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Kapn-Xpucrtnas Tunens,
0-p Hayk, npog. Miowxercko20
yHusepcumema byHdecsepa

1961 2. p. Okoryun Texruyeckuti
yHugepcumem 20poda bpayruweetiz

10 CNeyuUanbHoCMU UHXeHep-Cmpouments,

€ 1988 no 1993 22. — HayuHbili

CompyOHUK MHcmumyma cmpoumenbHbix
Mamepuasnos, MOHOJIUMH020
CMpoUMenbCmaa U npomueonoxapHol
3awjumel npu TexHuYeckom yHugepcumeme
20poda bpayHuweelie, nocsie 3aujumel
duccepmayuu ¢ 1993 no 1995 2. —
06yyeHue 8 LleHmpe nepcnekmugHbIX
Mamepuanos Ha yemeHmHot ocHose (ACBM)
npu Cegepo-3anadHom yHugepcumeme CLUIA
no cmunexouu um. Peodopa flurera. € 1995
no 2003 22. — compyoHuk komnaruu Liapor
GmbH & Co. KG, ¢ 1997 2. — pykosodumeso
0maoesia omden HayyHoIX pazpabomok
Komnaruu Liapor GmbH & Co. KG, ¢ 2003 o. —
npoceccop yHusepcumema, pykogodumeno
WHcmumyma cmpoumensHelx Mamepuanos
npu MioHxeHcKom yHugepcumeme
byHoecaepa.

BBELEHUE

Jlerknn 6eToH npefcTaBnaeT coboi 6eToH
C 06bEMHOI Maccol B CyXOM COCTOAHNU Me-
Hee 2000 kr/m>. Jlerkne 6€TOHbI B 3aBUCUMO-
CTW OT coCTaBa NOAPA3AENATCA Ha Cnepy-
foLme rpynmbi:
® KOHCTPYKLMOHHbIV Nerkunin 6eToH (c nnot-
HOW MaTpuuen),
® becnecyaHbln KpyMHONOPUCTbIN NErkuin
6eToH,
® [lopucTbln Nnerknint 6eToH (NeHobeToH)
® fluencTbin 6eToH.

[laHHOe pa3peneHye TakKe 03HayaeT pas-
nnyHble chepbl NpuMeHeHnUa 6eToHa. KoH-
CTPYKLVOHHbI NIErKni 6ETOH, KaK 11 06bIYHbIN
6eTOH, MOXeT UCMOMb30BaTbCA KakK B MOHO-
NIMTHOM CTPOUTENbCTBE ANA YKNALKM Ha Me-
cTe paboT, Tak 1 ANA N3roToBNeHNsA CGOPHbIX
6eTOHHbIX 311eMeHTOB. 13 6ecnecyaHoro ner-
Koro 6eToHa 1 A4encToro 6eToHa NPoun3BoaAT
cHbopHble 6eToHHble 610KM Ha 3aBoaax. bec-
necyaHbl Nerknin 6eToH U NOPUCTbIV NErkni
6eTOH UCNOoNb3yTCA ANA HAHECEHWS N30~
pytoLiero 1 BbipaBHuBatoLero cnoes. Mocne-
AytoLuint 0630p OTHOCUTCSA TONIBKO K KOHCTPYK-
LUMoHHomy nerkomy 6eToHy (LC: Lightweight
Concrete) cornacHo ctaHgaptam DIN 1045-2 (1]
1 DIN EN 1992-1-1 [2], a Tak>ke K becnecyaHomy
nerkomy 6eToHy B cootsetcTBum ¢ DIN EN 1520
[3] (LAC: Lightweight Aggregate Concrete).

Manana obbemHan macca nerkoro 6eToHa
No CpaBHEHMIO C 06bIYHbIM 6ETOHOM AOCTU-
raeTcs 3a cyer:
® MNCNONb30BaHWA NErkoro 3epHUCTOro 3a-
nonHutensa (puc. 1 cnesa),
® LjeneHanpaBneHHo Co3aBaeMblx MycToT
(nop) mexpy 3epHamu 3anonHuTens (puc. 1
B LeHTpe) UM ncnonb3oBaHUA nopoobpa-
3ytowmx Jo6aBoK nUnu

Puc. 1. (TpykTypa pasnuubix nerkux 6eToHOB
(neBa HanpaBo: KOHCTPYKLUOHHbIA nerkuit 6eToH (LC) ¢ nnoTHoit MaTpuLielt; 6ecnecyanbiit nerkuit Gevos ILAEE
becnecuaHbiit nerkuit 6eToH ¢ mopu3oBanHoii matpuuelt (LAC)
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® BcrneHuBarteneu (puc. 1 cnpasa).

STUTpY BapraHTa B 3aBNUCMMOCTU OT Liene
NPUMEHAIOTCA OTAENbHO U B KOMOVHaLIMM
ApYyr c Apyrom.

BcTpeuatoweecs nHorga HasBaHue «ner-
KU 06bIYHbBIN 6ETOH» 0603HaYaeT TpagnuLm-
OHHbI1 6ETOH C 06beMHOI Maccoi oT 2000
10 2200 kr/m>, B nerkom TpaguLuMoHHOM Be-
TOHe 06bEMHYI0 MacCy COKpaLLalT A0 Npe-
[lenoB, BCE eLLe NO3BONALMX UCMONb30BaTS
nonoxeHua ctaHgapTos DIN 1045-2 [1] u DIN
EN 1992-1-1 [2] onAa TpagnyMoHHOro 6eToHza.
Hanpumep, B YaCTV NPOYHOCTU N Aedopma-
uun. HopmaTBHOro opopmneHns gaHHoro
MOHATUA, OAHAKO, He CYLLeCTBYyeT.

