
3. TorkocTh moMoa, Tonxocts momona nemenra XapaKTepHu3yeTcs: JHE..
HPOXOXICHHUEM HaBECKH LEMEHTa 1epes3 curo 008 (e menee 85%), 6o ynenn-
HOM IIOBEPXHOCTEIO, OHPCACNACMOH Ha CHEeNHAILHEIX npudopax (wampumep IICX-
2). Or TonKocTH TIOMONA [ICMEHTA 3aBHCHT €r0 Ka4YeCTBO H, B OEPBYIO OYepeip,

IIPOTHOCTHBIE XapaKkTepHCTHKY. LleMenTrr cpenmero xauectsa HMEOT S,;~2000-

2500 cM*/r, a memenTsI ¢ Syx=3000 u Gonee cM’/I' OTHOCATCS K BEICOKOKAYECTBEH-
HBIM BSDKYIIHM. |
4. Cpoxu cxpatbiBanus. CpOKA cXBaThIBAHMS [IEMEHTA 110 | OCTy nomxkxsi

Haxomuted B npezienax ot 45 mun. 1o 10 vaco. B meiicrurensrocts HC cocTap-

asiet 1-2 gaca, KC B npenenax 5-8 yacos.

Wrorna u3-3a HeNpaBrALHO OTI03UpoBaHHeTe Horia npu noMoire ropsae-

0 "
aee 150 "C u aByBOIHBIH
rc KJIMHKepa TeMmIleparypa IEeMEHTa cocTaBaisger 00 y

eIy~
THAIIC, BBOAKMMOI'O B €0 COCTAB JJifd PEryIHpPOBaHus CPOKOB CXBATBIBAHU, I bit



TIPOHCXOAUT OBICTpasi ruapararus NOMYBOZHOTO rumnca u Habmonaercs pexie-
BPEMCHHOE 3aryCTeBaHMe LEMEHTHOrO 1eCTa, Ha3bIBAEMOE JTOIKHBEIM CXBATHIBAHY-
€M, KOTOPOE OOBIYHO IpH NanbHelHinem NCPEMEIIMBAHIY HCYe3aer,

Cpoxu cxBaTbiBamms 00ECTIEYHBAIOT BO3MOKHOCTE, IIPOM3BONCTRA GETOHHEX
pabor, T.e. PAHCIIOPTHPOBaKHe, YKIAAKY H YIIOTHEe e GeToHnBIX cMecel o mx

CXBaTBIBAHKA, CpOKH CXBaThIBaHuY OeMEHTa MOXHO pel"y.TII/IpOBaTB IYTEM BBejie-

HUS Pa3iiiI=eIx 100aBOK B BeToHnyIO cMech,

noaeeprarores TBO no CICTYIOMEMY PEXUMY Tr=2+(3+6+2). Temneparypa

re
30-35 S e, e e H30TepMHECKOH BEIepKKH 80-85 °C, ocTsi-
? ’ ; \;: BaHHe 00pasnos B Teyenue 2 yacos 1o
o _ 2/ t=40-45°C. 3atem obpazigs HCIIBITHIBAIOT 110

2 s 4/ /3 2 CTaHIAPTHOH MeToxuKe.

Koadpunuent s dexruBHOCTH PA NIPONAPHBAHMM BBIMHCIIOT 10 ciie-
Ayromeit dopmyne:

—p TBO ,p 28
KHH‘ Ru / Ru
28
I'ne R, —axTuBHOCTS HEMEHTA TIpH HOPMaNbHOM TBepAeHuH, MIla;
BO \Yd
R, °° — akTHBHOCTS [ICMEHTa II0CTE TEMIoBOH 06paborku, MI]a;

Kon — xodpdumment shpdextusrocta npu IPONapMBaAHHKH.
B zaBucumMocTa ot Benmuunel xosddunmenta 3¢ (DEeKTUBHOCTH BCE LIEMEHTHI

ACTIATCH Ha IPYNIbL;
1 rpymna — BpicoKoddexturure K, > 0,67;

Z rpymia — cpenresddextupsie 0,56 <K, <0,67;

3 rpyrma — suzkosddexTusbe K, < 0,56

Jnst ipousBojicTBa COOPHBIX JKENIE300e TOHHBIX KOHCTPYKIHA PEKOMEHIOBAHO HC-

[I0JIb3aBaHKe [IEeMEHTOB 1-H 1 2-¥ rpym.



Pons semecmeennozo cocmaga uemenma
U MUHEPANOZUECK020 cocmasa Kitunkepa
B pesynsrare o6xura mmxTel obpazyrorcs KIIMHKEPHBIE MUHEpabL,

OCHOBHBIMH U3 HUX SIBISIOTCS! CIE/TyIOLIHE.

Tpexxanbuuessiit cupkar wiy amar 3Ca0-Si0, (C5S). Cocrasnser 37-
60%. OH OKa3biBaeT OCHOBHOE BIHsHUE HA Ka4ecTBo nemMenrta. LlemenT ¢ BEICOKHNM
COZICPXKAHUEM amuTa OTIIHNIaeTCqd BBICOKOH CKOPOCTEIO T BEepACHNA U IIPOYHOCTHIO.

JByxKanmpnuesnlit cumnkar wim ey 2Ca0-Si0, (C;S). Cocranser 15-
37%. Mennesno TBEPICIOIIEe BsDKYILEE, € HEBBICOKOI HPOYHOCTHIO, OTIIHYAECTCS
3Ha9UTENbHOR ycankol. ORHAKO NPOYHOCTS HX HapacTaeT B TeYCHUH JUTHTENLHO-
I'0 BpEMEHH.

TpexxansuueBsiit amoMunaT 3Ca0-AlLLO; (C5A). Cocrasnger 5- 15%. Brict-
PO TBEpIEET, HO mMeT HEYCTOHYMBYIO PBIXIIYIO CTPYKTYPY C HH3KOH HpPOHOCTHIO,
OPAKTHYECKH He <gqacimz‘ye"r B hopMHpOBaHuM NPOYHOCTH, OTPUIATENILHO BiUseT
Ha MOpO30- H cynsarocToiikocts. [lns 6erTona AOPOXKHBIX ¥ a3POAPOMHEIX IIO-
KPBITHH, Xe/Ie300eTOHHBIX HAOPHEIX i besHanopHEX TpyG, Kene300eTOHHBIX
LIfIall, MOCTOBBIX KOHCTPYKHIHMH, CTOEK omop JIOIT mpumeHseTcs memenrt 3
KJIMHKEpa ¢ HOPMUPOBAHHBIM COCTABOM C COACDKAHUCM TPEXKAIBUHUEBOIO aTi0-
munata (C;A) B konwgectse He 6omee 8% o macce. Cogepxanue (C3A) B CYIb~
taTocTolikoM LeMeHTe OrparuTHBacTCS 5%,

HeThIpexKanbIeBhIii amomodepput 4Ca0-Al,05-Fe,0, (C4AF). Cocrasis-
et 10-18%. Yem Gomsiie ero COACPKAHUE B IEMEHTE, TEM MEHBIIE yCaKa.

IosrinierHoe COACPXAHUC MEIOYHBIX OKCHAOB Na,0O u K,O oxaspisaror

TONOKUTCHIBHOC BIMSAHUC Ha 3Q(EKTUBHOCTD LEMEHTA NPH NPONAPHBAHYH, HO
TIOHHWXaroT MOpO3OCTOfIKOCTI: HEMCHTHOTO KaMH4 B ClieIoBaTeNhHO 0eToHA.

OdveHb BaXHO, YTOOBI LEMEHTEI BBIAEP)KUBAIIH HCIBITAHHE HAa paBHOMeEp-

HOCTh U3MCHCHUA OG’BCMB., BJIMAHUC HA 3TO OKa3bIBACT HAIUYNE OKCHIA Mardus

0
(MgO), conepxanye KOTOPOro B IEMEHTE HEJIOIDKHO TPEBHIIATS 5%.



Conepxanve anrunpura CepHOH KucnoTs (SO;) B COOTBB’FCTBHH C comep-
xanueM C3A OWKHO Obits 1-4%, OTO OKa3BIBAaEeT BIHSHHeE Ha?*lmﬁi“ﬁ’*e‘IHOCTB
KOHCTPYKUMIA.

g
Jlnst m3rotosnesns oTBeTCTBEHHEX KOHCTPYKIUH, pa0TAI0IIHNX B arpecan-

HBIX Cpenax PCKOMEH10BaHO HCIIONIb30BaHuE 663HO6&BOHHBIX lIeMeHTG N

Kpynnouii sanonnumens

PHBAHUS 1 HMEET OKATIHHYIO dopmy. HIe6eHI> 06pa3yeTcz B ‘1"_’ :

uMeer Xopouiee CleIuicHue ¢ HCMEHTHBIM KaMHEM H ABJIACTCH SaT_IOJIH TCJIGM 60~

7€ BBICOKOTO KaYECTBA M MOKET [IPHMEHSThCS I Beex Getonon. PaBHH MMeT

OTPaHIICHHOE IIPUMEHEHUE, HMeeT Golee HU3KYI0 BOJONOTPEOHOCTE 10 cpapHe-
HYIO C Fpapuen. (YLOMeLF
3anoJiguTesis AApaKTePH3YeTCad MapKoi M0 NPOYHOCTH. ! REIIe TIPOoY-
HOCTP 3allONIHUTENS, TeM 00Jiee BHICOKAs IPOYHOCTE OETOHa MOXET GriTs o 10Ty~
HCHa Ha 5TOM 3anonuutene. IIpovrocTs 3amonHuTeNS TOIDKHA GBIT ’*'Bmme peJ-
OIaraeMoH IPOYHOCTH GETOHA IKENATENHHO B 2 pa3za (MKHHM}’M Ha 209 s).

Mapxka 3anonswrens rro MOPO30CTOAUKOCTH NOJDKHA OBITEH He Huxe TIPERIIO-

NaraeéMoH MApKH JI0 MOPO30OCTOMKOCTH GeTomHa.,

Pexomergosano npuMenerye B GeTonax mebns B e OTHEMBHEX (pak-

1Eit (5-10 vy, 10-20 wow, 20-40 MM),

[TieGens pomken ObITh rCTRIM, conepxanue TTTY we JIOIDKHO TIPeRBIIATS
aToh "‘d_)opMBI HE

3%. Copepxanue 3epeH IUTACTUHYATOU (nemanuoi) u UTIIOBAT

JIOJIKHO IpeBBInaTh 35%.




Menkuii 3anonanume;p
B kxauectse menkoro 3alONHUTENS HCTONIB3YeTCS mecy
coboit PBIXIIYIO CMECh 3epeH MaTepHana OpUpPOAHOro iy

HCXOXIeHus ¢ pazmepom 0,16 — 5 m

B coorsercrerm ¢ FOCT 8736 IIECOK passienen Ha rp PYIHOCTH B
3aBUCHMOCTH OT IT0KA3aTeNs MOZTyJst KDYIHOCTH ¥ TIOJHOIo a cute 0,63
Hns npurorosnenus OETOHHBIX cMeceit PeKoMeHoBaHe e 1eKa He
Meibde cpenrero (Mx He Hmke 2,0, momHEIA ocTaTok Ha cute nuxe 30%,
colepxxanue seper menee 0,16 MM xe AOJDKHO NpeBBImaTey 15
Hecox momxken 6b1te gpcTEmy Conepxanme IT'Y ge 6 COOCTBEHHO

ecel, oxa-

Booa 3ameopenus
I'OCT paspemaer IIDYMEHATH TOJBKO BOJIONPOBOJHYIO

TalbHas BOJA IODKHA IPOHTH HPOBEPKY Ha Hanmyue nonos (]

Hobaexu onn 6emonoe

Hobasxn st Getonos — 310 npupoonsie win uckyccmeeis YecKue
IPOTYKTBL, BBOAHMBIE B COCTABE! GETOHOB I PacTBOPOB ¢ UeBio I0eHUA Tex-
HOJIOTHYCCKHX CBOHCTB OGETOHHBIX 1 PacTBOpHBIX cMeceli, (u HYECKHX
CBOWCTB GETOHOB, MOBBIICHHS Ka4eCTBa ¥ KOHKYPEHTOCHOCOGE OIyKLIAH

H, HHOIZIa, CHHDKCHUS UX CTONMOCTH,

K NPUPOIHBIM N00aBKaM OTHOCSTCS TOHKOJUCHIEPCHBIC UK _ OHKOM OJIOThIC

Y110 TOHKOCTH NOMOJIA LIEMEHTA) MIHEpAThHbIE 106aBKE, KOTOPBI GHIBAIOT:

- HeaKmusHvie (uHepmuvie) - dobasku-Hanoanumen, HIPRIOIITHO FOMEKO MUKpO-

HaIIOJTHSIOLYIO POk, |

- akmugHvle — 000A6KYU 3aMEHUmMen Yacmu yemenma, obnafaroiie 'camocTosI-
;4 e peaK-

TEIBHO! WM CKPBITOA aKTHBHOCTHIO (CIOCOOHOCTHIO BCTATE B X eCKHe p

um);



- MHHEPAJIBHBIC IIACTHQUIUPYIOITHE T00aBKH
XuMudeckue N0GaBKH, MpUMEHSIeMEIe s MOAAGHIHAPOR HCTB OeToH-
HBIX H PAaCTBOPHBIX CMeCe, GETOHOB M PACTBODOB, B 3aBHC _

sexTa feficTBH B cooTBeTeTRIH ¢ TOCT 24211-2003 non

- cynepnaacmuguyupyrowue;
- CunbrONNACMUGUYUPYIOUUe;
Fnacmupuyupyrowue;
Cmabunusupyrowue - Comxenue PacTBOPOOTHENCHUS H BO
oH GeTOHHOM cMecH; '

pesyrupyiouue coxpansemocms nodeudicnocmuy - yBeINgH € WM CHE-

PKAIOIIHE BPEMS COXPAHSAEMOCTH [epBOHAYATBHOMN TOBIKHOCTH CME
nopusytouye — 00eCIeUHMBAIOIITE YBeTMYeH e 05beMa BO3/YXa WK Ta3a B pac-
TBOPHBIX U OETOHHEBIX CMECAX PA3IHIHOTO Ha3HAYECHUS:
- 8030yx0608KEKAIOI UL,
- Hernoobpasyiouue;
- eazoobpasyiowue.

2. Hamensrowue ceoticmea 6emonoe U PACMBODO8.

- Pecynupyroujue KUHemuxy meepoenus — yCKOPSIOIIHE WM 34 SGOIIKE Ha- - -

 pacTaBue IPOYHOCTH:

- yCKopumenu;

- 3aMe0nUment,

- NObLUArOIYUE NPOYHOCTL — CIIOCOOCTBYIOINHIE YBEIUIEHHUIO TPOYHOCTH B TIPO-

eKTHOM BO3PacTe;
L CHUMNCQIOWUE NPOHUYAEMOCHb — TIPUMEHSIOTCS JUTs HOBBIIHeHI’IfI_ 'M?PKH 110 BO-

AOHCIIPOHHUIIACMOCTH,




nosblmaouue sauumHsle Ceolcmea no omHOWeHWIO K cm apmamype —

OGCCIIE’J‘II/IBEIIOU_IHS IIOBRIIIIEHHE TaCCUBHPYIOHIETO HeﬁCTBHH-"_- TI0 OTHOIIE-

HUIO K CTaNbHOH apmaTtype;

TOKPATHOTO NIEPEMEHHOT0 3aMOPAXUBAHNS K OTTayIBaHWsL;
nosblaroue KOpPosUOHHYIO cmoiixocms,
pesyrupyiougue npoyeccst yeadxu u pacuuperus — cnocchmymume CHIKe-

HAIO fedopManuit yeauku n obeceyeHmo zge(bopmaunu pacmnp

3 Hpudarowue bemonam u pacmeopam cneyuanvrvie CBOUCIIE

Hpomueomoposuwvie - obecrequBaroNme TBEPJICHHE 1Ipu oTpKna’Iemme TEM-

neparypax;
Fu@poqboéus*upyfomue oﬁecneqHBaronme CHIDKEHHE BOJIOTIO}
buoyuonvie;

NOBLIUAIOUIUE CINOLIKOCIND K 8bICON00OPAzO8aHUI.




Tema 3 Beronunie cmMecu

Hpouecc u3roToBICHNS M TBEpAcHUS OETOHA COCTOUT H3 JBYX cragui. |
CTajus — IO CXBATBIBAHMA LHEMEHTA U IIPEBPAINEHHs OeTOH2 B TBEpHOe Telo — Oe-
TOHHAA cMech. M1 2 cTajus ~ 5TO NepHOA TBEPAESHHS U SKCIUTyaTaluy MaTepHana,
obanarommero cBOUCTBAMY TBEPOTO Telia — GETOH.

Beronnasi cMech mpexcTaBisier co6oi CIOXHYIO MHOI'OKOMIIOHEHTHYIO I10-
JUIUCTIEPCHYIO CUCTEMY, HOTYYEHHYIO DX 3aTBOPEHMH BOXOH CMECH I[eMEHTa U
3aIlONIHUTENEH,

Peonornueckue ceoiicrea GeroHnoii cmMecn

HawnGonee BaXHBIM CBOMCTBOM OETOHHON CMeCH sSBISETCH yRoOOyKIabI-
BAEMOCTH WM (JOPMYEMOCTH, T. €. CIIOCOOHOCTE CMECH pacTeKaThCs ¥ IIPHHUMATH
3all@aHHy10 (OpMY, COXPaHSS CBSI3HOCT U OTHOPOAHOCTS.

beTonHyio cMecs, Grarofapsd HANHYMIO BHYTPEHHWX CHI B3aHMOLEHCTBHS
MEXTy QUCTIEPCHBIMH YaCTHULAMH TBEPAOH (a3hl U BOABL, MOKHO pacCMaTpHUBaTh
KaK CTPYKTYpHPOBAHHYIO CHCTEMY, C OIIPEACIIEHHBIMH PeOJIOTHIECKIMH XapaKTe-
pucTuKaMy. beToHHas cmeck 007ajaeT CBA3HOCTHIO, T.e. CHOCOOHOCTHIO pacTe-
KaTbes 6e3 HapyeHus CIUIOITHOCTH.

OCHOBHBIM CTPYKTYp0oOOpasyroumM KOMIIOHEHTOM GETOHHON CMeCH SBIL:
eTCsl UEMEHTHOE TECTO, KOTOPOe 00YCIIOBIMBACT PEOJIOIHIESCKIE XapaKTEPHCTHKN
OCTOHHOH CcMecH: CTPYKTYPHYIO BS3KOCTB, IPEACIIbHOE HANPSKEHHUe CABUTA U Tie-
PHOJ peaKcariy.

