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[lycToTenbie cTeHOBbIE OETOHHbIE 6710KK
C peuuKnupoBaHHbIMK 3aN0ONHUTENSAMU U CTEKIOM

J1oM GETOHHbIX KOHCTPYKLIMiA SIBNSIETCA OCHOBHbLIM BUZOM OTXO[I0B CTPOUTENLCTBA 1 CHOCA BETXUX 3[aHWA U COOPYXXEHWIA. PeLIMKNNPOBaHHbIi
3anomnHUTeNb, NoNy4aeMblii B pe3ynbrate Apo6neHns 6eTOHHOro NoMa, MOXET GbiTb MOBTOPHO MCMONb30BaH B Ka4ecTBE 3anONHUTENS Npy
NpOU3BO/CTBE GETOHHON CMecU. ELlle 0AHMM W3 LIEHHbIX 0TXO0B CTPOUTENLCTBA U CHOCA ABNSIETCS CTEKIO0, KOTOPOE TaKKe MOXET ObiTh
PELNKNPOBAHO 1 UCMOMb30BAHO B KAYECTBE 3an0NHUTENS B GETOHE. LleNnblo HacTosLel paboThl IBUNOCH U3Y4eHNE BANSHUS PELUKINPOBaHHbIX
3anoMNHUTENeNl 1 CTeKNa Ha XapakTepUCTUKIA NYCTOTENbIX CTEHOBbIX GETOHHbIX 6/10KOB. VICMbITaHNA NPOBOANMUCH HA YETbIPEX rpynnax 6eTOHHbIX
6110KOB, COZIEPXKALLMX MOPTNAHALEMEHT, PeLMKNPOBAHHbIA 3aN0NHUTENb, PELUUKMPOBAHHOE CTEKNO U cynepnnacTudUKaTop, a TakKe 0AHOM
rpynne 6710KOB, He COAEPXallMX PeLNKNNPOBaHHbIE MaTepuanbl. bbinu nccneaoBaHbl CBONCTBA GETOHHBIX CMECei 11 GIOKOB, NONy4aeMbix

Ha X OCHOBE.
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Concrete Wall Hollow Blocks with Recycled Aggregates and Recycled Glass

Concrete structures debris is the main type of construction and demolition (C&D) waste resulting from old buildings and structures. Recycled aggregate obtained from crushing concrete
waste can be reused as aggregate in producing concrete mixes. Another valuable C&D waste is the glass which can be also recycled and used as aggregate in concrete. This research
aimed at studying the effect of recycled aggregates and glass on the properties of concrete wall hollow blocks. Tests have been carried out on four groups of blocks containing Portland
cement, recycled aggregate, recycled glass and superplasticizer, and one group of blocks not containing recycled materials. The properties of concrete mixes and blocks have been tested.

Keywords: concrete wall blocks, recycling, aggregate, glass, properties.

MupoBoe IpoM3BOACTBO OETOHA CBSI3aHO C MOOLIYEH,
repepadboTKOM U UCTI0Jb30BaHMEM 0KOJI0 20 MJIP/ T IEcKa U
TOPHBIX TIOPOJ B TOJI, COMPOBOXAAEMbIMU TIbIEOOpa3oBa-
HUEM U HEOOXOAMMOCTBIO TPAHCIIOPTUPOBKU, TaKXKe SIBJISI-
IOLIMMUCSI CEPbE3HOI HATpy3KOM Ha OKPYXKAIOIIYIO Cpeay.
ITosToMy 3aMeHa NPUPOAHBIX 3AMOJTHUTENEN HA pa3IuYHbIe
TEXHOTEHHBIE OTXOJIbI, BKJIIOYAs JIOM CHOCUMBIX OETOHHBIX
KOHCTPYKIIUI, MOXKET 3aMETHO CHU3UTD 3Ty Harpy3ky [1].

B HacTosiiiee Bpemsi exxeromnHo oopasyeTcsi CBbile 1 Miipa T
OTXOJIOB CTPOUTENILCTBA U cHOca [2]. Hanpumep, ogHO 5-31axk-
HOE 31aH1e OOBIYHO ITPOM3BOAUT OKOJIO 15 THIC. T OTXOIOB.

Takue oTxonbl, Kak MPaBUIO, MEPEeBO3SITCS HA CBAIKMU.
OnHako Bo MHOTMX cTpaHax EBpoIbl Mpu npreMe OTXOJ0B
Ha TOJIMTOHBI TPEOYIOT O(UIIMATIBHBIX J0KA3aTeIbCTB TOTO,
YTO MX HEBO3MOXKHO Iepepadorarh. CKIaAUPOBAHUE CTPO-
WUTEJHOTO MyCOpa Ha CBajJKaX CTOUT JAOBOJIBHO JOPOTO, U
OTXO[IbI JIe1lIeBJIE epepadaThiBaTh, YeM BbIBO3UTH. [loaTOMY
3aCTPOMIIIMKAM BBbITOJIHEE TPATUTh CPEICTBA, BPEMS U YCU-
JIVSL Ha MepepaboTKy W YyTWIU3ALUIO CTPOUTEIbHBIX OTXO-
JIOB, YeM Ha BBIBO3 MX Ha CBaJIKy [2, 3].

EBporieiickuii coto3 U HallMOHAIbHbIE MOJUTUKU OOJTb-
IIMHCTBA €BPOIENCKUX CTPaH MOOUIPSIIOT MECTHBIE OpraHbl
BJIACTU K CBEACHUIO 1O MUHUMYyMa MPOU3BOJICTBA OTXO0B
CTPOUTENILCTBA U CHOCA W K TOUCKY MyTeil CO3laHus ajlb-
TEpHATUBHOI 3aMeHbI TPUPOAHBIM pecypcaM. DTO o3HaYa-
€T, YTO MPU UX COOTBETCTBUM TEXHUUYECKUM TPEeOOBAHUSM
HCTIOJIb30BaHWE PEIUKIMPOBAHHbIX 3aTIOJIHUTENCH SIBJISICT-
CsI CTOJIb XK€ JIOIYCTUMBIM, KaK U TTPUPOIHBIX.

C LIeJIbI0 COXpAaHEHUS OKPY3KAIOIlei cpelibl B HEKOTOPBIX
cTpaHax ObLIM CO3JaHbl 3aKOHBI, OOSI3bIBAIOLINE PELMK-

The concrete world production is related to extraction,
processing and use of about 20 billion tons of sand and rocks
per year associated with dust and necessity of transport,
which has a major impact on the environment. Therefore, the
substitution of natural aggregates with different technogenic
waste, including waste resulting from demolition of concrete
structures, can significantly reduce this impact [1].

The global concrete industry currently produces over
one billion tons of construction and demolition waste annu-
ally [2]. For example, a 5-storey building normally produces
about 15000 tons of waste.