Bbonee 80% npounssoacTBa nerkux beto=os
B [epmaHuy NnpuxogmTca Ha becnecyaHbie ner-
Kune 6eToHbl (6e3 AvencToro 6eToHa). bnaro-
[lapA CBOVIM BbICOKUM TEMTON30MNALNOHHM
KayecTBaM OHM NCMONb3YOTCA ANA N3roToS-
JIEHUA CTPOUTENbHBIX KUPMMYen, CTEHOS
naHenen un T.4. [4]. Jlerkuit 6€TOH C NnoT=How
MaTpuLiein 3aHMMAeT OTHOCUTENTbHO HEBome-
LIOW cermeHT 6eTOHHOro pbiHKa. Exxerog=a
MCNONb3yeTCA NULLIb 0KoNo 350 000 M° nersa-
ro 3epHUCTOrO 3aMoNHUTENSA, B NEPBYI0 O=e-
peAb ANA N3roToBNeHNA COOPHbIX OeTOHH=m
KOHCTPYKLMIA. TO COOTBETCTBYET 06 bemy SOT
000Mm® 6eToHa B rofl. B MOHONNTHOM CTDOW-
TENnbCTBE Nerkuii 6eTOH C MIOTHON CTPY=Ty-
PO NCNONb3yeTCsA JOBONbHO PEAKO, HECMD-
TPA Ha ero BblCOKMI NoTeHuman. Mpuuns=zsm
TOMY, NpeXKae BCero, ABMAIOTCA ero Manas oo
CTYNHOCTb, 6onee COXHAA TEXHONOTUS Mars-
TOBJIEHMA MO CPABHEHUIO C TPAAULIMOH==
6€TOHOM 1 BbICOKAA CTOMMOCTb UCXOD=ss
matepuanos [5].
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BECMNECYAHDIA IETKUA BETOH

Jlerkuii 6eToH ¢ 6ecnecuaHoi cYpyKTypoi
(LAC: Lightweight Aggregate Concrete) xapak-
TepusyeTca Hannunem NycToT Mexay 3epHu-
CTbIM 3aMOSIHUTENEM, KOTOPblE OCTalOTCA NO-
cne ynnoTHeHuaA (cp. puc. 1 BHK3Y). 3T nopbl
BO3HMKaIOT, KOrga cogepaHue LeMeHTHOro
TecTa CHUXaeTca A0 Takoro obbema, UTobbl
3ePHUCTBIV 3aMOSTHUTENb TONBbKO «TOYEYHO»
cuennanca gpyr ¢ gpyrom. CrpontenbHoro
cTaHpapTa ana 6ecnecyaHoro nerkoro 6eto-
Ha, aHanornyHoro ctaHaapty DIN EN 1045-2
[1], He cywiecTBYyET. 115 OPUEHTUPOBKMN MOX-
HO ncnonb3osatb ctaHgapT DIN EN 1520 [3].
He cyuiectByeT 1 0gHO3HauYHOro onpepene-
HUA, C Kakoro obbema nop 6eToH MOXKeT cun-
TaTbcA 6ecnecyaHbiM. B KauecTBe OTNPaBHOM
TOUKU MOXKET 6bITb MPUHAT MIAHOBbLIN 06 beEM
nop ot NpnbAn3nNTENbHO 4%, KOTOPbIN AOCTY-
raetca 6e3 fobaBneHnA nopoobpasytoLei fo-
6aBKkun. OKoHYaTelbHOE peLleHne OfHO3Hau-
HO MO>KeT OblTb MPUHATO Ha OCHOBE pacyeTa
cocTaBa 6ETOHHOW CMecH.

BecnecyaHbi nerkuin 6eToH ¢ nerkum 3ep-
HUCTBIM 3aMOSTHATENEM Yallle BCEro NCMNosb-
3yeTcA AnA Npon3BoACTBa MaccuBHbIx (VBI,
V) n nyctotensix (HBI) 6nokos, ans Hecywmx
1 TeN0M30MALNOHHbIX CTEHOBbIX 3/1IEMEHTOB
(DIN EN 1520 [3]), a Takke ana nerkux gpe-
HaXXHbIX 6€TOHOB 1 — 6narofaps NOBbILLEH-
HOMY LUYMOMOTIOLEHNI0 — ANA LYyMO3aLLuT-
HbIX CTeH (puc. 2).

Puc. 2.

Lllymo3awuTHas cTeHa u3 becrecuanoro nerkoro
6etowa (Goto: Liapor)

CBolicTBa maTepuana

PaspaboTka coctaBa cmecu ana 6ecnec-
YaHoro 6eToHa 3HaunNTeNbHO OTINYaeTCA
OT onpepeneHna cmecn 6eToHa ¢ NAIOTHOM
CTPYKTYPOW. ICXOAHBIM MYHKTOM CJTYKUT Bbl-
6GpaHHbI KPYMHbIA 38PHUCTbIN 3aMOIHATETb.
B 3aBMCKMMOCTM OT cOCTaBa MCMoNb3yeTcA He-
MHoro 6osnee 1000 1 HaBaNbHOr O 3aNoNHNTe-
na Ha 1M’ 6ecnecyaHoro 6etoHa. MecuaHan
dpakuyua ysennureaeT o6beM LLEMEHTHOrO
TecTa v, Takum obpasom, NioLaab KOHTaKTa
MeXAay 3epHamu (puc. 3 cnesa). 3To NONoXu-
TeNbHO CKa3blBaeTCA Ha MPOYHOCTU U YMEHb-
LIAeT CKJIOHHOCTb K 06pa30BaHMio yCafJOuHbIX
TpewmnH. OpreHTUpPoBOYHO TpebyeTcsa OKono
2001 HaBanbHOTO JIEFKOro Mecka Ha M Gec-
necyaHoro 6eToHa. bnarogaps uemeHTHoMy
TecTy 1 (nerkomy) necky o6bem MoxeT He3Ha-
YNTeNbHO yBENNYNTLCA (Kak MpaBusio 3a cyet

