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Abstract

This article addresses the design of lightweight ag-
gregates composites applying different materials (calcium
sulphate hemihydrate and cement) as binder. A moderate
strength and an excellent thermal conductivity of the light-
weight composites are set as the design targets. The designed
lightweight aggregates composites are targeted to be used
in monolithic facade structure, performing as both load bear-
ing element and thermal insulator. The mixtures are designed
based on the insight that superior properties of a granular mix
are achieved when a so-called geometric grading line is de-
signed and obtained, applying a model known as the modi-
fied Andreasen and Andersen model. The properties of the
obtained composites in both fresh and hardened states are
investigated. Subsequently, a comparative study on calcium
sulphate system and cement as binders is performed.

Key words: lightweight aggregates composites;
CaSO4H,0 system; cement; porosity; density; mechani-
cal properties; thermal physical properties.

Introduction

The history of lightweight aggregates concrete dates
back over 3,000 years ago. Because of its many advantages
such as low density, good thermal insulation and fire re-
sistance, lightweight concrete has been widely applied as
both structural and nonstructural material. Nevertheless,
the available literature shows a great variation regarding
both mechanical and thermal properties, indicating the
effect of the used materials and mix design method. In
addition, the majority of the research focused on either to
obtain a lightweight concrete as structural material with
only good strength or as nonstructural material with only
low thermal conductivity. Hence, extra insulation mate-
rials or load bearing elements are needed. On the other
hand, cement is a highly energy-intensive material and
great amounts of CO, are emitted during its production
process. Nevertheless, it is very difficult to reduce this
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AHHOTaUMA

B crarbe paccMaTpuBaeTcs og60p cocTaBa KOM-
MO3MTOB Ha JIETKMX 3allOHUTENAX C VCIIOAb30BaHMEM
B Ka4ecTBe BSDKYIUX BYX MaTepuasos (MOTyrumpara
cynbdara KaapLus 1 neMeHTa). PaspaboraHHble KOMIIO-
3UTHI HA JIETKUX 3AIOTHNUTE/ISIX C YMEPEHHON IIPOYHO-
CTBIO ¥ OT/IYHOJ TEIIONPOBOJHOCTDIO IIpeHa3HAYeHbI
IJIS1 ICTIO/IBb30BaHMS B MOHOMMTHBIX (DacagHBIX KOH-
CTPYKLMAX B Ka4eCTBEe HECYIINX 3/IEMEHTOB, OJHOBpE-
MEHHO BBIIIOJTHSIONIVX TEIION30/IALMOHHbIe (PYHKI[MIL.
Mertopuka mogbopa cocTaBa cMeceil OCHOBBIBAETCA Ha I10-
HUMaHNH TOTO, YTO HAVM/IYYIIIVe [TOKA3aTeN 3epPHICTO
cMecu 00ecIednBaIOTCsI, KOT[A IIPOEKTUPYETCS U peati-
3yeTcsl TaK Has3bIBaeMOe reOMeTPIIeCcKOe paclipeseneHe
II0 pa3MepaM YacTHL] BCeX TBEPHbIX KOMIIOHEHTOB CMeCH
C IpUMeHEeHNEeM MOJeNH, N3BECTHO KaK MOZU(UImpo-
BaHHafA MofienTb AHfipeaceHa 1 AHjepceHa. VccmenoBaHbl
CBOJICTBA [O/Ty Y€HHBIX KOMIIO3UTOB B BII/I€ PACTBOPHOII
cMecHu U pactBopa. [IpuBoguTCsa CpaBHUTEIBHOE UCCIIe-
IZOBaHIE CUCTEM C UCIIONb30BaHMEM CyIbdara KanbLus
U [[eMEHTa B KaueCTBe BSDKYIUX.

Knrouesvie cnosa: xomnosumol Ha ne2Kux 3anosn-
numensax; cucmema CaSO,H,O; yemenm; nopucmocmo;
NJI0MHOCMYb; MexaHuvecKue C0Licmed; meniopusute-
CKue ceoticmaa.

BBepeHne

Victopus 6eToHa Ha IETKVX 3aHOTHUTE/IAX HACYM-
ThiBaet 6osee 3000 net. Brarogapst cBOMM MHOTOYMCTIEH-
HBIM IIPEUMYIeCTBAM, B TOM YMC/I€ HU3KOM IIJIOTHOCTH,
XOpolIel! TeIION30JIALNI M OTHECTONKOCTH, JIETKIIT Oe-
TOH HIMPOKO MPUMEHAETCA B HECYIIUX M CAMOHEeCYIINX
KOHCTPYKIIUAX. TeM He MeHee B TUTepaType OTMeYaloT-
Cs1 3HAUMUTEJIbHBIE PAa3INYMA B MEXaHUYECKUX U TEIJIO-
BBIX CBOJICTBAX, a TaK)Xe MX 3aBMCHMOCTb OT MCIOJIb-
3yeMbIX MaTepMaIoB ¥ MeTOJa IPUTOTOBIEHNA CMECHU.
Kpome Toro, 60/bIIMHCTBO UCCTIEOBAHNIT TTIOCBALICHO

12.03.2014 13:29:14



negative impact since about 90% of the energy needed for
concrete production is spent in the cement production [1].

Hence, the question arises whether it is possible
to use other materials to replace cement as binders, and
the answer is positive, for instance the CaSO,H,O (cal-
cium sulphate) system. Most calcium sulphate systems
are characterized by three solid phases, depending on the
stoichiometric amount of the crystallized water: calcium
sulphate dihydrate CaSO,-2H,O (also called gypsum), cal-
cium sulphate hemihydrate CaSO,-0.5H,O (including the
a- and B-types) and calcium sulphate anhydrite CaSO; [2].
Gypsum plaster (calcium sulphate hemihydrate in S-type)
was already used in Egyptian pyramids at least 4,000 years
ago [3], and is still extensively applied in buildings along
with other cementitious materials such as cement and
lime. Gypsum plasterboard, produced from hemihydrate,
is widely used for interior walls or ceilings because of its
easy fabrication feature, environmental friendliness, good
fire resistance, aesthetics, and low price, etc.

The present research aims at the development
of a sustainable lightweight composite with a good bal-
ance between the mechanical properties and the thermal
properties. This design concept indicates that a monolith-
ic structure will be in reach. The monolithic composite
structure concept leads to the following advantages: 1) cost
saving, due to the exemption of extra insulation instal-
lations; 2) provides architects and structural engineers
with more flexibility for the building design; 3) sustain-
ability, as waste materials or industrial by-products are
used as raw materials and the monolithic structure will
ensure a relatively easy maintenance requirement and it
is much easier to recycle. Calcium sulphate hemihydrate
and cement are separately used as binders in the designed
composites to study their effect. The properties of the de-
veloped composites under both fresh and hardened states
are investigated and compared. A comparison on calcium
sulphate hemihydrate and cement as binders is performed.