1. CTpykTypHas BSI3KOCTh. beTOHHAas CMECh KaK CTPYKTYPHPOBAHHAS CHCTe-
Ma obyiagaeT HEeKOTOPOH HAYANBHON IPOYHOCTBIO CTPYKTYDBI MIH CTPYKTYPHOI

BA3KOCTBIO 1 = T)p. B IIEMEHTHOM TECTE CTPYKTYpPa CO3XIaeTcs 3a CYeT AeHCTBUA

CHIl MOJICKYJIAPHOTO CHCINICHUA MEXKIYy YacTHLaMu, OKauMIICHHBIMUA TOHKMMH

ieHKaMH BOJBL. TLTCHKH KAKOH (a3l CO3MAM0T HeNpepHIBHYIO IPOCTPAHCTRER-

HYI0 CETKY B CTPYKTYpPE LIEMEHTHOTO TecTa, MpHaBas GETOHHOM CMecH B HeloM

CBOMCTBO IUIACTHYHOCTH U 00ECTICUNBAas CO3MaHUE CILIOMIHON CPebl.



2. TlpenenbHoe Hampskerue caBura. ECHH BSI3KOCTH KHIKOCTH SBISETCS
TIOCTOAHHOH, TO BS3KOCTH CTPYKTYPUPOBAHHEIX CHCTEM MOYXKET H3MeHSThCs Ha 2-3
TIOp#A/IKa B 3aBUCHMOCTH OT BENMHHHBI HANPSDKEHHS CBATE CHCTEMBI T HITH CKOPO-
CTH CABHUIOBBIX JedopMaimii. Benuunsa cisurosoro HAlPSUKEHMSA, TIPH KOTOPOM
HPOMCXOTHUT HPEICILHOE paspyLICHHe HAaYalbHOH CTPYKTYPH GETOHHOM CMeCH,
Ha3pIBaCTCS NPEACIbHBIM HalpSHKEHHEM CIBUMA Tg.

3. Ilepuon penaxcanuu. ITox BoszmeiicTBieM BHEIHHX CHII HallpEMep B pe-
3ynbTare BUOPALMK NPOMCXONMT pasphiXieHue IepBOHAYATHHOMN CTPYKTYPBHI, OC-
aBIISFOTCA CBA3M MEXIY € OTAENBHBEIME JIeMEHTAMH, B pe3ynbTare BO3pPACTaeT
CTOCOOHOCTH CHCTEMBI K AS(OPMALHIM, [IPEOIONEBALTC IIPEETBHOE HarpsiKe-
HUE ClBHTa, CHCTEMa IIEPEXOMHUT B COCTOSHME INUIACTHYHO — BS3KOIO TEUEHUS,
YBEIMIHUBACTCS €€ OABHXHOCTS. llocie OKOHYaHus MX NeHCTBUS BOCCTAHABIIMBA-
€TCsl HavalbHasd CTPYKTYpHas IPOYHOCTH CMECH. DTO ABJICHHE ITOJYYHIO Ha3Ba-
HUE THKCOTPOIIUH.

Ha crioco6rocTI GETOHHOM CMeCH K TUKCOTPOIHOMY PasiKHKEHMIO OCHOBAH
NPHHIHN BUOPOYINOTHeH!S OTOHHEIX cMmeceil. Ha mepsoM sTane BEOpOYILIOTHE-
HHA NPOMCXOJMT pa3pyllicHre IEePBOHAYAIBHON CTPYKTYpHI OETOHHOM cMecH, B
KOTOPOH NEHCTBYIOT CHNBI TSDKECTH, CHIIBI BHYTPEHHEr0 TPEHHSA B clemienns. Ilox
ReficTeueM BuUOpalmy YacTHIIE GETOHHON CMeCH MEHSIOT B3aMMHOE PacHoNosKe-

HKe, NePEeMEIAIOTCS, KOHTAKThl MEXly HAMH pa3pyIlIaroTCcs W CMECH NEPEXONUT B
COCTOSIHHE TSIKEJION KHOKOCTH, B KOTOpOfI IIPpOSABIAIOTCH CHIBI TSHKECTH. HOII
AeHCTBHEM CHJT TSOKECTH obpasyercs HoBas Gollee yCTOHYMBasA CTPYKTYpa.

Ha BTOopoM sralie JOCTHIaeTCs KOMIAKTHOE PACIIONOXEHHE YacTHI[, OHH
BXOIAT B IJIOTHOE 3alIMILIEHUE JIPYT ¢ ApyroM. [anee GeToHHAas cMech BUOPHDY-
€TCA KaK €I1HOC [enoe.

Bpems B TeueHHe KOTOPOro OETOHHAs CMECH MEPEXOIUT B CTaOHIBHOE CC-

CTOAHNEC HA3pIBACTCA IICPHOIOM PEIIaKCaliiu.



Bnuanue na peonozuueckue ceoiicmea paznuunvix (paxmopos
Ha peonoruueckue xapakTepuctuky GETOHHEIX CMecedl OKa3BIRAIOT BIIMS-
HHE CBOWCTBA MaTEPHAIOB | MX KOJMUYECTBO B CMeCI’I.-
B Gonpmoit crenenn Ha CBOWCTBA GETOHHBIX CMECEH BIHIOT peosoruye-
CKHE XapaKTCPHCTHKH [EMEHTHOIO TECTa, KOTOPHIE ONPENENIFOTCS BUAOM BSIKY-
IIETO, TOHKOCTRIO IIOMOJIA, HOPMAIBHOHN I'YCTOTOM HEMEHTHOTO TECTa H KOTHYEeCT-
BO LIEMEHTHOTO TECTa ONPEASICHHOr0 COCTaBa B SAMHHIE 06beMa GeTOHHOMH Cae-

CH.

CpoiicTa 3anonnutenell — 3epHOBO# COCTaB, IMYCTOTHOCTD, COCTOSHUE IO~
BEPXHOCTH 3€PEH, BOIONOTPEOHOCTD 3aIIONHATENCH, & TakKe COOTHOMICHHE MEKIy
TECKOM H INEOHEM — OKa3BIBAIOT 3HAYMTENHHOE BIHAHWE HA CBOMCTBA OGETOHHBIX
cMeceH.

C yBenHYeHHEM COAEpKaHMsA EMEHTHOTO TecTa IpH noctogaroM B/IT wim
¢ YMEHBIIEHHEM KOJIMYECTBA 3aIONHHUTENCH CHYDKAIOTCS BI3KOCThH H IIPEEIbHEIE
HANMpsHKEHHS CIBUTA. VI3MCHEHUe BOJIOCOZEepKaHUA OeTOHHONW CMECH — ITIaBHbIN
haxTop, ¢ MOMOIIBIO KOTOPOTO PETYIUPYIOT PEOJIOTHYECKHE XapaKTEePHCTHKH Ge-
TOHHBIX CMECEH.

CIpyKTypHYIO BSI3KOCTbH MOYKHO 3HAYUTEIBHO YMEHBIIITH 32 CUET BBEICHUS
B GETOHHYIO CMeCh H00aBOK MOBEPXHOCTHO-akTHBHBIX Bewects (ITAB) ¢ pazmmy-
HBEIM MEXaHU3MOM JeHCTBHA,

Jis oTpesieneH)s PEONOTHYECKAX XapaKTePUCTHK HCIONB3YIOTCA CIIelH-
anbHble BUCKO3UMETPHL. [1on06HkIe MCHBITAHNA BHIIONHSIIOT B OCHOBHOM B HAayY-
HO-UCCIEHOBATENBCKUX JJabopaTopusax. B IpoM3BOJCTBEHHBIX YCIOBHSAX IpHME-

HSXOTCS MHbIE CIIOCOOR! KOHTPOIS yA000yKIIaABAeMOCTH OETOHHON CMECH.

VYaoboykianeisaemMocTs 66 TOHHON cMecH

OnpuM U3 OCHOBHEBIX TEXHOJOIMIECKHX KPpHUTCPHCB GeTOHHOM cMecH ABJIS~

eTcs ee ynoOOyKIaablBaeMOCTh, COOTBETCTBYIOMAs NIPHHITOMY CIIOCO0Y HopMO-

BaHW.



B 1[poH3BOICTBEHHBIX YCIOBUAX YAO60YKIAABIBAEMOCTS OIICHHBACTCS JIHO0
NIOABHXHOCTBIO, BhIpAXEHHOH OK B M (17151 ImacTHUHBIX cMeceit), 1u6o pacIuibl-
BOM xoHyca PK B cM (s camoymoTH IOnmxcs cMeceidt), b0 KecTkocTsio K B

¢ (11 HEeNNMaCTHYHBIX CMeceH).

Tabauna 1 - Mapxu no pacrumsiBy Kogyca* Tabnuua 2 - Mapxu no ocajxe xonyca

Mapka Pacruieis xoHyca, cM Mapxka Ocagka KOHYCa, CM

Pl Mewnee 35 I 1-4

P2 35-41 2 5-9 )

P3 4248 I3 10-15

P4 49-55 T4 16-20

PS5 56-62 5 Bonee 20

PG Bonee 62

Tabnuna 3 - Mapku 1o xectxoctH Tabauna 4 - Mapku 110 yIioTHeHHIO* *

Mapxa Kectrocts, ¢ Mapxa Kosdduiuent ynnoraesus
X1 5-10 KV1 Bonee 1,45
K2 11-20 Ky2 1,45-1,26
A3 21-30 KV3 1,25-1,11
K4 31-50 KV4 1,10-1,04 ,
K5 Boxee 50 KYS Megee 1,04 i

Jnsi oneHKY ImoKazaTels no,uBﬁmHocrﬁhponsaoﬂHTcsi U3MEpEeHHe OCAIKH
xonyca (OK, cM) ¢ MCHOIB30BaHUEM CTAHAAPTHOTO KoHyca Abpamca.

Mt onpenenenus MapKy 110 XKECTKOCTH HCIIONB3YIOTCS CelHATbHbINA IpH-
Gop ans onpenenenus xectkocTy (BeGe). ITokazarenem xectkocTn sBsercs Bpe-
Ms B CeK., He0OXOUMOe IS OCTHXKEeHNS OETOHHOM CMECH ONpe/ieIeHHOH cTeme-
HH YIUIOTHEHUS TI0 cTasaapTHoMy peskuMy ( A=300 cm?/c® npu 7 = 2900 kom/mus,
A =0,5 Mm).

Mapka 6eTOHHOM cMecu 1O pacIIEIBY KOHYCA ONPEHENIeTcs 110 THaMeTpy

paciuiasa SeToHHOH CMecH Ha CIICHHAAIBHOM BCTPAXHBaAIOILEM CTOjNE, OT(bOpMO-

BAHHOM B CTAHIapPTHOM KoHyce BricoTor 200 MM 1 nuamerpamu 200 u 130 mm.

Mapku GeTOHHON CMECH T10 YIUIOTHEHMIO ONPEJENAIOTCA OLECHKOH pasHOCTH

peicoT  OeTomHOM cMecH B dopMe KBRIpaTHOTO  CeHeHWS pasMepo:

200x200x400 MM 1o 1 110CTIe €€ YINIOTHEHHUAL

C=hy/h; (h; — BeicoTa opmsl, h, — BEIcoTa GeToHHOM cMecH B hopMme noce

YIIJIOTHEHNS ).



Coxpanaemocms yooboyrnadsigaemocmu

YnoboyknansiBaeMOCTh GETOHHEIX cMecel, IIOCTABISEMBIX 3aKa3YuKy, KOH-
TPOJUPYIOT HA 3aBONIC-USTOTOBHTENC CPasy IOCIIE IPUTOTOBNCHAS U Y MecTa yKIa-
KH. beToHHAs CMECH BO BPEMEHH TepseT NONBIKHOCTD ¥ YBEHIMBAET KECTKOCT 110
CPAaBHCHHIO C UCXOIHOM.

Ilpu onmpeneneHny COXpaHIEMOCTH CBOMCTB GETOHHON CMECH HEpBOE HCIIBITA-
HHE CJICIYeT BBIIOIHATH HENOCPEICTBEHHO IOCHE OKOHUYAHHS NEPEMENIHBAHUS ec
KOMIIOHEHTOB (He mosanee 10 MHH), a BTOpoe M HOCHENYIOMUe -depe3 Kaxupe 30
MHUH I10CJI€ IEPBOTO UCIIHITAHHU.

B 3aBHCHMOCTH OT COXPaHAEMOCTH OETOHHbBIE CMECH JEJIAT Ha TPH KIIacca:

C-1 - mu3koit coxpamseMocTu (MeHee 20 MHH); 3TOT KJIACC XapakTepeH i
cMeceil ¢ MOBBIIICHHOH TEMIEPATYPOH, CMECel, cofiepKamux 100aBKU-YCKOPUTENH,
a TaxoKe A cMeced ¢ HU3KUM 3HadeHueM B/L1;

C-2 - cpenneit coxparsgemocty (21-60 MyH); 3TOT KJIAcC XapaKTEpPEH JUIs HOp-
MaJTBHO CXBATHIBAIOIMXCS EMEHTOB M CMECEH CO CPETHUMHU 3HAYCHUSIMH YKA3aHHBIX
(paxTOpOB;

C-3 - BrICOKOM coxpansteMocTy (Gonee 60 MuH); 3TOT KIacc xapakrepeH s
MEJICHHO CXBAaThIBAIOIIMXCH IEMEHTOB, CMeCeH ¢ NOHMKEHHON TeMIlepaTypol, cMme-
cell crobaBKaMyl -3aMEIUIMTEIAME CXBATHIBAHMA, a TaKKe VI CMeCed ¢ HOBHIIEH-
HBIM 3HaueHneM B/L1.
oR ! F < 20y (T’*rﬂ'
EpLCH £ 60 rw [(”"Z)

Z‘; > BO ptetr [(’*3)

b S
2: 7/ 2;7 félj i:-f
Kitacc GeToHHOM CMeCH 110 COXPAHIEMOCTH JODKEH OBITh YKa3aH B MapKUPOB-
xe (yCioBHOM 0003HAYCHHH ) TOBAPHBIX OSTOHHBIX CMeCei.

Crenens HOTEPHU HOJABHKHOCTH M ITOBLIIICHUA XKECTKOCTH OeTOHHOH cMecH -

COXPAHIEMOCTh ee CBOUCTB BO BPEMEHH - 3aBHCAT OT MHOTHX (HakTOpOB: CBOHCTB Iie-



menra (HCxs, KCxs), cocrapa Getonro#t cMecu (Hammdme 106aBOK), TeMIeparyphl
CMECH ¥ OKPYKaIOIIEero BO3IyXa.

Ilpn npuroroBneHn: GETOHHBIX CMeCel MHOrIA OOHapyXMBAETCS JIONKHOE CXBi-
THIBAHWE, BEIpa)Karolmeecs B OBICTPOM 3aryCTeBaHHM CMecH. JIOKHOE CXBATLIBAHME
ABTACTCA IPOABACHUEM aHOMATBHOIO CBOHCTBa IEMEHTA HEKOTOPBIX mapTuif. OHO
MOKET OBITH YCTPAHEHO NOBTOPHEIM IEpeMEIMBAHUEM GETOHHOMN CMecH 6e3 106as-
JICHUS BOIBL

PaccnanBaevocts GeToHHOI cMecH

Mosxer HabMOAATECA IPH TPAHCIOPTHPOBAHKH ¥ YIUIOTHEHUY GETOHHOM
cMecH. Paccioenne oleHHBAIOT IIOKA3aTESIME PACTBOPOOTHEIEHUS H BOTOOTHC-
JeHUS.

Pacmeopoomoenenue 6etonno# cmecu. Ilpn THHAMUYECKOM BO3IEHCTBHM
KPyTHBIH 3aTI0JTHUTEIb, INOTHOCTE KOTOPOTO OTIMYAETCS OT ITOTHOCTH PAaCTBOP-
HOH YacTH, IiepeMeniaeTcs B 66TOHHOM cMech 1 MOXKeT JIM60 oceaaTh (IUTOTHEIH
3aIOJHHTEND), TUO0 BCILIBIBATH (TIOPHUCTHIM 3aII0THATENE).

OupenensioT ImyTeM CONOCTABICHHS COEPKAHKSA PACTBOPHOH COCTaBIISIO-
ineH B HIDKHEH i BepXHeH 1acTax OCTOHHOH cMecH, YIUIOTHEHHOM B MEPHOM CO-
cyne unu popme NI H3TOTOBNSHHS KOHTPOIBHEIX 00pa3ioB GeToHA.

Boooomoenenue. Ilpu TpaHCTIOPTHPOBAHUH, YKIAIKE U YIUIOTHEHHH CO-
CTaByIsAronIre OETOHHOM cMecH CONIDKAIOTCS, & YaCTh BOJBI, KaK Hauboree Jerkoro
KOMITOHEHTa OTXKUMAETCS BBEPX (BHEIIHEE BOXOOTHENEHHE), IIPH 3TOM 06pasyioT-

Ci KallWJLISIPHBIE XOBI W ITOJIOCTH IIOJ 3€pHAMM KPYITHOT'O 3alIOTHUTENH (BHYT-

peHHES BOXOOTAEICHNE). DTO ABICHUE Ha3bIBACTCS cedumenmayueti Ge TOHHOM
CMECH.

Bonootaenenre 6eTOHHOR CMECH OIPEACISIOT [TOCIE €6 OTCTAUBAHMY B
MEPHOM COCYAE UK (bopMe B TCUCHUE OIPEACTICHHOI0 [IPOMEIKYTKA BPEMCHH.

Bee 310 HapymaeT cTpykTypy GeTOHHOM CMECH, a B IIOCNEICTRBAN H OETOHA,

JENaeT €C HGOIIHOpOI{HOﬁ.



YcaorHoe 0003Hauenne 6eTOHHOMN cMecH
B coorserctBum ¢ FOCT 7473-2012 GeToHHBIe cMecH OpH 3aKase MOTYT
OBITH CIIEMYIOUIMX BUJIOB.

beronnas cvech 3anannoro xavecrsa: beromnas cmecs, Tpebyembie CBOMCTBA U
AOHOHUTENbHBIC XapaKTePUCTHKH KOTOPOW 3alal0TCs NMPOM3BOAUTENIO, HECYIEMY
OTBETCTBEHHOCTD 3a ODecnedeHHe 3THX TpeByeMBIX CBOMCTB M NOMONHUTEIBHBIX Xa-
PaKTEpUCTUK.

beronnasi cmech 3aJaHHOro coctTaBa: BeTOHHAs CMeCh, COCTaB KOTOpO# M wmc-
HONB3yEMBIE TIPH €€ MPUTOTOBJICHMH COCTABIISTOINHE 3a1al0TCA IPOH3BOAUTENIO, He-
CylileMy OTBETCTBEHHOCTH 3a 00ECHEeYEHIE ITOr0 COCTARA.

beToHHas cMech 32JaHHOr0 HOPMHPOBARHOTO COCTARA: BEeTOHHAS cMech 3a7aH-
HOI0 COCTaBa, KOTOPHIA ONpeneneH KOHKPETHBIM CTaHIapTOM WIM TEXHHYECKHAM J0-
KYMEHTOM, HaIIPIMED, IIPOU3BOICTBEHHEIMH HOPMaMHU.

