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CYXWE CTPOUTEJIBHbIE CMECK HA OCHOBE
[PPOOHOW TAPABIMYECKOW N3BECTW
(NHL 3.5) C IOBABKOW PE3VHOBOW KPOLLKWY,
NONTYYEHHOW 13 OTPABOTAHHbBIX MOKPbBILLEK

Abstract

The use of wastes and industrial by-products as
building materials is an important issue in order to de-
crease costs with waste management and the embodied
energy of building products. In this study scrap tire rub-
ber was used as additional aggregate of mortars based on
natural hydraulic lime NHL 3.5 and natural sand. Differ-
ent particle size fractions and proportions of scrap tire
rubber were used: a mix obtained directly from indus-
try and separated fine, medium and coarse fractions; 0%,
18%, 36% and 54% of the weight of binder, corresponding
to 2.5%, 5% and 7.5% of the weight of sand. As mortars
based on NHL specifications became stricter with the
current version of EN 459-1:2015, the influence of the
rubber’s additions on the mortars’ fresh state, mechani-
cal and physical performance is presented in this work:
flow table consistency, water retention, dynamic elastic-
ity modulus, flexural and compressive strength, open po-
rosity and bulk density, capillary absorption, drying and
thermal conductivity are studied. The use of the rubber
mix coming from the waste tire industry seems advanta-
geous and may open possibilities for use as raw material
by the mortars industry.

Key words: mortar; rubber; natural hydraulic lime;
scrap tire rubber.

Introduction

The progress of technology brought to the society
more requirements relative to living standards. Due to
this improvement, there are direct environmental issues
associated that did not exist a century ago. One of the
biggest issues is the recycling of tires. This problematic
is a big concern, because there are legal procedures that
do not allow their fire burst in open air or its dump in
landfills. Retreading companies try to avoid part of this
problem, enlarging the life cycle of used tires, replacing

2 Ne 6 (41) 2015 «ALITinform» MexpyHapogHoe aHanuTuyeckoe 06o3peHune

AHHOTaUNA

Vicrionp3oBaHye OTXOLOB ¥ NOOOYHBIX IIPOSYK-
TOB IIPOMBIIJIEHHOCTU B Ka4eCTBe BTOPUYHOTO CHIPbA
IJ1 NIPOU3BOACTBA CTPOUTEIbHBIX MAaTe€pPUAJIOB II03BO-
JIsleT COKpPaTUTb MaTepuajbHble U3AEPKKM U CHU3UTD
3aTpaThl 37IEKTPO3HEPTUM Ha UX MPOU3BOACTBO. B maH-
HOJI paboTe B Ka4eCTBE HOMOTHUTEIBHOTO 3aIIOTHUTES
JJISL COCTaBOB Ha OCHOBE NPMPOHONM I'MIpaBINYeCKON
usBectu (NHL 3.5) u kBapiieBoro mnecka mcIionb3oBanach
pesuHoBas kpouka (PK), monydenHas us orpaboraH-
HBIX aBTOMOOV/IbHBIX IIOKPBIIIEK, & TAK)KE e€ OT/eIbHBIE
¢dpaxun: Menkas, cpefHAs 1 KpynHaa. Cmech PK BBo-
punu B KonndecTse 0; 18; 36 1 54% 0T Macchl BSXKYyIIle-
0, YTO COOTBETCTBOBANIO 2,5; 5,0 1 7,5% OT Macchl Ilecka.
BBupy TOro, 4TO C BBefleHMEeM MOC/IefHell BepCUM CTaH-
mapra EN 459-1:2015 Tpe6oBanus k nmapamerpam NHL
YKeCTOUWIINCD, B pab0oTe U3y4eHO BIUAHNE COfepKaHNA
PK Ha MexaHM4Yecke 1 pusndecKe CBOJCTBA pacTBOP-
HOII CMecH U pacTBOpa: pacTeKaeMOCThb, BOLOYAEepP>KIBa-
IoIIasA CIOCOOHOCTD, JTHAMIYECKIIT MOLY/Ib YIIPYTOCTH,
IPOYHOCTD IIPK U3rKOe U CKATUY, OTKPBITAsi HOPUCTOCTb,
CpenHAA MIIOTHOCTD, TEIIONPOBOJHOCTD, KAaUJIIAPHOE
BOJZIONOT/IONIEeH)Ee U BbICbIXaHue. VIcnonb3oBaHMe cMe-
cu PK, nmony4eHHOI HENOCPeICTBEHHO C NpefIpUATHI
o nepepaboTke OTPabOTaHHBIX MOKPBIIIEK, SBISIETCS
IIepCIIeKTUBHBIM HallpaBJIeH/eM U OTKpbIBaeT HOBbIE BO3-
MOYXHOCTH [i71 TIPOM3BOJCTBA CTPOUTENbHBIX PACTBOPOB.

Kniouesvie cnosa: cmpoumenvrutii pacmsop; pe-
3UHOBAA KPOULKA; NPUPOOHAS 2UOPABTUECKAT U3BECHb
(NHL); pesuna u3z ompabomanHvix noxKpoiuiex.

BBepgeHne

B pesybraTe TEXHMYECKOTO IIPOrpecca KayecTBO
SKV3HU M IOTPEOHOCTY OOIIIeCTBA C KaXK/IBIM [JHEM PACTyT.
B cBoro ouepenp, 3TO BefieT K BO3SHMKHOBEHMIO 9KO/IOTM-
JecKMX MpobyeM, KOTOpbIe ellje CTO JIeT Hasaj, He ObUIu

the used tire tread for a new one. However, this procedure
leads to another one: what to do with the scrap tire rubber
waste? These companies agglomerate the waste and have
very little use to it [1]. In recent years, the construction
field tried to apply this waste in various manners, such as
pavements (artificial turfs or roads), cementitious mortars
[2] and concrete mixes [3]. Studies performed on scrap
tire rubber concluded that the rubber is an elastic waste
that can provide some deformability and improve ther-
mal characteristics to cement-based mortars, although
the mechanical characteristics could be compromised [4].

Natural hydraulic limes (NHL) are natural binders
with particular characteristics of both air and hydraulic
binders, that can be very beneficial in several types of
application, namely when applied on the rehabilitation
of buildings. NHL specifications became stricter with
the last version of EN 459-1 [5] and some previously
named NHL have been reclassified as natural lime HL.
EN 459-1 NHL are only produced in few countries of
the world, namely in Portugal. Because of the previous
reasons the study of the properties of natural hydraulic
lime NHL 3.5 mortars have recently regain the interest
of the scientific community [6].

Very few studies address the characterization of
mortars with scrap tire rubber and the majority of them
characterize cement-based mortars. The present study ad-
dresses the mechanical and hygrothermal characteristics
of natural hydraulic lime mortars with scrap tire rubber
as additional aggregate. The mechanical tests undertak-
en are the elasticity modulus, compressive and flexural
strength, while hygrothermal tests done are thermal con-
ductivity, capillary absorption and drying. All of the mor-
tars were prepared in laboratory, and used the same type
and proportions of NHL and sand, even though the size
and proportion of the added scrap tire rubber changed.