Such waste is usually transported to landfills. However,
before reception of waste at landfills, many European coun-
tries require official evidence that this waste cannot be recy-
cled. Storage of construction waste at landfills has a high cost,
and recycling waste is less expensive than disposal. For this
reason, spending money, time and efforts on processing con-
struction waste is more beneficial for many developers than
disposal at landfills [2, 3].

The European Union and national policies of most
European countries are encouraging local authorities to
minimize the production of construction and demolition
waste and find ways to create replacement of natural re-
sources. This means that recycled aggregates can be equally
used like natural if they meet the technical requirements. In
order to preserve the environment, some countries have es-
tablished their laws obliging the recycling of construction
material waste including concrete which can reduce the
construction cost and preserve the forests and water in
mountains.

*BelpaxxeHUe Mpu3HaTeIbHOCTU. MccienoBaHue, MPUBENEHHOE B CTaThe, ObLIO (hMHAHCUpoBaHO [IporpamMmoii MOMIEPKKU TMPUKIAAHBIX

uccaenoBaHuit B JIMBAaHCKOM YHUBEPCUTETE.
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Materials and technologies

JINPOBaHKE BCEX CTPOUTEIbHBIX OTXOIO0B, B TOM YKCJIe OeTO-
Ha, peyTWIM3allhsl KOTOPOTo TMO3BOJIMJIA Obl YMEHBIIUTH
CTOMMOCTb CTPOUTENLCTBA U COXPAaHUTb B TMEPBO3TAaHHOM
BUJIE Jieca U BOJIHbIC PECYPCHI B ropax.

PeukMpoBaHHBIN 3aMOJHUTE)b TIPEICTaBIsIeT COOOM
LIEHHBIN pecypc. Ero ncmoiab3oBaHue A1 3aMEHbBI TIPUPOJI-
HOTO 3aITOJIHUTEJII B OeTOHE MOXKET MPUHECTU 3HAYUTEIb-
Hble JHEpPreTMYeckue M IKOJOTUYECKHE IPEeUuMYIIEeCTBa.
ITpou3BOACTBO M TPAHCTOPTUPOBKA MPUPOAHBIX 3aMOJHU-
TeJIei SBJISIIOTCS TTPUYMHOMN BBIOPOCOB, TMPEACTABISIONINX
0,0046 MJIH T yrjaepoJHOro SKBUBAJEHTA 34 KAXKIYI0 TOHHY
MPUPOAHBIX 3amojiHuTeNei mo cpaBHeHuto ¢ 0,0024 MaH T
VIJIEPOJTHOTO SKBUBAJIEHTA 32 TOHHY PELIMKIMPOBAHHBIX 3a-
noaHureneil. C yaeToM MUPOBOro norpedneHus 20 Miapa T
3aMoJHUTeel B TOA JJIsi MPOM3BOIACTBA OETOHA 3aMeHa
MPUPOAHBIX HA PELIMKIMPOBAHHBIC 3AITOJTHUTEIN COKpallla-
€T BIOPOCHI. DTO MPEeUMYIIECTBO JOJIKHO CTaTh Oojiee 3Ha-
YUMBIMU € T€YEHUEM BpEMEHM, TIOCKOJIBKY UCTOIIIEHUE MC-
TOYHUKOB TIPUPOJHBIX 3aIOJTHUTENEH HaBSI3bIBAET MOCTAB-
KU Ha OOJIbIINE PpACCTOSIHUS, B TO BpeMsl KaK PEeLMKIMPO-
BaHHbIC 3aMIOJIHUTEIN OOBIYHO JOCTYITHBI MOOIU30CTH [2].

PeniykiipoBaHue 6eTOHA TpeACTaBIsieT cO00il OHY U3
CaMbIX aKTyaJIbHbIX TEM MCCJIeIOBAaHUI B 00J1aCTU MaTepra-
JIOBeIEHUST M HayKK 00 oKpyXaroiieii cpeae. OHO 3aKiToya-
eTcsl B IpoOJjeHuu OeToHa, MOJIYYEHHOIO B pe3yIbTaTe
CHOCA CTapbIX KOHCTPYKIIMIA, U TPOCEUBAHUU TTOJYYSHHbBIX
YacTUIl U UX JajibHelilllee MCMoIb30BaHUe B KauyecTBe 3a-
MOJIHUTEJIE B HOBBIX OCTOHHBIX cMmecsx. [lonmydyeHHBII
3aIOJTHUTE/Ib HAa3bIBA€TCS PELMKIMPOBAHHBIM 3aIlOJTHUTE-
snem (P3), a HoBast GeToOHHAs cCMeCh HA3bIBAE€TCS PELIMKIIM-
poBanHbIM OetoHOoM (PDB). IloBTOpHOE HCHOIB30BaHUE
OTXO/IOB OETOHHOTO KaMHsI BO MHOTHX CJTydasiX BecbMa lie-
JIecOOOpa3HO U OTBEeYAeT MPUHLIMIIAM KOHIICTIIUN «yCTOM-
YUBOTO pa3BUTHs» («sustainable development»), OCHOBHbIE
MOJIOXKEHHUSI KOTOPOil TIpelycMaTpUBalOT 9KOHOMUIO MaTe-
pUAJIOB Y 9HEPTUH, TTOBBIIIEHUE JOJTOBEYHOCTH KOHCTPYK-
LIMI1 ¥ yMEHbIIIEHUEe HETATUBHOTO BO3IEMCTBUS Ha OKpYXKa-
IO1IY10 TIPUPO/LY, B TOM YHC/IE COXpAHEHUE HEBOCITOTHUMBIX
HMCTOYHUKOB MPUPOIHBIX pecypcoB. ClienyeT OTMETUTD, UTO
B BenukoOpuTaHuUM, B YaCTHOCTH, C ILIEJIbIO COXpaHEHUS
MPUPOIHBIX PECYPCOB U CTUMYJIMPOBAHUS PELIMKJIMHTA BBE-
JIeH HaJIOT Ha TIpUMEeHEHMe KaXKI0i TOHHBI IIPUPOTHOTO 3a-
IOJIHUTEIS (IIEPBUYHOTO ChIPhsI) B pa3mepe 1,6 ¢pyHTa cTep-
JIMHTOB [4].

KoHeuHoi 11e1b10 peliMKIMPOBAHUS SBJISIETCS] BTOPUY-
HOE UCITOJIb30BaHKUE OTPAOOTAHHBIX CTPOUTEILHBIX MaTePU-
aJIOB WJIW 3JIEMEHTOB KOHCTPYKIIUA IJIsI TIOJTy4EHUS 10100~
HOU mpomaykuuwu [5].

