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AHHOTAILIUSL

Paccmompena 603mooicHocmb npumenenus 3anoIHUmensi Ha 0CHoge 0mx0006 nepepadoOmaHHbIX aA8MOMOOUTLHBIX WIUH 6
2uncobemonnvix Komnozumax. Mcciedosanvl mexumonozuyeckue, QU3UKO-MexanuiecKue, meniomexHuieckue u aKkycmuyeckue
CBOUICMBA KOMNO3UMA ¢ co0epicanuem neekozo sanornumens 5, 10 u 20 %. I[lpedcmasnenvt dannvle 011 08YX 81008 PE3UHOBOT
kpowku: paxyuu 0,8 u 0,6 mm. Ycmanosneno, umo npu eésedenue 8 neckozo sanonnumens @paxyuu 0,6 mm crudcaem no-
osuoicHocmyb cmecu 10,8, 21,6 u 45,9 % coomeemcmeenno, a 3anonnumens gpaxyuu 0,6 mm na 8,1, 29,7 u 40,5 %, npu egede-
Huu pe3unosoil kpouku gpaxyuu 0,6 cnusxcaemes npouynocms npu coxcamuu Ha 30, 38 u 55 %, npu eeedenue nezkozo 3anon-
numens gpakyuu 0,8 mm npounocme cHudxcaemcs na 27, 36 u 56 % coomeemcmeenHo, niIOMHOCHb 2UNCOOEMOHA C 3aN0HU-
menem gpparyuu 0,8 mm cnusicaemes 0o 1190 xe/m®, a ¢ ¢ppaxyueti 0,6 mm oo 1170 xe/m?; mennonposoonocms xomnosuma
cnudcaemces na 20% npu esedenuu 20 % pezunosoti kpowku ¢gpaxyuu 0,6 mm, a ppaxyuu 0,8 mm na 14 %, nosviwaiomes
akycmuyeckue ceoucmsd, 3ghexmusHocms 36yKono2iouieHus 2uncobemona 6es sanoinumens cocmasuia 5,2 — 39,6 %, ¢
aeekum 3anornumenem gpaxyuu 0,6 mm u cooepaicanuem 20 % cocmasuno 6,5 — 47,6 %, a gppaxyuu 0,8 mm 7,9 — 50,4 %.
Paspabomannuiii cocmas modcem 8biCIMynamo 8 Kauecmee UCX00H020 05 NPOU3B0OCMEA NA302PebHebIX NAUM, 2UNCOKAD-
MOHHBIX TUCHO8 U OPY2UX NOOOOHBIX UZOETUSIX.
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PROPERTIES OF GYPSUM COMPOSITES USING AGGREGATE FROM
AUTOMOBILE TIRE RECYCLING WASTE
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ABSTRACT

The possibility of application of aggregate on the basis of waste recycled car tyres in gypsum-concrete composites is con-
sidered. Technological, physical-mechanical, thermal and acoustic properties of the composite with the content of lightweight
aggregate 5, 10 and 20 % are investigated. The data for two types of rubber crumb: 0.8- and 0.6-mm fractions are presented.
It was found that the introduction of lightweight aggregate of 0.6 mm fraction reduces the mobility of the mixture by 10.8, 21.6
and 45.9 %, respectively, and the aggregate of 0.6 mm fraction by 8.1, 29.7 and 40.5 %, the introduction of rubber crumb of
0.6 fraction reduces the compressive strength by 30, 38 and 55 %, the introduction of lightweight aggregate of 0.8 mm fraction
reduces the strength by 27, 36 and 56 %, respectively, density of gypsum concrete with 0,8 mm fraction aggregate decreases
up to 1190 kg/m3, and with 0,6 mm fraction up to 1170 kg/m3; thermal conductivity of the composite decreases by 20 % at
introduction of 20 % of rubber crumb of 0,6 mm fraction, and 0,8 mm fraction by 14 %, acoustic properties increase, the
efficiency of sound absorption of gypsum concrete without filler was 5,2 - 39,6 %, with light filler of 0,6 mm fraction and 20 %
content was 6,5 - 47,6 %, and 0,8 mm fraction was 7,9 - 50,4 %. The developed composition can be used as an initial compo-
sition for production of gypsum board, gypsum plasterboard sheets and other similar products.
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BBEJIEHUE

KonuyectBo nerkoBbix aBToMoOmieii B 2006 roay co-
CTaBJISUIO 25 MIIH. €IMHUL, 3a iepuoA B 10 JeT 3To 3HaueHue
BbIpocio 10 43 muH. enuHul [1]. B cBs3u ¢ MOCTOSTHHBIM
YBEIIMYCHUEM YHCIIa aBTOMOOMIICH, HapacTaeT U 00beM 00-
pa3ymomuUXxcs B CIACICTBHH IKCILTyaTallMd OTXOJOB, TaKUX
Kak aBToMOOmIbHEIe IUHBL. B 2000 romy obuwii Bec n3HO-
IeHHBIX MUH B P® coctaBuir 1 MITH. TOHH ¥ ¢ KaXKJIBIM TI'O-
JIOM 3TOT 00BeM yBenmunBaercs. [Ipu TakoM GOIBIIOM TTO-
CTYIUIEHUH, TiepepabartbsiBaeTcs He 6onee 150 TrIC. TOHH pe-
3UHOTEXHUYECKUX H3Aenuii B roa, Ha MoMmeHT 2009 roma
6n110 IEepepaboTano 137,3 Teic. TOHH aBTOMOOWIIBHBIX IIIHH,
410 cocTaBuio 15 % ot obuiero uucia oTxonoB [2].

K oTxXoJaM, IOoAJIC)KAIIUM BTOpI/I’-IHOMy HUCIIOJIb30Ba-
HHIO, OTHOCSTCSI aBTOMOOMIILHEIE IHUHEL. OH OTHOCUTCS K
BPEIHBIM OTXOJIaM IO HECKOJIBKUM MPUYMHAM: BO-TICPBBIX,
pe3uHa He IOJBEPKECHA OHOIOTHIECKOMY PA3IIOKCHHIO, BO-
BTOPBIX, OTHEOMIACHA, XOTh OHA M HE OTHOCHUTCS K JISTKOBOC-
TUTAMEHSIOMKAMCS MaTepualiaM, HO IPH BO3TOPAaHUU IOTa-
CHUTP IUTaMs CTAHOBUTCS TIPAKTUIECKH HEBBITOTHIMOM 3a/1a-
yeif [3]. Bemmeamie u3 sKCIUTyaTaluy pe3sNHOTEXHIUECKUE
m3nenus (PTU) cimy)kaT HCTOYHUKOM 3arpsi3HEHHS OKpYXKa-
foIel Cpefpl Ha JIOJITO€ BPeMs: IIMHBI HE MOJBEPTaroTCs
OHMOJIOrNYECKOMY Pa3JIOKECHUIO; OHU OTHEOIACHBI U, B CITy-
qae BO3FOpaHI/I$I, IIoraCuTb MX J0CTATOYHO CJIOXKHO, HpI/I
CKHa}II/IpOBaHI/II/I OHH ABJIAKOTCA UACAJIBHBIM MECTOM paSMHO-
JKCHHSI TPHI3YHOB, KPOBOCOCYIIIMX HACCKOMBIX M CIIyXaT UC-
TOYHUKOM MH(EKIIMOHHBIX 3a0oeBanuii [4, 5]. B mpomecce
nepepadOTKA aBTOMOOMIBHBIX IIMH MOMUMO PE3HHOBOU
KPOIIIKU 00pa3yeTcss TKAaHEBBIX KOPJ, KOTOPHIH B MabHEH-
IIIeM MPUMEHSIETCS B Ka4eCTBE apMUpYFoIeit (huOpsl B 6eTo-
Hax. CorylacHO mccienoBaHusM [6, 7] BBeneHue GpuoOpHr u3
TKaHEBOTO KOpJa CHMKACT IUIOTHOCTH M TOBHIMIACT MPOY-
HOCTh OeToHa kiracca B30.

