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3.1 Cement as binder

The cement used in this study is Ordinary Port-
land Cement (OPC) CEM I 52.5 N, provided by ENCI (the
Netherlands). A polycarboxylic ether based superplasti-
cizer is used to adjust the workability. Limestone powder
is used as filler to adjust the powder content. Normal ag-
gregates used are broken sands with two different frac-
tions of 0-1 mm and 0-4 mm and micro-sand with the
maximum particle size of 1 mm (Graniet-Import Ben-
elux, the Netherlands). The used materials are summa-
rized in Table 3 and Fig. 10.

It is recommended that a water/powder ratio by
volume of 0.85-1.10 is a suitable starting value for the
water content determination in order to design self-com-
pacting concrete [19], which is also confirmed by [11] who
reported an optimal water/powder ratio by mass of 0.30.
Due to the high fluidity, self-compacting concrete/mortar
normally has a risk of segregation and blockage, which can
be prevented by the use of a sufficient amount of fines (de-
fined as particles with a size smaller than 125 um). Hence,
in the present study, the water amount, i. e. water/powder
ratio is chosen as one of the research topics, and different
water contents are used to investigate its effect.

Table 3. Properties of the used materials
Tabnuua 3. CBOMCTBA UCMOMb3yeMblX MaTepPUanon

3.1 Vlcnonb3oBaHue LiemeHTa
B KauecTBe BAXKYLLero

B HacTOs1IIeM MCCIeOBaHUY MICIIONb30BaH 00BIU-
uolil noptranguement (OII]) CEM I 52.5N, npepo-
craBnennslit komnanueit ENCI (Hupgepnanpgsr). Taxoxe
IJI HOBBILIEHNA YH0OOYK/IafbIBaeMOCTI IIPUMEHSJICH
cyneprnactudukarop (CII) Ha ocHOBe adupa momuKap-
6oxcumara. B kauecTBe HaOMHUTES OBLI UCIIONB30BAH
U3BECTHAKOBAsA MyKa. B KauecTBe 3aIIO/THUTENIA IIpUMe-
HSJIUCD JiBa BUJja BPOOJICHHOTO Iecka — ¢ GppaKLmAMU
0-1MM 1 0-4 MM, a TakK>XKe MUKPOIIECOK C MAaKCUMaJlb-
HBIM pasmepoM 4actuy 1 mm (Graniet-Import Benelux,
Hupepnanper). KpaTkas xapakTepucTUKa UCIOIb3yeMBbIX
MarepuaoB IpuBefieHa B Ta01. 3 1 Ha puc. 10.

ITpn pacdere TouHOrO 06'beMa BOABI 3aTBOpE-
HUS [/Is1 USTOTOBJICHNUSI CAMOYIUIOTHSIONIErocs: 6eToHa
PEeKOMEH/IyeTCsl 3HaUeHJe OTHOIIEHNA UCXOTHOTO 00D-
eMa BOJibI K 06 beMy MenKux ¢ppaxuuii (MeHee 125 MKp),
pasHoe 0,85-1,10 [19]; mpu aTOM MHOT[A YKa3bIBAETCs
OINITMMAZIbHOE MACCOBOE COOTHOUIEHNE «BOfIa /| MeNIK1e
¢paxunn», papaoe 0,30 [11]. B cBA3M ¢ BBICOKOIT HOA-
BIDKHOCTBIO CAMOYIUIOTHAIOMIENCA 6eTOHHOI cMecu
OOBIYHO CYIIIeCTBYET BEPOSTHOCTD PACCIOCHN S, KOTOPYIO

Specific density, kg/m? //

Material // MaTtepvian Type // Bug R ————————
Cement // LlemeHT CEM I 52.5N 3180
Filler // HanonHuTens Limestone powder // 13BecTHAKOBaA MyKa 2710
Fine sand // Menknin necok Micro-sand // Mukponecok 2720
Fine sand // Menknin necok Sand 0-1 mm // Mecok 0-1 Mmm 2650
Coarse sand // KpynHbilh necok Sand 0-4 mm // MNMecok 0-4 mm 2650
Superplasticizer // Cynepnnactndurkatop Polycarboxylate ether // 3¢urp nonvikapbokcunata 1100
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For the distribution modulus used in the A&A
grading equation, a value of 0.25 for the mix design
of self-compacting concrete recommended [11]. As dis-
cussed previously, a smaller distribution modulus leads
to a mixture with a larger amount of fines. Thus, here two
different values of 0.32 and 0.25 are applied in the self-
compacting cement-based lightweight composite (SCLC)
mixes as the preliminary design values to study their ef-
fect. For the vibrated cement-based lightweight compos-
ite (VCLC) design, a larger distribution modulus value
of 0.35 is used, which is usually suitable for conventional
vibrated concrete design [7]. A much lower water content
is chosen (water/cement ratio (w/c) of 0.35 by mass), be-
cause on one hand this value is often used in conventional
vibrated concrete design, and on the other hand a compa-
rable density of mix VCLC to mix SCLC2 is set in order
to study the relation between density and other properties.

Hence, applying the optimization algorithm, a pre-
liminary design of the solid materials of three mixes is
derived here and the dosages are shown in Table 4.

3.1.1  Fresh state behaviour analysis

The fresh state behavior analysis of the designed
mixtures, especially in the case of the self-compacting
composites, is essential because only by this step the final
water content as well as the dosage of the superplasticizer
can be determined. To reach the desired workability, the
designed mix must have an optimal balance between the
water content and the SP dosage. Insufficient dosage of the
SP results in insufficient flowability; however, overdos-
ing SP may lead to segregation, bleeding or to a negative
influence on the hydration process. For normal weight
self-compacting mortar, two workability parameters are
usually investigated, i. e. the slump flow and the funnel
time, which are used to assess the flowability and relative
viscosity of the mixture, respectively.

The mini-slump flow test, performed in order to
investigate the flowability of the designed composite, is
carried out employing the Higermann cone. The rheologi-
cal properties of self-compacting cement paste using the
mini-slump flow test were investigated. It was reported
that the spread of the sample becomes stable at the time
of 20 sec, which is in line with the duration of the meas-
urement performed here [26]. The relative viscosity be-
havior of the sample is investigated by carrying out the
V-funnel test, following the procedure described in [27] for
mixes with the maximum particle size smaller than 4 mm.

Varied slump flow values from 240 to 330 mm and
V-funnel times from 4 s to 11 s are reported for self-com-
pacting normal weight aggregates concrete (SCNC) pro-
duction [10, 11, 19, 27-30]. Different from SCNC, a great
amount of fines is needed to bound the lightweight ag-
gregates (LWA) in order to avoid the segregation of the
developed composite due to the very low density of the
LWA (Table 1, see No. 1 (33), 2014). Therefore, the vis-
cosity of the mixture can be higher than for normal SCC
concrete. Hence, in the present study a slump flow value
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Fig. 10. Particle size distribution of the used materials.
Puc. 10. [paHynomeTpuyeckmin CoctaB cmecm

MOYXHO IIPeIOTBPAaTUTh IpPY YCIOBUY UCIIONb30BAHNUSA
JOCTATOYHOIrO KO/IMYeCcTBA MeNIKNX (paxiuit (onpexe-
JIIeMBIX KaK 4acTUIIBI pasMepoM MeHee 125 MKp). IToa-
TOMY B JJaHHOII paboTe B KadyeCTBe OJIHOTO M3 VMICCIIeAy-
eMBIX aCHeKTOB BBIOPAHO HEOOXOAMMOe COOTHOIIEHNEe
«Bofa / MeKye (ppakium», KOTOPOe BapbUPOBAIOCH
UL UI3Y4YeHUs ero BAMAHMA Ha [IOKa3aTeIy CMeCH.