HccnenoBanus, mpoBeneHHbIE B 00JIACTU PELIMKIUPO-
BaHUs OeTOHA, TTOKAa3aJld ero 3HaYeHUe B SKOHOMUYECKOM
MJ1aHe W IJIs1 OKpy»Xaroleil cpenbl. MUHMMU3ALIMST pacxo-
JIOB Ha ymnpaBjieHWe OTXogaMM (waste management) ObuLla
ocHOBHOU menplo mist [epmanum. Takum oOpasom,
I'epmaHus okasajlach TepBOI CTpaHOI, KOTOpas co3maia
CBOM HallMOHAJIbHbIE PEKOMEHAAIIMN O PEIUKIMPOBAHHOM
oetoHe [6].

Pexomenmauimu RILEM [7] comepxaT TpeGoBaHUS K
CBOICTBAM PELMKIMPOBAHHOTO WJIM BTOPMYHOIO 3aroJi-
HUTEJIS: IO COePKaHUIO ITPUMeECeid, XJIOPUIOB, 10 TpaHy-
JIOMETPUYECKOMY COCTaBYy, CPeIHE! IUIOTHOCTHU, BOAOTMO-
TJIOIIEHUIO, UCTUPAEMOCTH, TTPOYHOCTH, MOPO30CTOMKO-
CTU U T. M.

Hcnonb3oBaHre pelMKIMPOBAHHOTO 3aMOJHUTENST B Oe-
TOHHBIX CMECSX SIBJISIETCSI MPEJAMETOM HCCICIOBaHUS psina
pabot. B wacTtHOCTH, paboToii [8] moka3aiu, 4To BO3MOXKHA
3aMeHa YacTy TTPUPOIHOTO 3aTTOTHUTENIST PeLIMKIMPOBAHHBIM
0e3 3HAYMTEIHHOI ITOTEPU IMPOUYHOCTH OeToHA. OCHOBHBIM
rapaMeTpoM, BIMSIOIIMM Ha IPOYHOCTb OETOHA MPU CXKATUH,
SIBJISIETCS MPOLIEHTHOE cofiepkaHue P3: yeM Bblllie X conep-
>KaHKe, TeM 00JIbIlIe X OTPULIATEIbHOE BIMsSIHIE Ha (PU3MKO-
MEeXaHMUYECKKUe CBOMCTBA MOJTyyaeMOoro 6eToHa.

Recycled aggregate represents a valuable resource. Using
it as replacement of natural aggregate in concrete can give
significant energy and environmental interests. Production
and transport of natural aggregates generate emissions repre-
senting 0.0046 million tons of carbon equivalent for each ton
of natural aggregates, compared to only 0.0024 million tons
of carbon equivalent for each ton of recycled aggregates.
Taking into account the world consumption of 20 billion tons
of aggregates per year for concrete production, replacing
natural aggregates with recycled aggregates reduces emissions
which can have great benefits to environment. These benefits
shall become more important over time because the deple-
tion of natural resources imposes important distances for ag-
gregates delivery, while recycled aggregates are usually avail-
able nearby [2].

Concrete recycling is one of the most important re-
search topics in material and environmental sciences. It
consists in crushing the concrete resulting from demolition
of old structures and screening obtained particles and us-
ing them as aggregates in new concrete mixes. The result-
ing aggregate is called recycled aggregate (RA) and new
concrete mixture containing recycled aggregate is called
recycled concrete (RC). Reusing of concrete stone waste
in many cases is very reasonable and complies with the
principles of the concept of sustainable development,
principal provisions of which consider materials and en-
ergy savings, increase of structures durability, and reduc-
tion of negative impact on the environment including
conservation of irreplaceable sources of natural resources.
It should be noted that in the UK, in particular, in order to
preserve natural resources and promote recycling, each
ton of natural aggregate (raw material) is taxed at a rate of
1.6 GBP [4].

The ultimate goal of recycling is the reuse of processed
building materials or construction elements to obtain similar
products [5].

Studies performed in the domain of concrete recycling
have shown its economic and environmental significance.
Minimizing expenses on construction waste management has
been the main goal of Germany. Therefore, Germany be-
came the first country that had established its national guide-
lines for concrete recycling [6].

RILEM recommendation [7] contains requirements for
recycled or secondary aggregate properties related to the im-
purities content, chloride ion content, particle size distribu-
tion, density, water absorption, abrasion resistance, strength,
frost resistance, etc.

The use of recycled aggregate in concrete mixes was the
subject of a series of studies. Research results [§] have shown
that it is possible to replace a part of natural aggregates with
recycled aggregates without significant loss of concrete
strength. The main parameter influencing the compressive
strength of concrete is the content percentage of recycled ag-
gregates: the higher their content, the greater their negative
influence on the physico-mechanical properties of obtained
concrete.

It has been proven [9—12] that recycled aggregates have
a negative impact on the workability of concrete mixture
and the porosity, density, strength and durability of con-
crete. Tests have shown that recycled aggregate has a
higher water demand than natural due to the angularity,
rough texture and porosity of its surface, caused by the at-
tached cement paste of original concrete. Porosity and high
water demand of recycled aggregates reduces the workabil-
ity of concrete mixture and creates additional pores in
hardened concrete, which negatively affects the durability
of concrete and reduces its density and compressive
strength.

Recycled aggregates can be effectively used in the manu-
facture of concrete wall blocks. Light concrete grey block is
characterized by fine surface texture and high enough dura-
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bruto nokazano [9—12], yto P3 oka3biBaloT HeraTUBHOE
BIMSIHME Ha ya00OYKJIaabIBA€MOCTh OETOHHOM CMECHU U Ha
MOPUCTOCTD, CPEAHIOIO TUIOTHOCTh, MPOYHOCTD U JOJITOBEY-
HoCTh OeToHa. McmbiTaHus mnokaszanu, uyto P3 umeer
OOJIBIITYIO BOJOTIOTPEOHOCTD, YeM TIPUPOIHBINI, UTO SIBJISICT-
Csl pe3yJIbTaTOM YIJIOBaTOCTH, TPYOOIl TEKCTYPhI U TIOPUCTO-
CTU €T0 TOBEPXHOCTH, CBSI3aHHBIX C HaJWYUMEM Ha Hel
OCTaTKOB pacTBOPHOI1 cocTaBistolieii 6eroHa. [lopucrtocth
U BBICOKAsl BOIOMOTPEOHOCTD MPUBOIIT K CHUXEHUIO YA0-
OoyKJ1abIBAeMOCTU OETOHHOI cMecH, a TaKxKe K 00pa3oBa-
HUIO JIOTIOJHUTEJIBHBIX MOP B 3aTBEpJEBLIEM OETOHE, UTO
OTPULIATEILHO BIMSIET Ha I0JTOBEYHOCTh O€TOHA U CITIOCO0-
CTBYET YMEHBIIIEHUIO €ro IJIOTHOCTU U MPOYHOCTU TpU
CXKaTHU.