Ha manHBIii MOMEHT aKTHBHO HPUMEHSIOTCS M JPyTHE
BTOPUYHBIC MaTepHAJbl, HAIPUMEp, MEHOCTEKIO, BTOPUY-
HBIH e0EHb U MECOK U T. . [IeHOCTEKIIO TOJITrOBEYHbINA He-
roprouuii MaTepua, 001aJaroInii HU3KOH TEIUIONPOBOIHO-
CTbIO, BBICOKHM 3ByKOHOFHOHleHI/IeM, HO HHSKOﬁ HpO‘IHO-
CTBIO U BBICOKOH CTOUMOCTHIO [8, 9]. OH mpuMeHseTCs B JIeT-
KHX OETOHAX B KaUECTBE 3AIOJIHUTENIS U B KAUECTBE U TEII-
JIOU3OJIAIIUOHHOW 3aCHINKU KPBIII, a U3 IMEHOCTCKOJIBHBIX
OJIOKOB MO>XHO BO3BOAWTH CAMOHECYIIHE KOHCTPYKITUH.
Bropuuneni mebeHb, oOpa3yeTcss BO BpeMs YTHIIHU3AIUH
CTPOHTENBHEIX 0TX0A0B [10]. DToT Marepman oOmamaer
BCEMH CBOWMCTBAMH 00BIYHOTO MIeOHs. barogaps Tomy, 910
9TO MOOOYHBIN MaTepHa, MoIyJaeMbIid B pe3yIbTaTe CHOCA
3JJaHMI, €0 CTOMMOCTh 3HAYNUTEIPHO HIDKE KIACCHYECKOIO
me6Hs. [IpuMeHenne 3amoTHUTENS U3 TAKOTO MIEOHS T03BO-
JISI€T CHU3UTh CTOMMOCTH OeToHa. Vcronbp30BaHue BTOpUY-
HBIX MATEePHaJOB CHUXKAET DSKOJOTHYCCKOE 3arpsi3HCHUE
MECT CKHa}II/IpOBaHI/IH OTXOJO0B U IMMO3BOJISICT paCLHI/IpI/ITI) ChbI-
pbeBYIO 023y HOBBIMHU CTPOUTEIbHBIMU MaTepUAIaMHU. 3a4a-
CTYIO MX IPUMCHCHHUE TPUBOIUT K YMCHBIIICHHIO CTOMMOCTHU
M3JIeNui, MO0 TOBBIIICHUIO 3KCILTYyaTaIllHOHHBIX XapaKTe-
PUCTHK MaTepHaa.

VYBemuuenne oObema mnepepaboranHbix PTU  cHusur
BIIMSTHAE Ha DKOJIOTHIECKYI0 OOCTaHOBKY pailOHOB CKIIaJIH-
POBaHUS U IPH ATOM TO3BOJIUT CHH3UTH CTOMMOCTH KOMIIO-
3UTOB C BBEICHHOHN pe3nHOBOW Kpomrkoil. OHa oOxamaer
HH3KOM IIIOTHOCTBIO, 0K0JI0 900 KI/M>, M HM3KO#i Teronpo-
BOJHOCTEIO, 0K010 0,2 BT/M*K, 9TO mO3BONMT HCIIOJIB30-
BaThb TaKOW JIETKMM 3aloJHUTEIh B MaTepuajiax JJis

INTRODUCTION

The number of passenger cars in 2006 was 25 million
units, and over a 10-year period this value has increased to
43 million units [1]. Due to the constant increase in the num-
ber of cars, the amount of waste generated as a result of op-
eration, such as car tyres, is also increasing. In 2000, the total
weight of worn tyres in the Russian Federation was 1 million
tonnes and this volume is increasing every year. With such a
large input, no more than 150 thousand tonnes of rubber
products are recycled per year, at the time of 2009, 137.3
thousand tonnes of car tyres were recycled, which was 15%
of the total waste [2].

Recyclable waste includes car tyres. It is classified as
hazardous waste for several reasons: firstly, rubber is not bi-
odegradable; secondly, it is flammable, although it does not
belong to the flammable materials, but when ignited, extin-
guishing the flame becomes an almost impossible task [3].
Decommissioned rubber products (RTI) serve as a source of
environmental pollution for a long time: tyres are not biode-
gradable; they are flammable and, in case of fire, it is diffi-
cult to extinguish them; when stored, they are an ideal breed-
ing ground for rodents, bloodsucking insects and serve as a
source of infectious diseases [4, 5]. In the process of recy-
cling car tyres, in addition to crumb rubber, fabric cord is
formed, which is further used as a reinforcing fibre in con-
crete. According to studies [6, 7], the introduction of fibre
from fabric cord reduces the density and increases the
strength of concrete of class B30.

At present, other recycled materials are also actively
used, such as foam glass, recycled crushed stone and sand,
etc. Foam glass is a durable non-combustible material with
low thermal conductivity, high sound absorption, but low
strength and high cost [8, 9]. It is used in lightweight concrete
as an aggregate and as and thermal insulation backfill for
roofs, and self-supporting structures can be erected from
foam glass blocks. Secondary crushed stone is formed during
the utilisation of construction waste [10]. This material has
all the properties of ordinary crushed stone. Due to the fact
that it is a by-product material obtained as a result of demo-
lition of buildings, its cost is much lower than classic crushed
stone. The use of aggregate made of such crushed stone re-
duces the cost of concrete. The use of secondary materials
reduces environmental pollution of waste storage sites and
allows to expand the raw material base with new construc-
tion materials. Often their use leads to a reduction in the cost
of products or an increase in the performance characteristics
of the material.

Increasing the volume of recycled RTI will reduce the
impact on the ecological situation of the storage areas and at
the same time reduce the cost of composites with introduced
crumb rubber. It has low density, about 900 kg/m3, and low
thermal conductivity, about 0.2 W/m*K, which will allow
the use of such a lightweight aggregate in materials for build-
ing envelopes, for example, interior partitions or finishing
materials such as plasterboard and gypsum board, as these
building products do not require high strength but should
have low thermal conductivity, density and high sound ab-
sorption. Rubber crumb should not reduce the strength below
the permissible limit according to the requirements of regu-
latory documentation, but also increase the acoustic and ther-
mal insulation characteristics.
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OTpaKJaIoIUX KOHCTPYKLUM, HalpUMep, MEKKOMHATHBIX
MEPEropoIKax WK OTJICIIOUHBIX MaTEPUATaX TAKUX KaK TUII-
COKapTOH ¥ Ma30rpeOHEBHIC IUIUTHI, TAK KaK 3TH CTPOUTEIb-
HBIC M3JICHS HE TPEOYIOT BHICOKOW MPOYHOCTH TPU STOM
JIOJDKHBI UMETh HH3KYIO TEILIONPOBOIHOCTh, TUIOTHOCTh H
BBICOKOE 3BYKOIIOTJIOMICHUE. Pe3nHOBas KpOIIIKa HE JOJDKHA
CHIDKATh IIPOYHOCTH HIKE IOIYCTHMOTO TIpeiesia o Tpedo-
BaHUSIM HOPMAaTHBHOH JOKYMEHTAIWH, HO U TIOBBICUTH aKy-
CTHYECKHE U TETION3OJIAIINOHHBIC XapaKTEPUCTHKH.