JIns Mopyns pacrpepeneHns, UCHONIb3yeMOro
B ypaBHeHnu 1 Annpeacena n Aujepcena (cm. Ne 1 (33),
2014), npu nogbope cocTaBa cMecy AJA CaMOYIUIOTHA-
Ioljerocsi 6eToHa pekoMeHAyeTcs 3HadeHue 0,25 [11].
Kak yxe obcyxpanoch patee, 6oee HU3KIe 3HAUCHIS
MOJY/IsI pacIpefeNeH s IPUBOAT K 00pa3oBaHIIO CMe-
cu ¢ 6OTBLINM KONMMYECTBOM TOHKUX (pakumit. Takum
006pasoM, [/ NPUTOTOBIEHMS CMECU CaMOYIIIOTHSIO-
LIETOCs JIETKOTO KOMIIO31Ta Ha ocHoBe IemenTa (SCLC)
B Ka4ecTBe pacYeTHON Be/IMYNMHBI IS U3yYeHUs BIUA-
HUA MOLY/IA paclipefie/leHNsl IPYMEeHAINCh ABa 3Hade-
Husa — 0,32 (SCLC1) u 0,25 (SCLC2). IIpu paspaborke
BUOPOYIIOTHIEMOTO JIETKOTO KOMIIO3MTA Ha OCHOBE
nementa (VCLC) mpumeHsieTcst 60/mee BBICOKOe 3HAUe-
HUe MOA YA pacupegenenusa — 0,35, KOTopoe ABIAeTCA
IIpMeMJIEMBIM /IS IONY4YeHN A TPafULMOHHOTO BUOPU-
poymnnorHsiemoro 6etona [7]. Ilpu aTom 6b110 pelieHO
3aMeTHO CHU3NTb copiep>kaHue Bopsl (B/I] = 0,35), no-
TOMY 4TO, C OFHOI CTOPOHBI, TAKOe 3HaYeHVe 9acTO MC-
IIO/Ib3YeTCs IPY M3TOTOBIEHUY TPAAMLIVIOHHOTO BUOP-
POYIIZIOTHAEMOr0 6eTOHA; C APYTOil CTOPOHBI, C L[eIbI0
U3y4eHMA 3aBUCHMOCTI MeXKY ITIOTHOCTBIO U IPYTUMMU
nokasarersimMu i1 VCLC nopbupanack mI0THOCTD, CO-
MMOCTaBMMas C IIOTHOCTBIO cMecu SCLC2.

Takum 06pa3oM, IpUMEeHsIsT AITOPUTM ONTUMU-

3anuu, ObII OTyYeH IPefBAPUTEIBHBIN COCTAB TPEX
cMmecern (Ta6m. 4).
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of 300 mm and V-funnel time value of 9-11 sec are cho-
sen as the target values.

By slightly modifying the proportion of the solid
ingredients and changing the amount of SP or the wa-
ter content, trial experiments are performed in order to
achieve the above mentioned target values. A maximum
effective SP dosage of 1.0% by mass of the cement con-
tent is found here. The slump flow remains constant when
increasing the SP amount from 1.0% up to 1.5% by mass
of cement. This is in line with [11], who reported that from
a certain dosage of superplasticizer (1.5% based on the ce-
ment content), the mixture (self-compacting mortar) will
not respond anymore with an increase of the slump flow.
This indicates that overdosing SP will not contribute to
the flowability; on the contrary, it might cause problems
such as segregation and delayed setting time.

The water content is modified in order to reach the
desired density and the target flowability. The spread flow
increases from 250 mm to 300 mm and V-funnel time
decreases from 11 s to 6 s when the water/cement ratio
increases from 0.45 to 0.60 with a fixed SP dosage of 1.0%
by mass of cement; a water/cement ratio of 0.59 is finally
selected to be used in the mix of SCLCI. The spread flow
increases from 300 mm to 340 mm while the V-funnel
time decreases from 16 s to 10 s when the water/cement
ratio increases from 0.51 to 0.60 with a same fixed SP
dosage. A water/cement ratio of 0.54 is finally selected
for the mix of SCLC2.

It was reported that a V-funnel value between 4
and 6 s for a self-compacting cement mortar using nor-
mal weight aggregates, and also reported that a value
of around 7.5 s already causes the blockage of the V-fun-
nel, which apparently is shorter than the time obtained
here, especially in the case of mix SCLC2 [11]. This can be
explained by the large amount of powders used in these
two mixes compared to the powder content used in the
self-compacting mortar in [11]. The distribution modulus
of 0.25 is used for the design of the mix SCLC2, which
results in an even larger powder content in this mix than
that of SCLCI, as can be seen in Table 4. However, to use
such a large amount of fine materials is necessary to avoid
the segregation of the mixture.

For the VCLC, two target values are used here, i. e.
the density and the flow determined on a jolting table.
The target density of the VCLC is chosen to be similar to
the SCLC2 in order to compare their properties in hard-
ened state. The flow test is carried out using a Higermann
cone and a jolting table (15 jolts) with a target flow value
of 150 mm. Based on these, a final water/cement ratio
of 0.38 is chosen and a SP dosage of 0.8 wt. % of cement.

3.1.2  Porosity

The designed composite is composed of lightweight
aggregates, cement paste, sand, inert filler, and air. In the
matrix, the porosity originates from both the internal po-
rosity of LWA and from the porosity of the cement paste.
It was reported that the exchange of air and water during
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Table 4. Dosages of the developed mixes (per 1 m3)
Tabnuua 4. Coctas pa3paboTaHHbix cmecei (Ha 1 M)
Material // Matepuan SCLC1  SCLC2  VCLC
CEM 1525 N, kg // kr 4253 423.5 419.7

Limestone powder, kg //

V3BecTHAKOBaA MyKa, Kr 119 = 2
Sand 0-4, kg // Mecok 0-4, kr 0 0 407.0
Sand 0-1, kg // Mecok 0-1, kr 0 95.6 0
Microsand, kg // Mnkponecok, kr 3815 424.6 306.0
LWA 0.1-0.3, kg // kr 56.0 68.3 0
LWA 0.25-0.5, kg // kr 448 0 0
LWA 0.5-1.0, kg // kr 56.0 549 0
LWA 1.0-2.0, kg // kr 44.8 394 63.6
LWA 2.0-4.0, kg // kr 0 0 716
Water, kg // Bona, Kr 2509 2303 159.4
SP, wt. % // CI1, Bec. % 1.0 1.0 0.8
w/c // B/l 0.59 0.54 0.38
q 0.32 0.25 0.35

3.1.1  AHanusz nokazamerneli 6emoHHoU cmecu

AHanns moxasaresieil MOJTYYeHHBIX GETOHHBIX
cMeceli, 0COOEHHO B CTy4ae CaMOYIIOTHAIOIMXCSA KOM-
IIO3UTOB, — €JMHCTBEHHBIN CIIOCOO ONpefe/InTh TOY-
HbIe KOJIIIYeCTBA BOABI 3aTBOPEHNS I CyIepnaacTudm-
karopa (CII). [lns ocTm>keHms 3alaHHbIX II0Ka3aresne
yB060yK/IaibIBaeMOCTH) pa3paboTaHHAsA CMeCh JO/IXKHA
MMeTb ONTMMa/NIbHOE COfieP>KaHNe BOJbI I KOMUYECTBO
sBogumoro CII. HenpaBunbuas gosuposka CII npuso-
IOUT K HEJOCTaTOYHOM IOJIBYDKHOCTY CMeCH; IIPU 3TOM
n36b1ToK CIT MOXXeT BBI3BaTh pacCiIOeHNe, BOJLOOT/E-
JIeHJe UM HeraTMBHO NOBAMATDH Ha Npoliecc rujipaTa-
uyn. 714 cTaHJapTHON CaMOYIUIOTHAKOLENCA CMech
OOBITHO MCCIEAYIOT IBa IMapaMeTpa yLoOOyKIIaibIBa-
eMOCTM — OCaJKy KOHYCa U BpeMsA BBITEKaHNA CMeCu
yepe3 V-00pasHYI0 BOPOHKY, KOTOPBIE UCIIONb3YIOTCS
IJIS1 OLIEHKM COOTBETCTBEHHO ITOIBVXXHOCTU M OTHOCHU-
TETbHOI BSA3KOCTU CMECH.

MuHU-TECT Ha PacTeKaeMOCTb, BBHIIIOTHAEMBI
C L[eJIbI0 M3YYEHMs IOJIBMOKHOCTU pa3pabOTaHHOTO
KOMIIO3MTa, IPOU3BOIWICA C UCIOTb30BaHMEM KOHY-
ca Xerepmanta. C ero moMOIIbIO OBIIN MCCIELOBAHDI
peonornyeckue nokasaTe/n CaMOyIJIOTHAOIIETOCs Iie-
MEHTHOTO TecTa. PacmibiB 06pasija mpekpaiacs depes
20 ceK, YTO COOTBETCTBYET JAHHDBIM, IIOTyUYeHHDBIM B [26].
OTHOCKTeNbHASA BA3KOCTD MCCIEN0BAIACh C HOMOMUIBIO Te-
CTa C IpuMeHeHueM V-06pa3Hoil BOPOHKY IO METOJMKe
EFNARC, ucnonbsyemoit i cMeceil ¢ MAKCHMaIbHBIM
pasMepoM 4acTul, MeHee 4 MM [27].