Mix design methodology

The lightweight aggregates composites (LWAC) are
designed applying an innovative mix design method pre-
sented in [4]. This mix design tool is based on the insight
that superior properties of a granular mix are achieved
when a so-called geometric grading line is designed and
obtained, i. e. the ratios of particle sizes and the ratios
of pertaining quantities are constants. In case of contin-
uous distributions, the cumulative finer fraction of the
entire mix, also known as the modified Andreasen and
Andersen model [5], reads:

D —Df
P(D)=— 0

where P(D) is a fraction of the total solids being
smaller than size D, D is the particle size (um), Doy and
D,in are the largest and smallest particle size (um), re-
spectively, in the mix, and q is the distribution modulus.

This particle packing principle insight has been
transformed into a numerical mix design, in which all

IIPOM3BOLCTBY JIETKOTO 6€TOHA B Ka4ecTBe MaTepuara Jiis
HeCYLIX KOHCTPYKIMIt, 06/1aJal0IIero MNIIb XOPOLIelt
IPOYHOCTBIO, 1160 MaTeprana [ijisi CAMOHECYIINX KOH-
CTPYKILMIL, 00/1aflalolero TOMIbKO HU3KOI TeIJIONPOBO-
RHOCTBIO. 10 9TOJ MpUYMHE CYLIeCTBYET MOTPeOHOCTD
B CO3[JaHUY HOBBIX MaTe€pPUaJIOB, KOTOPbIE MOTYT UCIONb-
30BaTbCs OIS U3OMALMM B HECYIIMX 3/IeMEHTaX KOH-
crpykumnit. C pyroii CTOPOHBI, I[eMeHT MeeT BBICOKYIO
9HEProeMKOCTb, @ KpOMe TOTO, IIPU €r0 IPON3BOLCTBE
BbiftensieTcs: 6onpiioe konudectBo CO,. CHUSUTD 3TOT
OTpuLATeIbHBIN 9P (EKT OUeHDb CIOXKHO, TaK KaK OKOJIO
90% sHepropecypcoB, HeOOXOAVMMBIX J/IS IPOM3BOLCTBA
OeToHa, MJIeT Ha IPOM3BOJICTBO IleMeHTa [1].

B cBs3M ¢ 3TUM BO3HUKAaeT BOIPOC: MOXKHO /I
BMeCTO IIeMEeHTa ICIIONIb30BATh B Ka4eCTBe BKYILETO Be-
mjecTBa Apyrye Marepuasnbl? OTBeT MOOXKNUTENTbHBIIL: 3TO
cucrema CaSO4H,O (cynbdar kanbuus). BoapmnHcTBO
cucreM cynbdaTa Kabliysi XapaKTepu3yeTcst TpeMs TBep-
mbiMy pasaMu B 3aBUCUMOCTH OT CTEXMOMETPUIECKOTO
KO/IMYeCTBA KPUCTA/INYECKOI BOJbL: JUTHAPAT Cy/Ibdara
kanpuusa CaSO42H,0 (Takske M3BECTHBIN KaK IUIIC), T10-
nyruppat cynbgara kampuus CaS04-0,5H,0 (Bmouas
- u 3-tunel) u 6e3BopHbI Cynbdar Kambuys CaSOy [2].
I'mricoBslit pacTBOp (MOMYyrMapar Cynbgara KamabLiys
f-TUIa) IPUMEHSIICS YXKe IIPU CTPOUTENbCTBE eIUIIeT-
cKux nupamup okono 4000 et Hasax [3] u mpogomkaeT
MHTEHCHBHO UCIIOTI30BATHCS B CTPOUTEBCTBE 3AHNIA
BMeCTe C APYTVMU BSDKYIUMU MaTepuasaMm, TAKMMI
KaK L[eMeHT U ¥3BeCTb. [ MIICOKapTOH, M3rOTaB/IMBaeMblil
M3 HOMyTUApATa, INPOKO HPUMEHSIETCS ISl BHYTpPeH-
HUX CT€H U MMOTOJIKOB Orarofapsi IpoCToTe IIPON3BOJ-
CTBa, 9KOJIOTMYECKOI 6e30IaCHOCTI, OTHECTOMKOCTH,
9CTeTUKE, HU3KOIM CTOMMOCTU U T.1I.

Llenbio HACTOSIIIIETO MCCIEOBAHNS SIB/ISETCS pas-
paboTKa CTabM/IbHOTO JIErKOTO KOMIIO3UTHOTO MaTepua-
J1a ¢ XOpounM 6aTaHCOM MEXaHNIECKUX U TEIION30TISI-
LMIOHHBIX CBOVCTB. TaKast KOHL[ENVsI IIPeyCMaTpUBaeT
BO3MOYKHOCTD MCIIO/Ib30BAHMSI MaTepyana B MOHOUTHOI
KOHCTPYKIuy. KOHIIENIsi MOHONMVMTHON KOMIIO3UTHOI
CTPYKTYPBI IMeET C/IeAyOLIye IPENMYLIeCTBa: 1) 9KOHO-
MU Marepuaja 6arogapsi OTCYTCTBUIO SOIIOTHUTEb-
HOII U307 UY; 2) pasHOOOpasne IMIPOEKTHBIX PelIeHNMIT
JULS1 apXUTEKTOPOB M KOHCTPYKTOPOB IIPY ITAHMPOBKE
3maHus; 3) 9KOJIOTMYHOCTD, TaK KaK B KAYECTBE ChIPhS
[PUMEHSIOTCS OTXOfbI M/IM TIOOOYHBIE TIPOLYKTHI IIPO-
MBIIIJIEHHOCTH, @ MOHO/IUTHAST KOHCTPYKIUS OTHOCH-
TEIBHO IPOCTA B OOCTY)XMBAHNU U MOXeT OBITH JIETKO
nepepaboTaHa MOC/Ie UCIIONIb30BAHNA. []/IsI M3y YeHN s VH-
IMBMYaIbHOTO BIMSHUS HOTYTUAPAT CY/Ib(aTa KaJbLus
U eMEHT NPUMEHSINCH B Pa3pabOTaHHBIX KOMIIO3UTAX
B KadecTBe BSUKYIUX 110 OTAenbHOCTH. [IpoBefieHo mcce-
[IOBaHME U CPaBHEHVE CBOVICTB PaspabOTaAHHBIX KOMIIO-
3UTOB B BU/I€ PACTBOPHOI CMECH 1 PacTBOPA. BblonHeHo
CpaBHeHIe HOyTupara cyabdara Kaablus U [leMeHTa
B Ka4eCTBe BSIKYIINX.

