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The article is devoted to the experimental investigations of deformation of drying shrinkage and the
mechanical properties of modified with the polycarboxylate type superplasticizers sand concrete. It is
demonstrated that fine-grained (sand) concretes for some regions, especially for Arabian countries are
more preferred due to the deficit of coarse aggregate It was established that the use of modifiers
(superplasticizers of new generation) can improve mechanical properties of sand concrete bringing them
closer to those of conventional coarse concrete. The modified sand concrete on the characteristics of the
deformative properties is similar to those of conventional normal weight structural concrete, which allows
applying them to most structures and buildings. The level of long-term compressive stresses in the structures
of the modified sand concrete is advisable to limit by value n= ‘63‘/Rb ~0,8. Sand concrete can replace
successfully the traditional concrete because of its economical cost, its compressive strength that reaches
up to 80 N/mm? and its high workability.

modified sand concrete, shrinkage, deformation, compressive strength

1. INTRODUCTION

It's well known, that fine-grained (sand) concretes for some regions, especially for Arabian countries are
more preferred due to the deficit of coarse aggregate. For example, due to the scarcity of aggregates in the
south of Algeria and the high cost of their transportation from other regions, there has been a growing interest
in the use of sand-concrete [1]. Several research works [2—4] have investigated the use of sand as a substitute
for coarse aggregate to make sand-concrete, which has mechanical strength comparable to conventional
concretes.

In accordance to [5] fine aggregates used in concrete in Saudi Arabia (Riyadh) are either natural wadi
sand or manufactured sand obtained from crushed stone. Yemen has also hundreds of miles of sand dunes.
The highest dunes can be found in the desert around Marib and on the edge of the Empty Quarter (Fig. 1).

Figure 1 — Sand Dunes, Rub al Khali.
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Usually sand-concrete consists of a mixture of sands, cement, one or more admixtures, additions and water.
It is to be distinguished from a conventional concrete by its high proportion of sand. It is also distinguished
from mortar by its cement content (low dosage of cement) and especially by its destination (sand-concrete
is primarily intended for more traditional uses). This advantage becomes extremely interesting when sand-
concrete can reach certain fluidity in order to improve some of their performances [4].

Research studies [6] on Riyadh sands revealed the presence of considerably large amounts of material
finer than 75 m in the form of silt, clay, or limestone dust. It is evident that these materials, if present in
excessive quantities, may have adverse effects on the properties of fresh and hardened concrete. In the freshly
mixed state, because of their large surface area, these materials increase the water demand to produce a concrete
of a desired consistency. The increase in water content leads to detrimental effects including bleeding and
segregation as well as weak interfaces between granular materials [4]. Moreover, high cement content may
cause severe creep and drying shrinkage [7] and may lead to classify sand-concrete as a mortar. Furthermore,
clay coatings on the aggregate surface will interfere with bond between the cement paste and aggregate, thus
impairing the strength and durability of concrete [8].

For these reasons sand-concrete mixes always contain a superplasticizer and a large quantity of additives
(fine mineral materials). The superplasticizer is necessary for producing a flowable mix, while the addition
of fine materials are required to maintain sufficient viscosity, hence reducing bleeding, segregation and
settlement. However, excessive addition of fine particles can results in a considerable increase in the specific
surface area of the powder, which results in an increase of water demand to achieve a given consistency [4].

On the other hand, most of superplasticizers, mainly on the basis of polymethylene naphthalene
condensates promote air entrainment into the concrete mixtures while mixing. In the hardened state of
concrete increased air entrainment can reduces its compressive strength. Russian scientists demonstrated [9]
that air entrainment decreases significantly in case of using polycarboxylate type superplasticizers
(MELFLUX 2651F). High effect of decreasing of air entrainment is achieved due to additional introduction
of the grind silica sand in the composition of the concrete mix as well.

So, in this work a study on the physical and mechanical properties of modified with the polycarboxylate
type superplasticizers sand concrete is presented. The main tasks of this investigation are the next: to calculate
the formulation of C40 modified sand concrete, to determinate the drying shrinkage, compressive cube and
prism strength of concrete as well as to identify the patterns of deforming concrete under axial compression.