PeuuxnvpoBaHHbIE 3aMOJHUTENN MOTYT ObITh 3ddeK-
TUBHO UCITOJIb30BaHbI B POMU3BOACTBE CTEHOBBIX OETOHHBIX
0;10KOB. JlerkoOeTOHHBIN cepblii OJIOK XapaKTepu3yeTcs
MEJIKOW MOBEPXHOCTHOM TEKCTYPOU U JOCTATOUHO BBICOKOW
npoYyHOCThb0. OOBIYHO OETOHHBINH 070K BecuT oT 10 mo
16 xr. BeToHHas cMech, UCMOJIb3yeMast Ul TIPOM3BOACTBRA
TakuX OJIOKOB, COAEPXKUT OoJbliee KOJIMYECTBO MecKa U
MEHbIIIee KOJIUYECTBO 1IeOHS U BOJIbI, UeM OETOHHBIE CMe-
CH, UCITIOJIb3yeMbIe JUIsl OOIIECTPOUTENBHBIX paboT. Takum
00pa3oM, MOJIydaeTcsl JOCTATOYHO CyXasli CMECh, TIPU 3TOM
0JI0K, TIOJTy4aeMbIil TIpY U3BJIeYeHUU U3 (POPMEI, 00IamaeT
Xxopoiieir (hoOpMOBOYHOII MPOUYHOCTHIO. Kpome OCHOBHBIX
KOMIIOHEHTOB B OETOHHOI CMeCcH, KOTOpPasi UCIOIb3yeTCs
JIJISI TIPOM3BOJICTBA MOAO0OHBIX OJIOKOB, MOTYT CO/IEPKAThCS
pa3IMYHbIE XUMUYECKHE T00aBKU, HEOOXOAUMBbIE ISl YJTyd-
IIeHUs1 yA000YyKIaIbIBAeMOCTH, PErYJIMPOBAHUS Tpoliecca
TBEPIACHMUS 1 TIOBBILLIEHUS IPOYHOCTH.

WUccnenoBanus 6etoHHbIX 0710K0B [13] ¢ P3 nmokazanu,
YTO UX MPOYHOCTb HECKOJBKO HUXE MPOYHOCTU OJJOKOB Ha
OCHOBE TIPUPOIHBIX 3amoyiHuTeNeil. OCHOBHOM MPUYMHOI
9TOM pas3HUIBl SABJISETCS HU3Kasg IIOTHOCcTh P3 [13].
YcTaHOBIIEHO, UYTO MCITOJIb30BaHUE PELMKIMPOBAHHBIX 3a-
MOJIHUTEJICH TIPY BBEACHUU JAOTIOJHUTEIBHOTO KOJIMYECTBA
1IEeMEHTA MO3BOJIIET TPOU3BOAUTH OETOHHbIE OJI0OKU, UMEI0-
LI1e XapaKTepPUCTUKU, OJM3KME MO XapaKTEePUCTUKAM K
0JI0KaM ¢ MPUPOAHBIMU 3arojaHuTeNssMu. CorjiacHO pabo-
TaM [14—16] cpenHsisi TUIOTHOCTh OJIOKOB Ha ocHoBe P3
CHUKAETCSI, @ UX BOJIOTIOMIONIEHNE YBEJIMUMBACTCS C YBEJIU-
YEHUEM COIEP>KaHUSI MEJTKO3EPHUCTOrO PelMKIMPOBAHHO-
r'0 3aIIOJHUTEJIsI, UYTO OOYCIOBIEHO €ro 00Jiee HU3KOM IIJI0T-
HOCTBIO MO CPABHEHUIO C PEYHBIM ITECKOM.

Wcnbitanus [17] mokaszanu, 4To 100aBjieHUE IEMEHTA B
kosmmuecTBe 10% 1Mo cpaBHEHUIO ¢ OOBIYHO UCITOJIb3YeMbIM
ero CoJep>XaHWEM IT03BOJIMJIO TMPOU3BOAUTH OETOHHBIE
CTEHOBbIE OJIOKM C TIPOYHOCTHIO, COMOCTaBUMOM € MpPOY-
HOCTbIO OETOHHBIX OJIOKOB, U3rOTOBJIEHHBIX HCKIIOUYW-
TEJIbHO Ha OCHOBE MPUPOIHBIX 3anojHuTesnei. Ha ocHoBa-
HUM aHaJIM3a SKCIIEPUMEHTAIbHBIX JAHHBIX ObLIO CACIAHO
3aKJIIOYEHUE O HEelleJecO00pa3HOCTU UCToib30oBaHusl P3
0e3 MPUPOJIHBIX, TAK KaK 3TO CBSI3aHO C HEOOXOAMMOCTHIO
YBEJIMUEHUS KOJWYECTBA LIEMEHTA B LIEJISIX TOCTHUXEHUS
HEoOXOIMMOI MPOYHOCTU, YTO OTHIOAb HE S9KOHOMMUYHO.
PexomenmoBaHo conmepxkaHue P3 B GeTOHHOI cMecu He
6osee 50% oT 061IeT0 0OBheMa 3aMOTHUTEIICH.

Bo3MoOXHO Takke MoJiydeHHE CTEHOBBIX OJIOKOB Ha
OCHOBE CTEKJIOOTXO/I0B. Takue OTXOIbI SIBJISIOTCS OMHUMU
U3 OCHOBHBIX B 00beMe TBEPAbIX OBITOBBIX OTXOIOB BO
MHoTuX cTpaHax [18]. OHu MOryT OBITH IIpeaCcTaBIeHbI BO
MHOrux ¢opmax, BKJouYasi TapHoe (OyThUIKM Oe3aliKo-
TOJIbHBIX HAITUTKOB U TTMBa, (papMalieBTUUECKUE CTeKIISIH-
Hble (PJIAKOHbBI, YITAKOBOYHbIC OAHKM), IJIOCKOE OKOHHOE,
CTEKJIO JIaMIT M DBJIEKTPOHHO-JIyueBoli Tpyoku [19].
IlepepaboTka cTeKI100051 5KOHOMMYECKHM BBITOOHA U HE
TpeOyeT O0JIbIINX SHEPreTUUeCKUX 3aTpart. Mcroib3oBaHue
rnepepadoTaHHOTo (PELMKIMPOBAHHOTO) CTEKI000s B Ka-
YeCcTBE BHICOKOI(D(MEKTUBHOI 3aMEHBI TTecKa U 3aTTOJTHUTE -
JIell MCCIIeIoBajIoCh Ha MPOTSKEHUM MHOTMX JieT. Takxke
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bility. Concrete block usually weighs from 10 to 16 kg.
Concrete mixture used for the production of such blocks
contains more sand and less gravel and water than concrete
mixtures used for civil works. Therefore, the obtained mix-
ture is dry enough, and block obtained after demolding has
good mold hardness. In addition to the main components of
concrete mixture used for producing such blocks, the mixture
can contain different chemical additives required to improve
the workability, control the hardening process and increase
the strength.