I8 caMOYIIOTHSIIOIErocsi 6eToHa Ha IUIOT-
HbIx 3anonauTenax (SCNC) B muteparype coob1anuch
3HaYeHMsA paciuibiBa oT 240 no 330 MM 1 BpeMsI BbITEKa-
HUS cMecH depe3 V-00pasHyio BOPOHKY oT 4 1o 11 cex
[10, 11, 19, 27-30]. B otnuume ot SCNC, m1s1 obecriedeHns
CTabMIBbHOCTY 6ETOHHOJ CMeCH Ha JIETKUX 3aTIOMHUTENAX
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the water absorption resulted in a rim of air bubbles in the
interfacial transition zone (ITZ) of the lightweight aggre-
gates concrete [15]. However, this does not seem to occur
here, which will also be analyzed later. So here the po-
rosity of the ITZ in the composite is assumed to be very
small and therefore not considered in the calculation.

The internal porosity of the LWA is calculated from:

N ST Prvai |
yhwa v iwayi < Phoai = —x(-— 2
Py hva [Z:l:(p\.l i X Pre, ’Z:]: Vo ( P )J 2
where @, wa is the porosity introduced by LWA
in the designed composites, pu, i (g/cm’) is the apparent
density of aggregate particles in fraction i, pyw. (g/cm?®) is
the specific density of the aggregate raw material, Vi, i
and Veic are the volumes of the used LWA in different
size ranges and volume of the designed CLC, respectively.

The porosity resulted from the hydration of cement
consists of two parts: the capillary porosity and the chem-
ical shrinkage porosity due to cement hydration, which
can be described using a model proposed by [31], reads:

W, w,v
O—n( d d)
< V,C
Q=0 + @ = —— 3
v w s
L_F "o
Vw CO

where ¢ is the volume fraction, wo/co is the ini-
tial water/cement ratio by mass, c is the hydrated cement
content, v, is the specific volume of the compressed water
(here meaning gel water + nonevaporable water), cm®/g;
v is the specific volume of the cement, cm?*/g; v, is the
specific volume of water, cm?/g (here a value of 1.0 cm®/g
is used); wy is the reacted water (g); # is the hydration
degree; subscript v is the void fraction; w is the capillary
water; and s is the chemical shrinkage. [32] proposed an
expression to compute in Equation 3 under the assump-
tion of congruent hydration, reading

20— 0284w +0.301x g +1.141x,  +0.387x i +(03200, ~0.082)x5  (4)

where x is the mass fraction, subscripts C;S, C.S,
CsA, C4AF, CS are alite, belite, aluminate, ferrite and an-
hydrite, respectively and « is the degree of carbonation
of the monosulfate phase. The mass fraction of the above
mentioned five phases are calculated using the Bogue
method and the chemical composition of the used cement
obtained from the provider ENCI [33] assuming a free
lime content of 0.7%, and the results are listed in Table 5.
The degree of carbonation of the monosulfate phase («) is
assumed as zero due to the short curing period of 28 days.
Hence is calculated, yielding 0.330.

Therefore the porosity of the designed lightweight
composites can be calculated from

wv,CLC = ¢v,lwa + ¢v,paste (5)

where ¢, cic is the porosity of the designed com-
posites, @,, . is the porosity contributed by the LWA,
and @, pasee is the porosity contributed by the paste, and.
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(LWA) HeoOxXomuMo BBefieHMe OOJIbIIOro KOMMYecTBa
TOHKMX (QPaKIUil A1 HpefOTBPAIeHNs] PacC/IOeHMS
paspabarpiBaeMOTO KOMIIO3MTa 13-32 KpaliHe HU3KOI
wioTHocT LWA (Ta6m. 1, cm. N1 (33), 2014). Tloatomy
MOYKHO OXXMJATh YBe/TNYEHN BA3SKOCTU CMECH TI0 CpaB-
HEHUIO ¢ 0OBIYHOI CAMOYITOTHSIOLIENICST 6 TOHHOIL CMe-
cp0. B HacTosmelt paboTe B KadeCcTBe 3afaHHBIX ITOKA-
3aTeslell BBIOpaHbI 3Ha4eHM A paciuibiBa 300 MM, a BpeMs
BBITeKaHNA depe3 V-00pa3Hyio BOpOHKY — 9-11 cek.

Il nomyyeHNA STUX ITOKa3aTesIell ObUIN IpOBe-
JIeHBI TPOOHBIE SKCIIEPUMEHTHI, B XOfie KOTOPbIX He3Ha-
YUTEIBHO BapbUpPOBANIV COOTHOUIEHME TBEPIBIX KOM-
IIOHEHTOB, a Takxke KonmudyecTBo CII mam o6beM BOMbBI.
BBIZIO YCTAHOBJIEHO, YTO MaKCHMANIbHO 3 PeKTUBHOE
konmdecTtsBo CII cocraBnser 1,0 macc. % OT comep>KaHUA
IleMeHTa. PacIIbIB KOHYCa TPy yBeTMYeHNN KOTTIYecTBa
CIT ¢ 1,0 mo 1,5 macc. % ocTtaBascs HeM3MeHHBIM. ITO CO-
I71acyeTcs ¢ JaHHBIMU paboTsl [11], e coobitaercs, 4To,
HadMHasA C ONIPeeIeHHOTo KonmdecTBa BBefieHHoro CII
(1,5 macc. % OT comep>KaHuUA LieMeHTa), PacIIbIB KOHY-
ca CaMOYIJIOTHAIOIENICA cMecH He YBeIuInBaeTcsa. To
03HavaeT, 4To u36b1ToK CII He BAuseT Ha OABUXKHOCTD,
HAIPOTUB, OH MOXKET MIPUBECTM K PacCIOCHUIO I 3aMe]i-
JIEHWIO Havyajla CXBaThIBaHUS.

IIns moCcTH KeHM s 3aIaHHBIX 3HAYEHU TITIOTHOCTH
U pacTeKaeMOCTH U3MeHANCA pacxoy BogblL. [Ipn ysenmye-
Huu B/I] ¢ 0,45 mo 0,60 npu nocrossHHOM Konnuectse CII
(1,0% ot Macchl IleMeHTa) PacIIbIB KOHYCA YBEMMYMBAIICA
¢ 250 o 300 MM, a BpeMsi BBITeKaHuUs depe3 V-006pasHyo
BOPOHKY YMEHbBIIIAI0Ch ¢ 11 110 6 cex. B nrore gna cmecn
SCLC1 65110 BEI6pano 3HaveHme B/I] = 0,59. ITpu yBenu-
yeHun B/I] ¢ 0,51 mo 0,60 mpu TOM >Ke MOCTOSTHHOM KO-
nudectse CII pacninbi yBenuuuBancs ¢ 300 go 340 MM,
a BpeMs BbITeKaHMA 4Yepe3 V-BOPOHKY yMEHbIIAI0Ch
¢ 16 o 10 cek. Ilo pesynpTaTam UsMepeHUI A1 CMecH
SCLC2 6p1110 BbIOpaHO 3HaueHue B/I] = 0,54.

JIna caMOyIIOTHAIOIIENCA PaCTBOPHON CMeCH
Ha IUVIOTHBIX 3aIIOTHNTE/AX YKa3bIBa/lIOCh BpeMs BbITEKa-
HIA depe3 V-06pasHyI0 BOPOHKY OT 4 10 6 ceK, TPy 3TOM
TaK>Ke 0TMEYasnoch, YTO €€ 3aKyNOpUBaHMe IPOUCXOAN-
JI0 y>Ke CIyCTsA 7,5 CeK, YTO 3aMEeTHO MEeHbIIIe II0Ka3aTes,
JHOCTUTHYTOT'O B HACTOAIIEM MCC/ICJOBAaHUY, OCOOCHHO
s cmecu SCLC2 [11]. 9T0 MOXKHO 00BACHUTD OOIBIINM
KOTMYeCTBOM MeIKUX (PPaKIINif, MCIIOTb3YEeMBbIX B 9TUX
IIBYX CMeCsX, II0 CPABHEHNIO C VX COIep)KaHNeM B 00bIU-
HOII camoyIIoTHsomeiicst cmecu [11]. Tem 6ornee, uto
pu nopbope cocraBa cMecu SCLC2 ObII IPUHAT MORY/Ib
pacnpenenenus 0,25, KOTOPBIT MIPUBORKT K elie Horee
BBICOKOMY 10 cpaBHeHMI0 co cMecbio SCLCI comepxa-
HUIO M3BECTHAKOBON MYKM (Ta6m1. 4). OnHAKO UCIIONb30-
BaHMe TAKOTO OOJIBIIOrO KOMMYeCTBa TOHKUX (paKiuii
HeoOXOVIMO i/l IPEIOTBPAIeHNsI PACCIOCHN T CMECH.

Table 5. Composition of the used CEM | 52.5 N
Tabnuua 5. Coctas CEM | 52.5N

Cement type //
Tun uemeHTa

CEM1525N 0.571 0142 0082 0091 0039

Xcss Xcos XA XC,AF Xcs
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The results are listed in Table 6. Here the hydration degree
is assumed as 0.7 based on a curing age of 28 days [15].