1. Materials, mortars and samples

It was initially defined that the mortars would
only contain natural hydraulic lime, siliceous sand and
scrap tire rubber waste, in addition to the mix of NHL
and sand. No admixtures were used. The binder used
was a natural hydraulic lime NHL 3.5 produced by SE-
CIL Argamassas company and will be named NHL.
Their chemical characterization has been published
elsewhere [7] and the loose bulk density is presented
in Table 1. The sand used was a mix of four different
natural siliceous sands with variable particle size, to
achieve a particle size distribution that can be observed
in Fig. 1. The loose bulk density of the sand is presented
in Table 1. The scrap tire rubber waste was provided by
the retreading company BANDAGUE. Since the rubber

Table 1. Loose bulk density of the mortar’s components
Tabnuua 1. HacbinHas NIOTHOCTb KOMMOHEHTOB pacTBOpPa

Material // MaTtepvan

Loose bulk density, kg/m? //

688
HacbinHas MNoTHOCTb, Kr/m3

akTyaapHbL OfHON 13 OCTPBIX IIPOG/IEM SIB/ISIETCS Hepepa-
60TKa aBTOMOOVM/IBHBIX ITOKPBILIEK, TAK KaK JIEIICTBYIOLIEe
3aKOHOZATENbCTBO 3aIIPEIAET X CKUTAHNE HA OTKPHITOM
BO3J[yXe WV CKJIQ[{YIpOBaHye Ha cBaIKax. KoMmmaunuy, cre-
[MQJI3UPYIOLECS HA BOCCTAHOB/IEHVM IIOKPBIIIEK, IPef-
[PUHIMAIOT OIBITKY YaCTUYHO PELINTH JAHHYIO IpobeMy
3a CYeT IIPOJJIEHISI CPOKA CITY>KObI MCIIONb30BAHHBIX IINH,
3aMeHSIS1 U3HOIIEHHbIE TIPOTEKTOPDI TIOKPHIIIEK HA HOBBIE;
OJHAKO B CBA3M C TAKVMM IIOJXOLOM BO3HMKAET HOBBII BO-
[IPOC: YTO JIe/IaTh C PE3VHOBBIMY OTXOIAMM OT YK€ OTpa-
60TaHHBIX MTOKPBIIIEK? KoMmaHmnu HaKaIIMBaT OTXOABI,
KOTOpbIe IPaKTUYeCK! He MCIoNb3yioTcs [1]. B mocnenHme
rops! PK, 1oty 9eHHY 0 113 OTXOJ{OB, IIBITA/IUCH IPUMEHSITH
B CTPOMTENBHOI OTPAC/IN, HAIPUMEP, I CO3AHMUS 1O~
PO>KHBIX IIOKPBITHIT (ICKYCCTBEHHBIX IIOKPBITHIL M IOPOL),
LIeMEHTHBIX PacTBOPOB [2] u 6eToHHBIX cMeceit [3]. Vcce-
noBauust PK, momy4eHHOI 13 OTpabOTAHHBIX ITOKPBILIEK,
[IOKQ3aJI}, YTO OHA IIOBBILIAET 1e)OPMATUBHOCTb, Y/IyYIIla-
e TerousnyecKye MoKasaTe/ LeMEHTHBIX PaCTBOPOB,
HO TPV 9TOM MX MeXaHIYeCKye II0Ka3aTe/ CHIDKAIOTCA [4].

[Tpupognnas rugpasnndeckas nspects (NHL) sB-
NIeTCsl IPUPOSHBIM BKYIIMM MaTepyasioM, KOTOPOMY
IIPUCYIIV OIpefie/IeHHbIe CBOJICTBA KaK BO3JYIIHbIX, TaK
Y TMAPABINYeCKMX BSOKYIMX BEIECTB, YTO uMeeT O0/b-
1Ioe npakTHyecKoe sHaYeHe, HallpuMep, IIpK pecTaBpa-
1y 3gaHuit. TpeboBaHM K TEXHUYECKMM [TOKA3aTeIAM
NHL y>kecTounnmcsp ¢ osABIE€HNEM TIOCTIENHEN PelaKIN
crangapra EN 459-1 [5]: HeKoTOpbIe MaTepuabl, KOTO-
pble paHee 6bUIM OTHeceHs! K rpyne NHL, teneps nepe-
KIacCUQUIMPOBaHbI KaK rnapasndeckas u3Bects NHL,
cooTBeTCcTBYIOIaA cranfapTy EN 459-1, mpoussopurca
TOJIbKO B HECKOJIBKMX CTPaHaX MUPa, B yacTHOCTH B ITop-
Tyranuu. B cuimy M3no>keHHBIX Bblllle IPUYMH HaydHOE
€000111eCTBO BHOBD 3aMHTEPECOBATIOCH UCCIEOBAHNAMMU
pactBopoB Ha ocHoBe NHL 3.5 [6].

B 6onpumHCTBe paboT M3ydanuch IleMeHTHbIE pac-
TBOPBL, U UIIb B eAMHUYHBIX paboTax IpeIpuHIMa-
JICD TIOTIBITKM MCCTIEIOBATD ITIOKa3aTeNN CTPOUTETbHBIX
pactBopoB ¢ gobaskoit PK, monydeHHoI 13 oTpaboTaH-
HBIX MOKpBbIIIeK. B JaHHOM MccrefoBaHuy 0ocoboe BHU-
MaHHUe YAesAeTC MeXaHNMYeCKUM U TeIIO(U3IIeCKIM
ITOKa3aTe/IsAM CTPOUTENbHbBIX pacTBOPOB Ha ocHoBe NHL
C UCIIONTb30BaHMEM B Ka4eCTB€ JOMOTHUTETBHOTO 3aII0I-
nurensa PK. Viccnegosanuce crefyrommye MeXaHM4ecKue
HOKa3aTeNn: MORY/Ib YIPYTOCTH, IPOYHOCTD Py M3rnbe
U COKATNY, @ TAK)XKe TeIIo(QU3IIecKyie TapaMeTpPbl TeIIo-
IIPOBOIHOCTH, KalIWJIZIAPHOTO BOJIOTIOT/IONIEHM A U BBICHI-
xaHy. Bece cTpouTenpHble pacTBOPDI ObIIV M3TOTOBJIEHDI
B 1a0OPaTOPHBIX YCIOBUAX C UCIIONB30BAHMEM HPUPOJ-
HOJI M3BECTY M KBapI|eBOTO IIeCKa OJfHOTO ¥ TOTO e CO-
ctaBa. COOTHOIIEHME BSAXKYIIETro 1 eCKa B paCTBOPHOM
CMeCH COXPaHANOCh TOCTOAHHBIM, U3MEHANCD JIUIIb CO-
Iep>KaHue U rpanynoMeTpudeckuit cocras PK.

NHL 7/ MpupogHaa rugpasnnueckas n3sectb  Sand // MNecok @pakuma MIXr Cr Mr Fr

1643 352 289 341 286

“"ALITinform" International Analytical Review No. 6 (41) 2015 3



100
< 90
g &
9]
s 70
g 60
©
-3 50
[}
=40
o
x 30
o
= 20
&£ 10

0
0.1 0.5 1 5
Grain size, mm // Pa3mep Yactuupl, Mm
Cr — Coarse rubber waste // KpynHaa ¢ppakuna MIXr — mixture of rubber // Cmecb PK
Mr — Medium rubber waste // CpegHas dpakuma e 53N // [lECOK
s FI — Fine rubber waste // Menkas dpakums

Fig. 1. Particle size distribution of the sand and the scrap tire waste fractions
Puc. 1. MHTerpanbHble KprBble pacnpeaeneHna YactTuuy no pasmepam PK

waste had different sizes and forms, it was previously
sieved and only the particles below 2.36 mm were used.
The remaining rubber waste was abdicated in this stage
of the study because of the small size of the samples to
be prepared and tested. The particle size distribution of
the rubber waste fraction below 2.36 mm (designated
as MIXr) was performed and can be observed in Fig. 1.
With the results of the particle size distribution of the
rubber waste, it was decided also to divide it into the
following groups:

> coarse rubber waste, Cr, which includes the par-
ticles under 2.36 mm and above 0.6 mmy;

> medium rubber waste, Mr, with particles between
0.6mm and 0.212 mm;

> fine rubber waste, Fr, with particles under 0.212 mm.