B HacTosmee Bpems B Poccun pe3anHoBas Kpolka npu-
MEHSIETCS B IOPOKHOM CTPOUTENLCTBE. OCHOBHAS YaCTh HC-
cJieZIOBaHUM CBOMCTB KOMIIO3UTOB C 3alIOJTHUTEIIEM U3 PE3U-
HOBOI KPOILIKH pacCMaTpUBAETCS B IOPOXKHBIX acanbrode-
TOHAX, TJie TAaKOW 3aIllOJIHUTENh PadoTaeT B KAYECTBE JCMII-
(dupyromero Marepuaia, yJIydlialonero 00beMHBIC CBOI-
ctBa cmecH [11]. ITo nanuabIM uccnenoBanus [ 12] 6bu10 ycTa-
HOBJIICHO, YTO PE3MHOBAs KPOIIIKA BIUSET HA 3BYKOIOTJIONIC-
HUe acPaTbTOOETOHA TOJIEKO KOCBECHHO, TIOCPEIACTBOM YIyd-
LIeHUs] ApYyTrux CBOMCTB. B uccnenoBanuu [12] BbIsiBIEHO,
YTO PE3NHOBAs KPOIIKa M3 aBTOMOOWIBHBIX IIMH, HAHECCH-
Hasi Ha HECYIINH CII0H, CHIDKAeT ypoBeHb Iryma ¢ 68,0 nb no
45,2 nb. TlpoBeneHHOE MCCIEIOBAHNE 3aTPATHBAIIO 00JIACTh
MIPUMEHEHHSI PE3UMHOBOM KPOIIKH B KAayeCTBE OOJIMIIOBOY-
HOTO MaTrepuaia, a oOJacTh TNPUMEHEHHs] PE3UHOBOMN
KPOIIIKH MOXKET OBITh paciiupeHa. IIepcrnekTuBHO mprMeHe-
HUE JIETKOTO 3aMOJTHUTENSI HA OCHOBE OTXOJI0B MepepaboTKu
PTU nnisa co3manust akycTHUecKux uszenuii. B padote [13]
paccMaTpuBaloTCs U3EUs C IPUMEHEHHEM COCTaBOB Ha I1e-
MEHTHOM BSDKYIIIEM C YaCTHYHBIM 3aMCICHUEM 3aIlOJTHU-
TeNs pe3uHOBOM Kkpomkoi. [Tpu 3ToM k03 durment 3pyko-
MOTJIOIIEHUS ATaIOHHOTO oOpasna coctasma 0,22 — 0,37, a
o0pasia ¢ coiepkaHue Pe3MHOBON KPOIIKHA B CPEIHEM CO-
craBun — 0,6 — 0,7.

OO6macTb IPUMEHEHHS JIETKOTO 3allOJIHUTENS HA OCHOBE
PTU mosxeT OBITH pacuIrpeHa Ajs MOTydeHHs COCTaBOB, KO-
TOpBIC B JabHEHUIIIEM MOTYT NMPUMEHSATHCS ISl H3TOTOBIIE-
HUS Ma30rpeOHEBBIX JIUT, TUIICOKAPTOHA, TIEHOOJIIOKOB, OC-
HOBHOIl Npo06sieMOl KOTOPBIX, SIBJISETCS HHU3KOE 3BYKOIIO-
TJIOLICHUC. Ilo UMCIOIIUMC TaHHBIM, U1 JOCTUXKCHUA Y10~
BJICTBOPUTEIILHBIX MMOKA3aTesCH 3BYKOIOIJIONICHNUS, TPeOy-
€TCsI IOTIOJTHUTEIIbHASI OT/ICIIKA a30TPEOHEBhIX TUTUT THIICO-
KapTOHHBIMH JIUCTaMH C ABYX cTOpoH. [leperoposaka u3 ma-
30rpeOHEBBIX TUTUT B OJIUH CIIOW C OJHUM CIIOEM THUIICOKap-
TOHHBIX JIUCTOB IMEET UHJIEKC 3ByKomoriomeHus 44 nb, a ¢
nByms caosmu I'KJI cocrasnsier 46 nb, npu Takux 3Haye-
HUSX IITYM OT PEYH B COCETHEH KOMHATE MMPAKTHYCCKH HE TT0-
HuMaeM [ 14, 15]. U3-3a HU3KOTO 3BYKOIIOTIIOMICHUS IA30-
TpeOHEBbIC TUTUTHI He TIOIB3YIOTCS MOMYIISIPHOCTHIO, YTO BHI-
3bIBACT HEOOXOAUMOCTh MX HalbHEHIIeH 3aMeHbl. s mo-
BBIIICHUS aKyCTHYECKUX CBOWCTB MaTeprajioB Ha THIICOBBIX
BSDKYIIUX HeO6XO}II/IMO CHHMXKAaTh UX IINIOTHOCTH BBOS B CO-
CTaB BO3[yXOBOBJIEKAIOIINE WIM TMEHOOOpa3yoIlue J0-
6aBKI/l, MMPUMCHSATD JIETKUE 3all0JIHUTEIN, TAKUC, KaK JPEBEC-
HbIE OMWJIKH, KEpaM3UT, KocTpa U T.1. [16].

OCHOBHBIM HEJIOCTATKOM BBEJICHHS PE3WHOBOI KPOIIKH
SIBIISICTCS HU3Kas aire3vuss K MUHEPAIbHOMY BSKYIIEMY, H
KaK CIICJICTBUE, CHIDKACTCS MPOYHOCTh NP CKATHH U U3-
rube. CoracHo uccienoBanusM [17], mpoYHOCTH IPH CKa-
T cHIkaeTcd Ha 94 % mpu 100 % 3aMemieHuns 3amoaHu-
Tens B 6etoHax. [Ipn 3TOM 3aBUCHMOCTH CHUKEHUS IIPOYHO-
CTH OT COAEpXaHUs PE3NHOBON KPOIUKH MMEET JIMHEHHBIN
XapakTep. DT JaHHBIE MOATBEPKAAIOTCS APYTUMHU HCCIIe-
JIOBaHUSIMHU, TJI€ TPOYHOCTh CHUXKaeTcs Ha 85 % Mpu mOTHOM
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At present in Russia rubber crumb is used in road con-
struction. The main part of research on the properties of com-
posites with rubber crumb aggregate is considered in road
asphalt concretes, where such aggregate works as a damping
material that improves the volumetric properties of the mix-
ture [11]. According to study [12], it was found that crumb
rubber affects the sound absorption of asphalt concrete only
indirectly by improving other properties. Study [12] found
that crumb rubber from car tyres applied to the bearing
course reduced the noise level from 68.0 dB to 45.2 dB. The
conducted study touched upon the area of application of
crumb rubber as a facing material, and the area of application
of crumb rubber can be extended. The application of light-
weight aggregate on the basis of waste recycling of RTI for
the creation of acoustic products is promising. The work [13]
considers products with the use of cement binder composi-
tions with partial replacement of the aggregate with rubber
crumb. In this case, the sound absorption coefficient of the
reference sample was 0.22 - 0.37, and the sample with rubber
crumb content averaged 0.6 - 0.7.

The field of application of lightweight aggregate on the
basis of RTI can be extended to obtain compositions that can
be further used for the manufacture of gypsum board, gyp-
sum board, foam blocks, the main problem of which is low
sound absorption. According to available data, in order to
achieve satisfactory sound absorption performance, it is nec-
essary to finish gypsum board with gypsum plasterboard
sheets on both sides. A partition made of groove boards in
one layer with one layer of gypsum plasterboard sheets has a
sound absorption index of 44 dB, and with two layers of
GKL is 46 dB, with such values, the noise from speech in the
neighbouring room is almost unintelligible [14, 15]. Due to
low sound absorption, tongue and groove boards are not pop-
ular, which causes the need for their further replacement. To
increase the acoustic properties of materials based on gyp-
sum binders it is necessary to reduce their density by intro-
ducing air-involving or foam-forming additives into the
composition, to use lightweight aggregates such as sawdust,
expanded clay, firewood, etc. [16].

The main disadvantage of the introduction of crumb rub-
ber is low adhesion to mineral binder, and as a consequence,
the compressive and flexural strength is reduced. According
to studies [17], compressive strength is reduced by 94 % at
100 % of aggregate replacement in concrete. At the same
time, the dependence of strength reduction on the content of
crumb rubber has a linear character. These data are con-
firmed by other studies, where the strength is reduced by 85
% at full replacement of aggregate. There are ways to in-
crease adhesion to mineral matrix one of them is treatment
with alkali solution. According to [18] treatment of rubber
crumb surface with NaOH solution increases the compres-
sive strength relative to the sample without preliminary prep-
aration by about 7 %. One of the ways to increase adhesion
is the joint grinding of cement and light aggregate, where the
strength increase was about 25 % with the introduction of 15
% of treated crumb rubber [18].