The porosity of the designed CLC is measured ap-
plying the vacuum-saturation technique, i. e. to saturate
the accessible pores with water, as this method is referred
to as the most efficient saturation method [34]. Samples
with a format of a disc (with a height of 10-15 mm and
a diameter of 100 mm) are extracted from the inner lay-
er of three 150 mm cubes for each prepared composite.
The test is carried out on three samples for each mix, fol-
lowing the standards [35, 36].

The results are listed in Table 7. It can be seen that
all the values are larger compared to conventional con-
crete, for instance [35] reported a porosity of 20.5% of the
concrete produced with a water/cement ratio of 0.60 em-
ploying the same measurement method, i. e. vacuum-sat-
uration technique. This is attributed to the large internal
porosity of the LWA. Although the external shell of the
used LWA is rather closed and impermeable, it still con-
tains some interconnected openings (Fig. 2), through
which liquids can enter the aggregates. The inflow of water
into the LWA is even more efficient during the vacuum-
saturation process, however there is also a risk that the
applied low pressure will damage the outer shells of the
aggregates, exposing closed pores and increasing the real
permeable porosity.

The measured water permeable porosities are sim-
ilar for the two self-compacting composites, 34.31 and
34.97% in average for SCLCI and SCLC2 respectively;
while for the VCLC it is slightly lower, 30.65% in average,
as shown in Table 7. Nevertheless, all the measured values
of the permeable porosities are smaller than the calculated
corresponding values, as listed in Table 6. This indicates
that some of the pores in the used LWA are closed and
not accessible to water transport.

It is shown in Table 6 that both SCLCI and SCLC2
have similar porosities contributed by the paste due to
the similar water/cement ratios used in these two mixes,
while the calculated total porosity of SCLCI is larger than

Table 7. Porosity results measured using vacuum-saturation method

Table 6. Theoretical porosity of the designed CLC*
Tabnuua 6. TeopeTnyeckas NOPUCTOCTb paspaboTaHHbix CLC*

Mix // Cmecb DvLwa, % Qv % @pa;te/% Ovac %

SCLCT 32.23 39.71 0.385 47.50
SCLC2 25.25 36.18 0.363 3840
VCLC 35.76 2147 0.291 42.01

Note: ppaste is calculated from the paste volumetric proportion in the mix design
[pumeyarue: ppaste paccyumesieaemcs us 06vemHoU 00U mecma 8 cocmase cmecu.

B cnydae VCLC ucnonb3oBanuch fise 3aJjaHHbIe
BE/IMYMHBI — IJIOTHOCTD ¥ PACIl/IBIB KOHYCA, OTIpefiesis-
€MblIl METO/IOM BCTPAXMBAIOLIEro CToNMKa. I1oTHOCTD
6b11a BEIOpaHa paBHOIT MIOTHOCTBI0 SCLC2, 4T06BI MMETDH
BO3MOYXHOCTb CPaBHUBATD UX IIOKa3aTeIN B 3aTBEPHEB-
1I1eM COCTOSTHUM. /151 OCTIOKEeH M 3aJJaHHOTO 3HAYEH Vs
pacrmbiBa (150 MM) 06pasubl ¢ pasHBIMM 3HAYEHUSIMU
B/I] n xonmdectBa CII MCIBITBIBAINCD TPV IOMOII Te-
CTa Ha pacIl/IbIB C MICIONTb30BaHMEM KOHYca XerepMaHHa
M BCTpsAXMBaoIero cronuka (15 Bcrpsaxusannit). Ha oc-
HOBAHMM 3TUX M3MEPEHNUIT BBIOPAHO OKOHYATETbHOE
sHavenne B/I], pasHoe 0,38, n konmnyectso CII — 0,8%
OT MaccChl I[eMeHTa.

3.1.2  [lopucmocme

PaspabaTbIBaeMblil KOMIIO3UT COCTOUT 13 JIETKMX
3aII0JTHUTeIEN, 1IeMEHTHOTO TeCTa, IeCKa, MHEPTHOIO
HaIlOJIHUTENA ¥ Bo3Ayxa. Ero mopucrocTs onpepens-
€TcsA BHYTPeHHell mopucrtoctbio LWA 1 mopmcrocTnio
IIeMEHTHOTO TecTa. PaHee OGbIZIO YCTaHOB/IEHO, YTO IpPU
HACBIIIIEHNH JIETKOTO 3aMIOJTHUTEN I BOZIOI B €r0 MeXK(as-
HoIT epexopnHoit 30He (MII3) obpasyercs obomouka us
BO3[IYIIHBIX Iy3bIPbKOB [15]. OnHAaKO, KaK HpefcTaBIA-
eTcs, B JaHHOM C/Ty4ae 9TOTO He IIPOUCXONNT, 4TO OyneT
IpOaHaIN3MPOBAHO No3Hee. TakuM 06pasoM, B HallleM
crmydae mopuctoctb MII3 B KoMII031TE MpefIonaraeTcs
KpaJiHe HU3KOJI I He IPMHMMAETCA B pacyer.

Tabnuua 7. Pe3ynbTaTbl MO pacyeTy MOPUCTOCTM, MONyYEHHbIE C MPYMEHEHEM MEeTOAa BaKyYMHOIO HaCbILEeHNA

Sample number //

Mix // Cmecb o) el ms, g// T mw, g//T
1 140.78 56.74
SCLCT 2 140.90 53.45
3 137.00 4997
1 180.28 81.72
SCLC2 2 199.51 101.32
3 187.37 88.77
1 168.29 71.87
VCLC 2 168.61 7272
3 172.67 74.86
5 Ne 2 (34) 2014 «ALITinform» MexpyHapogHoe aHanuTuyeckoe o6o3peHune

Porosity // AEREE)
mq, g// T Y o CpepfHee 3HaueHMe Pywater
MOpPMCTOCTE Guvarer % (st. dev. // cT. oTKN.), %
11142 3494
109.84 35.52 34.31 (1.62)
108.74 3247
145.37 3542
167.38 32.72 3497 (2.05)
15113 36.75
138.95 3043
138.94 3094 30.65 (0.26)
142.75 30.59
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Fig. 11. Strength of the CLC: a) compressive strength; b) flexural strength
Puc. 11. MpouHocTb LUJIK: a) npoYHOCTb Ha CxKaTue; b) NpOYHOCTb Ha U3rn6

SCLC2. However, their measured water permeable porosi-
ties are similar. As can be seen from Table 4, 82.90 dm’
LWA with the size of 0.25-0.5 mm are used in mix SCLCI
while zero in mix SCLC2, besides a similar amount of the
used LWA in the fractions of 0.5-1 mm and 1-2 mm
in both SCLC, which results in the porosity difference
of these two SCLC. This indicates that the used LWA with
the size of 0.25-0.5 mm is quite water impermeable, and
the pores inside the particles are mostly closed pores, and
this is in line with the low water absorption [6]. Another
possible reason is attributed to the larger amount of the
LWA 0.1-0.3 used in mix SCLC2. It can be seen that the
particle sizes of fraction LWA 0.1-0.3 are very small (40%
of the particles are smaller than 125 um), which creates
more chances to be interconnected through the perme-
able paste.

The measured water-permeable porosity of VCLC
is the smallest for all three mixes, which can also be ex-
plained by the mix design. As shown in Table 4, only frac-
tions of LWA with the larger size of 1-2 mm and 2-4 mm
are used in the VCLC. Therefore the interconnection pos-
sibilities between particles are reduced to some extent,
and besides the water transport route is reduced also
due to the small capillary porosity of the paste (Table 6).

3.1.3  Mechanical properties

Fig. 11 shows the compressive and flexural strength
development of the lightweight aggregates composites as
a function of the curing age. All these three mixes have
a similar feature of a quite fast early stage strength de-
velopment. The compressive strength of the mixes SCLCI
and SCLC?2 after 24 hours curing reaches 58.8 and 57.1%
of their compressive strength at 28 days, respectively,
while the compressive strength of VCLC reaches even
74.5% of its value at 28 days after 24 hours curing.

BayTtpennaa nopucroctb LWA paccumrtoiBaer-
cs1 o popmyre:
0 n
Dyva = Z("v,/wa,i X Dpya,i :Z %X (1- m)—| )
=] =1 [ Fere Piwa
T ¢y, iwa — TIOPUCTOCTD, GOpMUpPYEMast 3a CUeT
BBefieHust LWA; piq i (t/cM®) — TeopeTmyeckast miotT-
HOCTb YaCTHUL] JIETKOTO 3aIIOJTHUTENA BO PPAKLINM 75 Psiwa
(r/cM’) — ygmenpHast IIOTHOCTD MCXOJHOIO ChIPbs Ha-
HOMHUTENA, Viwa, i U Vere — 06beMBI MICTIONTb30BAHHOTO
LWA u pa3pabaTbiBaeMOro KOMIIO3UTa COOTBETCTBEHHO.