Ho rumy 6eToHa GeTOHHBIE CMECH NOMPA3AENAIOT Ha!

- 6eToHHbIe cMecH Tsokenoro Gerona (BCT);

- 6eTonHbIE cMecH MeKo3epHucToro 6etona (bCM);

- beronnsle cMecH Jerkoro 6erona (BCJI).

Ycnosroe o603naueHne GETOHHOH CMECH 3aIaHHOrO KaueCTBa IIPH 3aKa3e JOIKHO
COCTOATH M3 COKPAIICHHOr0 0003HayeHNsd OETOHHON CMECH B COOTBCTCTBHH, Kilacca
0eToHa IO MPOYHOCTH, MAPKH OETOHHOM CMECH N0 YN0B0YKIaIRIBAEMOCTH H, IIPH He-
00XONUMOCTH, IPYTHX HOPMUPYEMBIX HOKaszarened KauecTBa, HAIPHMEp, MapKy IO
MOPO30CTOMKOCTH, MapKy IT0 BOJOHEIPOHULAEMOCTH, CPENHEN IUIOTHOCTH 0eTOHA U
Ip., ¥ 0003HaYeHHs IeHCTBYIOMEr0 CTaHAAPTA.

ffpumeps ycnoBHBEX obo3HageHUuH

beronHas cMech TKeaoro 6eToHa Kiacca 110 MPOYHOCTH Ha cxartue B25, mapku
o ynoboyknagsisaemoctu 111, Mapok Gerora o moposocroiikoctu F200 u BogoHe-

npoHunaeMocta Wa:

BCT B25 111 F200 W4 I'OCT 7473-2010;

To ke OGeToHHAsA CMeCh MENIKO3EPHUCTOrO OeTOHa:

bCM B25 11 F200 W4 TOCT 7473-2010;



To e Oeronno# cMecu nerkoro 6eToHa Kiacca 1Mo IMPOYHOCTH Ha cxarue B12,5,
Mapky 1o ynoboykiansisaemocts I12, Mapox GeToHa mo Moposocroikocta F200, Bo-

nouenponunaeMmocty W2, cpenreii miotaocta D900:

BCJI B12,5 112 F200 W2 D900 I'OCT 7473-2010

1Ipy 3akase ToBapHOH OETOHHON CMECH 3a[JaHHOTO KAYeCTBA NOTPEOHTENh NOMKEH

YKa3b[BaTh TPEOOBAHHA K IIPOYHOCTH GETOHA 110 IPOEKTHOMY Kiiaccy (B, B, By, By H,
PR HeOOXOMUMOCTH, IO MEHHMAILHOM CpelHeli IPOYHOCTH 6ETOHA B KaXKI0H 10~
cTapiseMoit aprud (Ry), a TpeboBanys 1O yH0GOYKIIaIBBAEMOCTH - 10 MApKaM K,

Ipy HEOOXOIUMOCTH, 110 KOHKPETHBIM 3HAYCHMSIM.

Hanpumep: OeToHHas cMmeck TsDKeNoro GeToHa Kiiacca MO TPOYHOCTH HA CKa-
TUe B25 ¢ MUHUMATBEHOH TpeOyeMol npournocThio Gerona 33 MIla, Mapku 1o ya060-
yrnagssaemocts I11, ¢ ocamkolf komyca 3 cM, Mapok GeToHa 1O MOPO30CTOMKO-

ctu £200 u BoponenponunaeMoctn W4:

bCT B25 (i?m = 33 Mlla) I11(OK 3 cm) F200 W4 I'OCT 7473-2010

s £5

LI
LR

Daxmopsl, sAUAIOUUE HA YOODOYKIA0bI8AEMOCb DEMOHILON cMmecH

1. Konuuecmeo eoowt 23ameopenutss. CMeCH ¢ OONBIIAM KOJINISCTBOM

o A B
\\\K

L BOJIBI 3aTBOPEHHA 00nanaroT bonee

C‘fd‘

BBICOKOH IMOABYKHOCTBIO B MEHB-

|
!
]
f[ Ie# JKeCTKOCTRIO.

B,e/’-

2 Buo eaxcyueco, ezo sodonompebnocms. Ilpu paBHBIX YCHOBHSX OETOH-

Hbie CMECH, IIPUTOTOBJICHHBIE Ha LEMEHTaX C MEHBIIEH HOpMAaJbHOM IyCTOTOL,
fboJiee MONBUKHEL

3 Bud 3anonnumens 3amoNHUTENH ¢ MEHBLIEH BOAOIOTPEOHOCTHIO

S < 8, obecreurBaroT Tyqnyo yIo00yKIaIBaeMoCTh
[ \\ [ﬁ—\ OCTOHHOHM CMECH.
L/ -/

BeronHbIe CMECH, IIPUI'OTOBJICHHBIC Ha TPABUH U PCYHOM [ICCKE IIPH IIPOHUHX

PABHBIX YCIOBHAX 00NAJAI0T Ay4ilel yA000yKIa bIBaeMOCTBIO, IO CPABHEHUIO C



OETOHHBIMU CMECSIMH Ha H.(GGHG H TOPHOM HECKC, T.K.. 3alIOJIHUTCIIN, UMEIOUIUC
OKaTaHHYHO (POpMy 3€peH, 001anaroT MeHbHICH YIEMbHOM MOBEPXHOCTHIO, CIEN0-

BATENLHO MCHBINEH BOMOIOTPEOHOCTRIO (U1 CMaYUBAHUA MEHBIIEH MOBEPXHOCTH

TpebyeTcst MeHbIIe BOJBI).

4 Haubonowasn kpynnocme sanonnumens. C yBeNAICHHEM CPETHETO

28 < 28y < Sy J¥iaMeTpa 3epeH 3aroyHuTeNel yMeHbla-
€TCs uX CyMMapHas yHCHbHAas IOBEpX-

HOCTh M TpeOyemas ymoOOyKiIaapiBae-

MOCTb JIOCTHTAETCSt IPA MEHBINEM BOJO
COZEPAHMH.

5 CoommHouierue mexcoy MeIKum 1 KpynHvim sanoanumensmu (M/K).

4
oK - . Jlyuniyro yno6oyKiIagbBaeMoCTh IIOTyJa-
P ONG L

or upu M/K, obecneuusn ITTH-
ﬂry’ﬂlfﬁ%} P p ’ UBAKOHIICM OIITH
// MAJIbHOE COYETaHWe IYCTOTHOCTH U TIO-
/ BEPXHOCTH.
/

Ecnu B cMecu 3anojiHuTeNel Heloc-

{

53/}& Mp ~ TatouHOE KOJMYECTBO MeNKOH (ppaKium,
TpeGyeMOl [UIst 3aIOTHEHNS MEX3EPHOBOH ITyCTOTHOCTH KPYIHOIO 3aITOJHUTENS,
TO TaKasg cMech He OyneT obaaTh JOCTAaTOYHOH yI000YKIaABIBAEMOCTEIO.

| Ecnu B cMecH 3anonHuTens 6ynet u30bIToK Menko# (pakuuu, To Takoi 3a-
HONHATEIb o0nanaer 60abIIeH BONONOTPEOHOCTEIO, T.K. BO3PACTAET OBEPXHOCTS

CMaYMBaHHA M 3TO0 INPHUBOIUT K CHUXCHULO y,uoﬁoymanbmaemocm.

6 Koruvecmso yemenmuozo mecma. Y BEIRYSCHUE KOIUYIEeCTBa HEMEHTHOIO

TecTa ¢ nocTosHEeM B/L] nprBoauT K yiaydnieHHIo yI000YKIIagbIBAEMOCTH.
7 Hobasky I1AB. Beenenve mnacTuGuuupyomyx 106asok I[IAB B Oe-

K //(_;, B TOHHYIO CMECh CHIKACT €€ BOI[OHOTpe6~

HOCTh, UTO IIpM OJHWHAKOBOM BOIOCO-

JCPpXXasuy NO3BOJIACT INOJIYUYNTH JIYUIIC

YKIaapIBacMbIC CMECH.




Tema 4. Tlokazarenu kavecrna deTona
B cootserctBru ¢ FOCT 26633 & 0eTOHy perbaBIsIOTCS TpeboBanms:
- TI0 IIPOYHOCTH Ha CKATHE B IPOSKTHOM Bo3pacte B;
[0 NPpOYHOCTH Ha OCEBOE pacTskeHue By
110 NPOHOCTH Ha PAaCTsHKEHHE NPy u3rube By
- IIO Cpeane mnoTHoct D;
- 0 MOpo30cToiKOCTH F;
- 10 BOAOHENPOHHUIIaeMoCTH W
- o uctupaemoctu G
Hpounocts Gerona IIPH CXKATHH

IIpOYHOCTE SBISETCS OCHOBHBIM TIoKasaTewIeM KaecTBa GeTOHOBR o6ime-
CTPOUTENBHOIO HA3HAYCHYS.

Hpounocts onpenensercs TIOCPECTBOM MCHBITAHHUS CEPUM OBPA3OB, Crie-
LHANbHO U3TOTOBICHHBIX MM BEIOYPEHHBIX H3 KOHCTpyKInH. MuHHMaBHOE 3Ha-
geHre 06pasiios — 3 wr. Vicoeitanue TIPOU3BOIUTCA Ha I'UAPABIMIECKOM HPECCe, 1
PE3yJIbTaTe OTIpeNensieTcs Harpyska. Ilpenen IIPOYHOCTH IIPH CHKATHH BBIYHCIIICT-

s 110 Qopmye: R, = S

3aTeM BRIMHCISIOT CpeiHee 3HAYCHUS H3 ABYX HaHOONBIIHX 3HAYEHHH TIPOTHOCTH.
3aBUCHT OT NPOYHOCTH HA CIKATHE HEMEHTHOIO KaMHS, OT NPOYHOCTH 3a-

HOMHUTEACH U HPOYHOCTH CUEIICHUS 3alIOHUTEIIS C IIEMEHTHBIM KaMHEM.

Kaace 6erona no npounocru

Kitace GeToHa 10 IIPOYHOCTH SIBIAETCH OCHOBHEIM HOPMHPYEMBIM TIOKa3aTe-

Jiem KagectBa Oetona. ITo I'OCT 26633 xnaccr B3,5 ~ B100, no CHUIT 52-01-
2003 ot BO,5 ~ B120 (undpa mocre OYKBBI [IOKA3BIBACT TApaHTHPOBAHHOE 3HAYE-

Hue npousocty 8 MI1a).

Kraccer Getona onpeznensioress mo pesynsTaTaM HCIIBITAHHS CTAHNAPTHAIX
KOHTPONTBHBIX 00pasiios, gepes 28 cyTok HOPMaIbHOro TBEPHACHHUA (IIPU TeMIepa-

Type 2022 °C 1 OTHOCHTEIIBHON BIAKHOCTH BO31yXa He MeHee 90%).



beron xapakrepmsyercsa HEORHOPOAHOCTBIO CTPYKTYPHI, M3MEHYHBOCTEIO
CBOMCTB MaTepHalioB, KONEOAHHSIMU T1apaMeTPOB TEXHOIOTHYECKHX MPOLECCOs,
BIMIHAEM HEYYTCHHBIX (aKTOpOB (H3HOC obopyroBanms, TeMIIepaTypa, BIax-
HOCTh OKpYXXaromie# Cpejsl, IorpemHocrei IPH HCHBITAHUAX M T.A.). Bee 310
PUBOZMT K HeONHOPOTHOCTH €ro cmoiicts. Ha O9TOM OCHOBaHHH ITOKA3aTENH
CBOHCTB 6ETOHA MOKHO CYHTATEH BEIMIMHAMY CIIyYafHBIMH, T.€. IPH WCTIEITAHAN
00pasIoB 0xHOro 1 TOro e MaTepuaila Mbl [ONly9aeM pasHble 3HAYECHHS, KOTOpEIe

HE MOXeM npeacKas3arp 3apanee.

0

>}
i
|
i
i-

T

s onenxy cnyaaduex Bemmany HCIIONB3YIOTCA CTATHCTHYECKHE XapaKTe-

— R
PHUCTHKY: CpEIHEE apuMeTHIeCKoe ~ R = Z'—
n

P2
CPEIHEKBA/IPATHYECKOE OTKJIOHEHHE - S, = W/EQ&Z;Q—
n —_—

¥ Koo unuenT papuarpu - v = %&

rae R; — npousocTs i-ro obpasna;
N — KOJIMIECTBO 00pa3oB;
Hocnenuue nse xapakrepucTku S u v HCIIOJIB3YIOTCS JUIsSl OLEHKH OJIHOPOA-

HOCTH CBOHCTB OCTOHA M 3aBUCAT OT pastipoca, T.c. OTKIIOHEHHS NAHHAIX oT cpex-

Hero 3nayenws. Yem Oonbime pasbpoc HaHHEIX OTHOCHTENIHLHO CpEIHEro, TeM

Oonpnre 3HaYeHNI S ¥ v, TEM MCHBIIIE OTHOPOIHOCTE OeTOHA.

Knacc 6emona no npounocmu —~ 310 rapaHTUPOBAHHOE C 06ECIICYEHHOCTHIO

0,95 3Hayenme NPOYHOCTH 33 KOHTPOIMPYEMBIA HEPHOJ, NMPHBENEHHOE K HOMH-



T Gpeaced,
HAJLHOMY pSZTy j/4TO MPOYHOCTH GEeTOHA Py GONMBIIOM YHCIIe HCHBTaHmi B 95%

ciaydaes OyneT paBHa WM 601b0Ie FapaHTHPOBaHHOM, 2 B 5% - MeHbIIE.

Knace 6erona u cpenumii KOHTPONHPYeMBI# YPOBEHb HNPOYHOCTH R, mpw

KOTOpoH Oyner ofecrmedena rapaHTHpOBaHHAS IPOYHOCTH, CBA3aHBI 3aBHCHMO-
CTBIO:

B=R(1-tv),

/e 1 — CTATUCTHYECKUH KPUTePHH, KOTOPHI npu 95% obecneyennocTy pa-
BeH t = ],64.

3uavenne koddduumenTa BapHanuyu ONPEICIACTCS IPU CTATHCTHYSCKOM
KOHTPOJIC NPOYHOCTH Ha IPEANPHATHH, & UPH OTCYTCTBHH JAHHBIX IIPUHHMAETCS
PaBHBIM CPEAHEOTPACICBOMY 3HAYCHHIO paBHOMy 13,5% (0,135). I'lpu atom cpex-

H3s1 IIPOYHOCTH COCTaBUT:

B B B

ﬁ = - = .
I-tv 1-164-0135 0,778

menHo BenuumHA CpemHero KOHTPOJNMPYEMOI0 YPOBHS IIPOYHOCTH HC-

HoJIb3yeTcs 1py noabope cocrapa Getona

3asucumocms npedena npounocmu om pasmepa o6pazyoe
IIpu nenblTaHuy Ha cKaTHe MOTYT OBITH MCIIONB30BAHEL o0paznsl KyOsl ¢

pasmepom pebpa (a) 70,7 mm, 100 MM, 150 mm, 200 mm, 300 MM (a24Dy,00), a Tax-

KC HPH3MBL M MIIXHAPBI PAa3IHIHEIX pa3MepoB. 3a 6a30BbIi o6pasen IpHHAT Ky6
L ¢ pasMepom pedpa 150 mm.
Tpo4YHOCTS, MONy4eHHas B pe3yib-
TaTe UCTIBITAHMA 00PA3LOB APYTHX
(opM 1 pasmepoB, IPHBOIMTCS K
0a30B0if ¢ IOMOLIBIO MACIITA0HBIX

K03()HIHCHTOB,

/mi ;’5“0 (45
[R}wgzk‘Rai 5 AJA a=100 mm -k = 0,95



Bausnue ceomempuu oﬁpa:;ua Ha 3Ha4enue npoynocmu

R, Ry, (R.) — xybuxopas npusocts
Rup (Ryy) — mprsmennas npouanocts

Ry (Rei) — nunmumnposas IIPOYHOCTS
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KyOUKOBas IPOYHOCTD
JUTSL IPOMBBOJCTBA

Ee—(
IIPA3MEHHAs IPOYHOCTH
JUISE KOHCTPYKIHH

=

]
)
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OcobenHocTi0 GeTona oy Harpyskoit sBisercs TO, YTO IPH CIKATHUH OH
PaspylmIaeTcs OT PACTATHBAIONMX HaNpsUKEHUit B HANPABICHUN HePIIeH UKy ISP~
HOM IEHCTBHIO CKMMAIONIHX yoummit, B toxe Bpems MEXIy HOBEPXHOCTSMH ITIH-
THI TIpeCCa U pabOYMMHU TIOBEPXHOCTIMH 06PasIoB JEHCTBYIOT CHIIBI TPEHHS B 06-
PATHOM HallpaBIeHHN PaCTATHBAIOMAM yCHIIHAM. Y BOTH3H OBEPXHOCTH compu-
KOCHOBEHHS IPe0OIafalOT CHITbI TPCHHSA, & 10 MEpe YIANEHHS OT Hee - pacTsru-

BaroIme yCHUIINsL.

Ioatomy npusma naer Gonee peanbhbie 3HAYCHHS NPOYHOCTH IIPH CIKATHH.

Kap

R i

Kyr-ecTh BeIMHYMHA TOCTOAHHAS

Ryp= 0,783 R,

Mesxaty obpastamu-Inuspamy 1 KyOKaMH CYIIECTBYeT 3aBHCHMOCTb

Ry = 0,8 Ry, T.¢ MEXY MPIHOCTBIO ANMHADA M TIPU3MEL MOXKHO IIOCTABHTE 3HAK

«=» (pa3HuIla cocTaBaieT =~ 7%).



Bruanue cropocmu nazpyscenus na SHAYeHUue nPoynoCmuU

do/dr — cKopoCTh mpHITOXeHus Harpys3Ku

R

£ s =
) &

CrannapTHas CKOpOCTb IPHIOKEHHS Harpysku 0,2 — 0,8 MIla/c ¢ obmum

BpEMEHEM UCTIBITaHUA He Meree 30 ¢ (2>30 c).
Ecnu cxopocts Harpysxenus Bospacraet, To BO3pAcTaeT ¥ 3Ha9EHUE Mpod-
HoCTH. 1IOBBIIEHHE IPOYHOCTH NPH YBETHYEHHH CKOPOCTH HarpyKeHHs HazbIBa-

€TCA MHHAMUYCCKHM yrnpo4yHenneM. KosbdyuyenT muuaMugeckoro YIPOYHEHUS

PACUHNTRIBACTCS, KaK OTHOUIEHUE IIPOYHOCTH IpH GI:ICTpOM IIPHIOXCHUN HarpyskKu

K CTaHIapTHOMU:

ky =4 =1,05...2,5
[R],
3Hadenne ko3(Q(HUIMEHTA 3aBHCHT OT BIANKHOCTH obpasua. YeM Bbie

BI&KHOCTD, TeM BEILIE 3HAEHHE KOOQ(HINEHTA JUHAMUYECKOTO YIPOTHEHS.

