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KOHCTPYKLUNOHHO-TEN/10U30/1ILUNOHHbIE
K/1ago4YHble CMecU C NPpUMeHeHuemM
MOJIbIX CTEKJISTHHbIX MUKpocgep

Structural and heat insulating masonry
admixture with hollow glass micro spheres

ITpu MpoeKTUPOBaHUU COBPEMEHHBIX 3TaHUI U COOPY-
KEHHUM BaXXHO COOII0IeHNEe TpeOOBaHMI K TEIIO3alIlUTe
orpaxaaronmx KOHCTPYKIuid. CTEHOBYIO KOHCTPYKIIMIO
B 9TOM CJlyyae MOXHO paccMaTpUBaTh KaK KOMITO3UIIMOH-
HBI MaTepuay, COCTOSAIIMU M3 KIAAOYHBIX M3ICIUI
U pacTBoOpa.

OnHuM 13 3(hHEKTUBHBIX CMIOCOOOB YMEHBIIEHUS Te-
IJIOTIOTEPDb 3MaHUI ABJIAETCS MPUMEHEHHE TeTUTOM30JISIIN-
OHHBIX M KOHCTPYKIIMOHHO-TETUIOM3OJISILIMOHHBIX CTPOU-
TEJIbHBIX MaTEPUAJIOB U U3ICINI, UMEIOIINX HU3KYIO TUIOT-
HOCTb, TaKMX KakK MeHO-, Ta30- U KepaM3uToOeToH. OnHaKO
MPU JOBOJIBHO IIMPOKON HOMEHKJIAType CTEHOBBIX MaTepU-
aJIoB HabJogaeTCs NePULIMT KJIaJOUYHBIX PACTBOPOB, ITO3BO-
JITIONIMX CO3IaBaTh MAKCUMAJIbHO OMHOPOAHYIO KIIaMOUYHYIO
KOHCTPYKIIUIO TI0 TTOKAa3aTeIsIM TETJIOMPOBOIHOCTH.

Lenblo NaHHBIX MCCAETOBAHUI SIBISIETCSI TPOESKTUPOBA-
HUE KOHCTPYKIIMOHHO-TEIJIOU3OISILIMOHHBIX KJIaTOYHbIX
cmeceit (KTKC) ¢ mpuMeHeHMEM TIOJIbIX CTEKJISTHHBIX
MUKpochep.

M cXomHBIMU CBIPEEBBIMU KOMITOHEHTAMHU TP TIOJTy4e-
Hun KTKC gBnsiorcs: BspKylliee, MEJIKUI 3allOJTHUTENb,
JIETKMI 3aIlOJHUTE/b M CTa0MIU3Upylolias nodaBka. PaHee
Obl1a yCTaHOBJIEHA EPCIEKTUBHOCTb MPUMEHEH S AJTIOMO-
CWJIMKATHBIX MUKpOC(]Ep B Ka4eCTBE JIETKOTO 3arOJTHUTEIIS
MPU MOJTYYEHU U KJIAJIOUHBIX cMmeceit [1—35].

Jns pa3paboTKu Haumbosiee IIMPOKOTO acCOPTMMEHTA
COCTaBOB DACTBOPHBIX CMeceil, COOTBETCTBYIOLIUX IO
TETJIOMPOBOIHOCTU KJIAMOUHBIM U3IAEIUSIM, OBLIM PacCMO-
TPEHbl KOHCTPYKIIMOHHO-TEIJIOU30ISILIUOHHBIE WU3IEIUS
SIYEMCTON M TIJIOTHON CTPYKTYpbl Ha OCHOBE IIEMEHTHOTO
1 M3BECTKOBO-TIECYAHOTO BSIKYIIETO: ra30CUIMKAT, TIEHO-
0ETOH M KepaM3UToOeToH (Tadir. 1).

The development of update constructions should be
accomplished according to the requirements on heat resis-
tant of building envelopes. In this case a wall construction
can be considered as composite material including wall
stone and masonry admixture.

One of the most efficient modes to decrease a building
heat loss is application of heat insulating, structural and
heat insulating construction materials with low density
like that of foam concretes, gas concretes and expanded-
clay lightweight concretes. In spite of wide range of wall
materials there is lack of masonry admixture which can
provide the most homogenous masonry structure rela-
tively thermal conductivity parameter.