cpepHen Gpakuum necka) nnm yMeHbLINTbCA
(menkas GpaKLma 1 CHKeHNe TpeHws). Konu-
4eCTBO OCTaBLINXCA NOP B YNNOTHEHHOM fier-
KOM 6eTOHe 3aBUCUT OT BbIOPaHHOW KpUBOW
rpaHy/oMeTp1YeCcKoro coctasa v nogaaeTca
nuwb rpybon oueHkKe.

B 6ecnecyaHbix nerkunx 6eToHax Bogoue-
MEHTHOE OTHOLLEHMNE LIEMEHTHOIO TeCTa MOX-
HO MEHATb TONIbKO B OrPaHNYeHHOM Jjnana-
30He, TaK KaK MHaye LeMeHTHoe TecTo byaeT
HaCTONIbKO CYXMM, YTO He ByAeT AOCTaTOUHO
obBonakmBaTtb 3epHa, v bygeT HacToNbKO
BJIa>KHbIM, UTO He ByleT OCTaBaTbCA B CTPYKTY-
pe, HauHeT cTeKaTb 1 3abVBaTb PaCMONOXKeH-
Hble HVXKe NyCTOTbl U cobnpaTbCa Ha fHe

[ToepxHoCTL
CONPUKOCHOBEHUA

TMopu3oBaHHoe

HOBerHO(Tb CONPUKOCHOBEHUA

Puc.3.  «ToueyHbie» NOBEPXHOCTI COMPUKOCHOBEHMA

MeX 1y Nerkim 3epHUCTbIM 3anofHuTenem bec-
necyaHoro nerkoro 6eToHa (cnesa — c nerkum
1eckoM, (NpaBa — C NOPU3NPOBAHHON MATPH-

uew)

onany6ku. PaBHomepHoe o6BonakmsaHme u,
TaknM 06pa3om, «CKNemBaHne» 3epeH B 6ec-
necyaHbix 6eToHax BakHee ANA NPOYHOCTU
6eTOHa, YeM BOAOLIEMEHTHOE OTHOLLEHME, TaK
Kak MPOYHOCTb B 3Ha4YMTENbHOW Mepe onpe-
[enAaeTcA NPOYHOCTHIO UCMONb3YeMOro fier-
KOO 3€PHUCTOrO 3anoNHNUTENA.

OAviH 13 BapyaHTOB 6ecrnecyaHoro nerko-
ro 6eToHa MOXHO MOYUYUTb, UCMOSb3YA AO-
6aBKK, cnocobCTByOLLME 06PAa30BaHNIO BO3-
AyLWHbIX nop. Takow nerkui 6eToH, Ha NepBbIn
B3rNA[, UMeeT MaTpuLly, KOTopasa OYeHb No-
XOa Ha MaTpuLy Nerkoro 6eToHa C NoTHOW
cTpykTypon. MNpu 6onee BHUMaTeNbHOM pac-
CMOTPEHUN MOXXHO 0BHapYXWTb B MaTpuLe
MenKye paccesHHble Kpyriible nopbi (cp. puc. 1
crnpasa BBepXy U puc. 3 cnpasa), KoTopble
1 obpasoBanvcb Noa BosgencTanem 4obas-
Ku. bnaropaps fo6aBke BO3MOXHO OTKa3aTb-
€A OT NCMONb30BaHNA B peLienType 6eTOHHON
CcMecy nerkoro necka. TpeHume mexxay nerkum
3ePHUCTBIM 3aMONHUTENEM MPU NPUMEHEHNN
NOPK30BaAHHOTO LIEMEHTHOrO TeCTa CHUXKAET-
CS B CPAaBHEHMMN C OObIYHBIM LIEMEHTHBIM Te-
CTOM. 3@ CYeT 3TOro NoBbILWAETCA NIOTHOCTb
YNaKOBKW JIErKOro 3epHUCTOrO 3anofHATENA.
3a cyet aToro Tpebyetca bonblue MaTepuana
Ha M. OIHOBPEMEHHO YNy UILAIOTCA MeXaHnue-
CKIe CBOWCTBA B CPAaBHEHUN C 0ObIUHbIM bec-

LieMeHTHoe TeCTo

necyaHbIM fierkum 6eToHoM. O6bemHasa macca
1, TaKUM 06pa3om, TENNOTEXHNYECKME CBON-
CTBa OCTalTCA 6€3 u3meHeHun [6].

BecnecuaHbliii nerknin 6eToH ncrnonb3yetcs
[N5 MPOUN3BOACTBA CTEHOBbIX 3/IEMEHTOB B CO-
oTtBeTcTBUM co cTaHgapTom DIN EN 1520 [3]
C 06bEeMHOI Maccoi oT 450 Kr/m>. JocTuxu-
Mbl€ KNacCbl MPOYHOCTU C JAHHOW 06 BEMHOM
Maccou HaymHatoTca oT LAC2 (HomuHanbHas
npoyYHocTb 2 MIMa) 1 c BO3pacTaHnemM o6bem-
How Maccbl yBenuumaatotca o LAC25 (Homu-
HasibHaA MpoyYHoCTb 25 Mla). Tennonposo-
[HOCTb HaynHaeTca o1 0,12 BT/mMK. Takum 06-
pasom, 3neMeHTbl NOAXOAAT ANA NPOMbIL-
JIEHHOTO CTPOUTENBCTBA, @ TAKXKE AN KUSI0ro
1 MHOTO3Ta)@HOro CTpOUTENbCTBa.