From the global sample MIXr the percentage of
each fraction was 1.5% of Fr, 27.5% of Mr and 71% of Cr.
The dosage of each fraction when the mixture of rubber
MIXr was used was calculated according to these percent-
ages. The loose bulk density of each type of rubber waste
is presented in Table 1. The MIXr was added to the mor-
tar’s formulation on percentages of 0% (reference mor-
tar), 18%, 36% and 54% of NHL weight, corresponding
to 2.5%, 5% and 7.5% of the weight of the sand. Other
mortars formulations had an addition of 36% of the NHL
weight (5% of the sand weight) of only the Fr, Mr and Cr
fractions of the rubber waste.

All the mortars were made in laboratory, with a 1:3
(NHL: sand) volumetric proportion. Water was added to
ensure a good workability. The weight proportions of all
the mortars are shown in Table 2. Mortars are named as
Reference (0% rubber waste) and by the type (MIX, Cr,
Mr or Fr) and proportion (2.5%, 5% or 7.5% of the sand’s
weight) of rubber waste that has been added.

The production of the mortars was based on EN
1015-11 [8], but with some particularities that has been
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1. MaTtepuanbl, cTponTenbHble
pacTBOpbI U 06pa3sLbl

B 6a30BbIil cOCTaB PacCTBOPHOI CMeCH, BBOAI-
mu PK, mony4yeHHyIo 13 OTpabOTaHHBIX ITOKPBHIIIEK,
Bxopuau Tonbko NHL n xBapuesslit necok. Hukakue
Ipyrue Ko6aBKY He NMPUMEHINCh. B KadecTBe BAXY-
mero ncnonb3zoBanacs NHL (NHL 3.5) mponssozacraa
komnanun «SECIL Argamassas». Xumudeckue moka-
3aTenn M3BECTU MpeICcTaBaeHbl B pabore [7], HackhI-
HadA IVIOTHOCTb yKasaHa B Ta6m. 1. [Ina momyuenus
3aMOJTHUTENA C TPeOyeMbIM TPaHYTIOMETPUIECKUM
COCTaBOM, NIpe[iCTaB/JIeHHBIM Ha PUC. 1, UCIOIb30Ba-
Jach CMeCh YeThIpeX BUHOB KBApIeBOTO IleCKa C pas-
NTMYHBIM (QPaKIVOHHBIM cocTaBoM. HacbimHas mmoT-
HOCTb IIeCKa IpuBefieHa B Tabm. 1. PesnHoBas Kpolka,
HO/Ty4eHHast 13 OTPAbOTAHHBIX MOKPBILIEK, OblIa mpe-
pocrtaBiiena komnaumeinn «BANDAGUE», cienmannsm-
pylolleiicss Ha BOCCTaHOBIeHNMM INMH. VIcXoHasA cMech
PK, cocTosBLIast U3 OTAMYAONINXCS O GopMe 1 pas-
Mepy JacTuty, 6s11a IpocesiHa C BhIe/ieHNeM (ppaKiun
0-2,36 mm. Bonee kpynHast ¢ppakius 6blra ncKIode-
Ha, TIOCKO/bKY B MCCIEJOBAHNM UCIIOTb30BANTNCDH 00-
pasIbl MaJoro pasmMepa. I'panyroMeTpudecknit COCTaB
PK ¢ ppaxkiueit Mmeree 2,36 MM (ganee ¢ppaxuns MIXr)
npepcTasiieH Ha puc. 1. B coorBetrcTBuM € 3TUM Ppak-
LJMIOHHBIM COCTaBOM ObIJIO pellleHO paspenntb MIXr
Ha c/Ieflyloliye IPyIIbL:

> kpynHasa ¢pakuns PK, Cr, ¢ vacTumaMn pasme-
pom ot 0,6 1o 2,36 Mmm;

> cpenusa ¢paxuusa PK, Mr, ¢ qactuijamn pasme-
pom ot 0,212 o 0,6 MMm;

> Mmenkas ¢ppakuys PK, Fr, c vactunamm pasmepom

meHee 0,212 MM.

[TporeHTHOE Copep>kaHue 3TUX Pppaxiuit B MIXr
cocraBuno: 1,5% — menkas ¢paxuus Fr, 27,5% — cpen-
Hag ¢pakuusa Mr n 71% — xpynHas ¢pakyus Cr.
IIpu ucnonvsopanuu MIXr copepskaHme Kaxjoii

used currently in the laboratory of NOVA University
of Lisbon. The process was made by initial manual ho-
mogenization of the dry components, water addition
during the first seconds of mechanical mixing. After
two and a half minutes of the mechanical mixing, the
mortar on the borders of the ball was incorporated dur-
ing a stop of 30 seconds, and the mortar was finished
after a last period of 30 seconds of mechanical mixing.
After this process, the fresh state characterization was
made and two types of samples were produced: cylin-
drical samples, with 90 mm of diameter and 20 mm
high, and prismatic samples with 40 x40 x 160 mm.
The samples were let dry in stable laboratory condi-
tions (20 £3 °C of temperature and 65 +5% of relative
humidity) during 28 days.

2. Methods and analysis of results
2.1 Fresh state characterization

The characterization of the mortars in the fresh
state included the experiments of consistency by flow
table test, based on EN 1015-3 [9], density, based on EN
1015-6 [10], and water retention test, based on EN 1015-8
[11]. Results are shown in Table 3.

The flow table consistency results do not differ
very much because the quantity of added water was
defined to achieve good workability; 170 +2.5 mm was
obtained as average and standard deviation between all
mortars. Comparing with the water/NHL ratio from
Table 2 it can be noticed that the addition of all the
types of rubber waste slightly increased the added water
to maintain workability. When using MIXr increased
proportion of rubber waste addition needed more wa-
ter to maintain workability. The use of the fine fraction
of the waste, Fr, also needed an increase in water ad-
dition. Although the proportion of NHL and sand was
always the same in all mortars, the addition of rubber
waste occupies different volumes, conducting to differ-
ent quantities of binder: sand paste. It can be noticed
that the bulk density decreases with the percentage of
MIXTr, as well as with the fineness of the rubber waste
fraction. In terms of water retention it seems that it de-
creases with the addition of the coarse fraction of rub-
ber waste, being similar to the reference mortar with
all the other additions.

Table 2. Weight proportion of the mortars and water/NHL ratio

(dpakuuy 661710 PACCINTAHO B COOTBETCTBUM C JAHHBIM
IIPOLIEHTHBIM pacnpefieienyeM. HacbinHas MI0THOCTD
kaxxporo tuna PK npusenena B ta6n. 1. ®paxkyusa MIXr
BBOJM/IACh B PACTBOPHYIO CMECh B C/IelyIOI€M COOTHO-
meHun: 0 (3TaZTOHHBII pacTBOP), 18, 36 1 54% OT Macchl
NHL, uto coorBercTByeT 2,5; 5,0 1 7,5% OT Macchl Iecka.
B mpyrue cocTaBbl paCTBOPHBIX CMECEI 10 OT/IETbHOCTH
BBOAWIACH KPYIIHasA, CpefHAA 1 Menkas ¢ppakuuu PK
1o 36% ot macchl NHL (5% oT Macchl mlecka).

M3roToBNEHNE PAaCTBOPHBIX CMECEN ITPOU3BOJM-
i B maboparopun npu coorHomenyyt NHL u necka 1:3
1o o6'beMy. [l obecriedeHns Tpebyemoit yro6oykmamb-
BaeMOCTH BBOAMNACh Bofa. COCTaB PacTBOPHOI cMecu
(mo macce) mpuBefneH B Tabm. 2. PactBopam Obin mpu-
CBOEHBI cIefylomye 0603HadeHA: 3TanoHHbIl (0% PK)
U B COOTBeTCTBMM C ¢pakumelt, BBogumon PK: MIXr,
Cr — kpymnHas, Mr — cpenusst unu Fr — menkas ¢pak-
LM C y4eTOM IPOLIEHTHOTO cofiep>kKaHus Beofumoit PK:
2,5; 5,0 m 7,5% OT Macchl Imecka.