MeTtoponorus noA6opa COCTaBa cmecun

Pa3zpaboTka KOMIIO3MTOB Ha JIETKMX 3aIO0JI-
Hurenax (LWAC) ocyijecTBaseTcsl ¢ MpUMeHeHeM
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Fig. 1. PSDs of the involved ingredients, the target line and the resulting integral grading line of the mix
Puc. 1. [paHynomeTpuyeckne KprBble KOMNOHEHTOB, 3afilaHHan ONTYMasibHasA KprBas

N NTOroBaA reomeTpmnyeckaa NMHUA rpaHyNnoOMeTpumn cmecun

mix ingredients, which all have their own particle size
distributions (PSD), are combined via a mathematical
optimization routine, i. e. the “target line” is approached
best. This results in improved hardened state properties
as well as an improved workability, since more water is
available to act as lubricant between the particles [4]. The
concept is to include all the solid particles in the mix-
ture grading, i. e. binder and other solids. It was reported
that a value of 0.37 for q in Equation 1 is for an optimal
packing of continuous particle distribution [6], which
was confirmed by [7]. Then it was further demonstrated
that theoretically a g value in the range of 0-0.28 would
result in an optimal packing [8]. Fig. 1 shows an example
of the mix design methodology. This mix design method-
ology has been already successfully applied for the design
of self-compacting concrete [9, 10], zero-slump concrete
[1, 11] and gypsum-based composites [12].

Density is nevertheless strongly related with the
thermo-physical properties such as the thermal conduc-
tivity [12, 13]. Hence, the new composites developed ap-
plying this design concept will have an opposite effect, i. e.
the resulting thermal conductivity will increase as the void
content is minimized. However, a low thermal conductivity
is one desired objective here, which hence will be achieved
by applying a lightweight material as aggregates (LWA).

The water absorption of LWA is an influential factor
in the lightweight aggregates composite design and pro-
duction, as the LWAs normally absorb a certain amount
of free water from the mixture before in its fresh state.
It is shown that the water absorption of LWAs has a neg-
ative influence on the workability, if mixing them with
other materials under dry conditions prior to adding wa-
ter [12, 14-16]. However, this negative effect depends not
only on the amount of the lightweight aggregates used, but
also significantly on their type and production process.
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MHHOBAI[MOHHOTO MeTORa Mopbopa cocTaBa CMeCH,
IpeACTaBIeHHOrO B [4]. [laHHBII MHCTPYMEHT OCHOBAH
Ha IPEAINOIOKEHN, YTO HAWIYYIIye IT0OKa3aTeln 3ep-
HICTOJL cMecH 00eCIIeunBaITCs, KOIZA IPOEKTUPYETCs
U peajnsyercsl TaK Ha3bIBaeMOe TeOMeTpUdIecKoe pac-
Ipefie/ieHNe 10 pa3MepaM YacTHI] BCEX TBEPABIX KOMIIO-
HeHTOB cMecy. [Ipy HeltpepbIBHOM IPaHyIOMETPUYECKOM
COCTaBe COBOKYITHAs JONIA B cMecu PpaKLuy ¢ pasMepoM
Menble D, omuceiBaeMast MOEMGUIIMPOBAHHON MOJENbIO
AnppeaceHa u AufiepceHa [5], paBHAeTcA:

D" -Di.
D= <1>

rae P(D) — coBoOKyIHast [O/Is1 TBEPHOrO Bellje-
CTBa C YacTUIJaMM pa3sMepoM MeHblie D, D — pasmep
yactul, (MkM), Diax ¥ D iy — COOTBETCTBEHHO HaMOOIIb-
Mt M HAaMMEHBLINIT pa3Mep JacTury (Mkm) B cMecH, g —
MOJY/Ib pacIIpefie/IeHIsL.

Takoe NPMHIIUII YIIAKOBKM YaCTUI] IO3BOMIAET pac-
CYUTATh COCTAB CMECH, BCe KOMIIOHEHThI KOTOPOI1 OIN-
CBIBAIOTCSI COOCTBEHHBIMIU IPAHYIOMETPUUECKUMI KPH-
BBIMU ¥ 00'beJUHSIIOTCSI IIOCPEACTBOM MATEMATIUIECKOIT
ONTMMM3ALNY, JOCTUTAST HAMIYYIIETOo NPUOIVKeHN
K 3a/JaHHOII O TUMa/IbHOI KpuBoit. [Tofo6HbIe pacyeTsl
II03BOJIAIOT KpOMe IIOKa3aTeslell MaTepuaa B 3aTBepyeB-
IIeM COCTOSHMI, TaK)Ke yIY4IIaTh ero yo60yKiIajbiBa-
eMOCTb, TaK KaK B KayeCTBe CMa3KU CIIOCOOHO BBICTY-
IUTh 6OJbIIEe KOMUIECTBO Boabl [4]. Vmesa cocrout B
TOM, YTOOBbI YYUTHIBATH PasMepbl BCEX TBEPABIX YaCTHUII,
BXO[AIINX B COCTaB CMECH, T.e. BSXKYIETO U JPYIUX
TBEPHBIX BeleCTB. [/ ONTMMaIbHOI YIIAKOBKY YaCTHII
IIpY MX HENPephbIBHOM pacHpefie/IeHN) M0 pasMepaM
B ypaBHeHun 1 6110 onpezneneHo [6], a 3aTeM u HOfA-
TBep>xeHo [7] sHadeHnme g = 0,37. [Janee 66110 JOKa3aHO,
YTO TeOpeTHYeCK] ONTHMANIbHYIO YKIAKY obecrednBa-
eT 3HaveHMe ¢ B guamnasoHe ot 0 go 0,28 [8]. Ha puc. 1
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There are two mixing methods that are widely used to ad-
dress this issue, i. e. either to presoak the LWA in water
for a certain period, usually 30 mins to 1 hr [14, 17], or to
add a certain amount of extra water which is calculated
normally based on 1-hour water absorption [16].

Both methods have disadvantages especially with
regard to the LWA used in the present study. The presoaked
LWA should be surface dried before mixing with other
materials for the concrete production. However, for the
lightweight aggregates used here, this could cause consider-
able technical problems and errors due to their very small
particle size. On the other hand, adding extra water from
the beginning of the mixing process could easily cause
segregation or bleeding in the mixture, especially in the
case of self-compacting lightweight mortar or concrete.

However, as already investigated in [4], the water
absorption of the LWA used in this study is quite low, es-
pecially in the first hour (approximately 1.0 wt. %), due to
their rather closed external surfaces (Fig. 2). Hence, the ap-
plied LWA will not affect the workability significantly, and
on the other hand, the absorbed free water will contribute
to the hydration process due to the so called internal cur-
ing effect [14, 17]. Therefore, in the present study, the LWA
are applied in dry conditions directly to the mixture and no
extra water is added. The properties of the used LWAs are
summarized in Table 1 and the microstructure is shown
in Fig. 2.