Based on the above, it can be concluded that the use of
crumb rubber in gypsum composites will be appropriate due
to the fact that its introduction contributes to the improve-
ment of acoustic properties. Studies on the use of lightweight
aggregate made of crumb rubber in gypsum binders are
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3aMeHe 3anonHuTens. CyIecTBYIOT CHOCOOB! HMOBBIIICHUS
aAre3ud K MUHEpaJIbHOW MaTpHIle OJHUM U3 HHUX SBISETCA
00paboTka pactBopoM Ienoyn. [To nanueM [ 18] oOpaboTka
MOBEPXHOCTU PEe3UHOBON Kpouiku pactBopoM NaOH mnoBbI-
IIaeT MPOYHOCTh NPU CKATHHU OTHOCHUTENBHO oOpa3ua 6e3
MpeBAPUTENILHON NOATOTOBKU MpuMepHO Ha 7 %. OnHuMm
U3 CIIOCOOOB IOBBIMICHUS aAre3UH SBISIETCSI COBMECTHBIN
MIOMOJI IIEMEHTA 1 JIETKOTO 3aIOJHUTENS, IPH KOTOPOM IIpH-
POCT IPOYHOCTH COCTaBMIJI MPUMEPHO Ha 25 % Tpu BBeze-
HuH 15 % obpaboranHON pe3snHOBOH Kpommku [18].

Hcxozst u3 BBIMIETIEPEUUCICHHOTO, MOXHO C/IEJIaTh BbI-
BOJI, YTO IIPUMEHEHHE PE3UHOBOM KPOIIKH B COCTaBE T'HIICO-
BBIX KOMITO3UTOB OYyJIET 11e71ecCO000pa3HbIM BBUY TOTO, YTO
ee BBEACHHE CIIOCOOCTBYET YIYYIIEHHIO aKyCTHUECKUX
cBoiicTB. MccnenoBanus IpUMEHEHUS JETKOT0 3al0THUTENS
U3 PE3MHOBOM KPOIIKHU B TUICOBBIX BSXKYIIMX OTPAHUYEHO.
ITosTOMy noMy4eHue JAHHBIX O BIUSHUM TaKOT'O JIETKOTO 3a-
TIOJTHUTEISI Ha CBOWCTBA Oy/ET NPE/CTaBIATh HAyYHYIO HO-
BU3HY.

B nccnenoBaHny paccMOTPEHO BIMSHKE pa3Mepa (ppak-
IIUH PE3MHOBOM KPOIIKH M €€ COAEpKaHNne B KOMITO3UTE Ha
TEXHOJIOTUYECKHE, (PU3NKO-MEXaHUYECKHE, TEINIOTEXHUYE-
CKHE U aKyCTHYECKHE CBOICTBa.

Heab uccaeroBaHuA: UCCIEIOBAHNE CBOHCTB TUIICO0e-
TOHA C JIETKMM 3aIlOJIHUTENEM U3 OTXOJ0B MepepadoTKH pe-
3MHOBOM KPOIIKK Pa3HbIX (QPaKIUii C pa3IMnYHbIM CO/IEpKa-
HHUEM.

MaTtepuaiabl H MeTOABI HCCIeTOBAHUS

B paboTte nprMeHsUTHCh CIeIyIOIIre MaTepHaIIbL:

—  BBICOKONPOUHBIH runc Mapku I'-16 co cBoiicTBamy,
yKa3aHHBIMH B Tabnuue 1:

—  pesuHOBas kpomka ¢p. 0,6 mm u 0,8 MM Ipon3BOA-
ctBa OO0 «JImutposckuii 3aBog PTW». 3epHOBOI cocTaB
PE3MHOBOM KPOIIKH MTPEICTaBICH Ha pUCYHKax | u 2.

Omnpenenenye TEIUIONPOBOAHOCTH IPOU3BOIMIN IIPH IO~
MOIIIY aHaJIM3aTopa TeroBbix koHctanT Hot Disc 1500 ne-
CTallMOHAPHBIM METOJIOM IUIOCKOT'O MCTOYHHKA.

limited. Therefore, obtaining data on the effect of such light-
weight aggregate on properties will be of scientific novelty.

The study considers the influence of rubber crumb frac-
tion size and its content in the composite on technological,
physical-mechanical, thermal and acoustic properties.

The purpose of the study: research of properties of gyp-
sum concrete with lightweight aggregate from waste rubber
crumb processing of different fractions with different con-
tent.

Materials and methods of research

The following materials were used in the work:

—  high-strength gypsum of G-16 grade with properties
specified in Table 1:

— 0.6 mm and 0.8 mm crumb rubber produced by
Dmitrovsky RTI Plant. The grain composition of rubber
crumb is shown in Figures 1 and 2.

Thermal conductivity was determined using a Hot
Disc 1500 thermal constant analyser using the unsteady flat
source method.

TABJIUIIA 1. CBOMCTBA BBICOKOIIPOUHOI'O T'MIICOBOI'O BSIKYIIETO MAPKH I'-16
Table 1. PROPERTIES OF HIGH-STRENGTH GYPSUM BINDER GRADE G-16

Enunnna m3-
DaKkTHYECKOE
HanvenoBanmne noka3sareJist MepeHust
Ne - . 3HaYeHne
Name of indicator Unit of meas-
Actual value
urement
1 CreneHnb oMoja, OCTaTOK Ha CUTE C pa3MepaMH siueek B cBeTy 0,2 MM % <1
Grinding degree, residue on a sieve with mesh size 0.2 mm in light
2 [penen npoynocty 0Opa3noB-6aI0UeK B BO3pacTe 2-X 4acoB MIla >6
Tensile strength of beam specimens at the age of 2 hours MPa
3 Bpewms nauana cxBareiBanus Initial setting time MuH min 26
4 Bpewms oxonuanns cxBateiBanus End of setting time MuH min =30
5 CopepxaHue npuMeceil METaIoB B 1 KI BSXKYILETO Mmr <6
Metal impurities content in 1 kg of binder mg

357



Texuurxa u mexnonocus cunuxkamos. Tom 31, Ned4, 2024

100,00
PUCYHOK 1 . 90.00 90.60

. . °. = 80.00 98 9"III 99 37—/
3EPHOBOI1 COCTAB PE3HHOBOI £ & o5
KPOILKH ¢p. 0,8 mm o o 70,00
000 «JImurposckuii 3apog PTH» = E 60,00 /

; £ 50,00

£ 40,00 /

gz 4, 7/

Fi 3% 30,00
igure 1 BE 000 /

g2 -~ [0.03 9.65
The grain composition of rubber crumb 5 B 10,00
of 0.8 mm particle size Dmitrovsky RTI = 0,00
Plant 1,000 0,630 0.400 0,250 0,125 0,080 <0,080

Pasmep guedKH CHTA, MM
Sieve mesh size, mm

PUCYHOK 2 < 100,00 50.96 -

. . r o 90,00 .| 7
3EPHOBOW COCTAB PEBUHOBON £ & o5 99,78 | 99 oR
KPOIIKH ¢p. 0,6 mm ©g 70‘00
000 «Imurtposckuii 3asog PTU» == ? /55,06

“ E 60,00 y 7
22 5000 7
§ g 40,00 7
Figure 2 "= 30,00 /
28 2000 o 781
The grain composition of rubber crumb = 10.00 i / :
of 0.6 mm particle size Dmitrovsky RTI = 01 00 4.""
Plant 1,000 0,630 0,400 0,250 0,125 0,080 <0,080

CHmKEHHE YPOBHS IITyMa U3MEPSUIOCh B peBepOepannoH-
Hoii kamepe. [Ipu moMomy mrymomMepa umepsiics GoH B Ka-
Mepe 0e3 3BYKOM3OIUPYIONIEH IMeperopoaKu. 3aTeM ycTa-
HaBJIABAJICA HCIIBITYEMBIH 00pasel] U OIpeAessUINCh IToKa3a-
HUS YPOBHS 3BYKOBOTO JaBJICHHS 33 IEPETOPOIKOIL.