PacTBOpHBIE CMecy M3rOTaBIMBAIUCD B Tabopa-
tropun Yuusepcutera NOVA B JInccaboHe B cOOTBeT-
cTBun co craupaprom EN 1015-11 [8], ogHako ¢ HeKo-
TOPBIMU 0COOEHHOCTAMMU. KOMIIOHEHTBI CYyXMX cMecel
BHayajie CMEUIMBaNIUCh BPYYHYIO, IIOC/IE Y€TrO B Iep-
Bble CEKYH/Ibl MEXaHMYECKOTO IlepeMelIBaHNs BBOIM-
nach Bogja. Yepes 2,5 MMH. OCTaTKM PaCTBOPHOI CMeCH
CYNIIANTNUCh CO CTEHOK B TedeHue 30 cek., 3aTeM CMecCh
cHoBa nepememnBanach 30 cex. ITocme storo ompe-
IeANNCh ITOKasaTeNM PacTBOPHON CMeCU M M3TOTaB-
JMBAJINCh [BA BIJa 00pasioB: 06pasIbl-I{VINHLPbI
nuameTpoM 90 MM U BbIcOTOIT 20 MM 1 06pa3sibi-6a-
nmouky 40 x 40 x 160 MM. 3aTeM 06pasIibl BHICYLINBAIICD
npu Temrnepatype 20 £3°C 1 OTHOCUTE/IbHOI BIAYKHO-
cTi 65 £5%) B TedeHue 28 CyT.

2. MeToaunkn n aHanns pesynbTaToB
2.1 OnpepgeneHune nokasaTtenen pacTBOPHOM CMecn

IInsa ompepneneHus IOKasaTelell PacTBOPHOI
cMecu ObIIM IIPOBEfEHBI UCIIBITAHMS HA PACTEKAeMOCTb
B cooTBeTcTBMM cO cTaHgaptoMm EN 1015-3 [9], mnot-
Hoctu — 1o EN 1015-6 [10] u Bomoyzep>kuBarolieit
cnocobHocT — 1m0 EN 1015-8 [11]. Pesynbrars! npep-
CTaBJ/IeHBbI B Ta0II. 3.

Tabnuua 2. CocTaB pacTBOPHbIX CMecel (Mo Macce) U COOTHOLWEHVEe BoAa/N3BeCTb

Mortar // Obo3HaueHmne NHL // MpviponHas Sand //
pPacTBOPHOM CMecK rAApaBIMYecKan 1M3BeCTb [Tecok
Ref // StanoH 1 72
MIXr_2,5 1 72
MIXr_5 1 72
MIXr_7,5 1 72
Cr_5 1 72
Mr_5 1 7.2
Fr_5 1 72

Fr

04

Scrap tire rubber // PK n3 oTpaboTaHHbIx Water/NHL //
ABTOMOOMIIbHBIX MOKPbILLIEK CooTHOLLEHNe
Mr Cr MIXr BOAa/V3BeCTb

— = = 12

0,2 1.3

04 1.3

0,5 14

_ 04 — 1,3

04 = = 1.3

_ — — 15
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2.2 Mechanical characterization

To evaluate the mechanical characteristics of the
mortars, a testing campaign was performed with three
samples from each mortar after 28 days of curing. This
campaign involved the dynamic elasticity modulus, based
on EN 14146 [12], flexural and compressive strength,
based on EN 1015-11 [8] and results can be observed in
Fig. 2. It is possible to observe that the addition of rubber
wastes decreases the mechanical properties.

Flexural strength decreases with the increment of
rubber percentage, and also decreases with the decrease
of particles size. The difference when adding 5% of MIX
or Cr is very small. Analyzing the compressive strength,
it is not possible to make a conclusion relating it with
the percentage of the rubber added to the mortars, as
there is a strange non-linear relation. In fact the higher
Cs was presented by the mortar with 5% of MIXr (MIX-
5). On the contrary, the compressive strength decreases
with the decrease of the particle size of the rubber waste.

As for the dynamic elasticity modulus, it decreases
with the increase of the percentage of added rubber, and
also with the decrease of the particle size of that waste,
similarly to what happened with the flexural strength.
The dynamic elasticity modulus of mortars MIXr and Mr
are quite comparable. Considering that a high flexural
strength and a low dynamic elasticity modulus would be
advantageous to assure deformability and resistance to
cracking, it can be seen in Fig. 3 that the mortar MIX_5
(which also presented the higher compressive strength
among the ones with rubber waste) registered the high-
est ratio Fs/Ed.

2.3 Open porosity and hardened bulk density

For better understanding of the mortars, their
open porosity and the hardened state bulk density were

Table 3. Fresh state characterization of mortars
Tabnuua 3. MNoka3saTenu pacTBOPHbIX CMecen

Density, Water retention,

Mortar // Flow, mm // kg/m3// % // BopoyRepHiu-
PactBopHaa  Pactekae-

[TnoTHOCTb, BatoLLas Cnocob-
cMechb MOCTb, MM 3

Kr/m HOCTb, %

i 166 2073 85,4
JTanoH
MIXr_2.5 172 1947 86,8
MIXr_5 167 1863 86,1
MIXr_7.5 170 1816 85,8
Cr_5 171 1906 83,1
Mr_5 173 1834 859
Fr_5 169 1807 86,7

Pe3ynbTaThl MCHIBITAHNUIT HA PAaCTeKaeMOCTb OT-
MUYANCD JPYT OT ApYyra He3HAUUTENbHO, TaK KaK KON-
4eCTBO BOJIbI 3aTBOPEHMSA OBIIO PACCUUTAHO C YIETOM
obecredeHNs 3aJaHHOI yA0OOYK/IafbIBaeMOCTH; CPefi-
Hee 3HayeHue coctasuio 170 £2,5MM CO CTaHJapTHBIM
OTKJIOHEHMEM 110 BceM cocTaBaM. CpaBHMBAsA MONYYeH-
Hble pe3y/nbTaThl ¢ oTHomeHMeM Bofa/NHL, npeacTas-
JIEHHBIM B Ta0M. 2, MO>)KHO OTMETUTD, YTO IIPU BBeJe-
Hun PK Bcex uccnemoBanHbIX ppakuuii TpeboBanoch
He3HauMTe/IbHOE YBeIMYeHNe BOJONOTPeOHOCTI CMe-
CM I7A COXpaHeHNUs HeoOXoAuMOoll yfo60yKIagbIBae-
mocTu. Tak, maxke nmpm ysenuueHun copepxanmusa PK
¢dpaxmun MIXr g obecnedeHus yno6oykmiagpiBa-
eMOCTY pacTBOPHOI cMecK Tpe6OBaIOCh IIOBBICUTD
pacxop Boxbl. Takas ske cuTyalnus Habmofanach B co-
craBax ¢ menkoi ¢pakuueir Fr. Ilpn atomcpenHsis
IUIOTHOCTb CHMKa/lach Kak npu BBegeHuu MIXr, Tak
U IpM MUCHOIb30BaHUY Oonee Menkoi ¢ppakuuu. He-
CMOTPS Ha TO, YTO IPU M3TOTOBIEHUU 0OPasLOB CO-
ornomenne NHL u necka ocraBajoch HeM3MEHHBIM
IJIs1 BCeX cOCTaBoB, npu BBemeHnu PK npoucxopgumo
3aMelleHNue ONpefie/IeHHOr0 06beMa, YTO IPUBOAWIIO
K MI3MEHEHII0 COOTHOUIEHN BAXYyIee/3am0THUTEND.
BopoyznepxnBaoas cClIoCOOHOCTb CHIMXKAIACh TOMb-
Ko mpu BBefjeHnn KpymnHoit ppaxkunn PK, gis gpyrux
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CS; FS, MPa

2500
2000

Ed, MPa

1500

Ref
NIXr_2.5
NIXr_5

MFs

1000
500

Cr5
Mr_5
Fr_5

WC MW

Fig. 2. Flexural strength FS, compressive strength Cs and dynamic elasticity modulus Ed at 28 days
Puc. 2. MpouHocTb npu n3rube (FS), npouyHocTb Npu cxxatuu (Cs) n AnHamuuyeckuii Moaynb ynpyrocTtu (Ed) pactBopos B Bo3pacTe 28 cyT.
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Fig. 3. Flexural strength/dynamic elasticity modulus ratio at 28 days
Puc. 3. OTHoLEeHNe MPOYHOCTY NPU 13rnbe K MOAYNIO fUHAMUYECKO YNPYroCcTM pacTBopa B BO3pacTe 28 CyT.

determined by vacuum and hydrostatic weighting, based
on EN 1936 [13]. Results are shown in Table 4.