Therefore, by using cement or calcium sulphate
hemihydrate as binder, lightweight material as aggre-
gates and applying this mix design concept, the obtained
LWAC will have a compact matrix with a large amount
of non-interconnected pores. Theoretically this will lead
to obtaining sufficient mechanical properties as well as
good thermal insulation.

Results analysis: Calcium sulphate
hemihydrate as binder

Using the self-compacting concrete mix design
requirements given by [18] concerning the specification,
production and use, and [12] as references, a mix de-
sign procedure for self-compacting gypsum light-weight
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[IOKa3aH IIpYMep METOLOIOTHY ITI0F60pa COCTaBa CMECH.
[laHHas1 METOMKA YIKe YCIIELIHO IPUMEHIETCS /ISl pas-
paboTku caMoyIIoTHsIoIerocs 6eToHa [9, 10], kecTkoro
OeTOHa C Hy/IeBOIT OCafKoit KoHyca [1, 11] 1 KoMIo3nTOB
Ha ocHOBe Tuica [12].

Mexny TeM IUIOTHOCTb Marepuana B 3HAYM-
Te/IbHON CTENeHM CBsI3aHa C ero Termodu3ndecKnmMmn
CBOJICTBaMM, HAIIPUMEP C TEIIONPOBOZHOCTHIO [12, 13].
[TosTOMY HOBBlE KOMIIO3UTBI, pa3paboTaHHbIE C IPUMe-
HeHMeM KOHIEIIMY ONTYMATbHOTO IPAHYTIOMETPIYECKO-
ro cocraBa, 6ynyT ob6magaTs 06paTHEIM 3 eKToM, T. €.
II0 Mepe YMeHbIIeHM B HUX 00beMa IyCTOT ob1as Te-
IIONPOBOHOCTD CUCTEMbI OyieT YBemn4nBarbcs. B to
’Ke BpeMs OJHMM M3 >Ke/laeMbIX Pe3y/lIbTaTOB IaHHOTO
VICCTIeJOBAHNSA ABIAETCSA HM3Kas TETIONPOBOJHOCTD,
KoTopas OyIeT JOCTUIHYTA 3a CYeT IIPYMEHeHM I JIETKIX
sanonuureneir (LWA).

Boponornonienrie LWA — BaxHbIiT HaKkTOp , KO-
TOPBLII HEOOXOAMMO YYMTBIBATD IIPU HOAOOpPE UX COCTaBa
U IPOU3BOACTBE, TaK KaK NPy CMEIIMBAaHUU C Bofoit LWA
OOBIYHO MOTTIOIIAIT HEKOTOPOE ee Komn4uecTBo. JJoka-
3aHO, 4TO Bopomnornomenne LWA okasbiBaeT oTpuia-
TeJIbHOE BIIMAHME Ha YEOOOYK/IabIBaeMOCTD, €C/IN CMe-
IIVBATh UX C IPYTMMM KOMIIOHEHTaMI B CYXOM BHJE,
0 3aTBOpeHMsi BORoit [12, 14-16]. OgHAaKO 3TOT HETaTUB-
HBIIT 93¢ (GEKT 3aBUCUT He TONMBKO OT KOMYECTBA UCIIONb-
3yeMbIX LWA, HO 11 B 3Ha4MTETbHOM CTE€NIEHN OT MX TUIIA
U IIpoliecca U3TOTOB/IeHN . [I/1s1 peleHns 3Toro Bompoca
IIMPOKO UCIOJIb3YIOTCA 1B METOfIA — IIPe/iBApUTETbHOE
ysnaxuneHre LWA, o6br4no B Tedenve 30-60 muH [14, 17],
nu fo6aBIeHie HEKOTOPOTO M30bITOYHOTO KOMNYeCTBA
BOJIbI, KOTOPOE, KaK IIPAaBUJIO, PACCYNTBIBACTCS MCXO/ A
U3 aficopbuMM B TeUeHre OgHOro Jaca [16].

Ob6a MeToa MMEIOT CBOM HENOCTATKY, OCOOEHHO
B oTHomeHNy LWA, paccMaTpuBaeMbIX B HACTOAIEM KC-
cnegoBanuu. IIpy n3rotoBneHuy 6eToHa mepey CMelIn-
BaHMEM C IPYTYMU MaTepyanaMy IOBEPXHOCTD IIpefiBa-
PUTETBHO YBIa>KHeHHBIX LWA [o/>KHa OBITh BBICYILIIECHA.
B cnmydyae LWA 3To MOXeT BbI3BaTh 3HaUMTENbHbIE TeX-
HUYeCK1e MPoOIeMBbl ¥ OUIMOKY 10 IPUYMHE KpailHe
MAaJIoro pasMepa X 4actul. B cBow ouepenp, jobaBe-
HIe N36bITOYHOI BOTBI B HAYAJIE TIPOIIECCa CMEIIMBAHIIS
MOJKET JIETKO BbI3BAaTh pacC/IOeHMe UM BOJOOTHAENEeHN e

Fig. 2. SEM pictures of LWA:
a) open pores seen
from outside; b)
interconnected pores

Puc. 2. N306paxkeHne LWA
Ha COM: a) oTKpbITblE
nopbl (BUA cHapyxu); b)
B3aMMOCBsA3aHHbIe NOPbl
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Table 1. Physical properties of the used LWAs
Tabnuua 1. ®dusnyeckne ceoicTBa nccnegyembix LWA

Materials / size range, mm //
Matepwuansl, Arana3oH pasmMepos, MM

Bulk density, kg/m? //

LWA 0.25-0.5 300
LWA 0.5-1.0 350
LWA 1.0-2.0 220
LWA 2.0-4.0 190
LWA 4.0-8.0 170

composite (SGLC) is made [19]. A calcium sulphate hemi-
hydrate produced from the flue gas desulfurization (FGD)
gypsum is used as the raw material, taking sustainability
into account, since FGD gypsum is a by-product of the
process of desulfurization of combustion gases of fossil
fuels (coal, lignite, oil) in power stations [2]. Here, the
water demand of the solid ingredients of the designed
composite is determined by the mini-slump flow test
employing a Hagermann cone [20]. The dosage of super-
plasticizer [21] is determined based on the desired slump
flow value [19]. Several mixes developed using different
moduli g are presented in Table 2.