IMopucTocTh, cHOpMUPOBAHHAS B MIPOILECCe TH-
ApaTaluy LIeMEeHTa, ONpefe/aeTcs ABYMA COCTABIAI-
MMM — KaOWIISPHO OPUCTOCTBIO U HOPUCTOCTDIO,
BO3HMKAIONIEN BCIEJCTBME XMMUYECKO yCaJKM TP
TUpATAIMN [IEMEHTA; €€ MOXKHO OIMCATh MO MOJENN,
IpenioXkeHHOI B [31], cnenyromum o6pasom:

W, w.v
20 (B
G v,.C
P=Pt = 3)
v w s
Ve 4 M
Vw CO

IZie ¢ — obbeMHas JOJsL; Wo/co — HadaabHOE B/I]
[I0 Macce; ¢ — KOMMYEeCTBO TUAPATUPOBAHHOIO I[eMeH-
Ta, U4 — Y/E/IbHBII 00'beM CBA3aHHOI BOABI (B JAHHOM
cIy4ae 9TO O3Ha4YaeT BOAY rejid + HeUCIapseMyIo BOLY),
CM*/T; Ve — yZieNbHBIIT 06'beM LIEMEHTA, CM*/T; Uy, — Y/ie/lb-
HBIT 06BeM BOABI (B JAHHOM C/Tydae MCIIONIb3YeTC s 3Ha-
venne 1,0 cm’/r), cM®/r; wy — mpopearnpoBaBuIast BOja,
I3 1 — CTelleHb TUIPATAL[NN, MH/IEKC ¥ — TIOPHI, MH/EKC
W — KaIWUIApHas BOJa, S — XMMMUdeckas ycanka. boina
mpepioxeHa GopMya sl MOACTAHOBKY B ypaBHeHUe 3,
paspaboTaHHas Ha OCHOBE MPEIIIONOXeHNs 06 onpene-
JIEHHOM MeXaHM3Me TM/paTalui, a MMeHHo [32]:

WaVa _
v,.c

0.284x,,; +0.301xcg +1.141x, , +0.387x,, 0 +(0.3202, ~0.082)x5  (4)
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The compressive strength of all the three mixes al-
ready reaches the maximum value at the age of only 7 days,
as can be seen in Fig. 11a. This is confirmed by [17], who
observed very similar phenomena using the same type
of expanded glass as aggregates. A statistic comparison
of the strength development of the lightweight concrete
containing different types of LWA is presented here, and
the results are shown in Fig. 12.

It is clearly shown that the lightweight concrete,
although produced from different types of LWA, has the
similarity of fast strength development at early ages, es-
pecially in the case of the compressive strength at 28 days
of lightweight concrete being lower than 30 N/mm?. This
probably can be attributed to the effect of the lightweight
aggregates, i. e. the compressive strength of the light-
weight composites is dominated by the strength of the
used LWA and not the strength of the cement matrix
anymore. This is also confirmed by the flexural strength
results, as shown in Fig. 11b. It clearly shows that the
flexural strength of the three mixes is continuously in-
creasing until the age of 28 days, which indicates that the
hydration process is still progressing although the com-
pressive strength remains constant.

3.1.4  Thermal properties

Thermal behavior is a key factor in the develop-
ment and application of lightweight concrete. The thermal
behavior of lightweight aggregates concrete is related to
its thermal conductivity and its density, which in turn is
influenced by its pore structure, i. e. the air-void system,
aggregates and the matrix [15].

The thermal conductivities of the three developed
mixes are measured using the same heat transfer analyzer
(ISOMET Model 2104). Here the samples are first dried
in an oven at 105 °C until the mass becomes constant,
and then cooled down to room temperature for execut-
ing the thermal conductivity measurement. The average
results are listed in Table 8.

3.2  Comparative study
3.2.1 Water demand

The water demand determination of powders is es-
sential in designing concrete especially with self-compact-
ing features [11]. The water demand of both 3-hemihydrate
and cement can be performed by using the same mini-
slump flow test. The investigated f-hemihydrate has
a much larger water demand compared to that of ce-
ment CEM I 52.5, which is caused by the large difference
between their specific surface areas (BET surface area
of f-hemihydrate is 7.5 m*/g compared to CEM 1 52.5 N
of 0.9 m?*/g). The larger water demand of 3-hemihydrate
leads to a large difference between the calcium sulphate-
based composite and the cement-based composite design.

7 Ne 2 (34) 2014 «ALITinform» MexpyHapogHoe aHanuTuyeckoe o6o3peHune
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Fig. 12. Strength comparison between the age of 7 days

and 28 days of lightweight concrete using different
types of LWA: 1) Expanded clay [15]; 2) Expanded clay
[17]; 3) Expanded clay [18]; 4.7) Recycled stone [37];
4.2) Pumice [37]; 4.3) Tuff [37]; 4.4) Diatomite [37];

5) Expanded polystyrene [38]

Punc. 12. CpaBHeHMe NPOYHOCTM Jlerkoro 6eToHa, cogepKallero
pa3nuuHble BUAbI Nerkux 3anoHuTenen, B Bo3pacrte
7 n 28 cyT.: 1) kepam3uT [15]; 2) kepam3uT [17]; 3)
KkepamsuT [18]; 4.1) nepepaboTaHHbI KameHb [37];
4.2) nem3a [37]; 4.3) Tyd [37]; 4.4) pnatomut [37];
5) neHononuctupon [38]

rge x — MaccoBas gonst; napekcol CsS, CoS, CsA,
C,AF, CS 03HauaroT COOTBETCTBEHHO a/IAT, OEJIUT, aJII0-
MuHaT, GeppuT M aHTUAPUT; &y — CTElleHb KapOOHM3a-
uu MoHoCynbdaTHOI ¢assl. MaccoBas [Ons yKas3aH-
HBIX BBIIIe ILATY (a3 paccUUThIBaIACh IO MeTOAy borbio,
a MUHepaIbHBIIl COCTaB VICIIONb3YeMOro LieMeHTa ObIT
IIpeflocTaB/IeH ero nocrabmukoM — KoMmmaHuerr ENCI
[33] ¢ mpenmonoXKeHMEM, YTO O/ CBOOOTHOTO OKCH-
na xKanpuusaA paBHa 0,7%. PesynbraThl npencTaBIeHbl
B Tabm. 5. CrerneHb KapOOHU3AI[UN MOHOCYTb()ATHOM
¢assl (ovg) 6bLIA IPUHATA PABHOI HYIIIO 13-32 KOPOTKOTO
BpeMeHM BbifepKuBaHus — 28 cyT. Takum o6pasom, B
pesynbraTe pacyeToB Iony4dunu snadenue 0,330.

C y4eToM BBILIECKA3aHHOI'O MOPUCTOCTD Pas-
pabOTaHHBIX JIETKMX KOMIIO3UTOB MOXXHO PacCYMTAaTh
o opmyre

qov,CLC = (pv,lwa + ¢)v,paste (5)

TZie ¢y, cLc — HOPUCTOCTD Pa3pabOTAHHBIX KOMIIO-
3UTOB, @y, iva — TIOPUCTOCTD, POPMUPYEMAs 3a CIET BBE-
nennsa LWA; ¢, paste — TOPUCTOCTD LIEMEHTHOTO TECTA.
Pe3ynbTaThl pacueToB IpefiCTaB/IeHDI B TA0M. 6. [I1s1 BO3-
pacTa 28 CyT. CTeleHb IUipaTalyy IPUHUMAETCA paB-
Ho1t 0,7 [15].

IMopucrocth pa3pabOTaHHBIX JIETKUX KOMIIO3U-
TOB M3MePsI/Iach C IIPUMEHEHNEM METOfja BAKYYMHOTO
HACBII[EHS, T. €. HACBIIIEHNS] CBOOOJHBIX ITOP BOMOIL,
TaK KaK 9TOT MeTOJ] MpU3HaH Haubonee aGdeKTUBHBIM
[34]. st KaXxoro uccmenyeMoro 6eToHa 13 Tpex Ky6oB
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3.2.2 Density and porosity

Fig. 13 shows the porosity of both SGLC and CLC
versus density. It is obviously shown that the porosity and
density of both SGCL and CLC follow the same rule, al-
though the values of each material are in different ranges.
This probably can be explained by the same mix design
method, and the same type of the used LWA.

3.2.3 Strength and density

Fig. 14 shows the results of the compressive
strength plotted against the density of SGLC and CLC.
Surprisingly, these two composites have the same power
law between the compressive strength and the density.
This finding is very interesting, from here it can be con-
cluded that the SLGC can have a much better strength
when its porosity can be reduced. This means a proper
design, implying more efficient SP dosage, should be
taken into account.