OcuoBnoii 3axkon npounocT Gerona
OKCIePUMEHTANBHBIMY HCCTEJOBAHIAME YCTAHOBIEHO, 9TO IPOYHOCTH Oe-

TOHd TJIaBHBIM 06pa30M ONPEREIACTCH OTHOIIECHHEM MACCHI BOJBI K Macce neMmen-
Ta (BOHOH@MGH’I‘HHM 0THOIH€HPI€M), Ka9€CTBOM 3AIIONHUTENEH ¥ AKTHBHOCTBIO

OQCMCHTA,

Hiis monydeHus ynoGoyKIaasBAeMBIX GETOHHBIX cMmecelt OPUHAMAIOT BO-
noueMenTHOe  oTHomeHme B/I1=0,4...0,7, To ecTs Pacxol BOIBI COCTABISET
40...70% B TO BpeMsI, KaK [Isl MONHOH IMIPATALIAH [IEMEHTA HEoOXOMMO OKOJIO
22% Bogwl oT Macchl eMeHTa. M36kTouHas Boa, UCTIapdasace obpasyer B OeToHE

TIOPBI M KaNMJLLAPBI PA3IMYHON (OPMEL U pazMepoB. To BiedeT 33 coboil CHInKe-



e npourocTn Getona. 3asucmumocts Ry=f(B) mpu I1- const mveer CIIE YOI
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Bopt Pacxox Boywr

Jlesprit (Bocxomsumit) yaactox COOTBETCTBYCT M3MCHEHHUIO TPOYHOCTH He-
Y060y KIagRBaeMBIX OETOHHBIX CMECEii. Henoynnotnenue 6eTonH0i cMecH Npki-
BOZUT K 00pa3oBaHmio B GeTOHE KpPYIIHBIX BO3MYINHBIX MYCTOT, HEMJIOTHOCTEH,
CHIDKAIOLINX MPOYHOCTH GeToHa. 1o Mepe yBemmueHns KoImuecTsa BOIBI, yaobo-
YKIafbIBAEMOCTE  GETOHHBIX CMecell ymydmaercs. MakcumansHoe 3HaueHme
TIPOTHOCTH JOCTUTACTCS IPH ONTUMATBHOM KONHYECTBE BOJLL, IIPY KOTOPOM JOC-
TUracTCs MakCHMallbHasl INIOTHOCTh CBEXKEYIOKCHHOM CMeCH IIPH JIAHHOM CIIOCO-

6e yrnoruenus.

YBenuuenye pacxoa BOAB! CBEPX ONTHMAIBHOTO IIPUBOJIUT K 00pa3oBanuio
B OeTOHE GONBIIOrO KONHIECTBa KalMIUIPHEIX 0P, YTO HPUBOJHT K CHUKEHHUIO
MPOYHOCTH OeTOHA( IPaBbIil HUCXOAALIHI YUACTOK KpUBOif).

BrisBiiens! KONMHYCCTBEHHBIC CBSI3U MEXIY ITOKazaTensMy IIPOYHOCTH U OC-

HOBHBIMH (i)ﬁKTOpaMH, KOTOPEIC OIIMCBIBArOTCS Pas3IMYHEIMH SMIIMPHYCCKUMHU

bopmynamu.
bonee ynobuol i npuMeHeHUs Ha NPAaKTHKE SBISETCS dopmyna, BeIBE-

AeHHas mBeiuapckuM yueHsM M. BonomeeM, ycoepruencreopannas B.I. Cxpam-

TaeebiM. Oynxnus Ry=f(Ll/B), Moxer ObITh NpefCTaBICHA IMHEHHBIM ypaBHEHU-

€M, Ha3bIBaeMbIM (opmMyIoil bonomes-Ckpamraesa;

szARu (I—UB + E) ’



rae A ~ Koo(hOUIUEHT, yIUTEHBAIOIII KaYecTRO SaIIOJHUTENEeH U ocoben-

HOCTH cocTaBa 0ETOHA;
Ry — axtusHOCTS HemenTa, MITa;
LI - pacxox nemenra B 6eTonmo} CMECH, KI/M";
B-pacxon Boasr B 6eTonnoi cMecH, JI/M3;
b - sMnmpuyeckuit KOd((HUUHEHT, ONpeesle MBI ONbITHBIM Iy TEM.

OMIHPHYECKas 3aBHCHMOCTD Ry=H1/B), moctpoennas mo pesynbTaram
MHOTOYHCICHHBIX OIBITHBIX MAHHBIX, OMUCHIBACTCS KPHBOH CIIOXKHOI'O OYepTaHUs,

UMEIOWeH TOUKy nepernta npu LB pasrom UpHAMEpPHO 2,5.

 Ry=ARI)/B+0,5)

Ry=AR,(I}/B-0,5)
: . : - :

-0,5 0 0,5 1,0 L5 20 2,5 3,0 1B

-+

.
L3

\ pounocts Gerona ma cxarue

Taxo¥f xapakrep m3Menenus IIPOYHOCTH OT LE€MEHTHO-BOJHOIO OTHOIIEHUS
MOXHO OIIUCATh JBYMS YPaBHEHUSIMHU;

Ry=AR, (LB -B) npu 1I/B<2,5;

Ry=A'Ry (/B + B) npu LI/B>2,5

I'padwaecku 5T ypaBHEHUA MPEACTABIIEHBl OTPE3KaMU NPSMBIX, Ha3biBae-

MEIX JIMAUAMA CITIAKHBAHNASA SKCIICPUMCHTATIbHBIX HaHHBIX, AMCIOIIUX PA3HBIC YT-

TTbl HAKITOHA K OCH a0CIJICC ¢ M @ COOTBETCTBEHHO. YTIHI HAKIOHA 3ABHCAT OT

MHOTHX q)aI{TOpOB, B YaCTHOCTH OT aKTHBHOCTH HCMCHTA M Ka4eCTBa 3alIOJIHHTC-

nedl. AKTHBHOCTH IIEMCHTA YUMTHIBACTCS B YPaBHEHMH IIPOYHOCTH, KaK abCoNIoT-



Hafd BEJMUMHA, 8 KAY€CTBO 3allONHUTENeH H 0COBSHHOCTH cocTaBa HEToHa YUHTEI-
BAIOTCA C IOMONIBIO KO3 uiienTos A u A’ KOTOPBIE NPEACTARISIOT co6Goi Tan-
TeHe yria HaKJIOHA JIHAA CTIIaXUBAHHS K ocH LI/B.
B nammeix ypasmenmsax smavenume kospdunmenta B, onpexenennoe mo CTaTHCTH-
€CKHUM HaHHBIM, YUCIIEHHO PaBHO 0,5, 3Havyenns KO3 dbunmenToB A 1 A’ onpene-

JHI0TCH IO Tabnunam.
Dopmya bonomes-Cxpamraepa CopaBelumBa 11 28 cyrogHOro BO3pacTa
Oerona.
Buae! npounocrn Gerona IPH CIKATHRA

IManonnas npouHoCmb - OCHOBHOM TIOKasaTeNb KayecTBa 6eTOHOR 061me-

CTPOUTENLHOTO HasHaweHus . OIpPeNeNseTcs B 3TaIOHHOM BO3pacTe:
- 28 CYTOK TS IIOPTIIaHAIEMeHTHELX 6eTOHOR 0bImecTponuTeTEHOro Ha3HAYCHH,

- ALt CHEeUMaTbHEIX O€TOHOB Wi GETOHOB Ha APYTUX BKYIIAX MOXET Olpe/ie-
JTBCA B IpyTHE CPOKH, Hanpumep, 180 cyrox — ms THAPOTEXHUYECKUX GETOHOB,
OXCIyaTHPYEMBIX B IIPECHOH BOZE; 3 CYTOK — /19 6eTOHOB Ha TIIHHO3EMICTOM

HEMEHTE U T.I.

Ilepeoamounan npounocme — TIpEIIe] IIPOYHOCTH IPH KOTOPOM IIPOH3BO-
AWTCS IIepe/iata yCUITIA IPeABAPUTEIHHOIO HATIPSIKEHHS apMatypsl Ha OETOH B

OPpEaABAPUTECIIBIHO HanPsOKCHHBIX XKene300eTONHBIX KOHCTPDYKIUAX,

LP p

O V723

ST 7 s :7A_ 774—/

i
B Taxmx KOHCTPYKIMAX MEHBIIE NPOrHOOB ¥ TPEIIKH.

IMepenarodnas mpOPYHOCTLCOCTABIAET He MeHee 50% 3TaTOHHOMN, HO HE MeHee

11 MITa.



Omnycknas npounocmey — TPOTHOCTE GETOHA, IIPH KOTOPOIT paspeinaercs
OTIPy3ka u3nemui notpebureio. Ipu srom HPOU3BONUTEIH TAPAHTHPYET NOCTH-
KCHHE OTAIOHHBIX TOKazaTeNeH GeTORA B STATOHHOM BO3pacTe. YcranapimBaercs
70, 85, 100 % ot sranonHO# 1 yKkasbiaeTcs 6o B 'OCTe, mubo B TV Ha JaH-

HBIH BUI KOHCTPYKIIHH, 4 TAKIKE C YHETOM CpPOKa BBOJIA M3MEIIUs B OKOHYATETEHYIO

OKCITYaTaIHIO.
R | v
{/570 _ 7 B ocenne-snvuuii neprog 310 3HaveHRE
HOBBIIACTCS Ha 1 CTyIeHs (eciy retom
70%, T0 3uMOi#t 85%, ecu 85%, T0 100%,
N
S0y ; | ecin 100%, To 100%).
: t

~g¢ ABT, )
Pacnanybounas npoutioems, AOCTATOYHAS TS M3BJICHEHUS U3ACTNS U3

(OPMEI B JUIS BBITOMHEHHS TPaHCIOPTHO-CKIACKIX onepariuii 6e3 HoBpex aeHus
A3ienus (CTaHapTOM He POIAMERTHPYETCS, TIOZ KaXI0¢ H3LEINE CBOE 3HAYCHHE,

B cpenHeM cocrasiser 40- 60%).

Ipenea npounocru npu PacTsLReHHH

ABrsteTcs OCHOBHBIM MOKasaTeleM KauecTsa GeToma VIS KOHCTPYKIMH, B
KOTOPEIX B TIPOLIECCE SKCIUTYaTalliy HETONMYCTHMO obpasoBaHye TpemyH B pabo-

qen 30HC, a upeaBapHuTeiIbHOe HAIIPpSIKCHUE HEeBO3MOXHO MY SKOHOI'MHYECKH He-

uesiecoobpaszno (IIOTHHEIL, TPYOEI, Pe3epByaps! ¥ T.1.).
Hopmupyercs xraccamu B0,4 - B4,0 (uepes 0,4 MITa). Onpenensiercs HombITamy-

eM 00pasIOB «BOCKMEPOKY Ha PasphIBHOM MalIIHiHe.,
[Ipounocts npu pactsxennu 3asucur:
- OT IIPOYHOCTH Ha PACTSKEHHE NIEMEHTHOTO KaMHSL;

- OT IIPOYHOCTH Ha pacTsKeHUe 38HOJ'IHI/ITCJIGI\;I;

- OT CHCIUICHUA MEXIY LEMEHTHBIM KaMHEM U 3alfONHUTEIEM, BeIHYHHA

cuemrenus Rg, = 0,1...0,9 R, .



B 3aBucumocti ot ocobeHnoCcTeH SallONHUTENICH B COCTaBe HETOHA BO3MOMK-

HBI TP CXEMBI Pa3pyLIeHH:

1) Paspymenune npowucxonur no [EMEHTHOMY KaMHIO W KOHTAKTHOH 30He
MEXY HEMEHTHBIM KaMHEM U 3aIiOJHUTeIeM (TsKeble 6eTOHBI HI3KMX
M CPEIHHUX KIIACCOB, Korna R, , < Risan); ﬁ/zf

eI
.. )

2) Paspymienue IpouCXomuT no KOHTaKTHOU 30HE ¥ 3aIlONHHUTENO (Jerkue
GETOHB! HAa MOPHCTBHIX SAIOTHATENAX, BEICOKOIPOYHEIE GETOHBI KIACCOR
>6O MHa, KOF}I& REHK > Rt 3an); (f'}/ il

o &
3) Cmemannoe PaspylICHUE H IO EMEHTHOMY KaMHIO, ¥ 1O 3aIIOTHATEIIIO,

1 TI0 KOHTaKTHOM 30He (korma Ry ~ Ry o = Reen)-

A nosslenns mpourocTy GeTona Ha pacTskenne HeoOXoMuMO:
- CHIXaTh B/L];

- youpath neeKTsl U3 KoHTaKTHOMN 30HEL

- HCIIOB30Bar R, <R, ., BB NPOYHBIN, YUCTHIH 3aNOIHUTENR, obecre-

HMBAIOIIMH XOPOIIee CUEIICHAE ¢ [{EMEHTHEIM KamHeM,

B3atm0(,‘8}l3b RpoOYHOCHIU RnpU pacmaricenuy u RpOYHOCMU npu coxcamuu

IIpocrocts Ha PaCTDKCHUCTIPIMEPHO B 15 — 20 pa3 meHbnre IIPOYHOCT™Y

HPH CKATUH.

P

— R;=0,29 R0‘6(3M11epnqecxa;1, o
7 Pe3ynbTaTaM MHOTOYHCICHHEIX

3KCIIEPYIMEHTOB)
Ri=0,5 R*? (bopmyiia Pepe,
cnpaBequBa ;s 0eTonos go B40)

R

Ilpenen npo4HOCTH HA pacTsKenHe Npu H3ruGe

/IBIACTCA OCHOBHBIM I0KA3aTENEM KAYECTBA CUCLMANHHBIX SETOHOB ML

KOHCTPYKIWH, MO/BEPraioINXCs MPH 3KCIUTYaTally M3THOY, H B KOTOPEIX MOSE-

JIeHHe TPeLHH HE JOIYCTHMO, a IPEIBAPUTENHHOE HAPIKEHUE HEBOIMOXHO HUITH



Heuenecoobpasno. Asnsercs oaHaM w3 TOKasaTened HasHaYeHws (IIoxasaTeneif
KagecTsa) GETOHA JUIT JOPOKHBIX U a3pOJIPOMHBIX ITOKPHITHIA,

Ilpoynocts Ha pacTsxenme IPH H3rube HOPMHPYETCS Kiaccamu By0,4 -
B3,0 (epes 0,4 MIla). Onpegesnstiior myTeMm ucmsITanyis IPA3M KBaJpaTHOIO ce-
4eHHs. Pasmeprr oOpasios 3asucsT or HanGonbIIei KPYIIHOCTH 3€peH 3al0JHUTe-
78, VicnbiTanus MPOU3BOMAT IO cXeMe Gayky Ha ABYX OIIOpax, ¢ MPHIOXKEHHEM
ABYX COCPE/IOTOYSHHBIX CHII Ha Y5 Hponera.

By = kB, (k=1,3....1,72) u 3aBucut or MHOMMIX thaxTopos.
P p.
i !f

';

VB % s
£




Jlexuus S. IlpoexTpoBanue cocrasa Gerona

Ienp npoekTHpoBaHUS cOCTaBa GETOHA — YCTAHOBHTH TAKOE COOTHOLICHHE
MEXAY KOMIIOHEHTaMH, KOTOPOE MO3BOJSIET 00eCIeUUTh TpeOyeMble TeXHONOTH-
4eCKUe CBOUCTBA OETOHHOH CMECH W HOPMHpYEMbIe ITOKa3aTeNH KauecTBa OeTOHa
B YCTAHOBJICHHBIC CPOKU NPU MHHHMMAIBHBIX MAaTEPHANBHBIX M DHEPreTHUSCKHX

3arparax.

JUist obecrieyenns SKOHOMUYHOCTH 0ETOHA, KaK MPaBHIIO, CTPEMSTCA TOJY-
YUTh OETOH C MMHUMAJIBHBIM PAacXOOM IIEMEHTa, TaK KaK ITOCIEeIHHN SBIfeTcs
CaMBIM JIOPOTOCTOSIIMM KOMIIOHEHTOM. KpoMme TOro B IEMEHTHOM KaMHe IIpOoHc-
XOJUIT ycafo4Hble fedopMaliuy ¥ KaK IPABUIO UMEHHO IeMeHTHBIH KaMeHh IOJI-

BEPKCH KOPPO3KH, CACHAOBATEIIHHO 3TO OJJUH U3 (baKTOPOB JOJIFOBEYHOCTH OeToHA.

Tpebopanus kK NpouHOCTH OETOHA, @ B HEKOTOPBIX CIy4asX, B COOTBETCTBHA
¢ YCIOBHAMHE IKCIUTyaTalluH, B K JPyTUM CBOMCTBaM 0eToHa — MOPO30CTORKOCTH,
BOAOHEIPOHKMIIAEMOCTY, KOPPOSHOHHOA CTOMKOCTH M JIp. YKa3bIBAIOTCSA B IIPOEKT-
HO-TEXHHYIECKOU AOKYMEHTALMH Ha KOHCTPYKIHIO.

Y noboykinaapiBaeMocTh OSTOHHON CMeCH, eCId OHAa He 3alaHa, clenyer
naszHadats no CHull 3.09.01 "IIpoussoactBo cOOPHBIX kKene306¢TOHHEIX KOHCT-
DPYKIMI ¥ W3AEMH" B COOTBEICTBHH CO CriocoOoM (DOpMOBaHMS U BHUIOM KOHCT-

DPYKIHH.
3
Cocras derona BEIpayxaroT B BHIC Ppacxoda MarepHasaos IO Macce Ha 1 M

Gerona (manpumep, 11=320 kr/m’; B=180n/v; TI=680 kr/v’; 111=1240 kr/M’ ) min

B BHJie KOTMYCCTBEHHOTO COOTHOIIEHHS O Macce WK 00BeMy COCTABIAIONIX 1O
otHOmeHHIo K IieMenty (Hanpumep, I:B:ILI1=1:0,6:2:4).
ITopaodok pacuema

1. BriGop u OlleHKa Ka4ecTBa CHIPHEBEIX MaTepHaiIoB.
2. PacueT BeJMYHHBI HEMECHTHO-BOJHOTO OTHOMISHHUS, 00eCTIeYnBarOLIe-

ro NoJyueHHe 0eTona 33 aHHOM MPOYHOCTH.