Fresh state behaviour analysis

The mini-slump flow test is used to investigate the
water demand on both powder and mortar level, i. e. the
water content at the onset of the flowing of the spread
samples. According to the standard EN 13454-2 (2004),
a flowable mortar and a highly plastic mortar based on
hemihydrate should have a slump flow not less than
190 mm and 130 mm, respectively, while from [18] the
slump flow of cement mortar should be between 240 and
260 mm. Here, using these two standards as references,
the slump flow value is set as 200-250 mm, which is shown
as a fair target value from the tests.

As discussed before, this design methodology tries
to minimize the water content in the mix due to the sig-
nificant effect it has on the properties of the designed
composite. The idea is to start from a water amount de-
termined by the mini-slump flow test, and then to mod-
ify it by incorporating the superplasticizer (SP) and by
adjusting the water content until the desired flow value
is achieved.

A new polycarboxylate (PCE) — based superplas-
ticizer specially designed for gypsum plasterboard pro-
duction is used here (GPV12, Sika). PCE-based disper-
sants are commonly used in concrete production, but
less for gypsum based materials. PCE has an effect of re-
tarding the setting, which has a significant effect on gyp-
sum board production, since compared to cement slurry,
gypsum setting occurs in a very short period [20]. The
new SP used here (GPV12) is developed by Sika [21] to
tackle this problem. The GPV12 is a transparent solution

Specific density, kg/m*//  Crushing resistance, N/mm? //
HacbinHaa nnoTHOCTb, Ki/M®  YaenbHasa naoTHOCTb, Ki/M?  TTpOYHOCTb Npu pa3aaBnmnsaHmnm, H/mm?

540 >29
450 > 2.6
350 >24
310 >22
300 >20

cMmecn, 0CObeHHO B c1y4dae CaMOYIIOTHAIOWETOCA JIeT-
KOro pacTBopa nin 6eToHa.

OpmHAKO MCCemOBaHMS TOKA3aJIi, YTO BOMOIO-
romenrie LWA ABIseTcS JOCTaTOYHO HU3KMUM, 0COOEH-
HO B TedeHMe IepBoro 4yaca (okomo 1,0% oT cobCTBeH-
HOTO Beca) II0 IMPUYMHE X OTHOCUTE/IBHO HEBBICOKO
oTKpbITOI opucroctu (puc. 2) [4]. [TosTromy npume-
Hsemble LWA He OKa3bIBAIOT 3HAYMTETbHOTO BIMSIHUS
Ha yroboykmanbiBaeMocTb. C IPyTroil CTOPOHBI, IOITIO-
IaeMasi CBOOOZHasI BOJa BHOCUT CBOJ BKJIaJ] B IIPOLIeCC
rUjpaTanyy Mo IpUYMHe TaK Ha3biBaeMoro addexra
BHYTPEHHeTO BblepXuBaHus [14, 17]. Takum o6pasom,
B HacTosAlleM uccnefosanuu LWA BBogsATcs Hemocpen-
CTBEHHO B CMeCh B CYXOM BIHfe, 6e3 Bo6aBieHms n3bol-
To4HOI1 Bofipl. CBoiicTBa LWA KpaTKo onmcaHbl B Ta6mI. 1,
a MUKPOCTPYKTypa IIOKa3aHa Ha puC. 2.

Takum 06pasoM, IpK UCIIOIb30BAHUY LIEMEHTA
WIM HOMyTUApaATa CynbdaTa Kaablysa B KadeCTBe Bs-
XKYIIETO I JITKOTO MaTepyaja B KauecTBe 3allO/THUTEILA,
a Tak>Xe NPy MPYMEHEHM) ONMCAHHOI BBILIE METORM-
K1 mogbopa coctaBa cMmecH, nonydennsie LWAC 6ynyT
UMETh IUIOTHYIO CTPYKTYPY € OOIBLUINM KOTHNIECTBOM
Hecoobanuxcs nop. Teoperndeckn 3To obecrednt
HeOoOXORMMble MeXaHIYecKlie MOKasaTe/lu M XOPOIIYIo
TEIION3OTLHIO.

AHanus pesynbTaToB: nonyruapar
cynbdaTta KanbLus B Ka4yecTBe BAXKYLIEro

ITporenypa M3rOTOBIEHN CAMOYIJIOTHAIOLIETOCH
nerkoro rumcoBoro komnosuta (SGLC) 6bi1a pagpabora-
Ha Ha ocHoBaHuu TpeboBanuit EFNARC [18] k cozmanuio
CaMOYIIJIOTHAIOLIENCA OETOHHOI CMeCy OTHOCUTEIbHO
IoKasaTejIell, YCIIOBUIL IIPOM3BOLCTBA U IIPUMEHEHN,
a TaK>Ke C ucnonb3oBanmeM [10] B KauecTBe CIPaBOYHOI
nupopmannnu [19]. C yueToM coobpa>keHMit KOOI UM,
B Ka4eCcTBe ChIPbsI IPUMEHSJICS MOMYTUApPAT Cynbdara
KaJIbLV, TIOJTYYeHHBIII 13 CY/Ib(OruIca, IpON3BeieHHO-
O B pe3y/IbTaTe O4MCTKM OTX0opAmMX rasos (FGD-rumc),
TaK KaK OH sIB/IAETCS HOOOUHBIM IPOAYKTOM feCyabdy-
pU3aLNIL ra30B IPUPOLHOTO TOIINBA (YePHBII U Oy PhIit
yTroib, HehTh) Ha 9MeKTPOCTaHLMAX [2]. B janHOM ciryvae
BOJOIIOTPEOHOCTD TBEPAbIX KOMIIOHEHTOB pa3pabaTbiBa-
€MOT0 KOMIIO3UTa OIIpeJie/Is/Iach C IIOMOIbI0 MUHU-TECTA
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with a specific density of 1.08 g/cm® and a solids content
of 30-40% depending on batches.

The effect of GPVI12 on the flowability is investi-
gated. The spread flow experiment is performed using
a Hiagermann cone by applying the superplasticizer with
different dosages. Fig. 3a shows the spread flow of the
B-hemihydrate slurry with a fixed water/hemihydrate ra-
tio of 0.7 but with different SP dosages. It is shown that,
until the dosage of 0.2% by mass of the S-hemihydrate,
the slump flow increases linearly, and then the increase
rate reduces fast and finally the slump flow reaches a con-
stant value at the dosage amount 0.5% by mass of the
B-hemihydrate. Fig. 3b shows the water demand deter-
mined by the mini-slump flow test at different SP dosag-
es. It is indicated from Fig. 3 that the SP has an optimal
dosage amount of 0.5% by mass of f-hemihydrate from
the point of view of flowability.