KOHCTPYKLUOHHbIV NETKUABETOH

KOHCTPYKLNOHHbI 6ETOH MeeT NNOTHY0
maTpuuy (puc. 1, cneea BBepXy) U CHapy»u
HUYeM He oTnnYaeTcs oT 06bIYHOro 6eToHa.
Hun3kaa o6bemMHan Macca JOCTUraeTca 3a cyeT
3aMeHbl MIOTHOTO (TAXKeNoro) 06bIYHOTO 3ep-
HWUCTOrO 3aNONHUTENA NOPUCTLIM NETKUM 3ep-
HUCTbIM 3anonHuTenem. ObblyHas TexHONorus
npepcTaBnaeT cobor YaCcTUUYHY UK non-
HYI0 3aMeHy KPYMHOro 06blYHOrO 3€pHUCTO-
ro 3anofHnTeNA Ans OCTUKEHUs Heobxoan-
MoV 06beMHON Macchl. [lanee MOXHO 3ame-
HUTb NecyaHylo Gppakunio nerkum gpodne-
HbIM NMEeCKOM.

MpoyHocTb n 06beMHan macca nerkoro be-
TOHa B 3HAUMTENIbHON Mepe onpeaensanTCa
TUMOM WCMONb3YeMOro 3€pPHUCTOrO 3anos-
HUTENA U, KPOME TOro, COCTaBOM HETOHHOIO
pacTeopa. B lepmaHumn npenmyuiectBeHHO
NCMNONb3yeTCA Kepam3uT 1 BCMYyYEHHDbIN Ca-
Hel. CneyeHHan neTy4yas 30/1a B HacTosLlee
BpeMA Ha HEMELIKOM PbIHKe He npeacTaBe-
Ha. [lem3a ncnonb3yeTcsa TONIbKO ANA HU3KMX
Knaccos npouHocTu. C yBennyeHmem o6bem-
HOW Maccbl 6ETOHA BO3pacTaeT JOCTUraeMbii
Knacc npoyYyHocCTu nerkoro 6eToHa. bnaropaps
MCMOSb30BaHNMIO Nerkoro necka MOXHO 3Ha-
YUTENbHO YBENUYUTb MPOYHOCTb, COXPAHUB
06beMHyYI0 Maccy. ITO NOKa3aHo Ha puc. 4, rae
npuBefeHbl UCXOAHble 3HaUeHUss Heobxoau-
MOW MNOTHOCTU B CYyXOM COCTOAHMM ANA No-
NyYEeHUA Pas3fINUHbIX KNAaccoB NPOYHOCTH,
cmoTtpum [1, 2]. Ucnonb3oBaHue nerkoro ne-
CKa No3BONAET AOCTUYb COOTBETCTBYHOLLENO
Kracca npoYHOCTN C 06 BEMHON MAaCCON MEHb-
we Ha 200 Kr/M>, 4em 3T0 6bISI0 6bl BOSMOXHO
C 06bIYHBIM NEeCKOM. [TOMUMO CHUXKEHUS KOH-
CTPYKTUBHOW MacCbl 3HAUNTENbHO YMEHbLLA-
eTca TennonpoBoaHoCTb. O6a NpenmyLlecTBa
NCMNOSb3YIOTCA B COBPEMEHHbIX COOPYXXEHMSAX.

CBoiicTBa maTepuana

MpouHocTb 1 06 BEeMHbDIN Bec

MpoYHOCTb Nerkoro 6eToHa B 3HaUYUTENb-
HOW CTeneHu onpepenaeTcs BblIOpaHHbIM
Nerknm 3epHUCTbIM 3anonHuTenem. Bogoue-
MEHTHOE OTHOLLEHNE N COAepKaHNe LieMeH-
Ta, HAOOOPOT, NrpatloT BTOPOCTENEHHYIO POJb,
HO BakHbl OTHOCUTENbHO TPeOOBaHNI K JOI-
roseyHocTtun [7].
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] 06wemtan macca Getona ¢ nerkum neckom
. 06bemHan Macca 6eToHa ¢ ecTecTBeHHbIM Meckom
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06bemHan Macca beToHa, kr/ gm’

Puc. 4. WcxopHble gaHnble HeoBX0AMUMON NNOTHOCTY Nerkoro 6eToHa B CYXOM COCTOAHMM ANA [OCTKEHUA KNacca npoy-

HocTu [7]

Puc. 4 nokasbiBaeT KNaccbl NPOYHOCTY Ner-
Koro 6eToHa [1, 2]. Pewwalowen apnaertca -
NHAPUYECKasn MPOYHOCTb Ha CxaTume. B cny-
uae € nerknm 6eToHOM cnefyeT OCTOPOKHO
OTHOCKTbCA K COOTHOLIEHWIO LUNHAPUYe-
CKOW 1 KyONKOBOW MPOYHOCTM Ha CxKaTue,
BbITEKaKLen 13 0603HaueHMs Knacca npouy-
HocTu (puc. 5)! Co6CTBEHHbBIE UCCNefoBaHNA
YKa3blBalOT Ha TO, UTO COOTHOLLEHUE, MpUMe-
HUMOe nA 06bluHOro 6eToHa, ABnaeTca 60-
nee noaxoasuwmm [8].