Jst 3T0T0 BHAYANE HEOOXOMMMO PacCcInTaTh 3HAYCHUE CPENHEH ITPOIHOCTH

berona mys 3ananHOTO KNacca GeToHa Ho NPOYHOCTH Ha CKaTHe 110 dopMye:

1-tv  1-1,64-0135 0,778

b

Hane ¢ momompio (Gopmymns: Bonomes-Cxpamraesa mponsBoauM BerdaucITe-

HHe 3HayeHus [1/B:

]_[/B:

Ry, , 5
AR,

Heobxonumo crpemuthcs nopbupats coctassl GeTona ¢ L/B<2,5

R,
= +5
B AR

7
Eciu paccuntannoe I/B>2,5, 10 HE06X0MMO Ipe IIPHHSAT CIEYIOIIHE
MEPOINIPUATHA;
- IPUMEHHTH LIEMEHT OoJiee BEICOKOH MapKH (aKTHBHOCTY);

- IIPUMCHUTS 3aNI0JTHUTCIH Gonee BEICOKOIO KadecTna,

- 002 MEpOTIPHATHS BMECTE;

- €CTIH He MOMOTIaeT, TO IepecunTars 3Hadenne 1/B no dopmyie:

R6
AR

Y

- b

I/B =

1lposepka. Ilo ycnoBmio CHHTHOCTH OeToHa 38aueHue LI/B>1,33, ecnu »To 3Hade- ..
HUE [IoJydJaeTcss MEeHbINE, TO LeNecoobpasHo NMPHMEHUTH LEMEHT ¢ MeHblIeH ak-

TUBHOCTEIO, 100 npuHats [I/B=1,33.
Ecmy U1t TBEpAEHHS NPELyCMOTPEHa TEINIOBNAaKHOCTHAS 00paboTka OeTo-
Ha, T0 1A obecredenns Tpebyemol npodroctH OeTona mocte TBO HeoOxommo

paccunrhiBath 3Ha49eHue (LI/B)ro mo opmyne Kaiicepa:



/B~ R +38
¢0,23- R +10°

rae R,™°° — CpemHAs MPOYHOCTH OEeTOHA
nocae TBO, MIla;
R,™° — axtuBHOCTE HIeMenTa pu
ponapuBanuy (TacnopTHAs
XapaKTePUCTHKA LIEMEHTA).

TBO A8 T
Ilpu OTCYTCTBHE (GaKTHYECKHX JAHHBIX 05 aKTHBHOCTH LEMEHTA IPH IpoiIa-

pusaruu R, °= ,,, - R,
TI€ Kyx — KOSQOUIHERT 3 dexrrraocTy npu IPONaPHBAHUH — IIACHOPTHAS XapaK-

TepucTHKa HeMenTa (Kq= R, 20 / RM28
I-Ky20,67;11-0,56 <K, <0,67; 1T - K, < 0,56).

3. Ompernenesue OpHEHTHPOBOYHOTO BOJOCONEpKaHUg OeTOHHOU cMecu
(pacxona BOABIN) IPOU3BOJMICS B 3aBHCHMOCTH OT TpyOyeMoii ynoboyknaasisac-

MoCTH OETOHHOM CMecH U BOAONOTPeGHOCTH BAXKYILEro 1 3aIIOMHHTENCH.

3.1 Tlo TabaunaM HaxoMuTCa 3HAUECHUE BOZIOCOJIEPXKAHUS B 3aBUCHMOCTH OT
MapKu OETOHHOH cMecH 110 yroboyxinansmaemoctu ([T wrx XK), or Brzna KPYIIHOTO

3anonEuTeNs (IebeHs Win Tpasuit), a TaloKe ero HauboNbIIeH KPyITHOCTH.

3.2 Jlenaercs nompaska, yYMTBIBAIOMIAsS BOZOIOTPEGHOCTH BSIKYINENO IO
HI'. Tabnuna cocrapnena g HI'=25%. Ha xaxasiit mponent usmenenvs HI B Ty

3
MM HHYIO CTOPOHY BOJOCOAEpXKaHUe H3MeHIeTCsH Ha £3-5 j1/M°.

3.3 Jlenaetcs nonpaBKa, YYHTBIBAIONIAS BOTONOTPEOHOCTE IECKE, KoTopas .

3@BHCHUT OT €ro KpYHHOCTH (MOJAYJA KpynHoctu M,). Talnmua cocrtaBiieHa s

rreckoB ¢ M,=2,0. Ha xaxxasre 0,5 usMeneHns MOIyNst KPYIIHOCTH B TY WM WHYIO

. 3
CTOPOHY BOOCOHEpKaHue OETOHHON cMecH u3Mensercs Ha £ 3- 5 /v’

3.4 Jlemarorcs mOTpaBKY, YYMTBIBAIOLIHE HOBBIICHHBI Pacxol LEMEHTa

(cBeiuze 450 Kr/M3) 1 IOBLIIIEHHBIH pacxof necka (caaie 700 Kr/M3).

3.5 [lenarorcs MONpaBKy, YIUTHIBAIOMIHE TeMitepaTypy 6eToHHol cmecy. Ha

u 3
et °C cebime +23 °C pacxog BoAB! YBEIMIUBASTCA Ha 1 /M.



Pacxon Bonsl B OeTOHHBIX cMecsx xonebnercs ot 140 no 230 /M. Cumecn
MapKu IT 3 u BBIIIE TOMKHE! H3rOTABIHBATECS TOABKO C IIPUMEHEHNeM TacTuhu-
Oupyromux 1obasok. 3anpemaercs monygars cvecr 114 u 11 5 yTeM Ko0aBeHus
Boabl. Ecim Geton Gyxer skcIlyaTuposathes B CYPOBBIX YCIHOBHSIX (MOpPO3), TO
B<200 /x’ |

4. IlponsBomuTCs pacdeT pacxoaa LEeMeHTa ¢ Y4eTOM HaHACHHBIX 3HAYCHUN
1I/B u B: I'=1/B)B

Ionyvennsie 3HaueHRe pacXona IeMEeHTa HEOHXO0MIMO CBEPHTH C HOpMa-
TuBHBIME TpeGosannsamu ['OCT 26633 o MumuMansHOMY pacxony eMeHTa, Ko-
TOPBIH HASHAYAETCS B 3aBUCHMOCTH OT XapaKTepa apMEpPOBAHUS KOHCTPYKLUH,
YCIIOBHH SKCIUTyaTalliH U BHA LIEMCHTA.

. 3
MakcnmanbHbIi pacxo HEMEHTa He JOIDKEeH IpeBbiaTs 600 kr/m. JTum-

HUH HEMEHT OPTHT OeToH. B 6eToHax o6ImecTpouTenbHOr0 Ha3HAYEHUS PEKo-

MeH0BaH pacxon LI<450 kriv’, 11>450 xr/v’ - B 6eTomax celuansHOro HasHaye-
HUSL

5. Pacuer pacxoya 3anonuuTeneil Ipou3BOARTCS 0 METOIY aBCOMIOTHEIX
06BEMOB. DTOT METOJ| HPENoJIaracT BHIIOHCHIE ABYX YCIOBHIL:
a) CcyMMa abCONIOTHEIX 06BEMOB BCEX KOMIIOHEHTOB B YILIOTHEHHOM COCTOSHUN

pasaa 1000 1 (1 M°)

£+B+£+ﬂ=1000,
pz/ Ly pu;

6) HeMeHTHO-TIeCUaHbIi PACTROP NOIDKEH 3aIIOIHUTH BCE IyCTOTH B KPYITHOM 3a-
HONHUTENE C YIeTOM HEKOTOPOH PasABHIKKHY 3€pEH STHM pacTBOPOM
(W/pw) + B+ (IVpn) = Vi 0(/pn)

3,
rae L, B, I, II] — cooTBETCTBEHHO pacxox LIeMEHTa, BOIEL, IIeCKa U IebHs, KI/M ]



Pw, Pns Pm — COOTBETCTBEHHO HCTHHHAS IIJIOTHOCTE OEMEHTa, IIeCKa U INIOTHOCTD

me6Hs B KycKe, I/cM’.
Vi, ~— DyCTOTHOCTD KPYITHOTO 3aII0JHUTENIS,
Pun— HACBINIHAS IIOTHOCTE KPYITHOI'O 3aIIONHUTENS, K/,

0. — KOI(QYUUNEHT Pa3/IBIIKKHA 3¢PeH KPYIIHOIO 3aITOTHUTENS TOKA3LIBACT BO

CKOJIBKO pa3 00heM PacTBOPHOM COCTaBIISIONMEH PEBEINACT O6BEM IIyCTOT B

Vv
mebue: ¢ = —-Ff

j

ny
HiYy

0~1,05 — 1,6 Yem Gonee ynoboyxnansizaemas CMECh, TEM BBIIIIE ¢, HO YeM GOIh-

1€ 0, TEM BBIIIE PACcXOJl [IEMEHTa.
PermiennemM cHCTEMBI BYX ypaBHEHIH TIONy4eHbl pacyeTHEIE bopMy B! mist
pacyeTa pacxoj0oB 3aTIONHATENEH B KI/M

1000

w: nuy _I_
pnzu pu;
= (1000- L _p- &y,
pl‘ pu{

Iposepka. 1) B nopmanero#t GetoHHON cMecu pacxop weGHs coctasiger 1100 —

1500 xr/m’. A
2) OrrocuTensHasA OGbeMHas KOHIEHTPaIus MeGHs OmpeeNsiercs 1Mo GopMyIie
iy
p=—.
10 u

B wopmanesom 6etore 0=0,39 - 0,5. Ecau ¢<0,39, To 510 ManomebeHounsIi min

3anecoueHHsH 6eron. Ecmu ¢>0,5, To s10 Heynoboyknamsisaemas cmecs. Eciu

CMeCh JIOMKHA OBITH mepexauuBaeMoi, 1o ¢ <0,45. PanmonansHoe 3HAaYeHHE

¢=0,42 — 0,44,



Ilpoeepka npasunsnocmu pacuema
1. Onpenenenue pacyeTHOro 3maueHus CpenHel IUTOTHOCTH GeTOHHOL
CMECH Pse =L +B+I(I+1T.
Hisa o6BIMHBIX TSKeIbX GETOHOB CpeNnsis IUIOTHOCTE OeTOHHOH cMecH co-

craBiger 2350 - 2500 xr/v’.

2. TIpoBepKa CIIHTHOCTH CIPYKTYpbl. HeobxomuMo yGemuThes, UTo Kommuecrsa
HEMERTHOI'O TeCTa XBaTUT [ULA 3alI0JHEHAS BCEX IIYCTOT B NECKE C HEGOTBIIUM U3~

OBITKOM:
Vom > 105V *

rae Vi -00beM HeMeHTHOTO TecTa, Ji; Vi = 4, B;

Py
* . 7
Vin - 00BEM IycTOT B Iecke, 11 V7 =095, —
le’I
TI€ Vy, — MEX3EPHOBAS IYCTOTHOCTE TecKa v, =1— 2o
Py

0,95 — xoaddunument, yuursiBaromuil yMeHbIeHne 06BeMa IyCTOT B IIECKE NIpHU

VIUIOTHEHUH.
3. OnpezeneHre pacueTHOrO 3Ha9eHNs 06BEMA BOBJICYEHHOTO BO3JyXa

BB=qo00-H _p M 1,

p!{ pR{ pll
B Oetonurx cmecsx Ges BO3JYXOBOBJICYSHUS 3HAYCHUE BEIUuUuHBI BB
momxHo crpemuthes K 0. Ecnm momyyaercs +20 n/M°, To a1o pe3yJbTaT OKpPyTie-

HHUH 1IPY BEIYUCICHUIX.
Koppexmuposka cocmasa 6emona no pezyivmamam 1a6opamopHvix

UCRBIMAHUI

1) Bemonmstercst pacder coctaa Ha TpeGyeMyro npodrocTs 6erona (LU/B),.

2) PaccunThIBarOTCS ellle JBa HOITOIHHTEILHEIX cocTaBoB ¢ LI/B na 10-15% 605-
mre ¥ meusline (I/B)=1,15(1/B), 1 (/B ),=0,85(L/B),.

3) PaccunTIBAIOTCS PacXOfbl MATEPHANOB KaXIOTO COCTaBa Ha JabopaTopHbiil

3amec V,=7 J1. Jlenaerest 3aMec ¢ HCTOb30BaRMeEM CyXuX saronuuteneit. [lpu BbI-

TONHEH}H 1a00PATOPHOTO 3aMeca OCYIIECTBIACTCS KOPPEKTHPOBKA [IOABHKHOCTHA



beTonHo# cmecH. Eciu HYXKHO YBeTHIHTS TIOABHKHOCTB, TO TOOABIAEM BOMEL, T.€.
yeemmausaeM B/LY; ecnu Heobxonumo YMEHBLINTH, TO 100aBIsgeM IeOSHD U IIECOK
B IIPOTIOPIMOHAIBHEIX OTHOMIEHMSX.

4) B xaxmoM samece ompexensercs (aKkTHYeCKas IUIOTHOCTE GETOHHON CMECH B
yIIoTHeHHOM cocrosuuu (1o I'OCTy).

5) MI3roTaBiuBarOT KOHTPOJIBHEIE 00pa3us! (3 1mrryku).

6) VcneIThiBai0T 06pasiE! H Ompenessior IPEASST TPOYHOCTU HPH CHKATHH JUIS Ka-
Knoro 3navenus LI/B.

7) CTpouTcs JIOKanbHBIA 3aK0H [POYHOCTH GETOHA.

Ka

5B /s),, G KO‘/"/g

3) Onpe,ueme*rca 3Ha eHue TOPOM JIOCTHUTaeTCs 'Ip66yeMI>II/I YPOBEHb
IPOYHOCTH. ( ks J

9) PaccumrriBaeTcs naGopaTopusii coctaB. CocTaB GeTOHHOM CMECH, IPU KOTO-
POM nocTuraercs TpeGyeMslil ypoBeHb IPOYHOCTH © OTKOPPEKTHPOBAHHBIM IIO I10-
ABHXXHOCTH BOJOCOJAEPIKAHNEM, C IPUMEHEHNUEM CYXUX 3aIlONHUTE/CH HA3hIBAETCS
1a0OpaTOPHBIM MITH HOMHHAIBHBIM COCTaBOM GETOHHOH CMECH.

Onpeodenenue gaxmuuecxozo cocmasa Gemonnoii cmecu no
Pe3yiomamam 1a60pamoprsIx UCHOIMaH UL

Pacyer npousBoauTcs ¢ y4eToM $akTudeckol cpeaHell IOTHOCTH 6eT. CMECH.

1 Pacyer daxTHuecKOoro o6veMa 3ameca:
Pse - 1000ax S/
Sy [O0O0
Sm, - —> i~ 180 -
/..me‘ X (V3) LI :»,_7%2 // = ﬁé\ (’ ‘
)my = {8+’
3 :
2 Pacyer pacxona Matepuanos Ha | M° Getona:

V, - .
10001 - x(I) — a:ﬁ"_;ﬁ“l) = g=1000Lp,,,
m,

3



Onpedenenue npou3go0CmMeeHH020 COCMAEa DEMOHA C yUCMOM

GNIANCHOCMU 3ANOJTHUmMEN el

W= my, —m,

n,

W- BIaXXHOCTE MaTepuaiia

Haxongrcs pacxons! BIaXHEIX 3aOTHUTENel:

H“=H[i+ W"}
100

€ 1 W”{
= e
HE =11 1 100
PaccunThiBaeTCs BOJa, COAEPKAINANCS BO BIAXKHBIX 3aIIOHHATENAX
B,=IF-I , B,=ILf-I
IIpon3BOANTCA KOpPEeKTHPOBKa KOMMYECTBA BOBI 3aTBOPEHHSL:
B=B-B,-B,
Onpeoenenue pacxoda mamepuana Ha 06vemM bemonocmecumens
1) IlacnoprHas xapaktepuctika OeTOHOCMeCHTeNsS «00heM 10 TOTOBOMY 3aMecy.’

Pacxon MATCpHanoB Ha o0neM OeToHOCMeECHTEIS m; 110 TOTOBOMY 3aMeCy paccyu-

THIBaeTCA 10 hopMyIie:

mi = i‘VCJI
1000

2) Pacxox matepuasioB Ha «00beM OeTOHOCMECHTENS IO 3arpyske» (macunoprHas

XapaKTEePUCTHKA OETOHOCMECHUTENIS) PACCUMTEIBASTCS CIELYIOIIUM 00pa3oM.
PaccuntsiBaeTcs koa(duuueHT Boixoga 6eronnol cmecu . Kooddunuent

OETOHHOM CMECH ITOKA3bIBACT KaKyI0 HacTh COCTaBIseT 0ObeM roToBoil OeTOHHOH

CMECH COCTaB/IACT IO OTHOUICHHUIO K CYMMapHOMY 06'beMy CYXHUX KOMIIOHEHTOB B

PBIXJIO-HACBIITHOM COCTOSHUH.

vaﬁ,cm/g chxma"r

1000
Pem i

Lo Purg  Poun
B=0,62 — 0,69
VCM:B Vsarp

M

msaep— 1000 et



Tema 6. Binsiaue ycosuii TBCPACHHSA HA NPOYHOCTH 0ETOHA
Jasucumocms npounocmu bemona om epemenu (npodoﬂmume.fzbnocmu)
meepoenun
DopmupoBanue mMpPoYHOCTH GeToHA [IPOUCXONHUT BCIENCTRUE I‘H,nparaunﬁ
MOPTIAHANCMEHTa, KOTOPas MOXET NPOJOIKATECS B TCYCHUE MHOTHX JICCITHIIC-
tui. CienoBatesnsro, B ONarONPHSTHEIX YCITOBUIX POCT TpouHOCTH GeToHa TMpo-

1
HOJDKaeTCsT MHOTHE roaml. - &
¥

R ~

25 zm)
B Bospacre 6etona 1o 28 cyrok sasucEmocTs IPOYHOCTH OT HPOJOIKUTENL
HOCTH TBEPACHNs OTIUCHIBACTCS JIOrapH(PMUECCKUAM 3aKOHOM:

Ry ]gZSﬁ_}R Ry -lgn

R, lgn " 1g28

”n

Jlorapudmuyeckuii 3axon ASHCTBYET IOCie OOGpa3OBaHMS HEpBOHAYATBHOMH
CIPYKTYpBI O€TOHa, T.e. Iocie NpHOGpeTenus GeTOHOM OIIpeNIeNIeHHOoH NepBoHa-

9aIbHOU IIPOYHOCTH (1> 3).
ITocne 28 cyTox HOpMansHOrO TBEPAEHNS 3aBHCHMOCTH IIPOYHOCTH OT TIPO-

JOJDKUTCIIBHOCTH TBEPACHUS B Oonpeit CTCIICHU NOTYUHSIETCH BKCTIOHCHIMAIIb-

HOMY 3aKOHY:

R, = R, exp{bn(l - —%gj]
n

rhe Rys— NpoYHOCTH GETOHA B STATIOHHOM Bo3pacte, MIla;
Ry - TpOTHOCTD GCTOHA B 38JaHHOM BO3ACTe, MIla;
6 — Ko QuIeHT, paHbli 0,2 - 1ig ObicTpo TBepREIOmMX, 0,25 — 719
HOPMAIbHO TBEPACHOMIX, 0,33 — nns Memrenno Teepreromux Gero-

HOB;
7 — BO3pACT TBEp/ieHus OETOHA, CYT.