3.2.4 Thermal conductivity and density

Fig. 15 shows the relation between the thermal
conductivity and density of both SGLC and CLC. It shows
that the exponential relation between the thermal con-
ductivity and the density in the case of both composites
still hold. Nevertheless the deviation is larger, compared
to the porosity and strength and density, as indicated from
the coefficient of determination shown in Fig. 6, 15. This
also confirms the analysis in the previous sections that
the thermal conductivity is complicatedly related to not
only the density, but also many other factors.

3.2.5 Discussion

The above sections analyzed the SGLC and
CLC in terms of both fresh behavior of cement and
B-hemihydrate and the properties of SGLC and CLC
in their hardened state, including density/porosity,
strength and thermal conductivity.

Results show that, despite the clear difference
between the used binders, f-hemihydrate and cement,
in SGLC and CLC, the two composites have quite simi-
lar characteristics between the density and other prop-
erties including porosity, strength and thermal conduc-
tivity. This generates an idea of using S-hemihydrate as
binder to produce high strength composites in order to
replace concrete to some extent, for example to be used
as structural material in indoor conditions. But, as dis-
cussed before, the large porosity of the composite caused
by the large water demand of -hemihydrate is a challenge
that should be overcome.

Conclusions

The present paper addresses the design of light-
weight aggregates composites applying separately cement

template | wabnoH
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Puc. 13. 3aBrcmmocTb nopuctoctn SGLC n CLC oT nnoTHOCTH

€O CTOpOHOI 150 MM OBIIM BBIPE3aHBI 0OPA3I[bI, UMEIO-
mue ¢opmy pgucka (Bpicoroit 10-15MM U guaMeTpoM
He MeHee 100 MMm). [l KaXkmoro Bujga OeTOHA UCIIBITA-
HUs IPOBOAVINCH Ha Tpex obpasiax B COOTBETCTBUM
co cranpapramu 35, 36].

PesynbTaThl mpefcTaBieHbl B Tabm. 7, U3 KOTO-
poit BUJJHO, YTO BCe IOKa3aTe/lM IPEBBIIIAIOT IOKa3a-
Teu 0OBIYHOTO 6eTOHa, TaK Hampumep, B pabore [35]
nns 6erona ¢ B/I], paBubiM 0,60, Ipy MCIOIb30BaHUY
TOTO K€ METO/Ia BAKYYMHOTO HaChILEHM ], YKa3aHO 3Ha-
yenne nopucroctu 20,5%. Poct nmokasarenei cBA3aH
¢ BBICOKOI mopucroctbio LWA. HecmoTpsa Ha 3Haun-
Te/IbHYI0 3aKPBITOCTD 11 HEIIPOHNUI[A€MOCTDb BHEIIHeN
0007m0uKy rpaHy1 ucnonbdyemoro LWA, oHu tem He
MeHee COJiep>KaT HeKOTOpPOe KOIMYECTBO B3aMMOCBS-
3aHHBIX IOp (PpHUC. 2), Yepe3 KOTOpble B 3aIIOTHUTENb
MOXKeT IPOHMKATb XUAKOCTD. B Impoiiecce BAKyyMHOTO

Table 8. Thermo physical properties of the lightweight

aggregates composites
Tabnuua 8. Tennodusnyeckme CBONCTBA KOMMO3NTOB Ha JIETKNX

3anonNHUTENAX
Thermal
. 2 conductivity,
Mix // Cmech Density, kg/m* /7 ' 7 Terno-
[NoTHOCTb, KI/M
NPOBOAHOCTb,
B1/m K
SCLC1T 1280 0485
SCLC2 1460 0.738
VCLC 1490 0.847
Reference // 3tanoH 2300 1.700

Note: reference self-compacting concrete prepared with normal weight
aggregates

[pumeyarue: 8 kKa4ecmae 3mMasnoHa 8el6PaH CamoynIoMHaWUCA
6emoH, U320Mos/ieHH®Il C UCNO/b308AHUEM 00bI4HbIX 3aNoIHUMesed.
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and calcium sulphate hemihydrate as binders, in order to
deep understanding their roles as the binder. A mix design
methodology is applied for this purpose. The developed
composites are investigated in terms of their both fresh
and hardened states behaviour. A comparative study on
cement or calcium sulphate as binder is presented. The fol-
lowing conclusions can be drawn:

> A mix design methodology, originally developed
for concrete mix design, is employed; and several
mixes of gypsum/cement based composites with
light-weight aggregates are designed using different
distribution moduli g;

> The fresh behaviour of these mixes is investigated.
An effective maximum superplasticizer dosage is
found; beyond this maximum value the flowability
remains constant when the SP content is further
increased.

> The density as well as the void fraction of the
developed composite in its hardened state is studied
by both modelling and experiments; a relation
between the void fraction and the density is found;

> The mechanical properties of the new composite
are investigated, a comparative study on strength
is performed on the composite and traditional
gypsum board; and the effect of the applied
distribution moduli on the strength is discussed;

> The thermal physical properties of the new
composite are investigated. The effect of the used
distribution moduli is analyzed; a link between
the density and the thermal properties is derived;

> Composite produced using B-hemihydrate as
binder has similar characteristics as the present
CLC; for example, their porosity, compressive
strength and thermal conductivity follow similar
rules as density; this indicates an ample room
for the application of calcium sulphate as binder
to produce load bearing composites to replace
concrete in some extent. <
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HacbleHnA GUIbTpanys Boabl B LWA mponcxogut faxe
6oree 9¢HeKTNBHO, OHAKO CYIIECTBYET TAKXKe BEPOST-
HOCTb TOT'0, 4TO CO3JaHIe BAKYyMHOII Cpefibl paspylIa-
eT BHEIIHVe 000/I0YKY I'PAaHYII 3aII0JIHUTEI S, OTKPbIBas
3aKpBIThIE NPEXK/[ie ITOPhl 1 MOBLIIIAA peabHOe 3Haye-
HIe TIOPUCTOCTH.

V3MepeHHas 110 BOJIONIPOHUIIAEMOCTY TIOPUCTOCTD
uMeeT O/1M3KMe 3HAUCHNU /151 IBYX CAMOYIUIOTHAIONIVX-
Cs1 KOMITIO3UTOB — B cpefiHeM 34,31 un 34,97% pna SCLC1
n SCLC2 coorBetrcTtBenHO; gt VCLC 3HaueHme HECKOTb-
KO HIDKe, B cpegHeM 30,65%, (Tabm. 7). Tem He meHee
BCe 3HAYEHMs IOPUCTOCTY, U3SMEPEHHON IO BOIOIPO-
HUIIAeMOCTH, MEeHbIIIe, YeM COOTBETCTBYIOLME pacyeT-
Hble 3HaYeHN, IpMBeeHHble B TA0I. 6. DTO YKa3bIBaeT
Ha TO, 4YTO HEKOTOPBIE IIOPBI B MCIONb30BaBIIMXCA LWA
3aKpBITHI U Yepe3 HUX HEBO3MOXKHA UIBTPALS BOJBL.

B Ta611. 6 mokasano, yro SCLC1 n SCLC2 nMeroT
6/113K11e 110 3HAUEHIIO BE/IMIIHBI IIOPUCTOCTY LIEMEHTHO-
IO TeCTa, [0 IpUYMHe ONMMU3KMUX 3HaYeHMit B/L] 3Tux gByx
cMeceil, B TO BpeMs Kak o0Ijas pacyeTHas IIOPUCTOCTD
y SCLCI Bbiwte, yem y SCLC2. OpHako onpejieIHHbIE 9KC-
IIepUMEeHTA/IbHO 3HAYEeHN I IIOPUCTOCTH IO BOJOIIPOHM-
IjaeMOCTH y HUX 6mm3ku. Kak Mo>xHO BueTh 13 Ta0II. 4,
B cmecu SCLCI ucnonbsoBano 82,90 xm®> LWA pasme-
pom 0,25-0,5MM, a B cmecu SCLC2 ata dpakius LWA
He UCIO/Ib3yeTCs; mpu 9ToM B 06e cmecu SCLC BBoguTCs
IpUMepPHO paBHOE KomdecTBO ppakuyit LWA 0,5-1 MM
u 1-2 MM. 9T0 03HauaeT, yTo LWA pasmepom 0,25-0,5 MM
ABJIAETCA B IOCTATOYHOI Mepe BOJOHEIIPOHNUIIAeMbIM, TaK
KaK IIOPbI BHYTPYU 3TUX YaCTUI, B OCHOBHOM OCTAIOTCS 3a-
KPBITBIMIY, YTO XOPOIIO COITACYeTCA C HU3KMM 3HaUYeHM-
eM Bogonornouenns gt SCLCI [6]. Ilpyras BosMo>KHas
IpUYMHA CBsA3aHA C 60JIee 3HAUNTETbHBIM KOTUIECTBOM
LWA pasmepom 0,1-0,3 mm B cmecn SCLC2. Pazmepst
vyacTuy ¢ppakuyy LWA 0,1-0,3 MM oyeHb Mansl (40% 13
HUX VIMEIOT pa3Mep MeHee 125 MKp), 4To obecrieyyuBaer
6o71bllle BO3MOXXHOCTEI! /151 06pa3oBaHUs BHYTPEHHUX
CBA3€l1 B LIeMEHTHOI MaTpule.

