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Abstract. The effect of modified expanded clay lightweight concrete on its strength is
investigated. In the conducted on the optimal plan experiment, the four factors of the composition
varied: amount of sulfate-resistant Portland cement from 500 to 600 kg/m®, amount of silica fume
from 0 to 40 kg/m®, percentage of gravel in concrete from 650 to 700 I/m°, polypropylene fiber
from 0 to 1,2 kg/m*. All mixtures had equal concrete-mix consistency P2, in all mixtures
superplasticizer S-3 was introduced in the amount of 0,8%. It was established that the compressive
strength of investigated concrete was in the range of 34 to 45 MPa and bending tension strength in
the range from 5.8 to 7.2 MPa. The greatest strength of the concrete mix with the amount of silica
fume 30-35 kg/m® and with the content of expanded clay gravel 660-680 I/m*. Due the addition of
fiber increases the bending tension strength, while the compressive strength is practically
unchanged. Investigated expanded clay lightweight concrete can be recommended for thin-walled
constructions of civil buildings also for transport and hydrotechnical floating structures.
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AHoTanig. JlochijpkeHO BIUIMB CKJIaay MOAM(DIKOBAHOTO KepaM3UTOOETOHY Ha MHoro
MIIHICTh. Y MPOBEIEHOMY 33 ONTHMAJIBHUM IIAHOM €KCIIEPUMEHTI BapilOBAIHUCS YOTUPU (HaKTOPH
CKJIaJy: KUIBKICTh cyabgaTocTiiikoro mnopmianauementy Big 500 mo 600 KI/M°,  KiTBKiCTh
MikpokpemHe3emy Big 0 go 40 KI/M°, BMicT rpasito B Oeroni Bix 650 mo 700 /M, KimbKicTh
noJinpomnineHosoi ¢pidpu Big 0 mo 1,2 xr/m®. Bei cyMill Maiu piBHY pyxomicts [12, y Bci cymimri
BBOJUBCs cymnepruiactudikarop C-3 y kimpkocti 0,8%. BceranoBneHo, mo MIMHICT TPH CTHCKY
JOCIIKeHUX OETOHIB 3HaxXoauiack y Aianas3oHi Bia 34 no 45 Mlla, a MiiHICTb Ha pO3TST MpH 3TUHI
y mana3zoni Bim 5,8 go 7,2 MIla. HaitGinpimry MIIHICTP MarOTh CKJIAAd TPHU  KUTBKOCTI
Mikpokpemuesemy 30-35 kr/M° i TIpH BMICTi KepaM3HTOBOro rpasiio 660-680 m/M°. 3a paxyHOK
BBeJIeHHS (h10pH 3pocTae MILHICTh OETOHIB Ha PO3TAT MPH 3THHI, a MIIHICTh IPU CTUCKY MPAKTUYHO
He 3MiHIOeThCs. JlochmipkeHi KepaM3UTOOETOHM MOYKHA PEKOMEHAYBAaTH Uil TOHKOCTIHHHX
KOHCTPYKL1H IpOMaISIHCbKUX Oy/iBEJIb, @ TAKOXK TPAHCIOPTHUX 1 FAPOTEXHIYHUX CHOPY, 30KpeMa
TUTaBYYHX.

KurouoBi ciioBa: kepamM3uTOOETOH, TOHKOCTIHHI KOHCTPYKIIii, MoaudikaTopH, ¢iopa.

Bicauk Onecpkoi AepkaBHOI akaaeMii Oy miBHUIITBA Ta apXiTekTypH, 2018. — Bum. Ne 71 107



BYAIBEJIbHI MATEPIAJIU TA TEXHOJIOT'TI

BJIMAHUE COCTABA HA ITIPOYHOCTb
MOIUPUIIUPOBAHHOI'O KEPAM3UTOBETOHA

Kpossikos C.A., K.T.H., JOIIEHT,

Mumytusn A.B., 1.1.H., mpodeccop,

Mumes O.B., unxenep,

Kpsbixanosckuii B.A., unxenep,

Qoeccxkas 2ocyoapcmeeHHAs aKademus CmpoumenbCmed U apxXumeKmypbl
skrovyakov@ukr.net