B reficteutensuocT Temn POCTa IpoyHOCTH BETOHA, 0COBEHHO B paHHeM
BO3pacTe, 3aBHCHT OT MHOTHX (akxTopor:
- MHHEPaNOrIecKOro cocTaBa KIMHKepa;
- TOHKOCTH ITOMOJIa [IEMEHTA;
- cocraBa 6eTOHA, B YACTHOCTH B/IT;

-BU1A ¥ JO3UPOBKH HCIIOIB3YEeMBIX XHMUYECKIX nobasok.

R4

Bausnue memnepamypor meepoenusn na npounocme 6emona

HY

:Rz&

NWI,ZZA:

2,

HY — 6eron, TBepaeronmii B HOPMANBHBIX YCIOBHUAX, T.€. Tpu t=20°

1. berown, TBeprerommit npu £>20°C. Kax H3BECTHO, HaIPEB YCKOPAET XHUMHYE-
CKHC PeaKilny, TeM CaMbIM aKTHBH3UDYET B3aHMONICHCTBHE BOME! I LeMEHTA I yc-
KopsieT TeepieHHe GetoHa. ONHAKO, PH IIOBBIIICHHEIX TeMIIEpaTypax Hapsgy c
TIpOLECCAMH  CTPYKTYPOOOPa3OBaHHs TPOUCKOIAT ACCTPYKTHBHBIC IIPOLIECCEL,
LPHBOJSIINE K CHYDKCHHUIO IIPOYHOCTH 10 30%.

2. beron, TBeprerommit mpu t<20°C, wo t>0°C. Huskas IONOKUTEIbHAsS TeMIIep.
Typa BIUACT Ha BpeMA HOCTHXKECHHUS GETOHOM 3alaHHOM IPOYHOCTH, HO HE BIUSET

Ha cBo¥icTBa OeToHaA.

3. beron, TRepaeroumii nipy t<0°C, beron, Hauapmmii TBEPAETH, & TIOTOM 3aMep3-
HIHH, TIPOJIOIDKACT TBEPJETh TIOCHE OTTAMBARKS B TEIUIOH Cpejie, MPaBa ¢ MeHb-
1ex CKOPOCTBIO., 3&M€p3aHI/Ie 0cToHA B PAHHEM BO3pAcTe BIleyeT 22 coboi 3uaumn-

TEJBHOC IIOHUXEeHHe HIPOYHOCTH IIOCJIE €I'0 OTTAUBAHUS U JanbHeHIero TBepaec-

HHS. B pesynsrare IpOeKTHYIO IPOYHOCTD MBI MOKEM HHKOT/Ia HE MOy YHTb.



Ipounocts Gerona, TIONy4eHHAs TIPU 3aMEP3aHUH CTPEMHTCH K KpuTHye-

CKOMY 3Ha4Y€HHIO. KDI/ITI/ILIBCKQ.SI IIPOYBOCTh ~ 3TO Takasg HOPOYHOCTE, IIPH OOCTH-

XKCHHUH KOTOPOHM OETOH MOXKeT OBITE 3aMOPOXKEH, HO 3TO 3aMOPAKUBAHHE HE [IO-
BIMSET OTPULIATENBHO Ha €0 CTPYKTYPY M CBOMCTEA.
B Poccum [R]~10 — 12 MITa, mns B15 coctasnser 50%
B22,5-25 — 40%
B35 -30%
Bnuanue enasicrocmu OKpydHcaiowiel cpedst na popmuposanue

npounocmu bemona

o 1~ 0uy>95%;
2—-0< @y
3 0= Qyy
3 -~ B BOZOE
T

Hist opmuposanus npounocty Gerona HEOOXOUMBL:
= BRICOKast BIAXHOCTD (0=>95%);
- OTCYICTBHE HCTIAPCHU, T.K. BOJA HEOBXOUMA /ISt THAPATALIH, KPOME TOr'o Hc-
TIapeHUC BBI3HIBAET BIIAXXHOCTHYIO YCATKY:;
- OTCYTCTBHE JTUTEILHOTO NpebrBanks 6eTOHa B BOJE, T.K. ¢ OQHON CTOPOHEI HTO
GJIArONPHUATHO IS TUIPATALAH, HO MOKET IPHBECTH K CHIKCHHIO ITPOYHOCTH 110

20% wu3-3a upesmepHOTO HACBIICHNS IIOp BOXOH, OKa3aBaOIIel pacKITHHUBAIOMICE

JEACTBHE (Pa3phiB CTPYKTYPSI).
Beronsl, TBepaesume 8 HY, T.e. npu ¢>95%, Yepes

S neT MoryT nortepats 15-20% IIPOYHOCTH, HO

. - ,{ -
//‘-:Lf*‘:’/ﬁ AATbHEHIIEM ITOT IpoIece CTaOMITH3UPYETCs.
i

/ | berowsl, TeepyeiHe mpi ¢<95% HuKorIa He

/ i HaOHPAIOT TpebyeMyI0 IPOTHOCTS.




beron B mpouecce TBepaeHus HOMKEH HAXOMUTHCS BO BIIQXKHBIX YCJIOBHSX.
Henonycrimo wncnapenne somsr us CBEXKCYIIOKEHHOIO Oetona. B B3y ¢ 3tuM
HEOOXOIUM YXOX 3a TBEPIECIOIMM GETOHOM. Yxo7 GBIBAaeT HEPBHYHEIM H TOCITE-
JYIOTIVM.

Iepruamsni — s UPCAOTBPANICHUS HCHAPEHHS BOJHL Iponomxaror mo

nocrmxkenns R=0,5MTa.
TTocnenyrommit — s IIOANCPIKAHMSA BIAXKHOIO COCTOSHUY OETOHA | OTCYyT-
CTBUA IIepenajia TeMIeparyp.
Hsmenenue npounocmu 6emona e PEANbHBIX YCROBUAX IKCIILYAMAYUY
2 —~1 1- mpeanpHbIE yCAOBUS
) HY- sopmaibhsie ycnosus

2 - cnaGoarpeccuBHas cpena

™~ 3 3 — CHJIBHOArpecCHBHAN cpena

T

A8

Chan HPOYHOCTH B pealbHBIX YCIIOBUSX SKCIVIyaTalyy 3aBUCUT OT TOI'O Ka-

HCCTBEHHbIH HIIM HEKAYECTBEHHBI GETOH OBLT OLYYeH H OT CTEreH arpecCHBHO-

CTH cpenbl. B HearpeccuBHOM cpejie KauecTBEHHEIH GeToH Oyzmer cimyxuth Goiro.

B arpeccuBHO#H cpenie IpoucxoauT paspyieHne CTPYKTYphI OeToHA.



Tema 7. Crpykrypa Gerona. O6mue 3axonomeprocTn

«Cocrag-cTpykrypa-cBoiicTBay AJISE HEMEHTHBIX 6eToHoR

Crpyxtypa 6eTona o0pasyercst B pe3yibTaTe CXBATHIBAHYS GeToHHON cMecH
H Iocieyiomero TeepaeHus 6etona. @opMuposanue CTPYKTYpPHI OeTOHa Ipomc-
XOIUT B TCUCHHC IJIMTENBHOYO BPEMEHHM B Pe3yibTare (uspyeckux, (Gu3nKo-
XAMPIECKIX M XUMHYECKHX HpolieccoB. CIpyKkTypa 6ETOHA 3aBHCHT OT €10 cocTa-
Ba, T.€. COOTHOIICHHUS MKy KOMIOHCHTaMH, yCJIOBI/Iﬁ VIDIOTHECHUS U TBEPACHHU,
TPOAOIDKMTENBHOCTH TBEPACHHA, aIPECCHBHOCTH cpeibl. Onpenensonee BIHsHYe
Ha e¢ (bOpMHpOBaHI/Ié OKaspIBarOT rugpartanys LOEMEHTA, €Tr0 CXBAThIBAHUE U TBEP-
JieHue, T.€. 00pa30oBaHue HEMEHTHOIO KAMHA.

Crpyxrypa 6eToHa 110 COMEPARMIO LEMEHTHOTO KAMHS 1 €r0 PasMEIeHHIO
B OeTOHE KTaccubUIppyeTes Clie Ny omumM obpazom:

~ TIOTHAST;

- IJIOTHAS C IIOPHUCTHIM 3aII0JIHUTEIIEM,

- 3CpHHCTAs;

- TYEUCTAl.
ITnornas crpykrypa IL10THAs ¢ IOPHCTHIM 3aMONHHTENEM

f'

e
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CBo#icTBa 6eTOHA BO MHOrOM 3aBHCST OT CT0 IIIOTHOCTH MM MOPHCTOCTH.
HanGomsmeit npounoctsio 001anal0T MaTepHaNs! ¢ MIOTHOMH CTPYKTYpO#i, Hau-
MEHBIIEH — ¢ 3epHUCTOHR. [T1oTHbIE MaTepHaibl MEHee IPOHULIAeME! , YeM 3epHH-
CTbIe U staencTrie. Koropsie o6nanaor nan6omsmmn BOOJOIOTIOIICHUEM.

bonwmoe 3navenne Ha cBoCTBA Marepuaia OKashIBAaeT pasMep 3epeH, Iop
HIH IPYTHX CTPYKTYPHBIX S]IEMEHTOB. B CBS3M ¢ 5THM pasmi4aoT HECKONBKO
YPOBHEH CTPYKTYpHI 6eTOHA.

Maxkpocmpyxkmypa. 1o CIPYKTypa BUIUMAs HEBOOPYKEHHBIM B3TVISIIOM MK
IpH HeOONBINOM yBenuYeHWH. PaccMaTpuBaeTes Kax cHcTeMa «martpuua (pac-
TBOpHAsA COCTABILAOIIAs — KOHTAKTHAS 30Ha — KPYIHbIA 3aII0MHATENEY, B MaTpuLe
paccMaTpUBAOTCs TIOPEL, T.¢ MPOCTPAHCTBA PANHUHOTO MPOHCXOKICHUS, He 3a-
HOJTHCHHbBIC TBEPIBIM BemmecTBOM. Ha Maxpoyposre pasmugaror CTPYKTYPY C KOH~
TAKTHBIM M «TIIABAIOIIMM» PACTIONOKEHAEM 3aNONHUTENS, KOTOPAs ONpeAeNAeTcs

KOHHBHTP&IH/Ieﬁ 3aIIOJIHUTENS B €UHAIIEC 00beMa.

CTpyKTypa ¢ «KOHTaKTHBIM PACIIONOKEHHUEM 3epeH 3arouuTens. [lonygaercs
DY BBICOKOW KOHLEHTPALMHK 3alONHATES H MAIBIM 06BEMOM LEMEHTHPYIOILET O
BenrecTsa. B aroM ciaydae 3epua miorHO CKPETLIEHB! MeX Ny CO0OH ¢ TORKOM 1mpo-
CJIOMKOA LEMEHTHOrO KaMusa. Takas CIPYKTYpa oObecreumBaeT MOBKIIICHHYO

IPOYHOCTh OETOHA HPH CIKATHHM, CHIDKAET OIaCHOCTD TPEMHOOOPA3OBAHK.

C YBEIIAYCHHEM pacxona IIEMEHTa,u COOTBETCTBECHHO OTHOCUTCIBHOTIO CO-

ACPXaHNesa EMEHTHUPYIOIETO BEIEeCTRA » KOHLICHTPAMA 3alI0JIHUTEIIEH CHIKACT

cs. B pesynsTaTte cosmaeTcs CTpykTypa ¢ "mraBarommm" PAacIiONIOKEHUEM 3€pEeH
SANOMHUTENs, T.€ 36PHA HAXOMATCS HA 3HAYUTETEHOM YAAISHHH APYT OT Apyra. B

9TOM Cliydae IIpOYHOCTE OeroHa OHPEICTIHSTCH TONBKO IIPOYHOCTHIO PaCTBOPHOH

COCTABASIONICH.

I I
I — cMeck ¢ KOHTAaKTHEIM PaCHOTIOKCHHOM 3¢-
per; II - cmech ¢ "mraBaromum" 3anonEnTEIEM



Muxpocmpyxkmypoii wassiparor CIPYKTYPY, BUOMMYIO IpH GONBLIOM yBe-
JHHECHHA 0N MuKpockonoM. Paccmarpusaercs ua yposme CTPOCHHMS IIEMEHTHOTO

KaMH4.

MHEKpPOCTPYKTYpa IIEMEHTHOrO KaMHS IpeACTaBIAeT OO0 HEOTHOPOIHYIO
CHCTEMY, KOTOpas COCTOUT W3 HOBOOOPA3OBAaHMM, HETPOPEArHpOBABIIHX ¢ BOJTON
3€peH BKYINEro U MUKPOIIOP PAsIMIHBIX Pa3MEPOB U CIPOCHHS. HosooGpasopa-
HHA TIPECTABICHB! KPUCTAIMISCKUMK CPOCTKAME M TeNe06pasHbIME MaCCaMH.
CrpykrypHas nopucrocts Gerona ONPCLCIACTCA IIOPUCTOCTHIO HEMEHTHOT'O KaM-
HsA, 06YCIOBIEHHON HaYalbHBIM BOJOCONEPKAHHEM GETOHHON CMECH I BO3yXO0-~

BOBJICUCHUCM IIpH €€ NEpEeMEIIIBaHN,

s XMMIYECKOro B3aMMOAEHCTBYA ¢ IIEMEHTOM nocratrouso 18...22% Bo-
ABL OT MacChl HEMCHTA, a JUIA IIOMyYeHus yno6oyKiansBacMoll CMEeCH BOJIbI Tpe-
byercs 40...60%. Boxa, He BeTymuBIIas B mpomece TUApaTanyy HeMeHTa, YIPH 1c-

naperuy o0pasyer kanuwuisprele nopet. Kamamisprsie IIOPBI MOXHO TIPEJICTABHUTE

KaK coofmarommecs My coGOH KaHANH IEPEMEHHOTO CEHeHHS M Pa3nuaHOM
CTCICHA U3BUIIMCTOCTH. Pajiuyc KarmumspHEIX nop — 1o 2 MkM. O6beM Karuuisip-

HBIX IOp MOXCT HaxOIMThCSA B Inpenenax oT 0 1o 40% or obpeMa neMeHTHOTO

KamMus,

Hapsiny ¢ xanmuiigpamMu B LEMEHTHOM KaMHe B IIpomecce THApaTaly o

TBCPACHHA O6pa3YIOTC${ I'CJICBBIC M KOHTPAKIIHOHHEIE ITOPEI.

Lenegore nope: — 310 caMble MeIKHE HOPHI C pasmepamu ot 0,0015 mo 0,030

MKM, KOTOpBIe (POPMHUPYIOTCS B HOBOOGPA3OBAHHMAX HEMEHTHOTO KAMHS KOJUTOWI-
HBIX pasMepoB. BoJa B refieBbIX HOPax IPOYHO YIAEPKUBACTCS a/IcOpOIHOHHEIMH

CHJlaMH, 4TO JeacT UX IpaKTHYEeCKH BOJOHCHIPOHHITACMEIMH. OTH IIOPBI OKal3bI-

BalOT BIMAAHUE Ha YCalKy, IION3Y4eCTh H ApyrHe nehopMaTHBHEIE CBOMCTBA Oe-

ToHa. O0beM renessix nmop cocrasnser 28% ot 06beMa HOBOOOpa3oBaHwmii.



Konmpayuonneie noper — sto 3aMKHYTBHIE TIOPBL, KOTOPBIE 06pasyroTes B pe-

3yJbTaTe YMECHBIICHHUS 00BEMa CHCTEME] "HeMeHT-Boaa" B IIPONIECCE TUAPATALMH.
Ob0beM KOHTPaKIIHOHHEBIX nop cocrasnser 7...9 cm® Ha 100 ¢ nemenra. Oy cro-

COOCTBYIOT MOBBIEHAIO MOPO3OCTORKOCTH M CYab(aTOCTOUKOCTH GeTona.

IIpu BOBNEYEHHH BO3MyXa B GETOHHYIO CMecsh obpasyrorcs cdepuaeckus,
SaMKHYTBIC, IOCTATOMHO KPYIHEIE MOPH pasmepom 0,1...2,0 mm. Dru IIOPH! OKa-

SBIBAIOT ITOJIOXKHUTENBHOEC BIIMSIHUE Ha CTOMKOCTH 6eToHa B HEKOTOPHIX YCIIOBHAX,

XOTs IIPH 3TOM IIPOYHOCTH CHIIKAETCS.,

Iopucrocts GeToHa 3aBHCHT OT CTEICHH THUIpATalyy [IeMeHTa U CO BpeMe-

HEM H3MCHSCTCS: 061118&1 U KallWUIIpHAA IOPUCTOCTE CHIDKAeTCH, renenas ¥ KOH-

TPaKMOHHAsA YBECIHYUBACTCS,

Mesocmpyxmypa. Jra ctpyktypa paccMaTpHBaeTCs Ha YpOBHe «MaTpHIa
(LleMeHTHBL KaMeHb) — KOHTAKTHAS 30HA — MEJIKMM 3aOTHUTE b,

KonTtaktHas 302 (opMupyeTcss BONH3M 3epeH 3aNONHHTEIS W [0 CBOHM
CBOMCTBAM OOJIBINE IUIM MEHBIICe OTIAYACTCH OT CTPYKTYPBI OCHOBHOM Macchl
LeMeHTHOTO KaMmHs. B 6erome mpoucxomut "cpamuBanue” HeMEHTHOTO KaMHS C
[TOBCPXHOCTRIO  3alIONHUTENS B pe3ynbrate (GHINKO-XUMHYECKHX NPOLECCOB:
BIAMAHHA NOBCPXHOCTHBIX CHUI ¥ MUIDAlli¥l K 3€PHAM 3aNOJHHTENS [HIPOKCHAA

KaJbIlus, 00pa3yIoMIerocs Mpy TBEPACHNAH [[EMEHTA.