3HaveHMe NMOPUCTOCTY, MSMEPEHHOI 110 BOJO-
nponutaemocty, ansa VCLC ABnseTcs HayMEHbIINM
IJIsI TPeX CMecell, YTO TaKXKe MOXKHO OOBSICHUTD CO-
craBoMm cmecu. Kak mokasano B tabn. 4, B VCLC nc-
II07Ib30BaHbI TONMBKO ¢pakuyuy LWA 6ojee KpymHOro
pasmepa — 1-2MM u 2-4MMm. IloaToMy BO3MOXXHOCTHU
I/ BHYTPEeHHeN CBA3M MEX[y JacTUIlaMM 3aMeTHO
cHIDKeHBbl. KpoMe Toro, ¢puibrpanns Bofbl 3aTpyaHeHa
13-3a HM3KOJ KaIW/UIAPHON IOPUCTOCTU IIeMEHTHOTO
kaMHs (Ta6m. 6).

3.1.3 MexaHuueckue nokazamesnu

Ha puc. 11 nokasaHa 3aBUCUMOCTb IPOYHOCTHU
LWA npn oxatuu u usrube ot BpeMeHu. Bece Tpu cme-
CU HaOMPaIOT MPOYHOCTb HOCTATOYHO ObIcTpO. IIpod-
HocTb npu cxatuy SCLCI n SCLC2 Ha mepBble CyTKU
COCTaBJIAET COOTBETCTBEHHO 58,8 1 57,1% oT 28-cyTou-
HOI1, B TO BpeMsA KaK IPO4YHOCTb npu cxatuy VCLC Ha
IepBble CYTKM JOCTUTAeT Jaxke 74,5% OT ee 3HaUYEeHUA
B BO3pacTe 28 CyT.
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IIpoYHOCTD IpU CKATUM BCEX TPeX COCTABOB
JOCTHUraeT MaKCHMAabHOTO 3HAUEHUs yXKe Ha 7-e CYT.
(puc. 11a). 1o nonTBepXKHaercs B pabore [17], roe 6bun
3aVKCMPOBAHBI AHATIOTMIHBIE PE3Y/IBTATHI TP MCIIOIb-
30BaHMM CXOHOTO II0 CTPYKTYPE 3alIONHUTENS] — HEeHO-
cTeKsIa. B HacTosmIelt paboTe IpefCTaBIeHO CpaBHEHNE
[AaHHBIX [10 HAOOPY IIPOYHOCTU GETOHAMM, U3TOTOB/IEH-
HBIMM Ha JIETKMX 3a[OTHUTESIX pa3Horo tuma (puc. 12).

JIerko 3aMeTUTD, 4TO XOTsI OE€TOHBI M3TOTAB/IMBA-
I0TCSI Ha PasHbIX HAIIOTHUTENSX, OHM HAOMPAIOT HPOY-
HOCTb OIHAKOBO PaHO, OCOOEHHO KOTZa IPOYHOCTD
IIpY CKaTuu B Bo3pacte 28 cyT. He mpesbinaet 30 H/mm?.
970 MOXeT OBITH CBA3AHO ¢ BausHMeM LWA, T.e. mpou-
HOCTb IIPU CKATHM JIETKMX KOMIIO3/TOB B IIEPBYIO OYe-
penb onpefieNAeTCsa IPOYHOCTHIO UCTIONb3yeMbIX 3aI107-
HUTesIell, a He IPOYHOCTDIO IIeMEeHTHOTO KaMHsA. Takoe
IpeIIoNoXKeHNe TaKKe MIOATBEPK/JaeTCA pe3ybTaTaMy
u3MepeHuil mpouHocTy npu usrnube (puc. 11b). Jlerko
3aMETUTb, YTO IIPOYHOCTH NP U3TUbE AJIs TPeX MUCCIIe-
IyeMBIX COCTABOB IIOCTOSIHHO pacTeT B TedeHme 28 CyT.,
YTO YKa3bIBaeT Ha TO, YTO MPOLECC IUApaTALMU IPOSOTI-
YKaeTcsA Jake MOCIe NOCTVDKEHMA IIOCTOSHHOTO 3Hade-
HISA IPOYHOCTHU IPU CKATUIL.

3.1.4  Tennogusudeckue cgolicmea

Tenodusnveckne CBONCTBA SBIAITCI OC-
HOBHBIMM TIOKa3aTe/sIMI IIPU U3ydeHNM, paspaboTke
M IPUIMEHEH NN TeTKNX 6eTOHOB. /11 6eTOHa Ha JIeTKUX
3aII0/THUTE/ISAX XapaKTePHbI HU3KIE [OKA3aTe/I! TEIlIo-
[IPOBOAHOCTM U IUIOTHOCTY, Ha KOTOPbIE OKAa3bIBAET
B/IMSIHYS TIOPUCTAsi CTPYKTypa — CUCTEMa COCTOSIIAs
U3 IleMEeHTHOI MaTpPUIbl, 3a[I0/IHITENell ¥ BO3AYIIHBIX
op [15].

TenmonpoBogHOCTD TPeX paspaboTaHHBIX cMecel
OblyIa M3MepeHa C MTOMOII[bIO TPOMBIIIIEHHOTO aHa/TN3a-
topa rernonepenadu (ISOMET, monens 2104). Jns ato-
ro 06pasIbl CHavasIa BRICYIMMBaNUCh B rreun mpu 105 °C
10 TOCTV>KEHM A TIOCTOSHHO MacChl, a 3aTeM OXJ/IaXK/ia-
JIMCh 10 KOMHATHON TeMIlepaTypbl. CpefiHUe pe3ynbTa-
TBI IIPUBEJCHEI B Ta0I. 8.

3.2  CpaBHUTeNbHOEe NccnegoBaHme
3.2.1 BodonompebHocms

Omnpepenenne BOLONOTPEeOHOCTN CYyXOil cMech
SIBISIETCST KIIIOYEBBIM IpU MOf00pe cocTaBa 6E€TOHHOI
cMecy, 0cobeHHO caMoyIuToTHAomelics [11]. Bogomo-
TpeOHOCTb KaK -MONMyruapara, Tak ¥ LleMeHTa MOX-
HO OIIpefie/INTDb C MMOMOIIbI0 MIHM-TECTA Ha pacTeKae-
MocTb. Vccnenyemblit f-IOMYTUAPAT MMeeT 3HAYUTETBHO
60JIBIIYIO BOZOIOTPEOHOCTD IO CPAaBHEHUIO C LIeMEH-
toMm CEM I 52.5, 4TO 00'bsACHsAETCA 3aMETHON pasHU-
Ieil ¥X yHeMbHBIX IIONaJieil IOBePXHOCTH (I/IOLanb
HOBepXHOCTH B-HONMyIUApaTa, pacIMTaHHAS 110 TEOPUU
BAT — 7,5 M?*/r, CEM 1 52.5 N — 0,9 m?*/1). Bonee BbIcO-
Kas BOJONOTPeOHOCTb B-IONMyruppara MpUBORNT K 3a-
METHBIM Pas/INyuuAM B IIOKa3aTe/IsAX eTKMX KOMIIO3UTOB
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Puc. 15. 3aBucnmocTb TennonposogHocTn SGLC n CLC
OT MNOTHOCTM

Ha ocHoBe cynbgara kanpuusa (SGLC) un Ha ocHOBe Iie-
MenTa (CLC).

3.2.2 [lnomHocme u nopucmocme

Ha puc. 13 nokasaHa 3aBUCUMOCTb IIOPUCTOCTHU
SGLC 1 CLC ot mnotHocTH. O4eBUHO, YTO IIOPUCTOCTD
u 110THOCTh Kak SGLC, Tak u CLC nogumHSIOTCA Of-
HOMY U TOMY K€ 3aKOHY, XOTs 3HaYeHMS [ KaXK/[OTO
MaTepuasa jie)kaT B PasHbIX AMala3oHaX. ITO MOXKHO
OO'BSACHUTD TEM, UTO JAJIsI IPUTOTOBIEHNUs CMeCeNl Mc-
II0/Ib30BAJICA OfMH M TOT YK€ METOJ] ¥ TOT >Ke CaMbIi
JIETKMII 3aIIOJTHUTENID.