A purpose of this investigation is development of struc-
tural and heat insulating masonry admixtures with hollow
glass micro spheres. As raw components are following:
binder, fine aggregate, light-weight aggregate and stabiliz-
ing agent.

By previous research [1—5] has been confirmed the
prospective of application of alumina-silicate micro
spheres as a lightweight aggregate when masonry admix-
ture production

To develop wide range of masonry mixes which are
suitable to masonry admixture in its heat conductivity, the
structural and heat insulating construction materials with
cellular and compact structure such as gas silicate, foam-
concrete and expanded-clay concrete were considered
(table 1).

Structural and heat insulating wall materials have high
values of water requirement (Table 1). Therefore it should
be used with high water-retaining capacity [6] which can
be reached with water-retaining agent.

Ta6nuua 1/Table 1

Mpenen Nnpo4yHoCTH

npu cxartuum, MlMa/

Yield compressive
strength, MPa

MnoTHoCTb, Kr/M3/
Density, kg/m®

Bup matepuana/
Type of material

KoaddurumeHT Tenno-
nposogHocTH, BT/(M2-°C)/
Thermal conductivity
coefficient, Vt/(m?-°C)

Mop030CTONKOCTb,
umkn/
Freeze-thaw
resistant, cycle

BoponornoweHne, %/
Water requirement, %

weight concrete

fagocunmkar/ 500 25 0,14 15 45
Gas silicate

MlexoGeTon/ 700 3,5 0,18 25 40
Foam concrete

KepamanTo6eToH/

Expanded-clay light- 1000 7.5 0,33 50 30
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Ta6nuua 2/Table 2

CocTaB cmecy, kr/m3/ CaoiicTBa pacTsopa 1 pacTBOPHOro KaMHs/
Mortar composition, kg/m?® Properties of mortar and mortar paste
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230 0 400 97 1,24 2,8 0,46 0,26 745 0,16 25
270 350 300 97 1,06 3,9 0,65 0,5 1055 0,2 35
328 700 200 97 0,98 8,4 2,04 1,98 | 1392 0,32 50

KoHCTpyKIIMOHHO-TETIOM30JISILIMOHHbIE CTEHOBBIE Ma-
TepUabl UMEIOT BBICOKME ITOKA3aTeIM BOMOIOIJIOIIECHMS
(Tabj. 1), moaToMy HEOOXOIMMO UCIIOIB30BaTh PACTBOPHBIE
CMeCH C BBICOKOMW BOAOYIECPKUBAIOIIEH CITIOCOOHOCTHIO [6],
KOTOpasi IOCTUTAEeTCS 3a CUET MPUMEHEHHUS BOJAOYIepK1Ba-
IOIIMX 100aBOK.

B kauecTBe BomoynepxuBaloleil 100aBKU TPUMEHSIIU
Mecellose FMS 24502 u Addiment ST2. DkcnepuMeHT
MPOBOAWIN TP YCIOBUM OIMHAKOBOIO COOTHOIIEHUS.
IMpu BapbUpOBaHUY KOHILIEHTPALIMU U TUIIA BOAOYACPKU-
Barolleil M0OaBKM ITOJTYYEHBI PACTBOPHBIE CMECHU, BOMIO-
yIepXH1Balollasi CocOOHOCTh KOTOPBIX COCTaBiseT 95—
97%, uto Ha 5—7% mpeBbllIaeT TPeOyeMBbIii MMOKa3aTeb,
npeaycmotpeHHblii TOCT 28013—98 «PactBophl cTpou-
TesbHbie. OOIIMe TeXHUYecKue yciaoBusi» (puc. 1).
IMpumenenune Addiment ST2 nipu comepxanuu 0,25% mo-
3BOJISICT MMOBBICUTH BopoyaepXaHue Ha 14% OTHOCUTETBLHO
KOHTPOJBLHOI'O COCTaBa, OAHAKO, TTPOYHOCTh PACTBOPHOTO
KaMHsI yMEHbIIaeTcs Ha 2% MO0 CPaBHEHUIO C LIEMEHTHO-
TecyaHbIM pacTBopoM. Beemenme 0,2% Mecellose
FMS 24502 noBblllIaeT Kak BoAoyaepkaHue, Tak U Mpoy-
HOCTh Ha 15%. OmgHako MCIOB30BaHKWE TTOJOOHBIX q00a-
BOK IIpU COXpaHeHUM 3HaYeHui B/1l mpuBoouT K yBenmue-
HUIO BSI3KOCTH, YTO HEXKEJIaTeIbHO IJIS1 KJIaMOYHBIX PACTBO-
poB [6]. BblI0 M3ydeHO BIMSHHE BOMOYAEPKMBAIOIIEH
NI006aBKU U MUKpochep Ha peOTeXHOJOTUUECKUE XapaKTe-
PUCTHKHM PACTBOPOB TPU CTATUYECKOM, TUHAMHYECKOM
HaMpsKeHUH U TOcjIe YJaCTUIHOTO 00€3BOXUBAHUS TTOPH-
CTBIM OCHOBaHUEM CTEHOBBIX MaTEPUAJIOB.