Tema 8. ®usnveckne cBoiicTBa oerona

ILnorHocTe GeTona
Cremyer pasnuuars niotaocts HesarsepAeBiieit 6eTOHHON cmecy 1 3aTBep-
AeBuIero GeroHa. beToHHAs cMech MOXET GHITH MOYTH COBEpIICHHO ILTOTHOH ¢

YHETOM conepiKaIelicss B Hell BOIBL. DTO IMPOUCKOMHUT B TOM Clly4ae, eciid ee co-

CTaB TOYHO PaCCYHTaH M OHA IIOTHO yIoxeHa. KavecTso YIUIOTHEHUS GeTOHHOL

CMECH OLIEHUBACTCS KO3 MUIMCHTOM YIUIO THEHHS:

K, = _gﬂ Pep. — PaxTHYECcKas CPeNHAS IIOTHOCTD OET. CMecH;
p.p

Pep.p -~ PACYCTHAS CPEIHSAST IIOTHOCTE 6ET. CMECH.

O6BIYHO CTpeMsTes MONyYHUTS ko3 buIenT ynoTHenus Kyn=1, HO BCHEN-
CIBUE BO3IyXOBOBJICUCHHS IPH BUOPALHH K,,,,~0,96 — 0,98,

B 3arsepaesmieM GeToHe TOMTBKO YacTh BOIEL HAXOZWTCHA B XUMHUIECKH CBSI-
32HHOM cocrosguud. OcraibHas (CBOOHAS) BOJA OCTAETCs B IOpax WM UCTIapseT-
cs. [Toaromy satBepaeBIIHii GeTOR HUKOTIA He GBIBAET a6COMOTHO miorHam. [To-

pucTocTh GeTOHA MOXKET OBITh OTIPEENeHa Mo bopmye:

B-al]
© 1000

100

e B u I] —pacXosl BOB M HEMEHTa, KI/M- ;

@ — ZOJI XHMMHIECKA CBA3AHHON BOZBI (OT MAcChl LIEMEHTa), B BO3pacte 28
CYTOX DpHUHHMaeTCs paBHOH w=0,15.

Ilymu nogvimenun niomnocmu 6emona

- THIaTeJIbHBIA 11oa0op 3€pHOBOTO COCTaBa 3aIIOJIHUTENEH, 00eCIeUnBArOLIN MU-
HAMAaNbHEIH 00BEeM IYCTOT B CMeCH 3aIIONIHUTENEH, a CIICNOBATEIFHO MIHAMAE-
HEIH 00beM LEMEHTHOTO KaMHs B GeToHe;
- IPHMEHCHHE IIEMEHTOB, TPeOYIOIUX MU IUAPaTalHi GOIbIIe BOABI (BBICOKL. -

OPOYHBIA MOPTIaHALEMEHT, IIMHO3EMUCTEI U pPacIupsIONIHecs eMEHTEI) il

HISMEHTEL, 3aHHMArOIne Gonbmmil aGCcomOTHBIN 06beM (IyLLONaHOBbIl nopt-

JTaHIIEMENT);

s,



- cHmxerneM B/LL, B ToM gucne i npuMenenuem IIaCTGUIAPYIOMHUX K06aBOK;
- YIJIOTHEHHEM OCTOHHOM CMeCH MpH YKIamke (rampumep BUOpHpOBanueM);
- YAANCHACM 4YaCTH BOJEI U3 CBEXEYIOKCHHOrO GeTOHA IpY yKiaake (Hampumep
NEHTPUQYTUPOBAHHE, BAaKyyMUPOBaHHEM ).
IlioTHoCTS GeTona smifercs BawHeHmM CBOWCTBOM, OIpeJ(eNsOHM

[IPOYHOCTH, HEIPOHUIIAEMOCTD U AOAI'OBEYHOCTE OETOHA.

Boaonenponnnaemocrr Gerona
SIBIISETCS OCHOBHEIM HODMHpYEMBIM TIOKA3aTe/IeM KaTecTa 6eroHa, npezo-
IPCACISIONAM CTOHKOCTE G€TOHa, SKCIIYaTHpyeMoro B arpecCHBHBIX Cpexax
(Bona, pacTBOpEI coneli u KHCIIOT).
Bonouenponnmaemocts Getona 3aBucHT OT ero IIOPUCTOCTH, CTPYKTYDEX
TI0P, CBOMCTB BSKYIIETO U 3aITOIHATEICH.
lIporuKHOBEHNE BOLI B GETOH IPOHCXOTHT 4epe3 MaKpOIIOphl IIEMEHTHOTO
KaMHs ¢ paguycom Gomee 0,1 MKM, cenpMeHTaIOHHbLE nopsl 6eToHa, AehexTH!

YUTOTHEHNS ¥ B HEKOTOPHIX KOHCTPYKIHUIX BOZMOKHO Yepes KpymHble CKBO3HEBIC
KaHansl B Telie 0eToHa.

ITnotHbie 6GeTOHBI OGBIYHO HENpOHUIIaeMBl JUIA BOXBI, AeHCTBYOmeH 6Oe3
Hariopa. [t oneHKy BOJNOHENPOHUIIAEMOCTH GeToHa HCTIONB3YIOT Mapku oT W2

no W20. Iludpa nokaseiaeT BeTuunHy H3GHITOYHOTO (cBepx aTMoc(eproro) nas-

JICHHA BOZBI, KOTOPO® BBINCPXKMBAIOT 00pasubl 6e3 rIBTpamm B cTaHIapTHEIX
HCIIBITAHUSAX.

Mapka 1O BONOHENPOHHIIAEMOCTH ONPEAESNIAETCS HCHBITAHHEM CTasmapT-
HBIX OOpaslOB NIOA AABICHHUEM U IIOKA3BIBACT BEJIHMYHMHY NaBICHHS, IPH KOTOPOM

beton eme He npomyckaer Boay. Hanpumep, 6eTon Mapku W12 BeigepixuBaer 6¢ »

(GuisTpanyy fasnerue Bost 4o 1,2 MITa (1 atm=0,] MIla).

CranzapTHbIe MHCITBITAHES IO METOLLY «MOKpOTO IIATHAY

HsroraBnusaroTcs GETOHHEIE 00pasLBI-IIHIHHIPE] pasmepoMm H=D=150 mm

B KOJIMYeCcTBe 6 IITYK.




Bopa mojaercs nox masnerneM o 2 aTh Ilpoussonures BBIZIEpXKa 00pas-
OB IIPH KaXKI[OM 3HAY€HMHU NABJICHUS B Teuenue 16 gacos. PukcupyeTcs Makcu-

MaJIbHOE N1aBIICHYE IIPU KOTOPOM 4 3 6 06PA3IIOB He IPOIyCKAIoT BOJLY.

Jns GeTona HanoOpHBIX KOHCTPYKIME MapKa II0 BOAOHENPOHHIAEMOCTH W
HasHAYaeTCs B 3aBUCUMOCTH OT I'pajieHTa Hanopa L.
I'panuent Hanopa onpenensiercs o hopmye:
L=H/b,
I'ne H - naBnenne Bons, M BOXAHOIoO cTON6E;
T b - ToMImEHA KOHCTPYKIHH, M.
Torma W=0,4L+2

BonoHeNpoHATIAeMOCTE  GETOHA MOXHO — OILEHHBATh KO3 OUIHECHTOM
dumpTpanmy, KOTOPHI H3MeEpsIeTCs KOTHTIECTBOM BOJIBI, IIPOLIE/IAM gepe3 1 cm?
obpasua B Tedenue 1 yaca npH MOCTOSHHOM JABJICHHH.

OcHOBHEIME_(aKTOPAMH, OIpeNeISIONIMA BOAOHEOPOHUIIAEMOCTE OSTOHA

SABISIOTCSI:
- Kanmisgpyelie nops I, ;
- Ne(hEKTHI KOHTAKTHOM 30HEI;
- TPELIHHEI.

Crioco0Obl TOBRIIIIEHNS BOIOHEIPOHUIIAEMOCTH OEeTOHA

1. Vmensmenwne xanumsipaoit nopucrocty [1,—0

B-20l]

e 100
1000

u// JUtst 3TOT0, B IEPBYIO OYepeb HYKHO
camxare B/LL B/I1<1,68 HI". Camxe-

nue B/L] Merbme 0,38 peéKo YBEINIU-

Bae€T BOAOHEIIPOHUIAEMOCTE.

é

g35 Jleao b/[§ .
5. s yIydIneHus OpoYHOCTH KOHTAKTHOM 30HEl Heo6X0muMo npuMe-

HATE Ka4eCTBEHHBIH 3amonmmrens. Comepxanve B mebne IITU<1%, B rpasuu

[I9<2%.



~

Fa 1540, mostomy myxHO 3aKyropusars nopsl. Ilpu yeinaxuenun 6ero-
Ha MeNbYaHIiie MOphl M KAIMIAPH 3aIT0HAITCS BOJIOM, KOTOpas 1oj felicTarem
(U3MIECKHX IIOBEPXHOCTHBIX CHN 3HAYHTENLHO TCPSACT CBOKO IOABMXKHOCT U KaK
OBl 3aKyTIOPHBAET 3TH Kanmunsipsl. Hactymaer «xomsmaramasy IOp M KamuLIpos,

2.TO IPUBOJHT K YMEHBIICHHIO IPOHUIIAEMOCTH GETOHA.

% IosToproe BHGpHpoBaHkUe.
5. Heobxonumo Gopotses ¢ ycankoi Baw—0, uto IPEensTCTBYET 00pasc-
Bapuio TpemmH. [ng 5TOro HeobxomuMo obecreumBaTh HOPMaJIbHBIE YCIOBUS
TBEPJICHUS.
6. BBejicHre TOHKOMOJIOTEIX MUHepaTBHBIX nobaBoK, IutacTHbUIH-
PYrOIHX, ruApoMOOHEIX U APYTHX JOGABOK CHIIKAET [IPOHUIIACMOCTE B HECKOJIBKO
pas.

CrHuxenue BOZONPOHMIAEMOCTH GETOHA MOJOXHTEIEHO BIAET Ha €ro

CTOUKOCTb.

Mopo3ocroiikoers GeTona

9710 CrocOGHOCTH GeTOHA B BOXOHACKIIEHHOM MM HACHIIEHHOM pacTBo-
POM COH COCTOAHMM BHIACPKUBATE MHOTOKPATHOE 3aMOPAKHBAHUE I OTTANBA-
Hue Ge3 BHEUIHNX TIPH3HAKOB PaspyIIeHHs (TPElHH, CKOJOB, eIy menus pebep
00pasuoB), CHIKEHUS IPOYHOCTH, H3MEHEHHS MacCEl 1 APYTMX TEXHUYECKHX Xa-
PaKTEePUCTHUK.

Mopo30CTOHKOCTE ABIIETCS OCHOBHBLIM HOPMHUPYEMBIM [IOKa3aTeNeM Kade-
cTBa OCTOHA, MPEAONPEeACISIONMM IONTOBEIHOCT KelTe306eToHa IIPY SKCILIya-

Talliy B YCIIOBUAX aTMOC(HEPHEBIX BO3HeHCTBYIL.
Mopo30CTORKOCTE HOPMHADPYETCS MapKaMH TI0 MOPO30CTOMRKoCTH 10 [OCT

10060-12.
Fi - Mapka o MOpPO30CTOMKOCTY GETOHA, HCOBITAHHOIO B BOJOHACKIILIEH-

HOM COCTOSIHHH, KPOME DETOHOB JOPOXKHEIX U a3POAPOMHEIX HOKPBITHH, 8 TAKKe

0eTOHOB, SKCILTYaTHPYEMBIX ITPH BO3EACTBI MUHEPAIH30BAHHOH BOJHI (F(25-

F1100).



F»- Mapxa o moposocroiikocts 6eTona AIOPOXKHBIX U a9POAPOMHBIX TIO-
KPBITHH U OCTOHA, IKCILTYaTHPYEMOTO IIPH BO3ICHCTRHY MUHEPATH30BAHHON BO-
ABL, M OTIPE/Ie/ICHHAs DA HCTIBITAHKH 06PA3IIOB, HACKIMIEHHBIX 5%-HbIM BOXHEIM
pacTBOpoM xnopuna Harpus (F250 - F,1000).

Mapxa 6eToHa [H0 MOPO30CTOMKOCTY - ITOKA3aTEND MOPO30CTOHKOCTH GETO-
Ha, COOTBETCTBYIOIIUH YHCIy IHKIIOB 3aMOPAKUBAHUS ¥ OTTARBAHMIS o6pasros,
ONPEACTCHHOMY NPH UCIIEITAHAH 6230BBIMH METONAMH, IPH KOTOPEIX XapaKTe-
PHCTHKE OETOHA COXPAHSIOTCS B HOPMUPYEMBIX HpeNenax i OTCYTCTBYIOT BHEMI-
HUC IPU3HAKYA Pa3pyIIeHus (TPEIHHEL, CKOJIEI, IIeTyIIeHHe peGep 06pasuos).

Mapxka GeToHa 110 MOPO30CTOMKOCTH yKa3HBAECTCS B I'OCTax, TY, paGo-
4HX Y€PTEKaX Ha KOHKPETHEIE H3IeiHsl.

HasnageHune MapKy 10 MOPO30CTORKOCTH NPOH3BOAUTCS B 3aBHCHMOCTH OT
CACOYIOIIHX YCIIOBUH:

1) Kmamatugeckas 3082 (cpemss TeMreparypa NSTUIHEBKH);

2) Vcnosus skcrtyaranun (CHCTEMaTHIECKOS BOJOIIOTIalICHHE, 3IH30-

JIECKOE, BO3NYIIHO-CYXHE YCIOBHSA);

3) KonudecTBo mepexoos uepes 0°C;

4) CreneHp HarpyXE€HHHOTO COCTOSHUS,

Cri0co0BI H3MepeHns: MOPO30CTORKOCTH:

- IpsIMBIE;

- KOCBECHHBIE.

Ilpamste cnocobvr usmepenus mopozocmoiikocmu no I'OCT 10060-2012.

bazoBbie METONBI P MHOTOKPATHOM 3aMOPAKHUBAHAY ¥ OTTAHBAHIL.

Iepssiif I — NPOM3BOAMTCA MCHEITAHUEM 3aMOPOXKEHHBIX Ha BO3/1yXe 00-

PasloB, HACHIIICHHBIX BOJOH, U HOCIEAYIOIIMM UX OTTAUBAHUEM B BOJE. BHITo-

HASTCA JIA BCeX BUIOB GETOHOB, KpoMe GETOHOB HJOPOMKHBIX ¥ a3POAPOMHBIX I10-

KpBITUH ¥ OETOHOB KOHCTPYKIHH, SKCILIyaTHPYIOMIXCS B YCIOBHAX BO3AEHCT-

BHsl MHHEPATM30BaHHOH BOJIBI {COEpHKAIlel paCTBOPEHHEIE COIM B KONHYECTBE

5 1/ i Goree).

Bropoii I — npoussoaures ucnerrasmem 3aMODPOKCHHBIX Ha BO3IyXe 00-



paslioB, HACBICHHEIX B 5% pactBopoM HCL, 1 mocnemyronmm ux oTtansanyem s
B 5% pactsope HCI. TIpumenum mist 6eTOHOB OPOKHBIX 1 a’3pPOJIPOMHBIX IO-
KPBITHH M T GETOHOB KOHCTPYKLMH, SKCILTYaTHPYIOUIIXCS B YCIOBHIX BO3IEH-
CTBYs MUHEPAIU30BAHHOH BOJIEL.

Y CKOpEeHHBIE METOABI [IPH MHOTOKPATHOM 3aMOpaXXUBAaHUH ¥ OTTAMBAHUH.

Bropoi II- mis Beex Bumos 6eToHOB, Kpome GETOHOB JOPOKHEIX ¥ a3po-
APOMHBIX IOKPBITHH U 6ETOHOB KOHCTPYKIMH, SKCILTYaTHPYIOLAXCA B YCIOBHAX
BO3/IeHCTBYS MUHEPAITM30BAHHOMN BOJIEL, TIETKUX GETOHOB MAapoK 10 cpeHe
InoTHOCTH MeHee D1500

Tpernii Il — npou3BOANTCA HCIBITAHHEM HACBICHHBIX, 3aMOPOKEHHbIX

u OTTasBIIUX B 5% pactBope HCIL. Ilpoussoaures st Beex Bumos 6eToHOB, Kpo-

Me JIerKuX OETOHOB MapoK Mo cpemued muorHocTy Meree D1500.

Cno- | Cpera  (H) | Cpena Cpena (O) | Temnepa- | Temmepa- | Hnnreis- -
co6 | macel-muenust | (3)  3a- | oTramBanug Typa f3, | Typa to, | HOCTH 13, | TENB-

MOpaXH- °C °C gac, HOCTH
BAHUS To, 9AaC.
bazosrlit MmeTox
1 H,O BO3IYX H,O -16..20 1 +18..20 |>2,5(3,5) |>2+0,5

I |5% p-p HCl | Bosmyx S% p-pHCI | -16..20 | +18.20 |>2,5(3,5) |>240,5
Y CKOpeHHBIT METOI
I 5% p-pHCl |Bo3nyx 5%p-pHCI | -16..20 | +18.20 [>2.5(3.,5) >2+0,5
11 5% ppHCI {5% p-p|5%p-pHCI | -50 -10 >2,5(3,5) 11,5+£0,5

HCI +18..20 >2+0,5

J17ist MCIIBITAHUST HA MOPO30CTOMKOCTS M3TOTARIMBAIOT CEPHIO 00pas3noB Ka-
608 ¢ pasmepom pedpa 100 mm (150Mm): 6 obpazmos KOHTPONBHBIX {3TATOHHBIX)

12 OCHOBHBIX (MCHBITYEMBIX).

Bee o6pasupsl B Bo3pacTe 28 CyTOK HOABEPraloOTCS HACHIIEHHIO B COOTBET-
CTIBYIOIIEH CTIOCO0Y MCIBITaHHA cpefie B TeueHme 96 yacoB. B mepspie 24 waca

cpena HanmBaercs Ha 1/3 BBICOTHI, BTOpHIC 24 4yaca — Ha 2/3 BBICOTH ¥ 48 gacos

TIONHOCTRIO INOTPYXXEHHBIE B CPeAy, TaK YToOBl YPOBEHSH KHUIAKOCTH GBI Ha 20 MM S
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Hanee sranonmusie 00pasIbl HONBEPrarTCs UCIIBITAaHHUIO Ha CXKAaTHE B BOJO-
HACbIICHHOM COCTOSHWHM. A WCHBITYeMbie HOABCPraroTCAs  3aMOPAKHUBAHUIO-
oTTauBanui0. [Ipy 3amopaxuBany BPEMS 3aMOPaXXMBAHHUS OTCUNTHIBACTCS OT TO-
PO MOMCHTa, KOT/[a TeMIeparypa B kamepe orycrures Hmke 16°C. Jlenaem cTons-
KO IHHKIOB, CKONBEKO yKasano B 'OCTe. Hanpumep, ecin F 100, To nepsoe wcmmr-
Tanue nenaered yepes 75 MUKIOB (MCIIBITHIBACTCS 3 obpasnia). U me 3asucumo ot
ITOJIYYEHHOIO Pe3yNbTaTa UCHBLITAHHS AoBoasarca 1o 100 uuxiios. B CYTKHM jJelaer-
¢ HE MeHee OnHOro XwKia. Ecnu Beinaparor BBIXOAHbIE JTHH, TO 00pa3Lbl HYXHO

ACpIKaTh B MOPO3UIBHOM Kamepe.
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VIcTibITaHusS Ha MOPO30CTORKOCTS IPOU3BOIAT He pexxe 1 pasa B Tpu Mecs-

—JE 4

0a, a TaKXxe Npu U3MECHECHUH MaTepHajiOB U TCXHOJOTIHH.