HccnenoBanue npoBoIMIOCh Ha 7 COCTaBax: OJHOM 3Ta-
JIOHHOM 0e3 3aI0IHUTENS U IECTH UccienyeMbIxX. Bomorun-
coBoe otHomienue B/I] cocrarmsio 0,39. PaccmaTpuBanuch
cocTtaBbl ¢ cogiepxkanuemM 5, 10 u 20 % jerkoro 3anoaHUTENS
u3 pe3nHoBoOi Kpowku ¢pakuuid 0,6 u 0,8 mm. PesnnoByro
KPOIIKY BBOJHMIIM CYXMM METOJIOM: CHAadYaja OTBCIIUBAIU
THUIIC ¥ HY)KHOE KOJIMYECTBO 3aIOIHUTES, 3aTEM TIIATEIIEHO
CMCIIUBAIA [0 OJHOPOJHOCTH B CMECUTENIC NMPH HHU3KUX
oboporax B TeueHune 30 cekyna. Ilocne 3Toro mepementu-
BaJI BPYYHYIO, 3JIMBAA BOJTY ¥ CMCIIUBAIIA B CMECUTEIIC
Ha HU3KUX 000pOTax B TEUCHUE OTHON MUHYTHI, TIOCIIE Yero
Bpy4HYIO B TeueHue 30 CeKyH[ U eIle OIHy MUHYTY B CMe-
CHUTEJIe Ha HU3KUX 000pOTax.

DKCNepUMEeHTHI M 00Cy:KIeHne Pe3yIbTATOB

Ha ocHoBaHuHM pe3yiabTaToB ObLaa IMOJydeHa 3aBHCH-
MOCTh TEXHOJIOTHYECKUX CBOMCTB IUIICOOETOHA C JIETKUM 3a-
MOJTHUTEJIEM OT COJICPKAHUS PE3UHOBOM KPOIIKH (PHUCYHOK
3). YcTaHOBNEHO, YTO PE3MHOBAsI KPOIIKA B KOJHUYECTBE 5,
10 u 20 % cHmxaeT nmoasxkHOCTh Ha 10,8, 21,6 1 45,9 %, a
3anonHuTeNbs Qpakiun 0,6 MM Ha 8,1, 29,7 u 40,5 %. Boib-
II0€ CHUKCHHUE MOABIKHOCTH OOBSACHICTCS (POPMOH H TO-
BEPXHOCTHOH CTPYKTYpOU 3€pEeH JIerKoro 3amoiaHuTes. He-
CMOTpS Ha TO, 4Yro pe3uHa ruapodoOHa, Boaa
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Pasmep sueliKH CHTA, MM
Sieve mesh size, mm

Noise reduction was measured in the reverberation cham-
ber. A noise meter was used to measure the background in
the chamber without a soundproof partition. Then the test
piece was installed and the sound pressure level readings be-
hind the partition were determined.

The study was carried out on 7 compositions: one refer-
ence without aggregate and six tested compositions. The wa-
ter plaster ratio B/C was 0.39. The compositions containing
5, 10 and 20 % of lightweight aggregate from rubber crumb
0f 0.6- and 0.8-mm fractions were considered. Rubber crumb
was introduced by the dry method: firstly, gypsum and the
required amount of aggregate were measured, then thor-
oughly mixed to homogeneity in a mixer at low speed for 30
seconds. After that, it was mixed manually, water was poured
in and mixed in a mixer at low speed for one minute, then
manually for 30 seconds and another minute in a mixer at
low speed.

Experiments and discussion

Based on the results, the dependence of technological
properties of gypsum concrete with lightweight aggregate on
the content of rubber crumb (Figure 3) was obtained. It was
found that rubber crumb in the amount of 5, 10 and 20 %
reduces mobility by 10.8, 21.6 and 45.9 %, and the aggregate
fraction of 0.6 mm by 8.1, 29.7 and 40.5 %. The large reduc-
tion in mobility is attributed to the shape and surface struc-
ture of the lightweight aggregate grains. Despite the fact that
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amcopoupyeTcss Ha MOBEPXHOCTH 3€PEH JIETKOTO 3aroNHHU-
TEJISl ¥ CHUXKAET OOIIYIO TOABUKHOCTH CMECH.

rubber is hydrophobic, water is adsorbed on the surface of
lightweight aggregate grains and reduces the overall mobility
of the mixture.

i

PHCYHOK 3 o [ 1858

HU3MEHEHUE HMOJABAKXHOCTH é 175 170

CMECH B 3ABUCUMOCTHU OT s = 165 —

COJEP)KAHUSA U ®PAKIINN g = 155 - -

PE3MHOBOI KPOLIKH 32 s B 145 ©p. 0.8 o
=‘ d; - 130 FI. 0,8 min
R 135 —
=
a5 115 — —

Figure 3 E*: 115 — — 110 ?P'UU%GMM
@ 100 I. 1,0 mm
= & 105 — — — 1 —

Variation of mixture mobility depending 5 5} 95 e

on the content and fraction of rubber = .
=1 0% 5% 10% 20%

crumbs

CoJep:RaHAe pe3HHOBO KPOMKH, %

[Ipu BBemeHMM PE3WHOBOI KPOIIKH B COCTaB rurcode-
TOHA 0 MEepPEe yBEIHUYEHHs COAEP>KaHMS JIETKOTO 3alloJIHU-
TeJsl CHUYKAETCsI TNIOTHOCTh Komno3uTa (pucyHok 4). Io mo-
Jy4eHHBIM JaHHBIM IIpU BBEACHUU DPE3UHOBON KPOIIKH
dpaxiun 0,6 MM B KomuuecTBe 20% IUIOTHOCTH CHIDKACTCS
c 1285 kr/m® no 1170 kr/m?, a npu BBenenun 20 % pesuHo-
Boit kpomky ppaxuum 0,8 MM 10 1190 kr/ m>. Takoit s dext
JIOCTUTaeTCs 3a CUET HU3KOU IIOTHOCTHU 3aIIOJIHUTENS], PaB-
HOM mpumepHo 900 Kr/M>, ¥ JIOTOJIHUTENLHOTO BO3TyXOBO-
BiedeHus. [ly3pIpbkH BO3MyXa BO BpeMs IEpPEMEIINBAHUS
a7COpOHMPYIOTCS ¢ Pe3WHOBOM KPOIIKOW M OCTAIOTCA B 00B-
eMe cMecH, 00pasyst BO3AYIIHYIO MPOCIOHKY BOKPYT KpyTI-
HBIX 9aCTHII JIETKOTO 3aMOJTHUTENS (PUCYHOK 5).

PUCYHOK 4
1290.0

Rubber crumb content, %

At introduction of rubber crumb in the composition of
gypsum concrete as the content of light aggregate increases,
the density of the composite decreases (Figure 4). According
to the obtained data at introduction of rubber crumb of 0,6
mm fraction in the amount of 20% density decreases from
1285 kg/m?3 to 1170 kg/m? , and at introduction of 20% rub-
ber crumb of 0,8 mm fraction to 1190 kg/m?. Such an effect
is achieved due to the low density of the aggregate, which is
about 900 kg/m?, and additional air entrainment. During mix-
ing, air bubbles bind with the crumb rubber and remain in the
volume of the mixture, forming an air layer around large par-
ticles of lightweight aggregate (Figure 5).

M3MEHEHHUE IIVIOTHOCTHU KOMIIO3UTA 12700

"«

B 3ABUCUMOCTH OT COJEPXAHUS U

*

m-
£
N PR

OPAKIIMHU PESUHOBOU KPOIIIKHA = Eﬁ 1250,0

o

= 12300

vz

g 7 12100
Figure 4 - E

8 a 1190.0
Change of composite density depending on the ﬂ 1170.0
content and fraction of rubber crumbs 11500

Hccnenyemas TUIICOOETOHHAs cMeCh UMEET HEOOXOau-
MYIO Ul TOCTHXKEHUS PaBHOMEPHOCTH paclpeie/IeHus pe-
3MHOBOH KPOIIKK 10 00bEMY KOMIIO3UTa MOABMXXHOCTH U
CPEIHIOI0 IUIOTHOCTh. I'MIcoOeToHHas cMech 0e3 JIErKoro
3aMOJIHUTENS] UMEeT IUIOTHOCTb, PaBHYIO mpumepHo 1300
KI/M>, 4TO BBIIE TIOTHOCTM PE3MHOBOM Kpormku Ha 400
kr/m>. TIpu BBICOKOM TOJBMKHOCTH CMECH PE3MHOBAs
KpOIIKa HEPaBHOMEPHO pacmpenesiercss 1mo o0beMy H
BCIUTBIBAET HA MOBEPXHOCTh, a MPH HHU3KON MOJBHXHOCTH

0% 5% 10%
Cofep:kaHEe pe3HHOBOIH KPOMKH, %
Rubber crumb content, %
== ®p. 0,8 My == . 0,6 MM