A further study on the effect of the SP is carried
out by comparing the spread flow of the -hemihydrate
slurry with different water contents but with a fixed SP
dosage of 0.2% by mass of hemihydrate. The results are
shown in Fig. 4. It can be seen that the relation between
the spread flow and the water content follows the same
law with and without dosing SP under the investigated
water content range. It was reported that a water reduc-
tion up to 20% is possible while getting the same flow
performance by applying the GPV12 with an amount
of 0.2% by mass of f-hemihydrate, which is in line with
the current results [21].

Porosity and density

All the samples are cured at ambient conditions
for 7 days after demolding, and then dried in a ventilated
oven at 40 °C until mass is constant.

Fig. 5 shows the relation between the measured
void fraction and density. The density decreases linear-
ly with the increase of the void fraction, while the void
fraction increases linearly with the distribution modulus.
Fig. 5 shows another interesting finding, i. e. that the re-
lation between the density and the void fraction of the
new composite is in line with the gypsum board, which
is investigated in detail [20].

The density of the SGLC is compared to the tradi-
tional gypsum board [20]. The comparison is carried out
based on the initial water content, as shown in Fig. 6. It
is shown that, under all the water content conditions, the
density of the new composite is clearly lower than that
of the traditional gypsum board, for instance, a reduc-
tion of 20% is obtained at a wo/ho of 0.60. This provides
a possibility to produce a lighter building material using
the employed mix design concept.

Strength

Strength of the cementitious based materials
such as cement or gypsum is linked with its density. The
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Ha PacIIBIB C IIpMMeHeHMeM KoHyca XerepmanHa [20].
Konnuectso cyneprnactudukaropa [21] onpegensnocs
MICXOJs1 M3 3aJaHHOTO 3Ha4YeHus paciibiBa [19]. Heckonb-
KO cMeceil, pa3paboTaHHBIX C UCIIO/Ib30BAHIEM Pa3INd-
HBIX MOJyJIell g, IpefCTaB/IeHbl B Ta0MI. 2.

AHanv3 noBefeHUs rMMNCoOBOro pacTBopa

MuHu-TecT Ha pacI/IblB IPUMEHSAICSA 1A MCCIe-
ITOBAaHNUA BOJOMOTPEOHOCTM KaK B CYyXOM, TaK I B pac-
TBOPHOM BUJIE, T. €. [I/IS1 OIIpeie/IeHNU S COJePKaHMA BOJbI
B Havasle pacTeKaHus 06pas1oB cmecu. B coorBeTcTBUM
co crangaptom EN 13454-2-2004, MOABMKHBIN U BbI-
COKOIIJIACTMYHBIN PacTBOPBI Ha OCHOBE IONyTUApPaTa
JOOJDKHBI MMETh paciabiB He MeHee 190m 130 MM cooT-
BETCTBEHHO, B TO K€ BpeMs pacIlJIbIB IJeMEHTHOIO pac-
TBOpa, COITIACHO [18], JOMKeH HaXOAUTHCA B JyamasoHe
3HayeHui ot 240 1o 260 MM. B Hamrem ciydae Ha OCHO-
BAaHUU 9TUX [IBYX CTaHZAPTOB OBIIO YCTAaHOBJIEHO 3Ha-
yeHne paciuibiba 200-250 MM, 4TO, KaK ITOKa3aju TECTBHI,
SABJISIJIOCHh HAJIEX)KHBIM OIITYMaJbHBIM 3HAUYEHMEM.

Kax y>xe roBOpuiocs, JaHHasI METOROJIOT VLS IIOf-
6opa cocTaBa CTPEMUTCSI CBECTU K MUHUMYMY COfep-
JKaHue BOAbI B CMeCH IO IIPUYMHE ee CYLIeCTBEHHOTO
B/IMSIHYS Ha CBOJICTBA paspabaTbhiBaeMOro KOMITO3MTA.
Vpest cocrosiia B TOM, 4TOOBI, HAYaB C KOIMYECTBA BOLEL,
OIIpe/Ie/IEeHHOTO 0 pe3y/IbTaTaM MUHM-TECTa Ha pac-
IUIBIB, 3aT€M MEHATDb €ro IIPY OfHOBPEMEHHOM BBejie-
Huu cynepmnacruukaropa (CII) u B utore to6uthes
HeOOXO/[IMOTO 3HaYeH s PAacIl/IbIBa CMECH.

B nannom crnydae npumensncsa Hosbiii CII Ha oc-
HoBe monukap6okcunara (PCE), cenuanpHo paspabo-
TAHHBII J/Is1 HPOU3BOACTBa rurcokapTona (GPV12, Sika).
Iucneprupylomue no6asku Ha ocHoBe PCE mmpoxo
HPUMEHSAIOTCS B IIPOU3BOACTBE 6ETOHA, HO B IIPOU3BO-
CTBe MaTepuasoB Ha OCHOBE TUIICA OHM MCIOIb3YIOTCS

Table 2. Compositions of four designed mixes (per 1 m3)

Tabnuua 2. CocTaB YeTblpex NoA0OPaAHHbBIX CMecel
(B pacyete Ha 1 m3)

Mix 1/ Mix2/  Mix3/ Mix4//

bylesieiel 7 w2 e Cmecb 1 Cmecb 2 Cmecb 3  Cmecb 4

B-hemihydrate, kg 7/

B-nonyriapar, k- 665.8 593.8 532.6 474.0

LWA 0.1-0.3, kg // kr 65.8 1029 97.5 94.8
LWA 0.25-0.5,kg // kr 164 15.8 525 421
LWA 0.5-1.0, kg // kr 575 39.6 263 35.1
LWA 1.0-2.0, kg // kr 164 39.6 4.3 56.2

water // Boga, kg // kr 4294 3859 372.8 3555

SP,wt. % //

M, Bec. % 0.20 0.25 0.30 0.30
w/b // B/B 0.60 0.65 0.70 0.75
q 0.20 0.25 0.30 0.35
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objective here is to achieve a sufficient strength while
keeping a low density. In this section, the mechanical
properties of the new developed composite are investigat-
ed, including the compressive and flexural strengths. The
effect of the distribution modulus is investigated as well.

The measured compressive and flexural strength
are shown in Fig. 7. Both the compressive and the flex-
ural strength decreases as the increase of the distribution
modulus. But the strength is influenced more significantly
at a bigger distribution modulus range.

The compressive strength decreases only 3.6%
when the distribution modulus increases from 0.20 to
0.25, but it decreases another 18.5% when the distribu-
tion modulus increased to 0.30, while the related flexural
strength decrease is 8.8% and 32.2%, respectively. This
finding indicates from the point of strength that a smaller
distribution modulus is more suitable and recommended.

The effect of the void fraction of gypsum on its
strength was investigated and a power relation between
them was found in [20]. It is indicated that the effect of the
void fraction on the developed composite is also signif-
icant. The results are plotted in Fig. 8. It is shown that
the strength (both the compressive and flexural strength)
has a power law relation with the total void fraction (i. e.
of gypsum paste and of light-weight aggregates). This
is in line with the finding of the void fraction and the
strength of gypsum [20].