The open porosity does not change too much, in-
creasing only 1-2%. Nevertheless it can be observed that
the addition of rubber waste generally increases the poros-
ity. The results of the bulk density in the hardened state
are similar to the ones obtained from the fresh state. This
means that the bulk density decreases with the increas-
ing amount of rubber in the mortars and also with the
decreasing size of the particles.

24  Capillary absorption and drying

Capillary absorption experiment was based on
EN 15801 [14] and EN 1015-18 [15]. The prismatic sam-
ples were cut down to cubes with 40 mm edges. To en-
sure waterproof in the lateral faces, they were covered
with an epoxy resin. The results are expressed by capil-
lary curves, with the capillary absorption function of
the square root of time, which allow the determination
of capillary coefficients, calculated by the slope of the
more representative initial segment of the curve, and
the asymptotic value of capillary. The capillary curves
are presented in Table 5.

The mortars with MIXr present a lower capillary
coefficient than the ones with only one fraction of rubber
and even lower than the reference mortar, what is very
positive. The tendency is a decrease on the capillary coef-
ficient with the MIXr addition and with the decrease of
particle size of the waste. The MIXr_5 mortar presents
the lowest capillary coeflicient, very close to the MIX_7.5
mortar. As for the capillary water absorption, MIXr_5
present the lowest asymptotic, close to the Ref mortar,
while all the others present higher capillary water absorp-
tion. Although MIXr mortar absorb a total quantity of
water that is similar to the reference mortar, mortars with

COCTaBOB 3TOT ITOKa3aTelb OM30K K IIOKa3aTeNsAM 9Ta-
JIOHHOT'O pacTBOpa.

2.2 OnpeneneHme MeXaHMNYeCKNX NoKasaTtenemn

JInsa onpepeneHnsa MeXaHMYECKMX IIOKa3aTenei
MCIBITBIBA/IICD 1O TPU 0Opaslia OT KaX[Oro cocTaBa
B BospacTe 28 CyTOK. B JaHHOII cepunm MCIIBITaHUI OIIpe-
TeNANCA JMHAMWYECKMIT MORY/Ib YIPYTOCTU B COOTBET-
ctBuu co craugaptoM EN 14146 [12], a Takke IPOYHOCTH
mpu usrube u oxaruu mo EN 1015-11 [8], pesyabrarsl uc-
IIBITAHNI TPEICTaBIE€Hbl HAa PUC. 2. AHANN3 Pe3y/IbTaTOB
IokKasai, 4To npu Beefienuu PK npoucxogut cHmxenne
MeXaHMYeCKMX IoKasaresiell pacTBopa.

ITpouHOCTD IpM M3r1be CHMXKAETCS IO Mepe yBe-
nudenus copepkanusa PK, a Takke Ipy yMeHbIIEHUN
pasmepoB YacTull. Y pactBopos ¢ 5% MIXr_5 u KpynHoii
¢dpaknueit PK (Cr_5) mpoYHOCTb M3MEHMTACh HE3HAYN-
Te/IbHO. AHANM3 IPOYHOCTHBIX MTOKa3aTesIell Mpy CKa-
TUM TI0Ka3aJI, YTO HEBO3MOXXHO CJIeNIaTh OIHO3HAYHBII
BBIBOJI, 3aBUCUT JIM 3TOT IIOKa3aTesb oT cofepskanus PK,
IIOCKOJ/IBKY HAO/MI0AeTCsl CTPAaHHAs HeIMHeHas 3aBY-
cuMocTb. Tak, 6ormee BBICOKASI IIPOYHOCTD MPM CKATUN
6bl1a fOoCTUTHYTA P BBefjeHnu 5% MIXr_5 o cpaBHe-
Huto ¢ Cr_5. VI Hao60poT, MPOYHOCTD P CKATUU CHU-
JKaeTcs ¢ yMeHblleHneM pasmepa yactul PK.

JIMHaMI9eCcK1il MORY/Ib YIPYTOCTH CHV>KAETCSI
¢ yBennueHneM copiep>kanus PK, a Takyke ¢ yMeHblIeHN-
eM pa3Mepa YacTUI, TaK e, KaK U IPOYHOCTD IIPU U3-
rube. BennduuHa fMHAMUYIECKOTO MOAY/ISL YIPYTOCTH
pactBopoB npu BBemeHun MIXr u cpegueit ppakiun
Mr conoctaBumbl. CliefiyeT y4ecTh, YTO BHICOKAs IPOY-
HOCTb IpY 13rube ¥ HU3KOe 3HAUeHNUe [UHAMUIECKOro
MOJY/IA YIPYTOCTH CIIOCOOCTBYIOT HOBBIIIEHNIO iehop-
MaTMBHOCTH ¥ TpemnHocTolikoctu. Ha puc. 3 mokasa-
HO, 4TO 06pasel; pactBopa ¢ MIX_5 (kotopbsiit ob6nagaer
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separated fractions of waste absorbs a higher amount of
water. This factor increases as the particle size decreases.

The drying capacity experiment started when the
capillary absorption test finished, with the same samples
with the exception they were wrapped in cling film in the
lower base. The wrapped was made with a rubber band.
This test was based on EN 16322 [16]. The initial parts of
the drying curves are presented in Fig. 5.

The drying rate, DR, represents the initial drying
speed calculated by the slope of the initial segment of
each drying curve, and the drying index, DI, represent-
ing how hard for each mortar is to achieve a complete dry
equilibrium. Drying index was determined at 700 h of
test, when the percentage of moisture was in equilibrium
with the environment, and a simplified expression was
used [7]. Both are presented in Table 5. All the mortars
present a higher DR than Ref mortar. This means that
a fast drying occur what, particularly in singular fraction
waste mortars, would compensate a fast absorption on
mortars with added rubber. Mortars Cr_5 and MIXr_5
present the highest DR. The drying index values are all
very similar, although they are all higher than the Ref
mortar, indicating a lower total drying capacity. DI in-
creases with the addition of rubber waste and with the
decrease on the particle size of the waste.

2.5  Thermal Conductivity

This experiment was performed on the cylindrical
samples with 90 mm diameter and 20 mm high. A Heat
Transfer Analyzer Isomet 2104 equipment was used to
estimate the thermal conductivity of the mortars, with
a circular 60 mm probe. Results are presented in Fig. 6.

As the percentage of rubber waste increases, the
thermal conductivity decreases and it decreases also with

Table 4. Open porosity and bulk density after 28 days

Tabnuua 4. OTKpbITas MOPUCTOCTb 1 CPeAHAN MIOTHOCTb
pacTBopa B BO3pacTte 28 CyT.