Fr.0,8mm Fr. 0,6 mm

20%

The investigated gypsum-concrete mixture has the mo-
bility and average density necessary to achieve uniformity of
rubber crumb distribution over the composite volume. Gyp-
sum-concrete mixture without light aggregate has a density
equal to about 1300 kg/m3, which is higher than the density
of crumb rubber by 400 kg/m3. At high mobility of the mix-
ture rubber crumb is unevenly distributed over the volume
and floats to the surface, and at low mobility there is a diffi-
culty in mixing such a mixture, which will lead to
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BO3HMKAET CJIO)KHOCTh INEPEMEIIBAHUS TaKOH CMECH, YTO
MIPUBEJIET K arpernpoBaHuIo U 00pa30BaHHIO HE IPOMEIIaH-
HBIX Y4acTKOB C COJIEp)KaHHEM OOJIBIINX KOMKOB 3aIlOJIHH-
tens. [lpu B/I'=0,39 u nmogsmwxkuocTH oT 110 mo 185 MM
HaOmojaeTcss paBHOMEPHOE pPAaCIpeliefiCHUe 3aIrlOIHUTENS
o oobemMy cMmecH. PesunoBast kpomka ¢pakiun 0,6 Mm 60-
Jiee CKJIOHHA K arperMpoBaHMIO M3-3a OOJBIIETO OCTATO4-
HOTO CTAaTHYECKOTO HANpPSDKEHHS I0CIE H3MEIbUCHHUS, B
CJICZICTBHH YE€T0 B TUIICOOETOHE IPH €€ BBEACHNH Ha0III01a-
eTcst 0oJIpIIIee KOJIMIECTBO IE(PEKTOB, YeM Y KOMITO3UTA C 3a-
nonHuTeIeM ppakiun 0,8 MM (pucyHok 5). IToaTomy Tpedy-
10TCs miepe] BBeaeHneM ¢p. 0,6 MM JOTOIHUTENBHBIE OIe-
paiuy, IpeoTBpallalolIUe ee arperupoBaHHue.

B crneacTBuM pa3HOro KOJIMYECTBA MEIIKUX YAaCTHIL B CO-
CTaBe JIETKUX 3allOJHUTENeH M3 Pe3MHOBOI KpowKH (pak-
muu 0,6 1 0,8 MM HaOII0JaETCS 3HAYUTEILHOE OTIMYKE B
CTPYKTYpe KOMITO3UTOB. B rurcoGeToHe ¢ pe3nHOBOW KpOIII-
Koi ¢pakmmu 0,6 MM HabIroaeTcsi GOJIBIIOE KOINYECTBO
MEIIKHX 9acTHIL, Koraa y ¢paxiwu 0,8 MM Habmogar0TCs 60-
Jiee KPyIHBIE YaCTUI[BI C HEOOIBIINM KOJIMYECTBOM MENKHX
(pucyHoOK 5).

Ha pucyHke 6 nmpuBeneHa CTpyKTypa KOMIIO3HTA, OIpe-
JIETICHHAsI [IPY IIOMOIIY ONTHYECKOT0 MUKPOCKOIIA IIPH yBE-
nuueHun x50. Habmroaercst CKOMICHHE BO3LyXa, 3aXBavCH-
HOT'0 PE3MHOBOM KPOLIKOM B IIpoliecce nepemeiirnpanus. Ta-
Koil 3¢ dexT HabmomaeTcsl Ha TMOBEPXHOCTU 3€peH Oolee
KPYITHOTO TI0 pa3Mepy 3anoiHuTeNs (pucyHok 6). Ha 3eprax
MEHBIIIETO pa3Mepa Takoi 3 ekt He 0OHapyIKEH.

PUCYHOK 5

CTPYKTYPA T'MIICOBETOHA C PE3MHOBOW
KPOIIKOM
¢paxuun 0,6 mm u 0,8 MM (ci1eBa HA MPaBO) B KOJIH-
yectBe 20%

Figure 5

Structure of gypsum concrete with rubber chips of
0.6 mm and 0.8 mm fractions (left to right) in the
amount of 20 per cent

PUCYHOK 6

JNE®EKTBI CTPYKTYPbI 'MIICOBETOHA C
PE3MHOBOM KPOIIKOIA:

KpaCHbIﬁ 0BaJI — IMopa oT 3aXBAYECHHOI'0 3amoJHHU-
TEJEM BO31yXa;

CHHHUH 0BaJI — 3aMOJTHUTEIb 0€3 3axBara BO3/1yXa

Figure 6

Defects in the structure of gypsum concrete with rub-
ber crumb: red oval - pores from air trapped by the
aggregate; blue oval - aggregate without air trapping

ITo pe3ynbraTaM 1a00pPaTOPHBIX HCHBITAHUN OBIIO yCTa-
HOBJIEHO, YTO BBE/ICHHE PE3MHOBOM KPOIIKH IOBBIIIAET TEII-
JIOTEXHUYECKUE XapaKTEPUCTHKH TUIICOOETOHA (PUCYHOK 7).
Habmronmaercst  3aBHCHMMOCTh  CHIDKEHHS Kod(d(HUIMeHTa
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aggregation and the formation of unstirred areas with the
content of large clumps of aggregate. At B/G=0,39 and mo-
bility from 110 to 185 mm there is a uniform distribution of
aggregate in the volume of the mixture. Rubber crumb frac-
tion 0,6 mm is more prone to aggregation because of the
greater residual static stress after grinding, as a result of
which in gypsum concrete at its introduction is observed a
greater number of defects than in the composite with aggre-
gate fraction 0,8 mm (Figure 5). Therefore, before the intro-
duction of 0.6 mm fraction additional operations are required
to prevent its aggregation.

Due to the different number of fine particles in the com-
position of lightweight aggregates made of crumb rubber
fraction 0.6 and 0.8 mm, there is a significant difference in
the structure of composites. In gypsum concrete with rubber
crumb fraction 0.6 mm a large number of small particles are
observed, while in the fraction 0.8 mm larger particles with
a small number of small particles are observed (Figure 5).

Figure 6 shows the composite structure determined using
an optical microscope at x50 magnification. The accumula-
tion of air trapped by the rubber crumb during the mixing
process is observed. This effect is observed on the surface of
the grains of larger size aggregate (Figure 6). This effect is
not detected on smaller grains.

According to the results of laboratory tests it was found
that the introduction of rubber crumb increases the thermal
performance of gypsum concrete (Figure 7). There is a de-
pendence of the decrease in the thermal conductivity
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TEIJIONPOBOTHOCTHU OT YBEIMUEHUS COJEPKAHUS PE3UHOBOM
Kpomiku. B cocTtaBe rumcob6eToHa JETKUN 3aroJHUTENh
tdpaximu 0,6 MM ¢ cogepxkanuem 5, 10 u 20 % cHukaeT Ter-
JIOMPOBOJIHOCTH Kommo3uTta Ha 6,6, 11,4 u 19,6 % cootser-
CTBCHHO, a JICTKUH 3anoHuTeNb Gpakiun 0,8 MM CHHXKaeT
eeHa4,7,8,4u 13,7 % COOTBETCTBEHHO.

0,730

coefficient on the increase in the content of rubber crumb. In
the composition of gypsum concrete lightweight aggregate
of 0.6 mm fraction with the content of 5, 10 and 20 % reduces
the thermal conductivity of the composite by 6.6, 11.4 and
19.6 %, respectively, and lightweight aggregate of 0.8 mm
fraction reduces it by 4.7, 8.4 and 13.7 %, respectively.

PUCYHOK 7

=
-1
=]
=3

N3MEHEHUE KOOOPUIMEHTA
TEINJIONPOBOJHOCTH I'MIICOBETOHA

B 3ABUCUMOCTH OT COJEPKAHMS U 0.670

®PAKIIMM PE3MHOBOM KPOIIIKA

0.640

.