AHHoTauus. MccnenoBano BIMsHUE COCTaBa MOAU(DUIMPOBAHHOTO KEPaM3UTOOETOHA Ha €T0
MPOYHOCTh. B MpoBeNeHHOM MO ONTHUMAIbHOMY IUIAaHY SKCIIEPUMEHTE BapbUPOBAIUCH YETHIpE
dakTopa cocraBa: KOIMYECTBO Cyib(aTocToKOro mopriangneMenra or 500 mxo 600 xr/m’,
KOJIN4eCTBO MHKpokpemHedema oT 0 mo 40 Kr/M°, cojiepkaHue rpaBus B OeTtoHe oT 650 10
700 11/M°, KOMHMYECTBO MOMMIPOIIICHOBOH (Gubpsr or 0 10 1,2 kr/M°. Bee cMecH MMeH paBHYIo
noaBwkHOCTh [12, Bo Bce cmecu BBomwicsa cynepractudukatop C-3 B komudectBe 0,8%.
Y CTaHOBIIEHO, YTO MPOYHOCTh MPU CKATHH MCCIIEIOBAHHBIX OETOHOB HAaXOAMJIACh B JHMANa30HE OT
34 no 45 MIlla, a mpoyHOCTh Ha pacTshHKeHUE NpHu M3rube B auanaszoHe ot 5,8 mo 7,2 Mlla.
Haunbonbiryro mpoyHOCTh MMEIOT COCTABHI NMPH KOJIMYECTBE MUKpOKpemHezema 30-35 kr/m® 1 pu
COJiep’)KaHUU Kepam3utoBoro rpasusi 660-680 /M. 3a cuer BBeeHHs ¢bubps  BO3pacraer
IIPOYHOCTh OETOHOB Ha PACTSIKEHHE INPU U3rMOe, a MPOYHOCTh NP CXKATHUM IPAKTUYECKU He
MeHsietcsi. MccnenoBaHHble KepaM3UTOOETOHBI MOXKHO PEKOMEHJIOBaTh I TOHKOCTEHHBIX
KOHCTPYKIUH TPOKIAHCKUX 3[aHHH, a TAK)KE TPAHCIIOPTHBIX M THIPOTEXHUUECKUX COOPYKCHHH, B
TOM YHUCIIE [IJIaByYHUX.

KiroueBble cjioBa: KepaM3UTOOETOH, TOHKOCTEHHBIE KOHCTPYKIIUHU, MOIU(PUKATOPHI, pudpa.

Introduction. Structural lightweight concrete on porous aggregate is widely used in the
building practice of developed countries. Nowadays in Ukraine plain concrete is used quite rarely,
although in 70s-80s years of last century they were very common. One of the reasons for this is the
inadequate use of modern building technologies in the manufacture of lightweight concrete in
particular modifiers and fiber. Accordingly, the actual objective is the study of properties modified
expanded clay lightweight concrete on the domestic raw material resources base.

Analysis of recent research. Properties of lightweight concrete is almost similar to the
properties of heavyweight concrete — almost equal strength, high freeze resistance, water resistance
and corrosion resistance. In this case, their use allows to reduce structural weight, which provides
reduction of loads on foundations and supports of buildings and structures [1]. In the field of
reinforced concrete shipbuilding, the use of lightweight concrete allows to increase the deadweight
capacity and improve the working conditions of personnel and process environment [2]. Moreover,
lightweight concrete structures have high resistance to dynamic loads and high fire resistance.

In this way structural concrete on lightweight aggregate is effective material for many types
of structures, particularly in high-rise, hydrotechnical and transport construction [3]. To ensure the
durability of such materials in typical working conditions of various structures it is necessary to
process control their structure with allowance for properties and impact of individual components in
particular lightweight aggregate and cement, also composite action of aggregate and cement matrix.

To improve the strength of lightweight concrete, technical methods which in most cases are
similar to heavyweight concrete are used. It’s applying of high-grade cements and the most strength
porous aggregates, design of concrete composition with low water/cement ratio, applying effective
modifiers, thorough mixing and packing of concrete mixture with the preservation of its high
homogeneity and creating favorable conditions for hardening of concrete [4]. Also, in some cases,
preliminary preparation of a light aggregate is carried out, particularly its hydrophobization [5].