Porosity, % // Density, kg/m?3//

Mortar // [MopucTtocTb, % MNOTHOCTb, Kr/M?
Pacteop Average // StDv // Average//  StDv//

CpepnHas Cr. oTKA. CpepHas Cr. oK.
i) 219 03 1924 4
STanoH
MIXr_2.5 21,7 0,3 1788 12
MIXr_5 23,2 09 1657 52
MIXr_7.5 23,2 04 1653 6
Cr_5 234 0,6 1737 28
Mr_5 23,1 04 1709 9
Fr_5 233 0,3 1645 7

HanOO/BblIIell IIPOYHOCTBIO [P CXKATUM U3 BCEX UCIIBI-
TaHHBIX 00pasnoB ¢ PK) xapakrepusyercst caMbIM BbI-
COKNMM OTHOIIIEHVEM IIPOYHOCTY Py n3rnbe K JUHAMU-
geckomy mopyio ynpyroctu (Fs/Ed).

2.3 OTKpbITaa NOPUCTOCTb N CPeAHAA
NIOTHOCTb PacTBOPOB

Jljist mydiero MOHMMAHIS IIPOLIECCOB, TPONCXO-
[SIIX B CTPOUTENBHBIX PACTBOPAX, METOLOM BaKyyM-
HOTO M TMJPOCTaTNYeCKOrO B3BEIINBAHMS B COOTBET-
crBun co craugaptoM EN 1936 [13] 6bu1u onpeneneHbl
OTKPBITAsi IOPUCTOCTD U CPEHsIsI IVIOTHOCTD. Pe3yb-
TaThI IIPeCTaB/IeHbl B TA0M. 4.

[pakTuyeckn y Bcex cocraBoB ¢ PK orkpbiTast
HOPVCTOCTD YBe/INYMBalach He3HAUNTEIbHO (Ha 1-2%).
Iokasarenu cpeHEN IIOTHOCTI PACTBOPA COOTBET-
CTBOBAJIM [IOKA3aTe/IsIM IVIOTHOCTY PACTBOPHOI CMECH.
9T0 03HaYaeT, YTO CPeLHsIA IJIOTHOCTh CTPOUTEIBHBIX

Capillary absopption, kg/m? //

KanunnsapHoe BoAonormoLeHne, Kr/m?
o~

0
0 20 40 60 80 100
Time, min % // Bpems, mux %°

Ref MIXr_5 Cr_5 — 5
MIXr_2.5 MIXr_7.5 Mr_5

Fig. 4. Capillary water absorption curves at 28 days

Puc. 4. KpunBble KanunnapHOro BOAONOIOLWEHMA pacTBOPa B BO3pacTe 28 CyT.
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Table 5. Capillary coefficients CC, asymptotic value of capillary AV, drying rate DR and drying index DI at 28 days (average and standard

deviation)

Tabnuua 5. KoadppuruymeHTbl KanunnapHOro BOAOMNOINOWeHWA, KanunnapHoe sogonornoueHne (AV), ckopocTb (DR) n koadpdpuumeHT
BbiCbIxaHUA (DI) B BO3pacTe 28 cyT. (CpeaHee 3HayYeHne + CTaHJapTHOE OTKJIOHEHMe)

Capillary coefficients, kg/ AV, kg/m?//
Mortar // (M*mMin®?) // KoaddunumeHTs KanunnapHoe
Pacteop KanunisipHOro BOAOMOMalleHus,  BofornoraleHue,
Kr/ (M?- MUH) Kr/m?
Ref // OtanoH 1,05 +0,11 52+0,5
MIXr_2.5 0,84 +0,09 55+04
MIXr_5 0,72 £0,12 51+0,8
MIXr_7.5 0,76 £0,04 54 +0,8
Cr_5 1,34 £0,11 6,7 £0,8
Mr_5 1,09 £0,05 72 +0,7
Fr_5 1,08 +0,04 74 +0,8

the decrease of rubber waste size fraction. The tendency
is exactly the same that had previously been detected for
the bulk density.

Conclusions

Based on the experimental campaign that has been
presented it is possible to conclude that:

> It was possible to formulate mortars with good
workability with the addition of different propor-
tions and different particle size fractions of scrap
tire rubber waste; nevertheless, the introduction
of the rubber waste leads to the need of more wa-
ter/NHL ratio to maintain that level of workability.

> All the mortars with waste rubber addition are
lighter than the reference mortar, which justifies
the decrease of bulk density; that is due to the
fact that the volumes of rubber wastes (with low
loose bulk density when compared to the sand and
even to the NHL) is not occupied by the binder:
sand paste.

> The introduction of scrap tire rubber wastes causes
a significant decrease in mechanical characteris-
tics of mortars, namely compression and flexural
strengths and dynamic elasticity modulus; never-
theless the compressive strength of mortar with
5% of MIXr is higher than 1 MPa.

> Although the decrease on mechanical characteris-
tics with the addition of rubber waste, the dynamic
elasticity modulus decrease means that the mor-
tars are more deformable; and in fact, the flexural
strength/dynamic elasticity modulus ratio is very
positive for most of the mortars with rubber waste
and particularly for the mortar with 5% of MIXr.

> Open porosity is slightly higher (up to 2%), which
means that the introduction of rubber waste may
induce more or bigger pores; that fact should be
further investigated analyzing the rubber and the
rubber-mortars microstructure.

> Mortars with addition of MIXr have lower capil-
lary coefficients than the reference mortar, and
particularly the mortar with 5% of MIXr present

DR, kg/(m?-h) // CkopocTb DI/
BbICbIXaHUA, K/ (M?-4) KoadduLmeHT BbiCbixaHMA

0,101 £0,015 0,021 £0,002
0,107 £0,011 0,023 0,007
0,128 £0,011 0,025 +0,005
0,120 £0,014 0,031 +0,005
0,137 £0,025 0,037 £0,004
0,106 +0,012 0,038 +£0,002
0,105 +0,018 0,042 +0,002

PacTBOPOB CHIMKAETCH € yBenmdeHneM cogepyxannsa PK
U C yMeHbIIEHNEM pa3Mepa ee YacTuly.

2.4 KanunnapHoe BOAOMNOrNoLeHme 1 BbiCbiXxaHne

OmnpepeneHne KayIAPHOTO BOJOIOIIOIEHNA
mposopyu o EN 15801 [14] u EN 1015-18 [15]. 13 06-
pasioB-6amodeK ObIIM BbIpe3aHbl KYObl C pasMepamu
40 x 40 x 40 MmM. [Iy15 obecriedeH st BOJIOHEIIPOHUIIAEMOCTI
6OKOBBIX I'PaHeIl X M30/TMPOBAIY SIOKCHUIAHBIM COCTABOM.
ITony4eHHBIe pe3y/IbTaThI IPECTABICHDI B BIJIe KPUBBIX,
I7ie KallWIJLAPHOE BOJOIIOITIOLIEHNE AB/IACTCA (PyHKIIVeN
KBa/[paTHOTO KOPHSI OT BpPeMeHU, YTO IIO3BOJISIET OIIpefie-
7UTh K03 UINEHTH! KallMIIPHOTO BOJOIIOIIOIEHIA,
KOTOpbIE PacCUMTHIBAIOTCA 110 TMINYHOMY HaK/IOHY Ha-
YaJIbHOTO Y4acTKa KPMBOIL ¥ MaKCYIMa/IbHOMY 3Ha4eHUIO
KalmjUISIPHOTO BOJONOIIONIeHs1. KpuBble KanuisipHO-
TO BOZOIIOITIOIEHNsI IIPEfICTAB/IeHbl Ha puc. 4, a K03d-
bULVEeHTHI KaIMIIPHOTO BOJOIOIIONEH ST — B TA0IL. 5.