Figure 7 0.610

Variation of thermal conductivity coefficient of

\\

TennonposogaocTs, BT/(M*K)
Thermal conductivity, W/(m*K)

g
gypsum concrete depending on the content and 0.580

. 0%
fraction of rubber crumbs

Ha nabGoparopHoMm cTenze 1 onpeneneHus 3pPeKTuB-
HOTO 3BYKOIIOTJIOIIEHHS OBIIM ONpENeNICHbl aKyCTHYECKNE
MIOKa3aTeIH AJIsl TPEX COCTABOB: 0€3 3aIIOIHUTEIS; C JISTKUM
3aronauTeneM (pakonu 0,6 MM n cogepxxannem 20 %; ¢
JerkuM 3anonauTeneM ¢pakuuu 0,8 MM u conepxannem 20
%. Jlns mpoBeneHUsT MCIBITAaHUS OBUTM W3TOTOBJICHBI 00-
pasibl pazmepom 145%350%40 mm. Ha ocHOBe MOTy4eHHBIX
JIAaHHBIX PAaCCYMTaHbI 3HAUCHHUS d(P(PEKTUBHOTO 3BYKOITOTIIO-
IIEHHUs BO3JYIIHOTO IIyMa Npe/ACTaBieHHbIE B Tabnune 2.
Y CcTaHOBIIEHO, YTO BO BCEM JMANa30HE YaCTOT OKTAaBHBIX M0~
JI0C TUTICOOETOH 0O€3 JIETKOTO 3alloJHUTEINST UMEET IoKa3a-
TeIb 3(h(HEeKTUBHOCTH 3BYKONOTIIOMEHHs OT 5,2 110 39,6 %.

I'mncoGeToH ¢ JIerKUM 3aroJHUTENeM U3 IepepadboTaH-
HBIX aBTOMOOWIBHBIX mMH Qpakiuu 0,6 MM nmeet 3¢ dek-
TUBHOCTB 3BYKOIOTJIOIIEHHS OT 6,5 no 47,6 %, a gpakius
0,8 MM nMmeeT 3¢ (HeKTHBHOCTH 3BYKOIOTIIOMEHHS OT 7,9 10
50,4 %. B cpennem nokasarenu 3¢ GEKTUBHOCTH 3BYKOIO-
rIoMEeHns 00paslia 1Mo BCeM OKTaBHBIM I0J0CaM B Auara-
30H€ u3MepeHus ot 63 go 8000 I'i:

5% 10% 20%
Cogep:xaHHe pe3HHOBOH KPOmKH, %
Rubber crumb content, %

== ®p. 0.8 MM
Fr. 0,8 mm

== @p. 0.6 MM
Fr. 0,6 mm

On the laboratory bench for determining the effective
sound absorption, acoustic parameters were determined for
three compositions: without aggregate; with lightweight ag-
gregate of 0.6 mm fraction and 20% content; with light-
weight aggregate of 0.8 mm fraction and 20% content. Spec-
imens of 145%350x40 mm were made for testing. On the ba-
sis of the obtained data the values of effective sound absorp-
tion of air noise were calculated and presented in Table 2. It
was found that in the whole range of frequencies of octave
bands gypsum concrete without lightweight aggregate has an
index of effective sound absorption from 5.2 to 39.6 %.

Gypsum concrete with lightweight aggregate from recy-
cled car tyres of 0.6 mm fraction has sound absorption effi-
ciency from 6.5 to 47.6 %, and 0.8-mm fraction has sound
absorption efficiency from 7.9 to 50.4 %. On average, the
sound absorption efficiency of the sample for all octave
bands in the measurement range from 63 to 8000 Hz:

TABJHMUA 2. USMEHEHUE 3®@®EKTUBHOI'O 3BYKOIIOI'JIOWEHNWSA B IUATIA3SOHE CPE/THE-
TFEOMETPUYECKUX OKTABHBIX [TOJIOC
Table 2. Change of effective sound absorption in the range of mid-geometric octave bands

CpennereoMeTpuyecKasi 4acTOTa OKTABHOM M0J10ChI, I'ly
C Geometric mean frequency of octave band, Hz
O/ICPPRAMME SANOMMMTEN ™3™ 1" 155950 | 500 | 1000 | 2000 | 4000 | 8000
Content aggregate =
I¢pdexTHBHOCTH 3BYKONOIJIOMIA0NIel Meperopoaku, %
Sound absorbing baffle efficiency, %
0 % 9,2 52 15,7 39,6 12,2 10,4 23,3 11,6
20 % ppaxuun 0,6 MM
20 % fraction 0.6 mm 6,9 6,5 18,5 47,6 14,2 11,0 26,3 14,0
20 % d¢paxuuu 0,8 Mmm
20 % fraction 0.8 mm 7,9 8,8 19,9 50,4 28,7 25,1 30,1 14,4

6e3 3anonaurens — 15,9 %;

without filler - 15.9 %j;
361
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—  C pe3uHOBOH Kpomkoi ¢ppakuuu 0,6 MM B KOJIHYe-
ctee 20 % — 18,1 %;

— ¢ pe3uHOBOH Kkpoukoi ¢ppakuuu 0,8 MM B KoHYe-
ctBe 20 % — 23,1 %.

Pesunoas kpomka dpakuun 0,8 MM B kostmuectse 20 %
MIOJIOXKUTEBHO BIHMSET Ha 3BYKOIIOTJIOIICHNE THIICOOETOHA.
I'Mnco06eToH ¢ IETKUM 3aII0JTHUTEIEM U3 PE3NHOBON KPOILIKU
CHIKAaeT YpOBeHb IiyMa Ha 7,2 % Jydie, 4eM THIco0eToH
6e3 3anoaHUTEII.

ITo pe3ynpTaTam HCHBITAHUH OBUIO YCTAHOBIIEHO, YTO pe-
3MHOBasl KpPOIIKAa 3HAYUTEIBHO CHIKACT IMPOYHOCTH HIPH
cxarun. [lpn BBemeHNH pe3nHOBOM Kpomku ¢pakuun 0,6
MM B konmdectBe 5, 10 u 20 % B cocTaB KOMITO3UTa IIPOU-
HOCTh TIPH CKaThU CHIKaeTcs ¢ 16,5 MIla no 11,5, 10,1 u
1o 7,5 MIla cOOTBETCTBEHHO, a IIPU BBEACHUU PE3UHOBOM
kpomku ¢ppakiuu 0,8 MM camxkaercs go 12,0, 10,5 u g0 7,3
MIIa. MosxHO HaOJIFO1aTh, YTO 3HAYCHHUS IPOYHOCTH 00pa3-
I[OB C OJUHAKOBBIM COJEP’KaHMEM, HO Pa3HBIM pa3MepoM
(hpakuuM OAMHAKOBBL. DTH 3HAUCHUS TOTBEPIKIAIOTCS JaH-
HBIMH Ipyrux ucciegosanuii [16, 17]. [Tokazarenu npoyHo-
CTH MO>KHO TTOBBICHTH IIPH TIOMOIIN 00paOOTKH pE3NHOBOM
KPOIIKH PacTBOPOM ILENOYH, JINOO (PU3NKO-MEeXaHUIECKOH
aktuBanmei [18, 19].

3akiaouenue

1. B pesynbraTe HCCIAEAOBAHUN YCTAaHOBJIEHO, YTO
BBE/ICHHE PE3NHOBON KpOWKH B Komudectse 5, 10 u 20 %
CHIKaeT mojaBwkHocTh Ha 10,8, 21,6 u 45,9 % coorBer-
CTBEHHO, a 3aroyHuTeNb Gppaknuu 0,6 MM Ha 8,1, 29,7 u 40,5
% COOTBETCTBEHHO, YTO CBSI3aHO C XapaKTEPOM ITOBEPXHO-
CTH.

2.  YCTaHOBIEHO, 4YTO IIpU BBEAECHHUH PE3MHOBOM
kpowku ¢pakaun 0,6 MM B konmdectBe 20% IMJIOTHOCTH
cumxkaercsa ¢ 1285 kr/m® mo 1170 xr/m*, a npu BBegeHunu 20
% pe3unoBo# Kpommku ppaxmuu 0,8 M 10 1190 kr/ m>. Bme-
CTE C ITUM TOBBIIIACTCS BO3AYXOBOBJICUCHHE IO CPEACTBAM
3aXBaTa IIy3bIpbKOB BO3lyXa, PE3UHOBOM KPOIIKOM.