Studies [13] have shown that strength of concrete blocks
with recycled aggregate is slightly lower than strength of
blocks with natural aggregates. The main reason for this dif-
ference is the low density of recycled aggregate. It has been
found that the use of recycled aggregates with additional
quantity of cement allows manufacturing concrete blocks
with characteristics similar to those of blocks with natural
aggregates [13]. According to [14—16] the density of blocks
with recycled aggregates decreases and their water absorp-
tion increases with increasing content of fine recycled ag-
gregate due to its lower density compared to river sand.

Research [17] has shown that adding 10% of cement
compared to normally used cement content allows producing
concrete wall blocks with strength comparable to the strength
of concrete blocks containing only natural aggregates. Based
on the analysis of experimental results it was concluded that
it is not feasible to use recycled aggregates without natural
aggregates because of the need of increasing the quantity of
cement to reach the necessary strength which is not eco-
nomical. It is recommended a content of recycled aggregates
in concrete mixture no more than 50% of the total volume of
aggregates.

It is also possible to obtain building blocks containing
waste glass. Such waste is a major component of the solid
waste stream in many countries [18]. It can be found in many
forms including container glass (bottles of soft drinks and
beer, pharmaceutical glass bottles, packing jars), flat glass as
windows, glass tubes, bulb glass and cathode ray tube
glass [19]. Cullet recycling is economically beneficial and
does not require much energy. The use of recycled glass cullet
as high-performance replacement of sand and aggregates was
studied for many years. Cullet can be also used as backfilling
of trenches for pipes and as aggregate in heavyweight con-
crete and asphalt concrete.

However, recycling of waste glass in construction is lim-
ited due to its negative effect. The main problems of the use
of cullet as aggregate are the reduction or loss of strength
caused by poor adhesion of cement stone to the smooth sur-
face of glass, presence of sugar impurities on the glass con-
tainer, alkali-silica reaction [20, 21]. However, there are a
number of measures to avoid alkali-silica reaction damaging
effects: grinding the glass to pass at least standard mesh size
#50; adding mineral admixtures that can effectively suppress
the reaction; coating the glass surface with zirconium; sealing
the concrete to protect it from moisture; using a low-alkali
cement [22].

It is also found that very finely ground glass has pozzola-
nic properties and, therefore, can be used both as partial ce-
ment replacement and filler [23, 24]. Partial cement replace-
ment with milled glass allows increasing the strength and
durability of concrete containing recycled aggregate [2] and,
as indicated above, the ground glass can limit the alkali-silica
reaction.

Research [20] has proved the benefits of using recycled
glass as fine aggregate in combination with sand in concrete
hollow blocks for internal non-load bearing walls (parti-
tions). It has been shown that the quantity of water is critical
in the process of manufacturing concrete hollow blocks. Dry
mixtures remained in the mold, while for wet mixtures the
top side of hollow block collapsed. Obtained test results for
mixes with optimal water content have shown an increase of
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CTeKJI0O00I1 MOXET OBITh MPUMEHEH B KaueCTBE 3aCHINKU
TpaHIIei 1Jist TPYO U B KQUeCTBE 3alIOJIHUTEJIS B TSKEJIOM U
acdanbTobeToHE.

OpHako yTWIM3ALUIO CTEKJIOOTXOJA0B B CTPOMTEbCTBE
CACPXMUBAIOT UX HEKOTOPble HETAaTUBHBIC BO3IECTBUS.
OCHOBHBIMU TIPOOJIEMaMU TIPU UCTTOJIb30BAHUH CTEKIIO00ST
B KAueCTBE 3arOJIHUTEIIS SIBJISIFOTCSI CHUKEHUE WK TTOTePst
IIPOYHOCTHU, 00YCIIOBJICHHBIE IIJIOXUM CLEILIEHUEM LIEMEHT-
HOTO KaMHSI C IJIaJIKOM TOBEPXHOCThIO CTeKja, Haaudyue
MpuMeceil caxapoB, OCTaBIIMXCS Ha CTEKJISHHON Tape,
IIeJIoYHO-cwinKatHas peakums [20, 21]. OmHako cymie-
CTBYET DPSifi MIOAXOI0B, IMO3BOISIONINX 3(PHEKTUBHO YIIpaB-
JIITH TIOCAEAHUM Bo3aeiicTBueM. Criocobamu, MO3BOJISIO-
LIMMU HUBEJMPOBATh BIMSIHUE IEJIOYHO-CUIMKATHOMN pe-
aKIIMU, SIBJISIIOTCS: U3MEIbUeHUE CTEKJa J0 MPOXOXKIACHUS
10 KpaitHeit Mmepe yepe3 cTaHaapTHYo ceTKy Ne 50; moKpbI-
THE TTOBEPXHOCTU CTeKJIa IMPKOHUEM; UCTIOJIb30BaHUE 11e-
MEHTA C HU3KUM COAEPKAHUEM ILIEJIOUM; BBEAEHUE MYLILIO-
JIaHaA C HU3KUM COJEpKaHMEM I1IeJIOYM WU J00aBIeHNe 3a-
MEUIMTEIISI CXBaTbIBAaHMSI, MCIIOJb30BAHUE BO3IYyXOBOBJIE-
KaloIMX 100aBOK; CHUKEHUE BOAOCOACPXKAHUS; YBEINYEC-
HUE COOTHOIICHMSI TUIOLIAAN TOBEPXHOCTU K 00bEMY CTEK-
JITHHBIX 3aMoJIHATeNe [22].

Takke ycTaHOBJIEHO, YTO TOHKOMOJIOTOE CTEKJIO 00J1a-
JaeT MyLLIOJaHUYECKUMU CBOMCTBAMU U TIOSTOMY MOXKET
ObITh MCIOJIb30BAHO B OETOHE IJISI YaCTUYHOM 3aMEHbI KaK
LIEMEHTAa, TaK W HaroJaHuTesel [23, 24]. YacTuuHas 3aMeHa
LIEMEHTa TTO3BOJISIET YBEJIUYUTH COMPOTUBJICHUE U IOJITO-
BEUYHOCTh OeToHa, copepxamiero P3 [2], mpu 3TOM, Kak
YKa3bIBaJIOCh BBIIIIE, M3METbUEHHOE CTEKIIO MOXKET OIpaHM-
YUTh LIEJTOYHO-CUIUKATHBIC PEaKIIUU.

strength when increasing the quantity of recycled glass. This
may be a manifestation of pozzolanic effect of cullet powder
or influence of water/cement ratio (W/C). The optimal W/C
of mixture containing a greater quantity of glass is lower than
W/C of mixture with lower quantity of glass. The use of flat
window glass waste for lightweight concrete hollow block
decreases the W/C depending on the quantity of cullet in the
mixture.

The aim of this research was to determine the influence of
the content of recycled aggregates and cullet (fig. 1) used to
manufacture concrete wall hollow blocks on their strength
and fire resistance.