KoadduuyeHT kanumisapHOro BOJOIOIIOMCHN A
coctaBoB ¢ PK ¢paxuum MIXr Huxe, 4eM y pacTBOpPOB
¢ y3koit ppaxkiueit PK, n gake HIDKe, 4eM Y 3TaIOHHO-
rO COCTaBa, YTO SIB/ISETCS IIOTIOKUTEIBHBIM (HaKTOPOM.
Kak npasuno, k09ppuiueHT KannuIsspHOro BOLOIO-
ITIOIEHMS CHIDKAETCS C TOBbILIeHNeM cofiepXanusa PK
U C yMeHbllIeHNeM pa3Mmepa ee yactull. Pactop MIXr_5
obmafaet caMbIM HI3KMM K09(D(DUIIMEHTOM KAWL PHO-
TO BOJIOIIOI/IOIEH ST, eT0 Be/IMYMHa O/IM3Ka K [IOKasare-
nio pactBopa MIX_7.5. KanunnsapHoe BofomnoriouieHue
pactBopa MIXr 5 uMeeT MUHMMAaIbHOE 3HAYEHNE, O/TN3-
KO€ K 3TaJIOHHOMY pacTBOPY, B TO BpeMs KaK [/ BCeX
OCTa/IbHBIX PaCTBOPOB OTMEYeHBI 0ojiee BBICOKNUE 3Ha-
yeHMs. XO0TA cTpoutenbHblit pactBop ¢ PK MIXr umeer
TaKoOe K€ BOJOIIOITIOIEHME, KaK ¥ 3TaJIOHHbI PacTBOp,
y pacTBOpoB ¢ oTAenbHbIMU (pakuysmu PK ator moka-
3aTe/Tb 3HAYNMTE/IbHO BbIIle. [JaHHbI IapaMeTp YBeIndn-
BaeTCsA [0 Mepe YMeHbIIeHNA pasMepa JacTUII.

MCC}IC,E[OBaHI/IC BbICBIXaHMA IIPOBOAUIN IIOCIE
OIIpENeNIeHNA KaMJIAPHOTO BOOOIIOIIOIIEHN A C UC-
IIO/Ib3OBAHUEM TEX XK€ 06p33HOB, C TEM JINIIb UCK/IIO-
YCHUEM, YTO X HUXKHEE OCHOBaHNE 6B1710 N30/INpPpOBaHO
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a slow capillary absorption; also this fact can find
explanation on the rubber-mortar microstructure.

> Mortars with separate fractions of rubber waste
are not so positive in terms of velocity and total
absorption of capillary.

> All the mortars with addition of rubber waste pres-
ent a faster initial drying than the reference mortar,
what would contribute for an easy evaporation of
the absorbed water.

> The thermal conductivity decreases with the ad-
dition of rubber waste showing the same trend of
bulk density.

In face of the results, it seems that the use of the
rubber MIX waste coming from the scrap tire industry
seems advantageous and may open possibilities for use
as raw material by the mortars industry. The addition
of 5% of the sand weight seems particularly promising.
Further characterization of the rubber waste mortars
is going on, namely in terms of microstructure and
destruction by chemical leaching. This last character-
ization, together with already obtained results, will al-
low defining possibilities of application, for instance as
based layers of renders and plasters, as masonry mor-
tars or as intermediate screeds. Bearing in mind the
type of applications and the requirements that are de-
fined by standards [17, 18], the formulations would be
further optimized.
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Ppe3uHOBOII TeHTOIi. VIcIIbITaHNA TPOBOJAUINCH B COOT-
BeTcTBUU co craHmapToM EN 16322 [16]. Hauanpusle
Y9aCTKM KPUBBIX BBICBIXaHMA IIPE/ICTAB/IEHDI HA PUC. 5.

Ckopoctb Bpicbixauusa (DR) orpakaer Havasb-
HYI0 CKOPOCTb CYIIKM, BRIYMCIIEHHYIO 110 HAKJIOHY Ha-
9aJIbHOTO y4YacTKa KaXk/0ll KPUBOIL, a K0aduijueHt
BoicbixaHust (DI) mokaspiBaeT, Kak pacTBOP BBICHIXAeT.
KoaddurmenT BbichIxaHuA onpepensnu nocie 700 4
CyIIKM 06pasIioB, B MOMEHT, KOT/]a BIaXKHOCTDb PacTBO-
pa COOTBETCTBOBAJIa BJIAXXHOCTY OKpY Kalolleil cpe-
Ibl, /I €r0 pacyeTa MCIIO/Ib30Ba/IOCh YHPOIEHHOE
ypaBHeHMe [7]. Pe3ynbTaThl MCIBITAaHUI IPENCTaBICHDI
B Ta01I. 5. Bce pactBops! ¢ PK xapakTepusyorcs 6omnee
BBICOKOJI CKOPOCTDIO BBICBIXaHU A, Y€M STaJIOHHBII pac-
TBOp. CaMyI0 BBICOKYIO CKOPOCTb BBICBIXaHUA VIMEIN
pactBopel ¢ Cr_5 1 MIXr_5. KoadduuneHTs! BbICbIXa-
HyA DI uMeroT 6/1msKue sHaYEHNA, TPV 9TOM OHM BBIIIIE,
4eM y 9TaJIOHHOTO PAcTBOpa, YTO YKa3bIBaeT Ha CHIKe-
HUe CIIOCOOHOCTM K BbIChIXaHMI0. KoaddumueHT BbICH-
XaHMS PacTeT ¢ yBenudeHueM cogepxanusa PK u ymens-
nieHueM pasmepa yactur PK.

2.5 TennonpoBOAHOCTb

VicubITaHys1 IPOBOAMIN Ha 00pasuax-IyINHAPaxX
puaMmeTpoM 90 MM u BbicoToOl 20 MM. [I71 onpepenenus
TeIJIONPOBOAHOCTY CTPOUTE/IbHBIX PAaCTBOPOB UCIIO/Ib-
30BaJICA aHaNMM3aTop Temnnonepegaun Isomet 2104 ¢ kpy-
I7IBIM 30H/IOM aMeTpoM 60 MM. Pesynbrarhl npesicraB-
JIeHBI Ha puC. 6.

TermonpoBOTHOCTD pacTBOpa CHMKAETCS C yBe-
nudeHneM copepxkanns PK, a Takxe ¢ yMeHblleHUEeM
pasmepa ¢paxunu. TeHmeHI[Us a6COMOTHO UIEHTUYHA
pes3y/IbTaTaM II0 CpefHell IIOTHOCTH.
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Fig. 5. Drying curves of mortars after capillary absorption
Puc. 5. KpuBble BbICbIXaHVsA CTPOUTENbHBIX PACTBOPOB NOC/IE KaNuAAAPHOro BOAOMNOIOWEHNA
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Fig. 6. Thermal conductivity of mortars at 28 days
Puc. 6. TennonpoBoAHOCTb PacTBOPOB B BO3pacTe 28 CyT.
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eralogical properties of natural hydraulic lime-
metakaolin mortars in different curing condi-
tions. Construction and Building Materials 51.
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BbiBOADI

Ha ocHoBaHum ananmsa IIpenCTaBI€HHDBIX PE3YIb-
TAaTOB MOJXKHO C/i€/IaTh C/I€NYIOIIE BbIBOIbI.

> CymiecTByeT BO3MOXKHOCTD CO3[JaHUS PacTBOP-
HBIX CMecell C XOPOIIUM yPOBHEM YHEOOOYKIagbl-
BAEMOCTH 3a CUET BBEJICHM S PasMIHBIX PPaKIInit
PK, monmy4eHHBIX 113 OTPaOOTAHHBIX ITOKPBILIEK;
TeM He MeHee pu BBefennu PK i obecnevenns
Heo0X0oauMOol yo60yK/IagbIBaeMOCTI TpebyeT-
cs1 6omee BHICOKOE COOTHOIIEHYE BOfIa/ U3BECTD.