HonroBe4yHocTb

Jlerknih 6eToH c NpaBuIbHO NOAOBPaHHBIM
COCTaBOM OT/INYAETCA BbICOKOW [OSITOBEYHO-
CTbt0 1 MHOTAa NPEBOCXOAUT B 3TOM OTHOLLIe-
HUW 06bIYHbIN 6eTOoH [9], TaK KakK KauecTBo
CTPYKTYpPbl IErKOro 6€TOHa 3HaUMTENbHO OT-
NINYAETCA OT KayecTBa CTPYKTYPbl TPAANLIMOH-
Horo 6eToHa. B nocnegHem cTpykTypa npep-
CTaBnfAeT cobom 3-KOMMOHEHTHYI0 cMcTeMy
13 3epeH, MaTPuULbl U OTHOCUTENIbHO MopPW-
CTOW 30HbI CLiensieHns BOKPYT 06bIYHOrO 3ep-
HMCTOro 3anofHNTeNA. B npoT1BononoxHocTb
STOMy Nerknii 6eToH Npw NPaBuIbHOM COCTa-
BE€ He MMeeT 30Hbl cuenneHuna (puc. 6). Mpu-
UMHOW 3TOMY ABNAKTCA YETbIPe MeXaHU3Ma:
¢ Jlerkni 3epHUCTbIN 3anoNHNTENb BO Bpe-
MA 3ameca BnuTbiBaeT Body. BmecTe ¢ Bogon
3aTBOpPEHMA B MOPUCTOE 3epHO nonajgaet
KaKas-To 4acTb BAxyulero. TpoayKTbl ruapa-
Tauumn BAXYLLEro, Takum obpasom, HapacTa-
tOT He TONIbKO CHapy 1 Ha 3epHe, HO 1 B Orpa-
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HMYEHHOM Obbeme B CaMOM 3epHe 1 13 Hero.
30Ha cuenneHua B HEKOTOPOM poje 3apacTa-
eT. OfHOBpeMEeHHO MOBbILIAETCS MPOYHOCTb
3epHa 3anoHNTeNA B pesysbTaTte yBenuue-
HUA ero 06beMHOI Macchl (1 MoTepu BAXKY-
Lero B matpuue). B koHeuHom uTtore, npo-
HWKHOBEHME BAXYLLEro B 3epHO NPUHOCUT
nosib3y, HO 6onee BbIroAHbIM C SKOHOMUYe-

CKOWM TOYKV 3peHmnA 6bino 6bl yaeprsaHue
BAXYLLErC B MaTpumue.

¢ MHorpa B Kepam3nTe Ha NOBEPXHOCTY 3e-
PeH MOXHO OBHAPYKUTb PEaKTUBHbIE KINH-
KepHble da3sbl, Takune Kak reneHut (C2AS). 31tn
3epHa B OrpaHMyeHHOM o6 beme MOryT BCTy-
naTtb B PeAKLVIO C BAXKYLLUM.

© [MoBepxHOCTb 3epeH LuepLuaBas v NopucTas,
MO3TOMY OHa 06ecrneurBaeT O4eHb XOpoLLee
MEXaHNYEeCKOoe CLienIeHre 3epeH 1 OKpya-
IOLLEro UEMEHTHOrO KamMHsA.

¢ Bopa, BNUTaHHasA Nerknum 3epHUCTbIM 3a-
nonHuTenem, BO Bpema ruaparauum obe-
CneyvBaeT ONTMaNbHbIV BHYTPEHHUIN YXOA.
370 CBOWCTBO YaCTUYHO LieNIeHanpPaBAeHHO
MNCMONb3yeTcA B BbICOKOMPOUHbIX O6bIYHbIX
6eToHax [10].

Tak Kak MPOYHOCTb nerkoro 6eToHa B 3Ha-
UnTESIbHOW Mepe 3aBUCUT OT BbIGPaHHOr o fer-
KOr0 3epHUCTOrO 3aMoNHUTENS, HE NPeACTaB-
NAETCA BO3MOXKHbIM YCTaHOBUTb CBA3b MEXAY
KNaccom NPOYHOCTM 1 AONTOBEUYHOCTbIO (KNnac-
CoM 3Kcnosmumn). Pacnpeaenexue no knaccam
3KCMNO3MLMN MOXKET NPOU3BOAUTHLCA TONBKO
Yyepes 3¢pPeKTUBHOE BOJOLEMEHTHOE OTHO-
LIeHVe N COepKaHme LeMeHTa.

ELe ogHVM NpenmyLiecTBoM nerkoro 6eto-
Ha C TOYKM 3peHUns AONTOBEYHOCTU ABAAETCA
OYeHb XOPOLLasA CTOMKOCTb K BO3AeNCTBUIO XO-
nopa v aHTrobneaeHuTenbHomn conu. He6onb-
LIas KeCTKOCTb JIerkoro 3epHMUCTOro 3anosn-
HUTENA 1 HN3KOE TEPMUYECKOE PacTaXeHNe
Mo CPaBHEHMIO C 0ObIYHBIM OETOHOM BbI3biBa-
10T MEHbLLME HaNPAXXeHUA B CTPYKType MaTe-
pviana. icnonb3osaHune nerkoro 4po6aeHoro
NecKa JOMOJHUTENbHO YMEHbLLAET Koappuum-
€HT yNpyrocTy pacTBopa U1, Taknum o6pasom,
CTPYKTYpHble HanpsxeHna. OLHOBPeMEHHO
4acTMUbl Nerkoro necka ¢ Menk1UMM nopamm
OCTaB/AT NPOCTPAHCTBO /1A 3aMep3aloLLei
BOAbI 1, TaKUM 06pa3om, OKasblBaloT BO3aei-
CTBUE, KOTOPOE CPABHUMO C 3GPEKTOM UCKYC-
CTBEHHO CO3/[1aHHbIX BO3AYLWHbIX Mop [11, 12].
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Puc. 6.