The strength of the developed composite and gyp-
sum board is compared, and the results are also shown
in Fig. 8. Here the strength value for gypsum board is
taken from the power model derived from [20]. It can be
seen, for instance with a void fraction of 0.60, the devel-
oped composite (designed with the distribution modulus
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B MeHbInelt creneHu. PCE 3amefnaioT mporiecc cXBaTbIBa-
HU, YTO KPUTUYIHO B IIPOM3BOJCTBE TMIICOKAPTOHA, TAK
KaK 110 CPaBHEHMIO C IIleMEHTHBIM TeCTOM CXBaTbIBaHIeE
TUICA MPOUCXOAUT o4YeHb OpicTpo [20]. ITpumense-
MBIt B jlaHHOM cny4ae HOBbIiT CII (GPV12) paspaboran
Sika [21] gst perenus aroit npobnemsr. GPVI2 npen-
CTaBJIsAeT ce00Ji IIPO3PAYHBINl paCTBOP yIe/IbHOI IIOT-
HOCTBIO 1,08 r/cM’ ¢ coneprxanmeM TBeproit daser 30-40%
B 3aBMICUMOCTH OT IapTUM BBIITYCKa.

Ina uccnegopanus Bnussausa GPV12 Ha mogBuk-
HOCTb CMeCH BBIIIOTHSATICA OIIBIT C MICIIOIb30BAHMEM KO-
Hyca XerepMaHHa, C IIOMOIIbI0 KOTOPOTO M3MepsIach
Be/IMYMHA PACII/IbIBA NIPU Pas3NMyYHbIX fosuposkax CIL
Ha puc. 3a nmokasaH pacIUIbIB LyIaMa -IIONyTUApaTa
C IIOCTOSIHHBIM COOTHOIIEHNMEM BOJa/IONMyTUpaT, paB-
HbIM 0,7, 1 nepeMeHHbIM KonndectBoM CII. TlokasaHo,
4TO IpY J031poBKe MeHee 0,2% OT MacChl S-HOMyruapaTa
BeJIMYMHA PacIIbIBa PacTeT TNHENHO, TI0C/IE YeTO TEMII
pocTa OBICTPO YMEHBIIAETCA M B UTOTe MOCTOSHHOE
3HaueHMe pacl/blBa JOCTUraeTcsa npu posuposke 0,5%
or Macchl -nmonyrugpara. Ha puc. 3b nokasana Bogo-
HOTpeOHOCTD CMecy Ipu pasHbIX fosuposkax CII, ompe-
JleleHHas IyTeM MUHM-TeCTa Ha pacmiabis. V3 puc. 3
CNIEAYET, 4YTO C TOUKY 3PEHM S IOfIBUKHOCTY CMECH OITH-
ManbHas gosuposka CII coctasnser oxomno 0,5% oT mMac-
ChbI B-TONMyTUppaTa.

Kpome Toro, 6b1710 IpOBEfIEHO [OIOMTHUTENTbHOE
uccnepopanme pauAHuA CII myTem cpaBHeHUA Benu-
YMHBI PACIIBIBA IIIaMa S-IIOTYTUpaTa MIPU PasHOM
cofiep>kKaHUM BOJBI, HO IOCTOAHHON fo3uposke CIT —
0,2% oT Maccel nonyrugpara. PesynbraTol IoKasaHbI
Ha puc. 4. MOXXHO BUJIETb, UYTO 3aBMCUMOCTb BENMYM-
HBI PacIUIbIBa OT KOJMYECTBA BOABI MOTUMHAETCS Ofi-
HOMY M TOMY K€ 3aKOHY KaK IIpJ HaJIM4NM, TaK U B OT-
cyrcreue CII B mccmegyeMoM fuanasoHe cofiep>KaHUsA
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B-nonyruppara) B 3aBUCUMOCTY OT KOJIMYeCTBa BOAbI

of 0.25, which has a similar density as the traditional gyp-
sum board of 0.93 g/cm?), that an improvement of 73.3%
and 70.0% in compressive and flexural strength, respec-
tively, is obtained.

Hence it is demonstrated here that although the
strength of the new composite has the same rule, i. e. the
relation of the strength and the void fraction is a power law,
a much higher strength can be reached while keeping a sim-
ilar density/porosity in this newly developed composite.

Thermal properties

A low thermal conductivity of the applied build-
ing structure significantly contributes to a good thermal
comfort due to the low heat transfer through it between
the indoor and outdoor conditions. The thermal conduc-
tivity of one material is related with its density and com-
position, which is already extensively studied [13, 22-24].
Here, the thermal conductivities of the newly developed
SGLC are investigated.

The commercial heat transfer analyzer ISOMET
Model 2104) is again deployed here. For the measurement,
a sample is produced with a unified size of 200x100x30 mm,
and the sample is always first cured at ambient conditions
for 7 days after demolding, and then dried in a ventilated
oven at 40 °C until the mass is constant.

The measured thermal conductivity versus the ap-
plied distribution modulus is shown in Fig. 9a. The ther-
mal conductivity first decreases and then remains stable
with the increase of the distribution modulus, whereas
a minimum value of 0.19 W/(m-K) is reached at a dis-
tribution modulus of 0.30. Fig. 9b shows the relation
between the density of the composite and the relevant
thermal conductivity. It is clear that the thermal conduc-
tivity remains stable at a lower density and then increas-
es quickly with the increase of the density. This is in line
with [22, 24], who reported that the thermal conductiv-
ity is related not only with the density, but also strongly
with the composition.

BozbL. Panee coobiranoce, 4To 61arofaps MprMeHEHNIO
GPV12 B konmnuectse 0,2% oT Macchl 3-TIONyrUpaTa BO3-
MOYKHO COXpaHeHMe Be/IMYMHBI PACIIbIBA IIPY CHIKe-
HUU cofiep>kaHys Bogsl 1o 20% [21], 4To cooTBeTCTBYeET
pesyabTaTaM JaHHOIO MCCIEJOBAHMS.

nOpVICTOCTb N NNOTHOCTb

Bce 06pasiipl BBIZEP)KMBAIICh B €CTECTBEHHBIX
YCTIOBUSIX B TedeHNe 7 CyT. OC/Ie U3B/ledeHns us ¢op-
MBI,  3aTeM BBICYIINMBA/IVCD B BEHTVINPYEMOIL €U IIPK
40 °C 1o mOoCTM>KEeHN S MOCTOSTHCTBA MaCChI.