> Bce pactBops! ¢ PK umeror 60ormee Huskme sHaue-
HIUSA CpefHeil IVIOTHOCTY IO CPAaBHEHUIO C 3Ta-
JIOHHBIM PacTBOPOM, YTO CBSI3aHO C OoJyee HU3-
Kol oTHOCTBI0 PK OTHOCHTETBHO KBapIieBOro
IecKa U M3BeCTKOBOIO KaMHSI.

> Beenenne PK nmpuBOAMT K 3HAUNTE/IbHOMY CHU-
JKEHUIO MeXaHIYeCKUX IoKa3aTesIell CTpOUTe/Ib-
HBIX PaCTBOPOB, B YaCTHOCTU IPOYHOCTY TIPU 13-
rube 1 CKaTNN, a TAKXKe AMHAMUYIECKOTO MOLYJIS
YIIPYTOCTH; TeM He MeHee IPOYHOCTD IIPY COKATUN
pactBopa npu BBefennn 5% PK dpaxiun Mixr
npesbicuiio 1 MITa.

> HecmoTps Ha CHM)KeHMe MeXaHMYeCKUX IOKa-
3aTesneit pactsopa ¢ PK u ymenbienne guHa-
MIYECKOT0 MOAY/IA YIPYTOCTY, YBeIMYEHUE CO-
OTHOILIEHM S IPOYHOCTY IIPY U3rube K MORYIIIO
OVHAMUYECKOI YHIPYTOCTH CBUAETENIbCTBYET
006 yIydlIeHMY TaKMUX CBOJCTB, Kak flepopma-
TUBHOCTD U TPEIMHOCTONKOCTh GO/MBIINHCTBA
pactBopoB ¢ fobaskoii PK, ocobenno npu 5% —
OM COfiep)KaHUN.

> OTKpbITasd MOPUCTOCTD yBeNMUMBaeTCA o 2%.
OTH [JaHHBIE HOIJIeXKAT HaJIbHENIIEeMY U3yde-
HUIO IIpY aHammse MUKPOCTPyKTypsl PK u pac-
TBOpOB C PK.

> PacrBopsl ¢ nobaskoit cmecu PK umeror 6omee
HM3KMe K03 PUIMEeHTh KallV/UIAPHOIO BOJO-
IIOIJIOIEHM I, YeM 3TaJIOHHBIVl PacTBOP, B 4acT-
HOCTU pacTBOp ¢ 5%-oM copepxaHuem PK
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14.

15.

16.

17.
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CEN (1999), EN 1015-11. Methods of test for mor-
tar for masonry. Part 11: Determination of flexur-
al and compressive strength of hardened mortar.
Brussels.

CEN (1999), EN 1015-3. Methods of test for mor-
tar for masonry. Part 3: Determination of consis-
tence of fresh mortar (by flow table). Brussels.

CEN (1998), EN 1015-6. Methods of test for mor-
tar for masonry. Part 6: Determination of bulk
density of fresh mortar. Brussels.

CEN (1998), prEN 1015-8. Methods of test for mor-
tar for masonry. Part 8: Determination of water
retentivity of fresh mortar. Brussels.

CEN (2004), EN 14146. Natural stone test meth-
ods. Determination of dynamic elastic modulus
of elasticity (by measuring the fundamental reso-
nance frequency). Brussels.

CEN (2006), EN 1936. Natural stone test methods.
Determination of real density and apparent den-
sity, and of total and open porosity. Brussels.

CEN (2009), EN 15801. Conservation of cultural
property. Test methods. Determination of water
absorption by capillarity. Brussels.

CEN (2002), EN 1015-18. Methods of test for mor-
tar for masonry. Part 18: Determination of water-
absorption coefficient due to capillary action of
hardened mortar. Brussels.

CEN (2013), EN 16322. Conservation of cultural
heritage. Test methods. Determination of drying
properties.

CEN (2003), EN 998-1. Specification for mortar for
masonry. Part 1: Rendering and plastering mortar.
Brussels.

CEN (2003), EN 998-2. Specification for mortar
for masonry. Part 2: Masonry mortar. Brussels.

XapaKTepu3yeTcs HU3KONM CKOPOCTBIO KaIu-
JISIPHOTO BOZOIOITIONIEHNS; 00bsCHEHNE 9TOMY
(bakTy Tak)Xe C/IeIyeT UCKATh B MCC/IELOBAHNUN
MUKPOCTPYKTYPbI CTPOUTEIBHOTO pacTBopa ¢ PK.

> PactBopsl ¢ orgenpHpiMu ppakunuamu PK 06-
TafaloT BeCbMa HEBBICOKMMM IIOKa3aTelAMU
CKOPOCTM 1 O06I[ero KaIu/IspPHOTO BOLOIIO-
IJIOIE€HM .

> Bce pactBops! ¢ PK uMeror 6ojee BBICOKYIO Iep-
BUYHYIO CKOPOCTD BBICBIXAHU s, YeM 3TaTOHHBIN
PacTBOp, UTO JO/DKHO MPUBECTH K Hojtee GbICTPO-
MY UCIIAPEHNIO BOJBI.

> TenmonpoBOXHOCTD U CpefHAA ITIOTHOCTD pac-
TBOPOB CHIKAIOTCA 110 Mepe BBefieHn: PK.

ITomy4yenHble pe3ynbTaThl NOKA3bIBAKOT, YTO JIC-
nonb3obaHKe PK, mocrymnaromeii c npegnpuATuii, cre-
LMAN3UPYIOUINXCs Ha IepepaboTKe OTpabOTAHHBIX
MOKPBIIIEK, TOTEHIIMATbHO MEePCIeKTUBHO U MOXeT
OTKPBITb BO3MOXXHOCTK npuMeHeHus PK B xagecTBe
ChIpbsl IpU IIPOM3BOACTBE CTPOUTEIbHBIX PAacCTBOPOB.
MaxkcumanbHblil 3¢ deKT ZOCTUraeTcs Npyu BBeLeHNN
5%-om PK ot maccel necka. JlanpHeiiiee ucciemoBaHue
moKasaresnel pactBopos ¢ PK BefieTca B HampaBieHUnR
U3y4eHUs MUKPOCTPYKTyphl pactBopoB ¢ PK u mpo-
1[eCCOB Jerpajialiyl CBOVICTB BCIENCTBME XMMUUECKO-
ro BolenavnBaHnA. OKOHYATeNTbHOE ONpefie/ieHNe 110-
KasaTeslell ¢ y4eTOM paHee IOJyYeHHBIX pe3y/bTaTOB
IIO3BOJINT BBIABUTD BO3MOXXHOCTM UX HPVMEHEHNA,
HanpuMep, B KayecTBe MITYKaTyPHBIX cMecell, B TOM
YyICTIe B TUIICOBBIX, K/IAOYHBIX VI HAMTOBHBIX CMECHX.
CocraBsl 6yyT ONTUMU3NPOBAHBI C YIETOM 061aCTI
npuMmenenus u tTpebosanmit craugapros (EN 998-1
u 2 [17, 18].

BnaropapHocTb

Mpsr 6narogapum Butopa CunbpBy 3a momolub
B IPOBENEHUN CePUM IKCIEPUMEHTOB, KOMIaHUIO
BANDAGUE 3a npopykt B Bue PK 1 xomnannio
SECIL Argamassas 3a npefoctaBnenne NHL 3.5. Pe-
3y/IBTATBI CCTELOBAHNs BIIEpBble OBIIN IPeACTaBIIe-
Hbl B 2015 1. Ha camMmuTe EBponeiickoil acconnanumu
IIPOU3BOAUTENEN CTPOUTEIbHBIX PACTBOPOB.
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