VYBenuueHue BSI3KOCTU B COCTOSTHMU TTOKOS TIPU BBE-
neHuu n1o6aBku Mecellose IpoucXoauT 3a cueT pusude-
CKOro CBsI3bIBaHUS Bojbl (puc. 1). B3aumoneiicteue nme-
€T KOAaryJIsILIMOHHBINA XapaKTep, YTO OOYCJIOBIUBAET BhI-
COKYIO CeIUMEHTAIIMOHHYIO CTaOMIIBHOCTh CUCTEMBI. 3a
CYET BO3MOXHBIX IpUIaraeMbIX Harpy3oK Ha pacTBOpP
(mepeMelIrBaHue, YKJIaaKa) IMPOMCXOAUT BpPEeMEHHOE
Pa3XMXKEHUE CUCTEMBI. DTOT 3(PMEKT SIBISICTCS TTOJOXKU-
TEJbHBIM C TOUYKU 3PEHUSI TOMOTEHU3AUU U yI000yKIIa-
IIBIBAEMOCTH [7].

BBeneHne MuKpochep OKa3bIBaeT IBOSKOE BIUSHUE
Ha MOABMXXHOCTD pacTBopa. C OMHOI CTOPOHBI, TIPU BBE/IE-
HuM MUKpochep B KonmdectBe 100% oObeMa MEJIKOro 3a-
MOJIHUTEJISI 32 CYET MX BBICOKOM YAENbHON MOBEPXHOCTHU
(96 M?/kr) Bs13KOCTB MOBBILIaeTcst. C pyroit — 3a cuet ce-
pydecKoii (hOPMbI M OCTEKJIOBAHHOM TJIaJAKON MTOBEPXHOCTH
3aTIOJTHUTENST TIPU TIPWIOKEHUM HArpy3Ku TOIBMKHOCTH
pacTBOpa yBEJIMYMBAETCS.

BBeneHue BomoymepKuBalolleli 100aBKU MpU MOJHOMU
3aMeHe Mecka Ha MUKpochephl MPU CTaTUYECKOM HampsiKe-
HUU MPUIAET PACTBOPY MAaKCUMAIbHYIO BSI3KOCTh. B TO ke
BpeMsI TTPU JMHAMUYECKOM HapPSKeHUY CUCTeMa JOCTUTa-

(Y PONIEIIBHBIE

As a water-retaining agent Mecellose FMS 24502 and
Addiment ST2 ware used. The experiment was carried out
with equal component ratio. Experimental masonry ad-
mixtures were obtained by variation of concentration and
type of water-retaining agent. Water-retaining capacity of
these agents is 95—97% that exceeds by 5—7% a required
parameter according to the Russian Standard 28013—98
«Mortars. General specifications» (Fig. 1)

Addition of Addiment ST2 of 0,25% allows to increase
water-retaining capacity by 14% in comparison with refer-
ence composition, and the masonry paste strength de-
creases by 2% relatively to the sand-cement mortar.

At the same time, addition of Mecellose FMS 24502 of
0,2% lead to increasing in water-retaining capacity and
strength characteristics by 15%. However, application of
above admixtures causes to increasing of viscosity values
when the «water-solid» ratio (W/S) is constant. This effect
is not favorable for the mortars [6].

In this paper the influence of water-retaining agent and
the micro spheres on rheological and technological mortar
properties when it static and dynamic strain after the par-
tial water removal with cellular base of wall materials.

Increasing in viscosity of the mortars at rest when add-
ing Mecellose admixture can be explained by water physi-
cal bonding (Fig. 1). In the mortar system takes place in-
teraction of coagulation type, which provides high sedi-
mentation stability. When applying the load to the
experimental mortar system (like stirring and casting) the
temporary system fluidifying is observed. This phenome-
non positively influences homogeneity and workability of
the mortars.