Kpumepuu moposocmoiixocmu

1. IlpoyrocTHOM KpHTEpHi

Ry
R{)

kg =—— 20,95

CHuxeHne NpoYHOCTH NOMycKaeTcs He 6eee 5%.
2. Iloteps maccel
Krp =L 20,97

m,

s mopoxHBIX GeTOHOB 06A3aTENBHEIM TOMIKHO GBHITE BBINOJHEHUE 1-10 1

2-TO yCHOBMS, IJISt OCTANBHEIX ~BBIIIOTHEHAS 2-T'0 KPHUTEPUA HE 00s13aTENHHO.

Dakmopsi, onpedensiouue MOpo30CcmoiiKocmey

OCHOBHOI IPHYAHOM, BRI3BIBAROIIEH paspyIerye OeToRa IpH MONIEpeMeH-

HOM 3aMOpPaXXUBAHUN M OTTaNBAHUY SBJIICTCS [ABJICHIE HA CTOHKY IIOP U yCThs

MUKPOTPEIIHH, CO3LaBaEMOe 3aMep3Itiell Bonoi. MoposzocToifkocts 6etona o1Ho-



SHATHO ONPERENACTCS YPOBHEM PACTATHBAIOIINK HANPXCHNH, BOSHUKAIONIHX B
CTPYKType GETOHA IIPH 3aMeP3aHuH, T.e. OTHOIICHMEM BeTHINEHE] HaNpPsDKESHUS K

IPCACIY MMPOYHOCTH B K&XKIOH TOYKe MaTepHaia.
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Ilpu 3amepsanmu Boza yBemmuuBaeTCs B 06BeMe opuMepHo Ha 9%. Boga,
TPOHUKINAA B TPCLMHBI MIM IIOPHI 3aMep3aeT, o6pasys TensaHyo upobxy. Pacom-
PCHIO BOZIBI IIPEILITCTBYET TBEPBIA CKeNeT GeToHa, B KOTOpoM MOI'YT BO3HHK-
HyTb OYeHb Gonbluue HampspxeHus. ITpomepsas, npoOKa YBENWYMBAETCS M JABUT
Ha HE3aMEp3IIyI0 BOAY B TPEIMUHE H TPEIliHA Pa3pacTaeTcs. IoBTopsiemocts 3a-
MEpSatus i OTTAHBAHNS NPUBOJHUT K MOCTENICHHOMY Pa3ylIpOYHEHHIO CTPYKTYPHBI
OeToHa ¥ ero paspyLIeHHIo.

Ilymu nosvrmenus mopozocmoiixocmu
1. Iosenmenne MIOTHOCTH GeTOHA, HCKIIOYCHHE TPEUIHH, MHHUMAJIHN3a-
M3 KalIMAPHBIX 10D ¥ WX IPOHUIAEMOCTH JiIst BOJIBI, HATIPEMED 38 CHeT CHIKe-
Hus B/1l, npuMerenns n06aBox, TRAPOGOOH3NPYIOMUX CTCHKH 10D, WX TIPOITHAT-

KOi OETOHA CHIELHATHHEIME COCTABAME C LEJIBI0 3aI0THEHUS 1T0P (KaibMaTals).

F
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2. COBI[&B&TB KOMIICHCAIIHOHHYIO HOPHICTOCTS 34 CYET NPHMEHEHHS BO3-

AYXOBOBNEKAIOMIUX [00aBOK. CHEIMATbHO CO3NaHHEIE 3aMKHYTHIE IIOPHl HE 3a-

TIOJTHATOTCA IIPH OOBIMHOM BOAOIIACHIIECHIH, HO IIPH 3aMECP3aHUHU BOJIBI CIIOCOOHEBI

TIOTaCHTb BOHUKAOIIMC HANIPAKEHHS B OeToHe. ONTHMANBHBLE 00BeM BOBIeYeH-

HOTO BO3/lyXa COCTaBiieT 4-6%.



Tema 9. Jleopmarurusie cpoiicTra Gerona

B mponecce skcmnyatanuu KOHCTPYKIMH ITOABEPIarOTCs CUIOBBIM BO3Jeii-
CTBHAM (HArpy3KaMm) ¥ HeE CHIIOBBIM (M3MeHeHHe TeMIepaTypsL, BII&XXHOCTH, pa-
IUalllin).

VKazaHHEIE BO3AEHCTBHS BHI3HIBAIOT ITOSBICHHE B GeToHe HanpsukeHu# u
nedopManmif, T.e. BOIHHKaeT HalpsmKeHHO-Ae(opMupoBanHoe cocrosaue (HIIC).

Bcee nedopmannu nensres ma:
- HE CHIIOBbIE BHYTPEHHUE (He(OpMaIlin yCaaku);
- HE CHIIOBBIE BHEIIHHE (TeMIIEpaTypHEIe Je(hopMarHn);
- CHJIOBBIE (IPY KPATKOBPEMEHHOM HATPYXXeHUY I IPHA ANIITEIBHOM HAarpyKeHHH ).

Ycaaka 6erona

Ycanxoll HasbIBACTCS YMEHbIIGHHE 00heMa Marepuasna BO BPEMEHH B ClIe]l-
CTBHUC HE CHIIOBBIX BO3AEHCTBHIA.

B 3aBHCHMOCTH OT IPUYHH Pa3TMYaOT:
- XUMUYECKYFO ycaaKy (KOHTPaKIHOHHYIO H KapGOHM3aIHOHHYIO);
- u3HIECKyYIO ycanKy (BIaXHOCTHYIO U PaIHAHOHHYIO).

Ycanka npuBoauT K 00pasoBaHMio TPEUIHH ¥ BJEYET 3a COG0H CHIDKCHHE
JIOJITOBEYHOCTH.

Konuuecmeennsie noxazamenu ycaoxu

Kax npasuiio, nedopmanun ycanky XapaKTepH3yIOTCS BENTWYHHON OTHOCH-

TEIBHON NUHEHHON ycamxy. Ycaaka u3MepseTcs, KaK U3MeHeHue JUHeRHbIX pas-

MEpPOB MM M3MEHEHHe 00BbeMa 00pasnoB-6anouex pasmepom 40x40x160 MM wru

200x200x800 mm.
I -1

(2

g.vb = l
O mm/m

HavansHupiii oTcyer IIPpOKU3BOAMTCSI HE IIO3HCE, 4YeM 4Yepe3s 4 yaca niocie

pacnianyOxu. IIpoOmKUTEIPHOCTD U3MEPEHHI OOBIYHO IPONOIKACTCS B TEUSHUE - - .-

120 cyrox. Ilpu stoM ukcupyerca BenwduHa oOell neopManyy YCaukH, T.e.

BC/IIHHA BIAKHOCTHOH, KOHTPAKIMOHHO! 1 KapOOHH3ALMOHHON ycajKu pH Ta-

KOV METOMIMKE M3MEPEHNS Hepa3IeiMEL.



Buovt ycaoounsix oegpopmanuii
Konmpaxyuonnas (xumuueckas) ycadka IpoTeKaeT B CIIEACTBHE IIPOLIECCOB
FHIpATALMA HEMEHTA, T.K. 00eM HOBOOOPa3OBaHKH MEeHbIE CYMMapHOTO 00BeMa
BCTYMAOIKX B PEAKLMIO BellecTB. Benuyuna KoHTpakiuonHol ycamky cocTaniis-
er 0,2 — 4 MmMm/M.

PasBuBaercst Hanboee HHTEHCHBHO B IIEPBHIE 3- 5 CYTOK TBEp/ICHHA.

KoHTpaknuoHHast ycajka 3aBucut ot B/I,

Eoh,

~07

CHu3HUTH BENUYHHY KOHTPAKIMOHHOK YCAIKH MOXKHO CIEAYIOMUAME CIOCO-

Oamu:
- 3aMeJUIUTh IIpoLiecC TBePACHNS B PAHHMI IIePHO;

- n00aBUTE B NOPTIAHIUEMEHT pacIUHpsIomipe XoOaBku, JUOO 3a8MEHHTH IIOPT-

NaHALEMEHT Ha PaciUpsSrolIuiics.

Kapborusayuornas ycaoka BBI3BaHA B3aUMOJNEHCTBHEM TIHAPOKCHAA

Kauslusd ¢ aTMOC(EpHBIM YIVIEKHCIBIM Ta30oM ¢ o0pasoBaHmeM KapOoHara
KaJIbLHL.
HO
CO+Ca(OH)—"," CaCO5;  V cacos<V caonp

DToT mponecc HazbIBaeTcsl KapOOHM3alMeH M pa3BUBAETCS IIOCTENEHHO B
TeYeHWe HeCKOJBKUX JIeT C NOBepXHOCTH OeroHa B riiyOmHy. Bemmumna Takoi

yCalKy HEe3HaYUTeIbHa U cocTarisgeT ~0,1 mMm/M.

Bnascnocmnan  ycadka pa3suBaercsi B IIEMEHTHOM KamHe (0Oerone)
BCIICNICTBHE YHaIeHHs (HMcrnapeHus) (U3NYECKH CBA3aHHOW BOIB! M3 TMOPOBOIO

apocTpancTsa. Takas ycamxa pa3BUBacICs B TEUCHHE HCCKOJIBKHX MCCALCSH.

BesnyrHa BIaXHOCTHOH ycanku y Tspxenoro 6erona 0,3 — 0,8 MM/Mm.



CHH3MTH ~ BENWWHHY — BIQKHOCTHOM  yCafkd  MOMHO CHEAYIONIVME

crrocobamu:
- CHIDKEHHEM BOJOCOMeP)aHusa OeTOHHOM cMecH;

J/P/W 3aBUCHMOCTE CTENCHHAN:

Eagk(B)”

- YMEHBIICHHMIO yCalKy CHOCOOCTBYST [NIMTEIBHOE  BIAXHOCTHOE
TBEPJACHME, T.€. BIAKHOCTHBIA YyXOX 3a TBEPACKOIMUM OETOHOM

HeoOXO0auM.
Obuian Kapmuna ycaoxku 6emona 6o epemeni
I crapns — mnactuueckas nepopmarys 8 CYE.
I crazmﬂ — Pa3BHBaETCs B TBEPICIOLIEM OETOHe 10 STaloHHOro Bospacta (T5).

III crapus — B 6erone 3penoro Bospacta (b3B).

Ssh F
max Ch (5-6 cyr) ’ min Ch '
Ilnacra- ’ min W max W
yeckas

min Ca l max Ca g

ycanka 5

2

k3 L2 E E
' Ny T
Icr. 4-6uyac ITcr. 28cyr Ilct. 120cyr 1rox

I crapua (CYB) — mmacTtHyeckas ycalka, KOTOpasl pa3BHBacTCA B CBEXKCYJIOKECH~

HOM GeTode B TeueHHe 4-6 YacOB ¢ MOMEHTA OKOHYaHMA yiuloTHeHus. [Ipoucxo-

HUAT 3TO MU3-3a UCTIApCHHA BOABI N3 CBCKCYIOKCHHOIO OeToHa.

BenyuHa acTHYecKOH yeanKu 0eToHa MOKET TOCTHIaTh 6 MM/M,

()



Pesynbrar miactideckoit ycanku:

- SUAIOIIHE TPEIHHEI Ha TIOBEPXHOCTH KOHCTPYKIHY (IivMpuHa 6omee 1 M,
mar 40-80 cMm), 370 BUIUMAS 9aCTh TIOCIEACTRUM;

- CKpBbITas 4acTh MOCHEACTBHH — 3TO HeoOpaTuMasi [oTeps HMPOYHOCTH M0
50%, camxenne moposzocToitkocTu 1o 10%.

Cr10co60B ycTpaHeHus HOCTeACTBHI IIACTHYECKOH YCaIKH HeT.

3aiuTa OT MIACTHIECKOH NedOpMaryy 3aKIIovaeTcs B NPEeIOTBPALICHUH
ucnapenus Bofsl u3 CYb u obecrieueHHH IepBUYHOrO yXO4a:

- YKPBITHE (C IPHKATKOI) IIOBEPXHOCTH BOJOHEIPOHHLIAeMOH [IIEHKOI;

- HaHCCCHHE HA IIOBEPXHOCTH IUICHKOOOPA3yOIMX OBICTPOOIMMEPU3YEO-
HIUXCS COCTABOB.

IIpoI0IDKUTENFHOCTE NIEPBHYHOIO YXO/a JOJUKHA GBITh Takol, uTo6sl 6eToH
poctur rpoynocty 0,5 MITa.

II crapua (Th) passuBaercs B TBepaeromemM Gerone Ho 28 cyTok. B Teue-
HUE IIePBBIX 5 CYTOK HaubGonbliee Pa3sBHTHE IIONYYaeT KOHZTPYKIHMOHHAS (XUMH-
Heckas) ycanxa. IlapannenbHo ¢ KOHTPaKIHOHHON YCaaKOH pasBHBACTCA BIAKHO-
CTHasf ycaJka i MUHUMAJIbHAsS KapOOHU3AIHOHEAS YCaKa.

Ycanka B Bo3pacte 28 cyTok cocrasiser mpuMepHo 70% ot 120-CyTouHOI.

I crapgus (b3B) pasBupaercs B Getone no 120 cyrox. Ha sroit cramun
TIPOUCXOAAT MUHUMATBHBIE KOHTPAKIHOHHBIE YCAAKY, BIKHOCTHAS ycaaka IIpo-
SBJSIETCS, HO MOCTENeHHo ocnabesaeT, B OOJBIIEH CTENEHH BO3PAcTaeT BIMSHME
KapOOHU3ALMOHHOM yCa K.

IMocne 120 cyrox ycamka npojoikaercs Haable, HO HHTEHCHBHOCTE €€ 3a-
BHCHT OT KOHCTpYKMHK. Ycanka 120 cyt. Cocrapuser npumepro 70% romosoii. K
1 rony ycanxa Gonee mnu MeHee CTabHIH3HPYETCS ©CIIM HE MEHSIOTCS TeMiepa-
TYpPHO-BIaXHOCTHBIE yCIIOBHS. Eciy M3MeHSIOTCA YCIoBHs, TO ycanka GymeT Me-

HATECS.




Temneparypnbie xedopmannu Gerona
beron, kax u apyrue TBepz{LIe MaTepHansi paciIupsercs npyu HarpeBaHUH 1
CKUMAETCS IPU OXJIAKICHUY,
Kommaectsenno temneparypusie gehopmaryn 6etona XapaKTePU3yIOTCS

KO3 (pULMEHTAaMH TeMIIEpPaTypPHEIX AeopMaruit,

JInueiupre nedpopmarun - a,, = _f_‘i
0

AV

OGbeMuple nepopMannu - B, = >
0

o=(6-15)10°1/°C, B~3a.

Koadpuumenr nunefHoro paciunpeHus 3aBHcHT;

- OT COCTaBsa 6€TOHa,C YBCIMHYCHHEM COICPKAHI HIEMEHTHOIO KaMHY ¢, yBe-

JTHYHBAETCS,

- OT CBOMCTB CHIPBEBBIX MATEPHANOB (PACCUMTHIBAETCS MO MPABHIY GeTOH-

HBIX CMECEH;
am\'Vz;x + asVs

V.+V,

K

a, =

- OT BJIaXHOCTHOTO COOTHOMICHHS,

- OT TeMIepaTyphl, IpU KOTOPOH ONpeNesIocs 3HAYEHHE (.
Temmeparypupie Hedopmanuu 6eToHa GNH3KH IO 3HAYEHMSIM K TeMIiepa-

TYPHBEIM JeOopMalldaM CTajlH, 9TO AaeT BO3MOXHOCTH WX COBMECTHOMH paore B

JKEJIE300STOHHBIX KOHCTPYKIMAX IIPY DasIMYHBIX TEMIEPATYPHEIX YCIOBHAX OK-

pyxaromiei cpeast.



CuiioBpie nedpopmanumn.
beToH ABNAETCS YIPYro-IulacTHYecKuM MaTepualioM, T.e. IIPH HarpyKeHuH
B HOM BOSHHKAIOT BHAvane ynpyrue AeGpopMally, a 3aTeM K HUM HPHCOETHHAIOT-

CiI IUIACTHYECCKUE.

st XapaxTepHCTHKH YNpyrux CBOMCTB 6eToHa OIIPEeACIIAIOT HAYalbHbIN
Mmooyny ynpyzocmu E,, KOTODEIA XapakTepusyer nedopMaTHBHOCTS GeToHa npu
KDaTKOBPEMEHHON  HArpyske, KOTOpas COCTaBiseT npumepro  30% or
paspymaromeid. Tak Kak GeTOH SBISETCS YIpPyro-IiacTHIECKIM MaTepHalioOM, TO
M3MEPHTb yHPYTHe Oe(QOpMalddl MOXHO TONBKO Cpasy Iocie ITPHIIOKEHUS
HArPy3Kd, & TP OTHOCHTENhHO MIHTENbHOM NEHCTBHM Harpy3Kd, HAIIDUMED B

Tederye 1 4, X ynpyrum nedopmMaiysaM 5o6aBIsIOTCS TIacTHIECKHE.

Ilonzyuecmp — 310 CIIOCOGHOCTB K YBETHUYEHHIO ILIACTHIECKIX nehopmanuit B
TEUCHHE JUIMTCIBHOIO BPEMEHHU IPU HOCTOSHHON Harpyske. IlonsyuecTs GeToHa
0BYCNOBIeHA HATMIMEM B LIEMEHTHOM KaMHe rejieBoii COCTaBJIAIONIEH, KOTOpas
yaepxkuBacT OOJBIIOE KONMYECTBO aICOPOIMOHHO CBSI3aHHON BOJEL B TeueHnme
ZIATENPHOTO BPEMEHH MOJ] ISUCTBIEM HaIPY3KH 3Ta BOJAA KaK ObI BEDKHMAETCS H3

IeJICBBIX 110D, IIPH 3TOM 6eToH AedopMupyeTcs.