Recycled aggregates and cullet used in this study had par-
ticle sizes between 6.3 and 12.5 mm, and natural aggregates
between 0 and 6.3 mm. To reduce the water demand of con-
crete mix and improve its workability, the superplasticizer
Sika ViscoCrete-20 HE has been used.

In the research the following properties of aggregates has
been determined: particle size distribution (ASTM C136/
C136M), density, relative density (specific gravity) and wa-
ter absorption (ASTM C127 and ASTM C128), dry unit
weight (ASTM C29/C29M), content of material finer than
75 mm (ASTM C117), sand equivalent value of soils (ASTM
D2419), acid soluble chloride content (BS EN 1744 P5),
acid soluble sulfate content (BS EN 1744 P1), and potential
alkali-silica reactivity (chemical method) (ASTM C289)
(Table 1).

In order to establish the optimum composition of con-
crete with recycled aggregates and recycled glass, mixes were
prepared (Table 2) with partial replacement (30%) of natural
aggregates having particle sizes between 6.3 and 12.5 mm and

Ta6nuua 1
Table 1
MpupoaHbI MpypoaHbIn PeuunknupoBaHHbii | PeuuknuposaHHoe
CROVCTBA 3aMONHATENS: En nam 3anonHUTENb 3anoNHUTENb 3anoHnTeNb CTeKno
oot ios of acrorats o 0-6,3 MM 6,3-12,5 MM 6,3-12,5 MM 6,3-12,5 MM
P gareg Natural aggregate | Natural aggregate | Recycled aggregate Recycled glass
0-6.3 mm 6.3-12.5mm 6.3-12.5mm 6.3-12.5mm

O6bemMHas NA0THOCTb Kr/m3
Bulk dry specific gravity kg/m® 2465 2659 2289 2500
McTrHHas NnoTHOCTL kr/m3
Bulk saturated surface dry (SSD) specific gravity kg/m® 2558 2675 2424 2500
KaxyLascs nnoTHoCTb Kr/m°
Apparent specific gravity kg/m® 2715 2702 2646 2501
CpepHsas NNOTHOCTb B CYXOM COCTOSIHWK Kr/m3 B _
Rodded dry unit weight kg/m® 1990 1360
BoponornowieHne 0
Water absorption % 37 06 59 0.1
3epHa MeHee 75 MM 0
Material finer than 75-ym % 176 0.7 0.1 -
Onpepenenune necyanbix GpakLyii (3KBMBANEHT Necka) % 29 B _ _
Sand equivalent value °
CopepxaHue KUCnoTopacTBOPUMbIX XI0PUAOB 0 ~
Acid-soluble chloride content % 0,01 0,007 0.16
CopepxaHue KUCNoTopacTBOpHMbIX CynbdaTos % 0.008 011 0.1 _
Acid-soluble sulfate content ? ’ ’ ’
LLlenoyHo-cunukaTHast peakTMBHOCTb:
Potential alkali-silica reactivity:

KoHLUeHTpaums pacTBOPEHHOro cunmkara MMOnb/am® 9 1 4 _

Dissolved silica SC mmole/I

CHIXeHVE LLEeNoYHOCTH MMOnb/am®

Reduction in alkalinity RA mmole/I 150 50 130
3anonxutens BpeseH/6e3BpeaeH B BesspeneH besspeneH BesspeaeH B
Innocuous / Potentially deleterious / Deleteri ous Innocuous Innocuous Innocuous
g [EOLTE 0052 HayuHO-mexHu1ecKuil U NPOU3800CMBEHHDLIL JCYPHAN
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WccnenoBanus [20] mokasanm mpe-
HMMYILECTBA UCTIOJb30BaHUST PELIMKIIN -
POBAaHHOTO CTeKJa B KauecCTBE MEJIKO-
3epHUCTOrO 3aMOJHUTES] B COUETAHUU
C TECKOM B OETOHHBIX IYCTOTEIbIX
O0Kax 11 BHYTPEHHUX HEHECYIINX
cTeH (rmeperoponok). beuto mokasaHo,
YTO KOJMYECTBO BOJBI B COCTABE CMECU
MMeeT peliaroliee 3HaueHue 1ist pop-
MOBaHUs1 OETOHHBIX MyCTOTEJbIX 0JI0-
koB. [lpu Hemocrarke BOIBI CMeECh
ocTaBasiach B hopMe, a Mpu €€ U30bITKE
— BEPXHsS 4acCTh IMYCTOTENBIX OJIOKOB

CTekno

Puc. 1. PeunknmpoBaHHble MaTepuanbl: a — PELUKINPOBAHHLIN 3anofHUTENb; 6 — PEeLUMKINPOBAHHOE

¥

Fig. 1. Recycled materials: a — recycled aggregate; 6 — recycled glass

paspymanach. [ToydeHHbIe pe3yibTa-
Thl TIPU ONTUMAJIBLHOM BOAOCOAEPXKA-
HUM CMECHM T10Ka3ajau TMOBbIIIEHUE
MPOYHOCTU TMPU YBEIIUMYESHUM KOJTUYe-
CTBa PELMKIMPOBAHHOTO CTeKJa. DTO
MOXeT OBITb IMPOSIBICHUEM IyIIIIOJIa-
HUYecKoro adexTa mopoIikKa CTeKo-
00s1 WM BIMSIHUST BOAOLIEMEHTHOTO
(B/11) cootHomeHus. OnTUMaibHOE
B/Ll cmecu, conepkaiiieii 6oJbliiee KO-
JINYECTBO CTeKJa, Hike, yem B/1l cme-
CH C MEHBIIUM KOJMYECTBOM CTeKJIa.
ITpu Mcnoab30BaHUM OTXOJAa OKOHHO-
TO CTeKJIa B JIETKOOETOHHBIX MyCTOTe-
sbix Osokax B/LL ymeHblnaercst B 3a-
BUCUMOCTH OT KOJIMYECTBA CTEKITO00SI.
Llenpio maHHOU pabOTHI SIBIISIIIOCH
orpesieJieHUue BIUSHUST COAECPXKaHUS
PELIMKJIMPOBAHHBIX 3alOJHUTENCH U
cTekyio00s1 (puc. 1), HMCIOJIb3yeMbIX
TS TIOJTYYEHMST MyCTOTEJbIX CTEHOBBIX
OGETOHHBIX OJIOKOB, Ha WX TMPOYHOCTh M OTHECTONKOCTb.
PeunknupoBaHHbIE 3allOJHUTEIN U CTEKJIO0OOM, uC-
MOJTb3yeMbIe B UCCIIEIOBAHUAX, UMEJIN 3€pHa, COOTBETCTBY-
JoLIME AUATa3oHy 6,3—12,5 MM, a IpUPOIHbBIE 3aMOJTHUTETN
— 0—6,3 MmMm. 1151 CHUKEHUS BOAOMOTPEOHOCTH GETOHHOM
CMeCU U YIydylleHUsl ee YIoOOYKIaIblBAeMOCTU ObLI HC-
nmoJjib3oBaH cynepruiactudukatop Sika ViscoCrete-20 HE.
B paGore Obumm ormpemesieHBI CIEOYIOIIME CBOMCTBA
3aloJIHUTENICe: TpaHyJdoMeTpuieckuii coctaB (ASTM
C136/C136M), npoleHTHOE comepKaHue MmecyaHbiX (ppak-
uuit (okBUBajieHT mecka) (ASTM C2419), cpenHss mioT-
HocTh U BomomnorioiieHue (ASTM C127 u ASTM C128),

Puc. 2. VcnbiTaHve Ha cxaTue
Fig. 2. Compression test

Puc. 3. CteHOBOIM 6€TOHHBbIN 610K Nocne paspyLueHnus
Fig. 3. Concrete wall block after failure

addition of superplasticizer Sika ViscoCrete-20 HE.