Presence of hollow glass micro spheres in the experi-
mental system has double effect on the flow of the mor-
tar. On the one hand, an increasing of viscosity due to
high specific surface area of the micro spheres (up to
96 m?/kg), which are in the system in amount of 100% as
fine aggregate. On the other hands, under press loading
the flow of the mortars is enhanced due to spherical
shape and glass smooth surface of this lightweight ag-
gregate.

Addition of water-retaining agent into the mortar sys-
tem with complete replacement of send fine aggregate for
the micro spheres provides the highest viscosity value
when its static strain. At the same time, under dynamic
strain the system achieves a viscosity value which is com-
parable with the reference.

Analysis of rheological and technological characteris-
tics of the mortars studied before and after setting at cel-
lular base of wall materials has shown the experimental
compositions based on Mecellose admixture have a higher
sedimentation stability.
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Puc. 1. 3aB1UCMMOCTb BSIBKOCTM pacTBopa OT cocTaBa: 7 — KOHTPOJIbHbIN
coctaB; 2 - 100% mukpocdep ¢ pobaskoit; 3 — 100% mMukpocodep 6e3
nobaekn; 4 — 50% mukpocdepsbl ¢ gobaskon; 5 — 50% mukpochep 6e3
no6askn/

Fig. 1. Effect of viscosity on mortar composition: 7 — reference composition;
2 - 100% micro sphere content with admixture; 3 — 100% micro sphere
content without admixture; 4 — 50% micro sphere content with admixture;
5 - 50% micro sphere content without admixture

€T MoKa3areJsi BI3KOCTU, COTIOCTABUMOTO C KOHTPOJbHBIM
COCTaBOM.

AHaJu3 peoTeXHOJOTMYECKUX XapaKTepUCTUK PacTBO-
POB 110 M MocJie YKJIaaKu (puc. 2) Ha MOPUCTOE OCHOBaHUE
CTEHOBBIX MaTepUajoB MTOKa3all, YTO COCTaB C MPUMEHEHU-
eM nobaBku Mecellose xapakTepu3syeTcsi 0oJiee BBICOKO ce-
MUMEHTAIIMOHHON CTaOMILHOCTHIO.

JI71s1 co3maHusl CTEHOBBIX KOHCTPYKIIMI M3 KepaM3UTO-
0GeToHa, MeHOOEeTOHAa M ra30CWnKara ObUl BBIOpaH COCTaB
cMecH (TabJ. 2) Uisl KaXA0ro CTEHOBOTO MaTepuaia ¢ Mak-
CUMAaJIbHO OJIU3KUMM TMPOCKTHBIM 3HAYEHUSIMU (PU3UKO-
MEXaHUYeCKUX XapaKTePUCTHUK.

IpuMeHeHne CTeHOBBIX N3N U KITaMOYHOTO PacTBO-
pa C COOTBETCTBYIOIIMMU TETJIOU3OISIIMOHHBIMU U Iehop-
MallMOHHBIMU XapaKTePUCTUKAMU TO3BOJISIET TMOBBICUTH
CTeNeHb OMHOPOJHOCTU CTEHOBOW KOHCTPYKIIMM, 3a CUET
CHUXEHMS TIJIOTHOCTH PacTBOpa M JOCTUXKEHMSI paBHOBE-
CUsl 3HAYEHWI TMOMEPEeYHbIX pacCIIMPEeHUl PacTBOPHOTO
KaMHSI ¥ CTEHOBOTO MaTepuaia.

Jnst obecriedyeHUsT MPOEKTHOM IIPOYHOCTU CTEHOBOM
KOHCTPYKIIMM HEOOXOAMMO YBEINIUTh TPOYHOCTh KJIaI0u-
HOTO pacTBOpa OTHOCUTEIbHO MPOYHOCTU HCIOJIb3yEMOIo
cteHoBoro Marepuana Ha 10—15%. IlomydeHBI KOHCTPYK-
IIMOHHO-TETUIOM3OJISIIMOHHBIE KJIaJ0YHbIE PACTBOPHI C
MPYMEHEHUEM JIETKOTO 3aIlOTHUTEINsS O0JIafarolIne IIoT-
HOCTbIO 745—1400 kr/M> 1 pouHOCTHIO 2,5—8,4 MI1a, uTo
MO3BOJISIET OCYIIECTBJSATh TMOAOOP KOHCTPYKIIMOHHO-
TEIUIOU30JISIIMOHHOTO KJIAJ0OYHOTO PacTBOpPa B 3aBUCUMO-
CTH OT XapaKTEePUCTUK CTEHOBOI'O MaTepuara.