3.2.3 [lpo4HOCM®b U NIOMHOCMb

Ha puc. 14 nokasaHa 3aBUCUMOCTb IIPOYHOCTU
npu oxatuy ot mnorHoctn SGLC u CLC. VMHTepecHo,
YTO 9TV iBa KOMIIO3UTA MMEIOT OJMIHAKOBBII XapaKTep
9KCIIOHEHIIMaIbHON 3aBUCUMOCTY IPOYHOCTHU IIPK CKa-
TUYM OT IUVIOTHOCTU. DTO HaOMIOffeHMe MIPEeLCTaBIsIeTCs
OYeHb /MI0OOMBITHBIM, TAK KaK OTCIOfia CIefyeT BBIBOJ,
4r0 SGLC MOXeT MMeTb 3HAUUTENbHO O0jIee BHICOKYIO
IIPOYHOCTD IIPU CHIDKEHUM €T0 IOPUCTOCTU. DTO O3HA-
JaeT HeOOXOAMMOCTh COOTBETCTBYIOLINX MICCTIEJOBAHNIA,
BKJII0Yast TO60p 607Iee ONTUMATBHOTO KOIMYeCTBA BBO-
pumoro CIT.

3.2.4 TennonposoOHOCMb U NIOMHOCMb

Ha puc. 15 nmoxasaHO COOTHOLIEHNE MEXJY Te-
nnonpoBofHOCThIO U TnoTHOCTbI0O SGLC 1 CLC. Tloka-
3aHO, YTO MEX/[Y 9TVMU [OKA3aTe/IAMU [/1s1 000X KOM-
HO3UTOB COXPaHAETCA SKCIOHEH[Ma/IbHAS 3aBUCUMOCTb.
Tem He MeHee pas3nM4MsA IO CPABHEHMIO C 3aBUCUMO-
CTDBIO IOPUCTOCTY, IPOYHOCTH Y IIOTHOCTY CTAHOBATCA
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3aMeTHee, YTO COoIyacyercs ¢ KoapduumeHTaMu Kop-
pensanuu, IpuBefeHHbIMI Ha puUC. 6 (cM. Nel (33), 2014)
u puc. 15. 9To TaxxKe MOATBEP>K/JaeT BEIBOADI, C/Ie/TAHHbIE
B IIPeBIAYIUX Pa3fesnax O CJIOKHON CBSI3Y TeNIONpO-
BOJIHOCTY HE TOJIBKO C IJIOTHOCTBIO, HO ¥ CO MHOTMMM
apyruMu GpakTopaMun.

3.2.5 O6cyxoeHue

B mpemsiymux pasgenax mnoxasarenn paspabo-
TaHHBIX cocTaBoB SGLC (Ha ocHOBe -monyruppara)
n CLC (Ha 0CHOBe 1leMeHTa) UCCTIEOBANICh Ha PAHHNUX
U II03HUX CTAJVSIX TBEPHEHNs. VI3MepsAINCh IIOTHOCTb,
HOPUCTOCTD, IPOYHOCTD ¥ TEIUIOIPOBOJHOCTb.

Pesy/ibTaThl MPOJIEMOHCTPUPOBAIN, ITO, HECMO-
TPsI Ha SIBHbIE PA3/INYMsI MEX[Y UCIIO/Ib30BAHHBIMU BsI-
XYMy, S-nonyruppatoM u rementom, B SGLC u CLC
iBa KOMIIO3UTa MMEIOT HOCTATOYHO OIM3KMe XapakKTe-
PUCTUKM 3aBUCUMOCTH IUIOTHOCTH, ITOPUCTOCTH, IIPOY-
HOCTH ¥ TEIJIONIPOBOJHOCTH. DTOT BBIBOZ CTa/ OCHO-
BOJI [/Is MAeY IpUMeHeHNs -TI0yTUpaTa B KayeCcTBe
BSDKYILETO IPU IIPOU3BOACTBE BHICOKOIIPOYHBIX KOM-
[IO3UTOB JIs1 YACTUIHONM 3aMeHbl O€TOHA, HAIIpUMep
B Ka4eCTBe MaTepuasa [l BHYTPEHHUX HECYIUX KOH-
crpykuuit. OfHaKo, Kak 00CyX/jaoch paHee, 60mbIIas
HOPUCTOCTh KOMIIO3UTA, BBI3BAHHASI BBICOKOII BOJIOIIO-
TpebOHOCTDIO B-IIONTyTUIpaTa OCTaeTCsA IPOOIeMOil, Tpe-
OyrolLeil peleHns.

BbiBogbl

Hacrosmas cTaTbs NocBAILeHa CO3AHNIO JIETKIX
KOMIIO3UTOB Ha OCHOBE IIeMEHTAa U Ha OCHOBE IOJIYTH-
Iparta cynbdara Kanblus A1d 6ojee IITyOOKOro MOHU-
MaHIs MX POIU B KaueCTBe BsDKYIUX. [IJIst 9TO 1ienn
[IPUMEHSIACh METOLOIOTUS MOK6opa COCTaBa CMECH.
VlccrmenoBaHo moBefieHMe pa3spaboTaHHBIX KOMIIO3UTOB
B BUJI€ PACTBOPHOIT CMeCHU 1 3aTBePeBIINX 06PasIoB.
IpencraBiieHO CpaBHNUTEIBHOE MCCIIEOBAHIE VICIIOTIb-
30BaHMsI EMEHTa WK Cynbdara KaabLiMsi B KA4eCTBE
BSDKYy1Iero. MOXKHO CHie/IaTh CIefyIOliie BEIBOIBL:

> Vcnionp3oBaHa MeTOJONOTHSA CO3JAHUSA CMECH,
U3HAYalbHO paspaboTaHHAs AJIA NPOU3BOACTBA
06b1uHOIT 6eToHHOI cMecu. C IpuMeHeHeM pas-
JIMYHBIX MORYJIEN pacIpefie/ieHus § pa3paboTaHbl
HEeCKOJ/IBKO COCTaBOB JIETKMX KOMIO3UTOB Ha OC-
HOBe I'MIICa U LIeMeHTa.

> VlccnemoBaHo moBeieHIe MaHHBIX CMeCell B BUie
pactBopHoOIT cMecu. Haiinena apdexruBHas Mak-
CUMaJbHasA O3MPOBKA CyHepInacTUduUKaTopa;
IIpY MPEBBIIIEHNN 3TOTO 3HAUYeHM Jla/lbHejilee
yBenudenue cogep>kanusa CII He BnusAeT Ha 1of-
BIDKHOCTD CMECHL.

> C moMompo pacyeTHOTO MOJENMPOBAHNA U ITPaK-
TUYECKMX OIIBITOB UCC/IEOBAHDI IITIOTHOCTD U MO~
PUCTOCTD Pa3pabOTaHHOTO KOMIIO3UTA; HallieHa
3aBYICHMOCTD MEXY HUMI.

> MccnenoBaHbl MeXaHMYeCKMe MOKa3aTenn HO-
BOTO KOMIIO3MTa, BBIIIOJIHEHO CPaBHUTETbHOE
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UCCNIeoBaHMe IIPOYHOCTU KOMIIO3UTA U TPajiu-
L[MOHHOTO T'MIICOKAPTOHA, OOCYX/IeHO BIUsAHUE
IpUMEHsIeMBIX MOAY/IEN pacIpefie/leHns Ha IPod-
HOCTbD.

> VccnenoBaHbl Ternodusnyecke cBOMCTBa HO-
BOTO KOMITI03UTA. [IpOaHaMN3NPOBAHO BIUAHUE
[pUMEHsIeMbIX MOJYJIell paclpeeneHnss; ycra-
HOBJIEHA CBA3b MEXJY IUIOTHOCTBIO U TeIiodu-
3MYECKMMU CBOICTBAMIL.

> KoM1103uT, mony4yeHHbIiT ¢ IpUMeHeHUeM [3-110Ny-
rUpara B KauecTBe BSDKYILETO, MMeeT XapaKTe-
PUCTVKY, O/IM3KMe K OOBIYHOMY OETOHY; B YacT-
HOCTY, MX HOPUCTOCTD, IIPOYHOCTD IIPU CXKATUA
U TEIIONPOBOZHOCTh HOUMHAIOTCA TeM JKe 3a-
KOHOMEPHOCTSIM, 4TO U IVIOTHOCTD; 9TO YKas3bl-
BaeT Ha BO3MOXXHOCTb IIPMMEHEeHM A CynbdaTta
KaJIbIIVA B Ka4eCTBe BSXKYILIErO IPY IIPOU3BOJ-
CTBe KOMIIO3UTOB J/Is1 HECYIUX KOHCTPYKIMIL,
KOTOpbIe MOTYT B OIPe/e/IeHHOI CTelleHN 3aMe-
HUTD U3fenus u3 6eToHa. <
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