In recent decades, ultra-disperse wastes from the production of ferroalloys — silica fume is
widespread used as a highly active mineral admixture [6]. It is a condensed aerosol, which is
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captured by gas cleaning systems filters of blast metallurgical furnaces. Today, silica fume is one of
the most frequently used and perspective modifiers for high-quality composites based on Portland
cement. This active mineral admixture improves the structure due to its chemical activity of the
pozzolan type and the effect of the microfiller, which contributes to the elimination and reduction of
microdefects number. Pozzolans bind Ca(OH), to hydrosilicates which increase corrosion resistance
and reduce the average pore size. An important manifestation of the pozzolana effect is also the
improvement of the cement stone contact area quality with the aggregate. Most often it consists of
Ca(OH),, which crystallized on the surface of the filler and in the adjacent cement stones. Due to
the conversion of calcium hydroxide to hydrosilicates, strength increases and the porosity of the
contact zone decreases. [7]. All above mentioned lead to increased strength, reduced permeability
and increased durability of concrete. On the other hand, the using of silica fume requires an
increasing of water cement cement ratio to its significant dispersion. Namely, the effective applying
of silica fume is possible only in complex with a superplasticizer, due to which practically
completely aligned the problem of increased water demand of this component [6, 8].

Research objective is to increase the strength of expanded clay lightweight concrete due to
use of modifiers, fibers and optimization of its composition.

Subjects and methods of research. For the 18-point optimal plan, a 4-factor experiment [9]
was carried out, in which the following factors of the composition of the expanded clay lightweight
concrete varied:

X, — amount of sulphate-resistant Portland cement, from 500 to 600 kg/m?;

X, — the amount of silica fume, from 0 to 40 kg/m3;

X3 — percentage of gravel in concrete from 650 to 700 I/m?;

X4 — amount of polypropylene fibers Baucon (diameter 18.7 mcm, length — 12 mm.), from 0
to 1,2 kg/m®.

All mixtures had equal concrete-mix consistency P2 (cone slump from 6 to 8 cm), which was
achieved with the selection of water amount. In all mixtures superplasticizer S-3 was introduced in
the amount of 0,8 % of the mass of cement, which was taking into account the results of previous
researches [10]. The amount of silica sand in the mixture was adjusted according to the quantity of
other components (gravel, cement, silica fume, water, fiber) to provide the same volume of all
investigated concretes. Namely, the factor X3 actually showed the spreading action of granules of a
coarse aggregate. As a coarse porous aggregate, expanded clay produced by the Odessa Keramzite
factory of 5-10 mm grade with packed density of gravel 550 kg/m® of grade P125 was used. As a
fine aggregate — the silica sand with Mcr = 2.4. As a binder — sulphate resisting Portland cement
SRPC 400.

Mixing of mixtures was carried out with pre-treatment of gravel with a cement suspension,
which ensured for the strengthening of the surface layer of a coarse porous aggregate and the
transition zone between the filler and the soluble part of the concrete [11].

Results of researches. As noted above, all mixtures had equal concrete-mix consistency P2,
respectively water requirement and W/C lightweight concrete mixtures depended on their
composition. According to the data obtained at 18 experimental points, the experimental-statistical
(ES) model of the 4 factors composition influence on the W/C mixture of equal mobility was
created:

WIC =0.340 —0.012x; + 0.008x12 —0.002 x1X> + 0X1X3 — 0.002 X1X4

+0.003x, + 0x,° +0.003X,X3 £ 0XoX4
+ 0X3 + 0.008x5? +0.003 X3X4
+0.002%4 £ 0x4° 1)

It has been established that as the amount of fibers of disperse reinforcement W/C increases,
the mixture increases linearly, but this increase, when even using the maximum amount of fibers
(1.2 kg/m?), does not exceed 4%. The diagram was drawn in Fig. 1 in the form of a cube, for the
analysis of the Portland cement amount influence, silica fume and gravel content in concrete on the
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WI/C lightweight concrete mixtures for (1). On the diagram the amount of polypropylene fiber was
fixed at an average of 0.6 kg/m® (x4=0).

Expanded
clay
(1/m3)

Fig. 1. Effect of Portland cement, silica fume and gravel content in concrete on W/C of
lightweight concrete mixtures of equal mobility

As can be seen from the diagram, with average content of gravel (660-680 I/m® water
requirement and the W/C of investigated mixtures was the smallest. This is explained by the fact
that when the content of expanded clay gravel changed, the amount of quartz sand in the concrete
changed proportionally to provide the necessary volume of material. That is, with the increased
content of expanded clay gravel in the mixture, the separation of gravel decreased due to the
decrease in the amount of sand and, accordingly, the soluble component. On W/C mixture of equal
mobility naturally affects the amount of porous gravel and sand in this mixture, as well as the ability
of its components to move during the placing. Accordingly, for the investigated mixtures with
average gravel content, it has the best ability to move the components, which in turn allows us to
rely on a mushier structure of such composites and their best mechanical and physical properties.
With an increase the amount Portland cement W/C of lightweight concrete mix is expected to
decrease. In this case, the nature of this effect is nonlinear and the W/C is more significantly
reduced when changing the amount of binder from 500 to 550 kg/m®. With the addition of silica
fume, the W/C mixture is insignificantly increased. In general, all investigated mixtures in this
experiment had a rather low level of W/C (0.37 and below) due to the use of a rational amount of
superplasticizer S-3 — 0.8% of the binder weight.