PIM-CHUMOK KOHTAKTHOM 30HbI «MaTpUL[a —
Kepam3uT» B lerkom betoxe

Mopaua Hacocom

B lepmaHum nerkue 6eToHbl, Kak npasu-
710, U3rOTAB/IMBAKOTCA C CYXVM U YMEpPEH-
HO BI@XKHbIM NErKMM 3€PHUCTBIM 3aMNOHN-
Tenem, TaK Kak 3TO MO3BOJMISAET CHU3UTb pac-
XO[bl MO TPAHCMOPTUPOBKE 3€PHUCTOrO 3a-
NONHUTENA U YNYYLINTb TENNOTEXHNYECKne
cBoncTea. [logobHan TeEXHONOrns UMeeT He-
[OCTaTKW, €C/IN Ha CTPOIKE NPUXOAMNTCA NOo-
[1aBaTb NIerkunin 6eToH HacoCcoMm. B 06bIUHBIX
peuenTypax ierkoro 6eToHa BO3AyX B nopax
3epeH CKMMAeTCs, a BoAa Npv 3TOM BAABVBa-
€TCs U3 MaTPULLbl B NNIETKUNIA 3ePHUCTbIN 3amnon-
HUTenb. MocnegHee NPUBOANT K U3MEHEHWIO
KOHCUCTEeHLUUM 6eToHa, OH CTaHOBUTCA bonee
»KecTKuM. Korfa naBneHuve Ha CBeXUn nNerkum
6EeTOH Ha KOHLe nofatolero Tpybonposoaa
1K, ecnm obyCnoBIEHO KOHCTPYKLMEe Haco-
ca, B nopatoLem Tpybonposofe najaert, Bo3-
[yX B NOPax MOXeT BbICBOOOANTLCA 1 pacLum-
puTbcA. OQHOBPEMEHHO C 3TVM OH BblaBNN-
BAeT BOAY, 3anpeccoBaHHYyto B 3epHo. YacTo
3TO BEAET K PacC/IOeHWIo fierkoro 6eToHa v oT-
Kasy npouecca nogaun Hacocom. laxe ecnu
rojaya HaCcoCOM yfanach, CTPYKTypa JIErkoro
6eToHa byneT cunbHo nospexxaeHa [13]. Takan

ﬁ
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Puc. 8. 3panue yyacTKoBOrO 1 3emenbHOro cyaa 8o Opankdypre-Ha-0aepe C MOHOMUTHBIMY BHELLHUMU CTEHAMM
u3 betoHa knacca LC16/18 D1,2, B&J Architekten Berlin (®oto: Liapor)

peakuuna MOXeT MPOon30NTY flaxke HECMOTPA
Ha npefLecTBYOLWYIO ANUTENbHYO (Hanpu-
Mep, B TeYeHMe 24 4acoB) BbIAEPXKKY NNErkoro
3€PHUCTOro 3anonHuTena B Boge. PelueHvem
npobnembl ABNAETCA MPUMEHEHWe crieyunanb-
HbIX, OYeHb MOABUXHbIX peLenTyp, pa3paboT-
Ka KOTOpPbIX ONMpaeTca Ha KOHLENLuio camo-

InemeHTbI 3 camoynnoTHaoweroca betona (LC25/28 D1,6) ¢ BbICOKOKaueCTBEHHbIMY MOBEPXHOCTAMN

IS BEPXHETO U HIDKHEr0 OrpaXk [ieHuil BepxHer TpubyHbl craguoHa QonbkcBaren-ApeHa 8 Bonbcbypre (Qoto:

Liapor)

YMIOTHALWMUXCA 6ETOHOB. B HacToALee Bpe-
M5 YK€ MHOT e 3aBOAbl MO NPOU3BOACTBY He-
TOHa NOCTABNAT Nerkme 6eToHbl, NpUrogHble
Ans nogauv Hacocom. OgHako B 60MbLIMHCTBE
CrlyyaeB Ha CTPOUTENbHbIX NIOLLAAKAX PEKO-
MEHAYEeTCA NepenpoBepuTb NPUrOLHOCTb
CMeCw, BKJTHoUas UCTbITaHNEe MNoAauy HAaCOCOM.

CaMoynNOTHAIOWMICA fierkuit 6eToH

[lna camoynnoTHaALWeroca nerkoro 6eto-
Ha B [epmaHnn encTByOT TpM COBNagatLme
no cofiepkaHnto gonycka ana 6eToHoB Knac-
calLC30/33D1,3,LC30/33 D1,41 LC35/38D1,6.
OnbIT NOKa3sblBaeT (pUC. 7), 4TO NOA0OHbIE CaMo-
YNNOTHALWMECA Nerkme 6eToHbl erye n3roto-
BUTb, YeM CaMOYMJIOTHAIOLLMIACA OBbIYHBIN Oe-
TOH[12, 13]. 3T0 0CO6EHHO BEPHO B TEX CAIyYasX,
Korfa Ncrnonb3yeTca Ierkunii necok, bnarogaps
KOTOPOMY, C OIHOV CTOPOHbI, yMEHbLLIAETCA pas-
HMLA NIOTHOCTU MeX Y COCTaBHbIMU YacTAMMN
nerkoro 6eToHa 1, Takum obpasom, cBoaNTCA
K MVIHUMYMY CKIIOHHOCTb K paccioenuio. C apy-
rO CTOPOHbI, NErKMiN NeCoK CrNaXnBaeT pas-
HULY B COAep>KaHUV BOAbI 1, C/IeOBATESNIbHO,
NOBbILWAET CTabMIbHOCTL CAMOYM/IOTHALLE-
rocs nierkoro 6eToHa. MexaHuueckmne CBOMCTBa
CaMOYMIOTHAIOLLErocs Nerkoro 6eToHa cosna-
[1al0T CO CBOMCTBAMM TPAAULNOHHOTO NIErKOro
6eToHa [14, 15]. Bnarofaps oueHb CTabunbHOM
CTPYKType caMoynnoTHALMeca nerkue He-
TOHbl MOXHO, KaK npasusio, 6e3 npobnem no-
[laBaTb HACOCOM.
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O6beKkTbi