3. BBeneHue JErkoro 3amoNHUTENS W3 PE3UHOBOM
KPOIIKH CIIOCOOCTBYET CHU)KEHHIO TETUIONPOBOJHOCTH THII-
co0eToHa Ha OCHOBE THUIICOBOTO BSDKYIIIETO C IPUMEHEHHEM
OTXO0/IOB ITepPepadOTKH aBTOMOOMIIBHBIX IINH. Y CTAHOBJICHO,
YTO Pe3WHOBAs Kpolka B kosmuectse 5, 10 u 20 % dpakuun
0,6 MM CHMKAeT TEILUIONPOBOJHOCTh THUIICOOETOHA Ha 6,0,
11,4 u 19,6 % cooTtBercTBeHHO; dpakunu 0,8 MM CHIDKaeT
TEIUIONPOBOAHOCTD Ha 4,7, 8,4 u 13,7 % COOTBETCTBEHHO.

4.  HccnenoBaHO BIHSHUE PE3HHOBOH KPOIIKHU B KOJIH-
yectBe 20 % Ha aKyCTHYECKHE CBOMCTBA KOHCTPYKLHH.
YcranoBneHo, 9T0 3(p(PpEeKTHBHOCTH 3BYKOTIOTIIOMICHHUS THTI-
cobeToHa 0e3 JIETKOTO 3allOJHUTENST BapbUPyeTCs B AWAara-
3one 63 — 8000 I't; 1 cocraBnset 5,2 — 39,6 %, runcodbeToHa
C JIETKMM 3aIlOJIHUTEIEM U3 NepepaboTaHHbIX aBTOMOOMIIb-
HBIX 1WKH ¢pakun 0,6 MM uMeeT 3¢ (HEeKTHBHOCTh 3BYKOIIO-
riomenus 6,5 — 47,6 %, a ¢ppakuuu 0,8 MM cocraBnser 7,9
—50,4 %. B cpenHeM 3BYyKOIOIIIOIIEHUE B IHANla30HE OKTaB-
HBIX 4acCTOT JUIs ruicobeTona coctaBuiao 15,9 %, mms rui-
co0eToHa ¢ Pe3MHOBOW Kpomkoi ¢pakmuu 0,6 MM cocTa-
Bwio 18,1 %, ams TuncoOeToHa ¢ pPE3MHOBOM KPOIIKOH
¢pakum 0,8 MM cocraBmiio 23,1 %.

5.  YcranosieHo, uro BeeaeHue 5, 10 u 20 % nerkoro
3aIOIHUTENST HAa OCHOBE pe3nHOBOI Kpomku ¢pakuuu 0,6
MM CHIXXaeT MPOoYHOCTh npH cxatuu Ha 30, 38 u 55 %, mpu
BBEJICHUE JIETKOro 3amojHutens ¢pakuud 0,8 MM mpod-
HOCTb CHMKaeTcs Ha 27, 36 u 56 % COOTBETCTBEHHO.
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—  with crumb rubber of 0.6 mm fraction in the amount
of 20 % - 18.1 %;

—  with crumb rubber of 0.8 mm fraction in the
amount of 20 % - 23.1 %.

Rubber crumb of 0.8 mm fraction in the amount of 20 %
has a positive effect on the sound absorption of gypsum con-
crete. Gypsum concrete with lightweight aggregate from rub-
ber crumb reduces noise level by 7.2 % better than gypsum
concrete without aggregate.

From the test results, it was found that the rubber crumb
significantly reduces the compressive strength. When rubber
crumb of 0.6 mm fraction is introduced in the amount of 5,
10 and 20 % in the composite, the compressive strength de-
creases from 16.5 MPa to 11.5, 10.1 and 7.5 MPa respec-
tively and when rubber crumb of 0.8 mm fraction is intro-
duced, it decreases to 12.0, 10.5 and 7.3 MPa. It can be ob-
served that the strength values of specimens with the same
content but different fraction size are similar. These values
are confirmed by other studies [17, 16]. The strength values
can be increased by treating the crumb rubber with alkali so-
lution or by physical and mechanical activation [18, 19].

Conclusions

l. The result of the study revealed that the introduc-
tion of crumb rubber in the amount of 5, 10 and 20 % reduces
the mobility by 10.8, 21.6 and 45.9 % respectively, and the
aggregate of 0.6 mm fraction by 8.1, 29.7 and 40.5 % respec-
tively, which is due to the nature of the surface.

2. It is established that at introduction of rubber crumb
of 0,6 mm fraction in quantity of 20 % the density decreases
from 1285 kg/m3 to 1170 kg/m?, and at introduction of 20 %
rubber crumb of 0,8 mm fraction to 1190 kg/m3. At the same
time, the air-involvement increases by means of capturing air
bubbles by rubber crumbs.

3. Introduction of light aggregate from rubber crumb
contributes to the reduction of thermal conductivity of gyp-
sum concrete on the basis of gypsum binder with the use of
waste recycling of car tyres. It is established that rubber
crumb in the amount of 5, 10 and 20 % of 0.6 mm fraction
reduces the thermal conductivity of gypsum concrete by 6.6,
11.4 and 19.6 % respectively; 0.8 mm fraction reduces the
thermal conductivity by 4.7, 8.4 and 13.7 % respectively.

4. the influence of rubber crumb in the amount of 20
% on acoustic properties of structures has been studied. It
was found that the sound absorption efficiency of gypsum
concrete without lightweight aggregate varies in the range of
63 - 8000 Hz and is 5.2 - 39.6 %, gypsum concrete with light-
weight aggregate from recycled car tyres of 0.6 mm fraction
has a sound absorption efficiency of 6.5 - 47.6 %, and 0.8-
mm fraction is 7.9 - 50.4 %. On average, the sound absorp-
tion in the octave frequency range for gypsum concrete was
15,9 %, for gypsum concrete with rubber crumb fraction 0,6
mm was 18,1 %, for gypsum concrete with rubber crumb
fraction 0,8 mm was 23,1 %.

5.  Itis established that the introduction of 5, 10 and 20
% of lightweight aggregate on the basis of rubber crumb frac-
tion 0,6 mm reduces the compressive strength by 30, 38 and
55 %, while the introduction of lightweight aggregate
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6. Pe3nHOBYIO KPOIIKY MOXKHO HCIIOJIb30BaTh B Kaye-
CTBE JIETKOT'O 3aMOJTHUTENS AJI1 KOMIIO3UTOB Ha OCHOBE T'UII-
coBOro BspKymiero. OHa CrocoOCTBYET CHIDKEHHIO TEILIO-
MPOBOJHOCTH, MIOTHOCTH M IMOBBIIIEHUIO 3BYKOIOIJIOLIE-
HUSI, HO 3HAUUTEIbHO CHUXKAET MIPOYHOCTh M MOJBIXKHOCTD
cMmecH. PazpaboranHslii cOCTaB JerKoro 6eToHa MOXKHO TIPH-
MEHSATh Ul TPOU3BOJCTBA W3IEIHH, HCIOJIB3YyEMBIX IS
OTPXIAIOMINX KOHCTPYKLUH, HATPUMED, B ME)KKOMHATHBIX
MEPETOPOIKAX M3 Ma30rpeOHEBBIX IUTUT, TMIICOKAPTOHA H
T.0. 71 yIydIneHns: CBOMCTB MOIYYSHHOTO COCTaBa HEO0O-
XOAMMO CTPEMUTHCS K YMEHBIIEHUIO CPETHEN INIOTHOCTH U
TMOBBIIICHUIO MPOYHOCTU ITYTEM HMCIIOJIB30BAHUA XUMHUYC-
CKUX 100aBOK M HAIOJIHHUTEIEH.
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fraction 0,8 mm reduces the strength by 27, 36 and 56 % re-
spectively.

6.  Rubber crumb can be used as a lightweight aggre-
gate for gypsum-based composites. It helps to reduce thermal
conductivity, density and increase sound absorption, but sig-
nificantly reduces the strength and mobility of the mixture.
The developed composition of lightweight concrete can be
used for the production of products used for enclosing struc-
tures, for example, in interior partitions made of tongue and
groove boards, gypsum board, etc. To improve the properties
of the resulting composition, it is necessary to strive to re-
duce the average density and increase the strength by using
chemical additives and fillers.
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