The composition of mixes varied as follows:

Mix 1 (RA30): 30% recycled aggregates (RA) with parti-
cle size 6.3—12.5 mm and 70% natural aggregates with parti-
cle size 0—6.3 mm.

Mix 2 (RA20+RG10): 20% recycled aggregates (RA)
with particle size 6.3—12.5 mm, 10% recycled glass (RG)
with particle size 6.3—12.5 mm and 70% natural aggregates
with particle size 0—6.3 mm.

Mix 3 (RA10+RG20): 10% recycled aggregates (RA)
with particle size 6.3—12.5 mm, 20% recycled glass (RG)
with particle size 6.3—12.5 mm and 70% natural aggregates

Ta6bnuua 2
Table 2
1 2 3 4 5
KomnoHeHTbl 6eTOHHOI cMecK Ep. nam.
RA30 RA20+RG10 RA10+RG20 RG30 NA
3
Efﬂi?ﬁ Ifg%a 144 144 144 144 144
MpupogaHsle 3anonHuteny 0-6,3 Mm kr/m®
Natural aggregates 0-6.3 mm kg/m® 1508 1508 1508 1508 1508
MpupogaHsle 3anonHutenu 6,3-12,5 mm kr/m®
Natural aggregates 6.3-12.5 mm kg/m® 0 0 0 0 645
PeuuknnpoBaHHble 3anonHuteny 6,3-12,5 mm kr/m®
Recycled aggregates 6.3-12.5 mm kg/m® 645 430 215 0 0
PeuyknupoBaHHoe cTekno 6,3-12,5 mm |<r/M3
Recycled glass 6.3-12.5 mm kg/m® 0 215 430 645 0
3
\?V(:i?:r T//r;ns 144 144 144 144 144
Cynepnnactudukarop Sika ViscoCrete-20 HE e
Superplasticizer Sika ViscoCrete-20 HE I/m3 0,19 0,19 0,19 0,19 0,19
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colepKaHue KHUCJIO0TOPACTBOPUMBIX XJIO- 44
punos (BS EN 1744 P5), conepxkaHue Kuc-
JIOTOPACTBOPUMBIX cynrbdaToB 3.5

(BS EN 1744 P1), ux uiejJouHO-CUJIMKAT-

Hasga pEakKTUBHOCTb (XI/IMI/I‘-IGCKI/IM METO-

(4]
noMm) (ASTM C289), mi10THOCTb B CyXOM §§
coctrostHuu (ASTM C29/C29M) (tab. 1). et

B 1le/1X yCTAHOBNEHUS ONTUMAIBLHOIO & £
cocTaBa 6eToHOB ¢ P3 u cTreknoboem ObLIN gﬁ 2
M3rOTOBJIEHBI cMecH (Ta6ll. 2) C YaCTUYHON — © 2
3ameHoit (30%) npuUpOAHBIX 3amOJHUTE- S O 18
neit ppakuuu 6,3—12,5 MM U cymepivia-  z § 1
ctudukaropoMm Sika ViscoCrete-20 HE. =S

CocraB cMeceil BApbUPOBAJICS CIIEAYIO- 05

IIUM 00pa3oM.
Cmecp 1 (P3/30): penukinpoBaHHBIC

o

zanostHurenan (P3) dpakiun 6,3—12,5 Mmm P3/30 P3/20+PC/10 P3/10+PC/20 PC/30

— 30% W IPUPOHbIE 3AMONHUTENN (BpaK- RA30 RA20+RG10 RA10+RG20 RG30
un 0—6.3 MM — 70% Coctas 6710k0B

H ’ - Composition of the blocks

Cwmecs 2 (P3/20+PC/10): P3 dpakuum
6,3—12,5 mm — 20%; pelUKINPOBAHHOE
crexyio (PC) dpakuunu 6,3—12,5 mm — 10%
U TIPUPOAHbBIEC 3AIOJHUTENN (QPaKIUU

Puc. 4. CpaBHUTENbHBIV @aHaNn3 NPO4HOCTN BJI0KOB Pa3fIM4HOro cocTasa
Fig. 4. Comparative analysis of strength of blocks with different compositions

0—6,3 My — 70%. TaGruua 3
Cwmecb 3 (P3/10+PC/20): P3 dpaxiuu Table 3
6,3—12,5 mm — 10%; PC ¢pakuuu 6,3— 1 5 3 4 5
— - CsoiicTea . 13M.
J!Hz/ljégﬁuuﬁoﬁg,giﬁgﬂggg.3aHOHHHTe Properties EﬂUnit P3/30 | P3/20+PC/10 | P3/10+PC/20 | PC/30 | N3
Cmeck 4 (PC/30): PC ¢paximu 6,3— RA30 | RA20+RG10 RA10+RG20 RG30 NA
12,5 MM — 30% u nipupOIHBIE 3aMIOJIHUATE- MnOTHOCTbL kr/m®
s bpakuun 0—6,3 I13/1Mp —70%. Density kg/m? 2593 2513 2521 2590 | 2629
Cwmecs 5 (IT3) (kOoHTpOJIBHASI CMECh, HE CpeaHeKBampaTIHOE \
cofiepxkalas PeLUMKIMPOBAHHBIX MATEPU- | grenonenve KF/M3 30 15 12 3 31
aJIoB): MPUPOIHbIE 3AMONTHUTENN PPAKUMN || Standard deviation kg/m
0—12,5 mm — 100%.
VCIbITaHys! TPON3BOIMIINCH Ha 00pa3- || [PEAEN IPOYHOCTY Mna
1ax pasmepoM 40X 15X20 cM, M3roToBIeH- || PV CXaTum mpa | 2° 2,86 2,11 275 | 3,66
HBIX METOJIOM BUOPONpECCOBaHUs M pa3- | Compressive strength
(hopMOBaHHBIX Yepe3 HECKOJbKO CEKYHI | CpemHeksagpatuyHoe MMa
nocjie 6eTOHUPOBaHUS. XpaHEeHUE 00pa3- | oTknoHeHue MPa 0,33 0,23 0,22 0,32 | 0,53
1IOB OCYIIECTBIISIJIOCH B Te4eHUE 7 CyT MpU Standard deviation

temrneparype 20+1°C u OTHOCUTENBbHOM
BIAXHOCTH Bo3ayxa 95+5%.