Coopy»KeHus 13 apXUTEKTYpHOro 6eToHa
B nocnefHue roabl CHoBa 3aBoeBany B lepma-
HVIM MHOTO NPYBEPXXEHLIEB CPeMN aPXUTEKTO-
POB 1 3aCTPONLLMKOB. CTUMYIOM MOCNTY KUK
HeKoTopble BbiatoLmeca cTpoeHua B LLsenua-
pun [16, 17]. NlocTpoeHHble B nocsieaHne rofbl
B [epMaHnu coopyeHns 13 nerkoro 6eToHa
MOXXHO YCJIOBHO pa3feninTb Ha fBe rpynmibi.

K nepBoW 0OTHOCATCA 3aHMA C OYeHb Mac-
CMBHbBIMWN HapPYXHbIMW CTeHamu. TonuwnHa
cTeH o1 0,45 no 0,60 m onpepenserca Te-
NIONPOBOAHOCTbLIO NCMONb3YEMOrO Nerko-
ro 6eToHa 1 TpeboBaHUAM K TeNOnN30na-
unn. TpeboBaHMA K BOCMPUATUIO CTaTUYe-
CKOW Harpy3ku o6blYHO HU3KMe. Kak npasu-
N0, ANA JOMOB Ha O[JHY CEMbIO MCMONb3yeTCs
6eToH knacca LC8/9 D1,1, a gns 6onee kpyn-
Hbix 06bekToB — LC 16/18 D1,2 (puc. 8). B oT-
[eNbHbIX CNyYanx NPUMeHATCA 6onee Hn3-
Kne 3HaueHua (puc. 9). MogobHbie nerkve
6eToHbI NpeABbABNAIT 0Cobble TpeboBaHNA
K B&I€HWNIO CTPOUTENbHbIX PaboT. M3-3a HK3-
Kol 06beMHOI Macchl cBexero 6eToHa, ero
ynnoTHeHue TpebyeT 6onbluel TwaTenbHo-
CTW, Tak Kak BUO6paLma NOrnowaeTca cub-
Hee, a BO3AYLIHbIE MOPbl BbIXOAAT Ha No-
BEPXHOCTb ¢ 66nbwum Tpyaom. C gpyrom
CTOPOHbI, MHOTME apXUTEKTOPbI O4apPOBaHbI
VNMEHHO rpy6oil CTPYKTYpPOI Nop, eciiv oHa
AOCTaTOYHO OAHOPO/Ha. Ha Bcex npenbiay-
WX CTPOUTENbHbIX NIOWaAKax 3GpdeKTns-
HbIM OKa3as10Cb M3rotossieHne obpasia cTeH
C TPYyAHbIMM AeTaNAMU, a TaKKe TPEHUPOB-
Ka cTpouTenbHoun 6puragbl Ha 3TUX CTEHaXx.
M13-3a Heb6ObLLOWN 06bEMHON MacChl Nerkue

GeToH 1 enesobeton 12Ne2 (7) &

B

6eTOHbI NOJAITCA HE HACOCaMU, a KOBLUAMY,
KOTOPbI?Y, KaK NpaBunio, o6ecneunsaroT xo-
poLuyto Bbirpy3ky nerkoro 6etoHa 6naroga-
pA ycTaHOBNEHHbIM BUOpaTopam.

Ko BTOpoOI1 rpynne coopy»KeHui 13 nerkoro
6eToHa OTHOCATCA ODUCHBIE 3[aHMA C CUAIbHO
«3PE3aHHbBIMMY, BbICOKO Harpy»XeHHbIMM da-
capflamu. Bbibop B nosnib3y nerkoro 6eToHa ae-
NaeTCA B JaHHOM CJlyyae C TOUYKUN 3peHMs He-
Cyuiet CnocobHOCTU 1 TENIOTEXHMKM. Yale
BCEro npumeHsaeTca 6eTOH KnaccoB NpoYHo-
ctn mexay LC16/18 n LC35/38. Ana sbinon-
HeHVA HemeLKnX TpeboBaHWMiA K Tennonsons-
UMM BbIGUpPaETCA, Kak NpaBuo, Knacc nioT-
HOCTU B CYXOM COCTOSIHUM Makcumym go D1,4
(cp. puc. 4). bnarogaps nerkomy 6eToHy aaH-
HOrO KJlacca NIOTHOCTU 3HAYUTENBHO MPO-
LLie MOJTYYNTb BbICOKOKaYeCTBEHHYIO NMOBEPX-
HOCTb (puc. 10).