BapbupoBaHue COOTHOIIEHUS TIOJIBIX CTEKJISTHHBIX MUK PO-
cdhep u BogoydepKUBAOIIE T00aBKM, a TaKXKe BBICOKO-
TJIOTHAs YIIaKOBKa 3epeH MPU MCTOJIb30BaHUU MUKpOchep
MO3BOJISIIOT 00ECTIeYUTh TMOBBIIIEHUE CTENEHU OIHOPO.I-
HOCTU CTEHOBON KOHCTPYKIIMU MO TEMIOU3OISLIMOHHBIM U
necdopMallMOHHBIM XapaKTepUCTUKAM TTPY UCTIOJb30BAHUU
KJIaJIOYHbBIX U3JEIUN ¢ AMAra3oHoOM TIoTHOCTH OoT 500 mo
1300 xr/m>. Vcrionb3oBaHKe BOIOYAEPKUBAIOIIEH T06aB-
KW MpM OTCYTCTBUM TIacTUdUKATOpa TMO3BOJISIET yBEJH-
YUTb TEXHOJIOTMYECKHEe U (PU3UMKO-MEXaHUYEeCKHUe CBOMi-
CTBa pacTBOpa M PacTBOPHOTO KaMHSI NMPU COXpaHEHUU
MOJBUKHOCTH, YTO OOECNeYrMBaeT MPOYHOE ClEIUICHUE
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Puc. 2. 3aBncnmoctb apdeKTUBHOM BA3KOCTU OT Hannyms [obaskun Ao 1
nocne yknagaku Ha nopucToe ocHoBaHWE CTeHoBoro martepuana: 1 — 50%
Mukpocdep ¢ aobaskoii nocne yknaaku; 2 — 50% mukpocodep ¢ nobaskom
0o yknagkn; 3 — 50% mukpocdep 6e3 nobasku oo yknagku; 4 — 50% Mukpo-
chep 6e3 nobaBkM nocne yknapku/

Fig. 2. Dependence of effective viscosity in the presence of admixture
before and after setting at cellular base of wall material: 7 — 50% micro
sphere content with admixture after custing; 2 — 50% micro sphere content
with admixture before custing; 3 - 50% micro sphere content without admix-
ture before custing; 4 - 50% micro sphere content without admixture after
custing

For each wall material observed (Table 2) was choose
rational composition with physical and mechanical char-
acteristics which are close to designed ones.

Application of wall products and masonry admixture
with appropriate heat insulating and deformation proper-
ties allows to increase homogeneity of wall construction by
the mortar density decreasing and providing of balance
state between transverse extensions of mortar and wall
material.

To achieve design strength of wall structure it is need to
increase strength of masonry admixture relatively to the
same value for the wall materials used by 10—15%. The
structural and heat insulating masonry admixtures ob-
tained with lightweight aggregate have density of 745—
1400 kg/m? and strength of 2,5—8,4 MPa. These values
allow selecting structural and heating insulating masonry
admixtures depending on required characteristics of wall
material.

Variation of «hollow glass microspheres—water-reten-
tion agent» ratio as well as close-packed particles’ density
when using of the microsphere allows enhancing in homo-
geneity of heat insulating and deformation characteristics
for wall structure including masonry stones with density in
range of 500—1300 kg/m°.

Using of water-retaining agent in mortar system with-
out adding of plasticizer allows to enhance technological,
physical and mechanical properties of the mortar and the
mortar paste when it constant flow. The effect provides
strong adhesion between the mortar and masonry stone
that brings about an effective combined action between
the mortar and wall construction.

Keywords: micro spheres, masonry admixture, water-
retention agent, heat insulating properties.
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C KJIADOYHBIM MaTepUaioOM, M KakK CleAcTBUe, 3G (HEeKTUB-
HYIO COBMECTHYIO paboTy pacTBOpa U MaTepuajia B CTEHO-
BOI KOHCTPYKIIUHU.

KioueBble cioBa: muxpocgepst, kaadounvle cmecu, 8000-
Yyoeparcusaroulas 006aeKa, Meniou30nayUoHHble ceolicmaa.
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