OrnpeaeneHue npejaelia IPOYHOCTH MPU CXKaTUK (puc. 2)
MPOU3BOAMIOCH B COOTBETCTBUM C METOIAMU, ONTMCAHHBIMU
B cTaHAapTaX AMEPMKAaHCKOTO OOILIECTBA MO MCIBITAHWIO
MarepuasioB (ASTM). [1puiioxkeHune Harpy3kKu mpou3BOIU-
JIOCh ¢ TIOCTOSTHHOIM ckopocThio 3 KH/c. Ha puc. 3 mokazan
OETOHHBINM OJIOK TIocye paspyumeHus. MccienoBaHus mioT-
HOCTH TIPOM3BOJIMJIM 110 CTAHAAPTHON METOIUKE.

7151 u3yyeHust moBeneHUs1 6JJOKOB B YCJIOBUSIX MoXapa
ObLT MCMOJb30BaH HECTAHAAPTHBIN METOH WCITBITAHWNMA.
C 1esbio oIpenesieH!sT BO3IeCTBHUSI OTHS Ha BHELTHUI BUT
6JI0Ka ero TTOBepXHOCTh MOJABEprayiach B TeUeHUE IBYX Ya-
COB BO3JIEUICTBUIO OTKPBITOTO TJIAMEHM, CO3MaHHOTO TOope-
HueMm OyTaHa.

[TonyyeHHbIe 3HAUEHUS TJIOTHOCTU U MTPOYHOCTU 0J10-
KOB MPUBEICHBI B TabJ1. 3 1 Ha puc. 4.

AHaJu3 pe3yJabTaToB IMOKa3ajl, 4TO Bce OJIOKHU uMeioT
CPEIHIO0 TUIOTHOCTh B AMamasoHe 2496—2622 xr/m>. Bee
0JI0KM, cofepKalive PelMKIMPOBAHHBIC 3aIOTHUTENN U/
WU PELUMKIMPOBAHHOE CTEKJIO, UMEIOT TUIOTHOCTh HUXKE,
4yeM y KOHTPOJbHBIX 00pasioB. Bioku, He comepxaiiue
PEUMKIMPOBAHHBIX MaTEepPUAIOB, UMEIOT CaMyl0 BBICOKYIO
MPOYHOCTH MpH cxkatnu — 3,66 MITa.

Biioku, copepkaiine pasHble KOMOMHAIIUY PELIIMKIUPO-
BaHHBIX MaTepUaIOB, XapaKTePU3YIOTCS CIASMYIONIEN Mpoy-
Hocteio: Cmech 1 — 2,9 MIla; Cwmecy 2 — 2,86 Mlla;
Cwmech 3 — 2,77 MIla; Cmecb 4 — 2,75 MIla. [Torepu npou-
HOCTH P CKATHU 110 CPABHEHUIO C KOHTPOJIbHBIMU 00pa3-
namu coctaBuiu 21, 22, 24 u 25% coOTBETCTBEHHO.

with particle size 0—6.3 mm.

Mix 4 (RG30): 30% recycled glass (RG) with particle size
6.3—12.5 mm and 70% natural aggregates with particle size
0—6.3 mm.

Mix 5 (NA) (reference mix did not contain recycled ma-
terials): 100% natural aggregates with particle size 0—12.5 mm.

Tests were performed on specimens 40X 15%X20 cm manu-
factured using vibro-compaction method and demolded a few
seconds after casting. Specimens were stored during 7 days at
a temperature of 20+ 1°C and relative humidity 95+5%.

The compressive strength (fig. 2) was determined in ac-
cordance with the methods described in the standards of
American Society for Testing and Materials (ASTM). The
load was applied with a constant speed of 3 kN/s. The fig. 3
shows a concrete block after failure. Blocks density was also
determined using standard methods.

The study of blocks behavior in fire has been performed
using a non-standard test method. To determine the effects of
fire on block appearance, the block surface was exposed dur-
ing two hours to open flame created by burning butane. The
analysis of test results (Table 3) has shown, that all blocks
have a density between 2496 and 2622 kg/m3 All blocks con-
taining recycled aggregates and/or recycled glass have densi-
ties lower than those of reference specimens. Blocks not
containing recycled materials have the highest compressive
strength: 3.66 MPa (fig. 4).

Blocks containing different combinations of recycled
materials are characterized by the following strength: Mix 1

@ eIy r= e r]sl=  HayuHO-mexHUYeckuil u npou3600CMEeH bl JICYPHAN
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HcnbiTaHusT B YCJIOBUSIX TTOXapa IMoKasaiu, 4To yepe3
5—15 MMH BO3AEHCTBUS OTHS Ha ITOBEPXHOCTU OJIOKOB I10-
SIBJISIIOTCSI MEJIKME TPEHIMHBI IIMPUHON MeHee | MM, a Mo
MCTEUEHUH JIBYX YACOB HUKAKMX IMOBPEXIACHUI HE HaOJI0-
J1a1oCh.

Takum 06pa3oM, TPOBEICHHBIE UCCIIeTOBAHMS TTOKA3aN
BO3MOKHOCTb UCITOJIb30BAHUST OTXOIOB CTPOUTEIHCTBA TSI
MOJIyYEHUsT TYCTOTENBIX CTEHOBBLIX 010KOB. 3ameHa 30%
MPUPOJHBIX 3aMTOJHUTENEH Ha PEIIMKIMPOBAHHbIE CHUXKAET
MMPOYHOCTh OJI0KOB Ha 21—25%. Wcmonb3yst pasnmnmaHbe
KOMOMHAIIMK PELMKIMPOBAHHBIX 3arlOJHUTENIE U CTeKJa
IUIST 3aMEeHBI TIPUPOAHBIX 3amosHuTteneit 1o 30%, MOXHO
MIPOU3BOANTL OETOHHBIE OJIOKUA C IIPOYHOCTHIO, OJIM3KOI K
2,82 MIla. YacTtuuHasg 3aMeHa 3aloJHUTEICH He BIMUSIET Ha
roBe/ieHre O6JI0KOB B YCJIOBUSIX MoXkKapa. PeliukinpoBaHHbII
0OETOH U PELIMKIMPOBAHHOE CTEKJIO MOTYT OBITh MCITOJIb30BA-
Hbl B KQUeCTBE 3aIlOJIHUTEJICH MPU MPOU3BOJICTBE MyCTOTE-
JIBIX CTEHOBBIX JIESTKOOETOHHBIX OJIOKOB.
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