Ewe ogHom 06nacTbio NpUMEHEHVS Nerkoro
6eToHa C NIOTHOW CTPYKTYPOW ABNAETCA BO3-
Be[l€HNE KOHCTPYKTUBHbIX UHXXEHEPHbIX CO-
opyeHuit. K KoMbrHaLmm NpoUYHOCTY C H3-
Koi1 06 beMHoii Maccolt B laHHOM cdepe npu-
CcoeMHATCA TPebOBaHMA K JONTOBEYHOCTH.
3TO OTHOCKTCA K MOCTaMm € 6ONbLWIMMK NPO-
neTamu v, Nnpexae BCero, K MOPCKNUM Coopy-
»eHuam [18]. B nocnegHue rogbl 13 nerkoro

bepnuw, lunnenwTpacce, 40, apxutektypa: Bundschuh Architekten/Cosima von Bonin, LC16/18 D1,4 (DoTo:

Liapor)
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6eTOHa 6b1510 BO3BEAEHO HECKOJIbKG MOPCKIX
nnatopm Ana fobbiBaloLWmMX CKBa KUH [18,
19]. ToMMMO TaKoro NPenMMyLLecTBa, Kak He-
60sbLUIOI BEC, NIETKNN 6ETOH ABNAETCA TAKUM
MaTepuanom, KOTOpbIN OTINYAETCSA NPEBOC-
XOAHOW AONTOBEUYHOCTBIO [9], UTO OYEHb BaK-
HO NMPOEKTUPOBLYMKAM.

MocneaHm Ha cerofHALWHMI feHb NPOEeK-
TOM COOPY>KEHUA B OTKPbITOM MOpe 13 ner-
Koro 6eToHa ABMAETCA CMYCKO-NOAbEMHbIV
komnnekc MPU Heavy Lifter [20, 21]. JaHHas
KOHCTPYKLMA cocToUT 13 U-06pasHbix NOH-
TOHOB C YeTbipbMA 6alHAMU. OHa NPUMeHs-
eTCA ANA AeMOHTa)Xa CHATbIX C 3KCnyaTa-
unn nnatopm ans Ao6bIBaKOWMX CKBaXKNH
1 ANA MOHTa)a TAXKenbiX GyHOaMeHTOB Be-
TPOBbIX ycTaHOBOK B CeBepHOM mope. C Tou-
KU 3peHuna nerkoro 6eToHa, komnnekc MPU
Heavy Lifter nmeeT Heckonbko 0cobeHHo-
cTen. Tak, BiepBsble ANA MOPCKOrO COOpYKe-
HMA ObIN NCNONb30BaH Nerkuit 6eToH ¢ ner-
KVIM NeCKOM ANA NonyyeHns 6eToHa KauecTsa
LC35/38 D1,4, HeobxoanMOro ans nnasyue-
CTU 1 NPOYHOCTU MOHTOHOB. Jlerkuih 6eToH
[ONKeH OblTb OYEHb AONTOBEYHbBIM U CTOW-
KUM K BO3AEVCTBMIO MOPCKOW BOAbI, MOPO-
3a 1 aHTMo6neAeHUTeNbHON conu. Mpu BbI-
NOJSIHEHUW CTPOUTENBHBLIX PabOT UCMONb-
30BaIMCb pa3iMyHble TeXHONOrumu. Hux-
HAS YaCTb NpeABapUTENbHO HaMPAMKEHHO
KOHCTPYKLMMN CTpOoMach Npu MOMOLLM NOA-
BVXKHOW onany6Ku, a 6alwHy Bo3BoAUAUCH
B CKofb3Aulen onanybke (puc. 11). Nogaua
6eToHa Morna NpPov3BoANTLCA TONbKO KOB-
Wamu, Tak KaK Mpuv nogaye Hacocom o6bem-
HasA Macca Obl HEMHOTO yBENYMIIACh, YTO He-
NprYeMIemMo 13-3a XeCTKO 3aZlaHHbIX 3Haye-
HUI 06 beMHoOI Maccbl. Bcneactsne rnobans-
HOro G1HaAHCOBOro KPU3mMca NPOEKT He 6bin
3aBepuieH [22]. OgHaKo OH NOKa3blBaeT, Ka-
KOW noTeHuman KpoeT B cebe KOHCTPYKLM-
OHHbIV Terkui 6eToH.

3AKNTIOYEHUE

Jlerkne 6eToHbI NOAXOAAT ANA WNPOKOTO
CneKkTpa npumeHeHus. becnecuaHbie nerkue
6eToHbI 06/1a4al0T XOPOLMMK TENON30NSA-
LMOHHbIMW CBONCTBAMMU U LUMPOKO UCMONb-
3y10TCA B CPepe KUMOoro 1 NPOMbILLIIEHHOrO
CTpouTesNibCTBa. HoBble TeXHONOrK, Hanpu-
Mep, NOpU3aLmna MaTpuLbl, yyyLuaoT CBO-
CTBa 6€TOHa 1 OJHOBPEMEHHO ynpoLjaioT
npouecc Nnpon3Bo/CTBa.

B nocnegHue roabl nerkuin 6eToH ¢ nnoT-
HOW CTPYKTYpOIi 6bin ycoBepLIEHCTBOBAH
HaACTOJIbKO, YTO NPU NPABUIbHOM COCTaBe
€ro MOXHO LiefleHanpaB/IeHHO No4aBaTh Ha-
COCOM U MCMONb30BaTh B KaUecTBe CaMoy-
nnoTHAWeroca nerkoro 6etoHa. ins ap-
XUTEKTOPOB N UHXEHEPOB, BblABUraloLL X
Cmesible TBOpYeCKNe pelleHns, KOHCTPYK-
LIMOHHbIN 6ETOH OTKPbIBAET BO3MOXKHOCTb
nepenTn rpaHunLbl, KOTOPbIE MHOTJA BO3HU-
KatoT 3a cyeT 60MbLIOro KOHCTPYKTUBHOMO
Beca 06blYHOro 6eToHa.
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