The analysis of the concrete composition influence on compressive strength showed that for
the investigated concrete this index was in the range of 34 to 45 MPa. On the compressive strength
compression of modified expanded clay lightweight concrete, the amount of polypropylene fibers
practically does not affect and when changing the factor x, within the factor space of the
experiment, the value of fe cune Will change no more than 1 MPa. The effect of low impact of fiber
reinforcement on the strength of concrete compression is well known in building material science,
however, the main purpose of fiber use is to improve other composite quality indicators. To analyze
the influence of the Portland cement amount, silica fume and gravel content in concrete on its
strength under compression using the ES-model, similar to (1), a diagram in the form of a cube was
drawn in Fig. 2. On the diagram the amount of polypropylene fiber was fixed at an average of 0.6
kg/m® (x4=0).

The analysis of this diagram shows that as the Portland cement increases, the strength of
expanded clay concrete naturally increases. The addition of silica fume in the amount of
35-38 kg/m® increases the strength of lightweight concrete by 2-2,5 MPa. Due to the variation of the
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gravel consist, the strength of the investigated lightweight concrete varies by up to 1.5 MPa. The
greatest strength has mixtures with a gravel content of 660-680 kg/m®, which corresponds to a lower
WI/C mixture.

X,

40~

Fig. 2. Effect of Portland cement, silica fume and gravel content on the compressive strength
of expanded clay lightweight concrete

The influence of the varied factors of the modified expanded clay concrete on its bending
tension strength is described by the following ES-model:

fu (MPa) = 6.76 +0.47x; — 0.17x:% — 0.03x1x, + 0.03X1x3 — 0.02X1X4

+0.06%, — 0.07x,° —0.02xX3 + 0.04%%4
+ X3 — 0.02x3° — 0.04x3%4
+0.10xs — 0.02x42 (2)

The analysis of ES-model shows that within the framework of a multivariate experiment, the
gravel content, that is, the removal of grains of the porous aggregate, practically does not affect the
bending tensile strength of the investigated expanded clay lightweight concrete. This can be
explained by the ability to withstand the tension stresses of the soluble part of the concrete and
porous gravel. Accordingly, for a more detailed analysis, the effect of the Portland cement amount,
silica fume and polypropylene fibers on tensile bending tension of the investigated expanded clay
lightweight concrete for (2) was drawn in Fig. 3, the diagram is in the form of a cube. When it was
drawn, the gravel content in concrete was fixed at the average (x3 = 0).

The analysis of the diagram shows that, as the Portland cement increases, the tensile strength
of the bending of the expanded clay lightweight concrete naturally increases, although this effect
has a nonlinear appearance. The addition of silica fume in the amount of 30-35 kg/m® is
insignificant, at 0,2-0,3 MPa, increases the strength of lightweight concrete to extension. Due to the
use of disperse reinforcement, the value of f.y of investigated concrete increases by about 0.3 MPa,
which can be considered as a positive, but rather limited result. The effect of increased tensile
strength of expanded clay lightweight concrete in the use of fibers can be attributed to the rather
good work of composites on porous fillers in tension. This is due, first of all, to the good adhesion
of the cement paste (soluble component) to the filler. Accordingly, additional techniques, in
particular, fiber reinforcement, in comparison with heavyweight concrete, have a lower effect to
increase the strength of lightweight concrete in tension. Though in general, the positive effect of
fiber remains.
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Fig. 3. Effect of Portland cement, silica fume and polypropylene fiber on the tensile strength
of expanded clay lightweight concrete

Conclusions. The strength of the investigated expanded clay lightweight concretes at
compressive strength and bending tension allows to recommend such materials for thin-walled
constructions of civil buildings also transport and hydrotechnical floating structures.

Concrete compositions with the maximum amount of silica fume is 30-35 kg/m°, are of the
greatest strength. Modified expanded clay lightweight concrete has a high tensile strength, which
allows better resistance to loads of different types, which are typical for thin-walled structures.
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