Ha puc. 5 okxa3aHO COOTHOLIEHYE MEXY BBIYNC-
JIEHHOIT TIOPUCTOCTBIO U TIOTHOCTHI0. [[TOTHOCTH /TH-
HEJHO YMEHbIIAETCs C YBe/IMYeHIeM IIOPUCTOCTH, KOTO-
pasi B CBOIO OY€epPE/b INHENHO YBEIMYMBAETCS C POCTOM
MOy pacupenenens. Ha puc. 5 mokasaH ele ofuH
MHTEPeCHbIN (aKT: 3aBUCUMOCTD MEX/Y IIOTHOCTBIO
U TIOPUCTOCTBIO B HOBOM KOMIIO3UTE COOTBETCTBYET
JAaHHBIM II0 TUIICOKAPTOHY, KOTOPBIil MOAPOGHO MCCie-
moBascs panee [20].

IInotHocTh SGLC cpaBHMBaNach ¢ OOBIYHBIM
runcokaptoHoM [20]. CpaBHeHMe OCYILeCTBISNIOCH IPU
bUKCUPOBaHHOM 3HAaUYE€HMM HAYaJbHOTO KOMMYECTBA
BOJBL, KaK BIHO Ha puc. 6. [Tokasano, 4To mpu mo6om
KO/IMYeCTBe COfiepyKalleiicd BOABI INIOTHOCTb HOBOTO
KOMITIO3MTa 3aMeTHO HIKe TVIOTHOCTY TPaJUIMIOHHOTO
TUIICOKapTOHA — HalpuMmep, cHyKenue Ha 20% gocTu-
raetcst ipu wo/hy = 0,60. DTO jaeT BO3SMOXKHOCTD M3TO-
TaB/IUBATh O0JIee JIETKUII CTPOUTENIbHBII MaTepual, Ipu-
MeHs151 JAaHHYIO KOHLIENIIMIO TOZ00pa COCTaBa CMeCH.

Ut - Density of SGLC // MnotHocTb CIIK 104
# Density of gypsum // [noTHOCTb r1nca
— Distribution modulus //
Mogynb pacnpeaeneHusa
=
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E 12835
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a
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Void fraction // NMopucTocTb

Fig. 5. The comparison of the density, void fraction and

the used distribution modulus of SGLC and gypsum

board [20]
Puc. 5. CpaBHeHMe NNOTHOCTY, MOPUCTOCTU 1 MOAYNA

pacnpegenenuna SGLC n runcokapTtoHa [20]
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It should also be pointed out that to reach a lower
thermal conductivity, it is not enough only to consider
the reduction of the density. Here, a thermal conductiv-
ity of 0.21 W/(mK) is obtained at a void fraction of 0.604
(with the density of 0.93 g/cm?), while in the previous sec-
tion a thermal conductivity of 0.30 W/(m-K) is obtained
at the same void fraction for normal gypsum board [14].
Hence, it can be seen that a 30% reduction of the thermal
conductivity is reached with the new developed SGLC. <

To be continued in the issue No. 2 (34) 2014
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IIpoyHOCTbh MaTepuanaoB Ha OCHOBE BSXKYIIMX
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¥ usrube MOKa3aHsl Ha puc. 7. C pOCTOM 3HAYEH s MORY/Is
pacIpesie/ieHNst yMEHbBIIAETCsI KaK IIPOYHOCTD IPH CKa-
THH, TaK V1 IPOYHOCTS npu n3rube. Kpome toro, mpnm 6oree
BBICOKVX 3HAYEHUAX MOZLY/Ib PacIpefie/leHIs OKa3bIBaeT
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YTO C TOYKYU 3PEHUs MPOYHOCTH OOJIee MpueMIeMbIMU
U PEKOMEH/YeMBbIMI SIB/ISIIOTCS HeOGO/IbIIe 3HAYEHIS
MOZYIS pacIpefieleHI.

PaHee 6bII0 OOGHapy)XeHO BIUSHME MOPUCTO-
CTJL TUIICA HA €r0 IIPOYHOCTB I HAI/IEHO 9KCIIOHEHIMA/IBHOE
coorHomIeHre MeXRy Humu [20]. OnpegenieHo Tak>Ke 3Ha-
YUTETbHOE BIUSAHME BeTMYMHbBI IOPUCTOCTU Ha pa3pabdo-
TaHHBII KOMIIO3UT. Pe3y/bTarhl Ipe/icTaB/IeHbl Ha puC. 8.
IToxasaHo, 4TO MPOYHOCTH IIPK CKATUY 1 13rube HAXO-
JATCS B CTEIIEHHON 3aBUCHMOCTH OT OOIIelT IIOPUCTOCTH
(T. €. TMTICOBOTO TeCTa U 3aIIOMTHUTeTIEN). DTO COOTBETCTBYET
BBIBOJ]AM O TIOPUCTOCTY 1 IPOYHOCTH rutmca [20].

BuInonHeHO cpaBHeHNUe IPOYHOCTY pa3paboTaH-
HOTO KOMIIO3MTa M TUIICOKapTOHA; PE3y/NIbTaThl TaK-
Ke TTOKasaHbl Ha puc. 8. 37ech 3HaYEHMA IPOYHOCTH
IJLA TUIICOKAPTOHA B3ATHI M3 9KCIIOHEHIMA/IbHON MOJIENN,
IOJTy4eHHOI Ha ocHOoBe [20]. Hanmpumep, MO>XXHO BUETD,
4yT0 npy nopucroctu 0,60 B paspaboTaHHOM KOMIIO3UTE
(3amaHHBIT MOLYIb pacupeneneHns — 0,25, IIOTHOCTD
67113Ka K IJIOTHOCTY TPAANI[MOHHOTO TUIICOKAPTOHA —
0,93 r/cM?) mocTuraeTcs yaydlneHye IpOIHOCTH IPI CKa-
Ty u usrube Ha 73,3 n 70,0% COOTBETCTBEHHO.

TakuMm 06pa3oMm, IOKa3aHO, YTO HECMOTPs
Ha TO YTO IIPOYHOCTDb HOBOTO KOMIIO3MTa MMEET Ty K€
3aBJMICUMOCTD, T.€. COOTHOIIEHE IPOYHOCTH I IIOPUCTO-
CTH ABJIAETCA 9KCIIOHEHLMATbHBIM, B JAHHOM CTTy4ae BO3-
MO>KHO IIOJTy4eHNe TOpasfio 6oee BLICOKOI IPOYHOCTU
IIPY COXPAaHEHNI AHATIOTMYHOM TJIOTHOCTY/TIOPUCTOCTIA.

Tennodursmyeckme cBOMCTBA

Huskasa TennonpoBOSHOCTb CYLIeCTBYIO-
IIYX CTPOUTENbHBIX KOHCTPYKIMII 3aMeTHO BIMAET
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