2. EXPERIMENTAL PROGRAM

2.1 Materials

Ordinary Portland cement (CEM I 42.5) with a Blaine fineness 320 m?/kg and fine aggregate: quartz
sand with the fineness modulus of 1,5, packing density 1470 kg/m?, apparent density 2 675 kg/m® (Ukraine,
Donetsk region ) were used in concrete composition. The superplasticizer based on modified polycarboxylic
ether (FM-34 from Addiment) was used as a high range water reducer. The dosage of HRWR was 0,15 %
solid by mass of cementitious materials.

2.2. Mixtures proportions

The mix proportion method is based on optimizing the maximum packing mass volume of dry mixture.
The materials content, kg/m?® is: Portland cement — 728, quartz sand — 1 036, superplasticizer — 2,9/, water-
to-cement ratio — 0,23.

2.3. Iest specimens

The test specimens cast from batch were 150-mm cubes for compressive strength testing and 150x150x600 mm
prisms for shrinkage measurements. The cast specimens were covered with wet sawdust and left for 24 hr. After
that they were demolded and cured continuously in a curing room at a temperature of +18 °C and RH=60£5 %.

Shrinkage control strains were performed using dial indicators mounted on the test samples immediately
after removal of formwork. The values of cubic and prismatic strength and the longitudinal and transverse
deformation of concrete were determined in the process of testing specimens under pressure PMM-125 in
accordance with Ukrainian standard.

3. RESULTS AND DISCUSSION

It was established that the shrinkage strains of the modified sand concrete at 28 days of hardening were
&,,=37-107 (Fig. 2). This is on average 20 % higher than the corresponding strains for concrete with coarse
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Figure 2 — Shrinkage strains of a modified sand concrete.

aggregate (crushed granite). The values of cubic and prismatic strength of sand concrete at the age of 28
days were 56,9 and 48,1 MPa respectively.

The most intensive increasing strength of sand concrete occurs in the first 7 days and reached about 75 %
of the strength at 28 days (Fig. 3). The coefficient values of prism strength test at the age of 7 and 28 days
were close enough in magnitude. The mean value was as follows: k =R,/R ~0,86.
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Figure 3 — The effect of concrete age on the performance of its cube and prism strength.

The average value of the initial modulus of elasticity of concrete at the age 28 days is 29,1 GPa. The coefficient
of transverse strain (Poisson's ratio) is close to the value 0,2. The strain diagrams of the investigated concrete
under axial compression practically at the whole range of loading close to a straight line (Fig. 4).

Some curvature to the axis of deformation observed at higher levels of loading, indicating the beginning
of the process of macrocracking in the concrete structure. The maximum strain shortening (limit
compressibility) of concrete upon the reaching prism strength at 7 and 28 days are 2,01 and 2,9x107 respectively.

The most intensive growth of transverse deformation of concrete in the process of loading observed at the
level of stress 77=|o,|/R, ~0,83 (Fig. 5). Exactly this level of loading corresponds to the upper level of the
parametric process of microcrac king of concrete in the structure, which characterizes the beginning of the
process of macrocracking [10].

Cyuaci 6yodigenvhi mamepiau 117



Al-Shamsi Khaled Ali Said

-03, MPa

——c¢l

Stresses, MPa
) (98]
= k
=3
S

s
X\ # —0—¢£2
20,00
——£3
15,00 -
0,00 -

o
T T T AV T

-2,500  -2,000 -1,500 -1,000 g, -10°(G =1,2,3) 0,500 1,000

Relative deformations, 107

-03, MPa
b)
45,00 ~
r 40,00
- 35,00 f
o B
>
=
a
3
=
2]

0,000  -0,200 -0,400 -0,600 -0,800 -1,000 @g.10° -1,400
Relative deformations, 10°

Figure 4 — Diagram of linear (a) and volume (b) strains of modified sand concrete.

CONCLUSIONS

1. The use of modifiers (superplasticizers of new generation) can improve mechanical properties of sand
concrete bringing them closer to those of conventional coarse concrete.

2. The modified sand concrete on the characteristics of the deformative properties is similar to those of
conventional normal weight structural concrete, which allows applying them to most structures and buildings.

3. The level of long-term compressive stresses in the structures of the modified sand concrete is advisable
to limit by value of n=|o;|//R, = 0,8.

4. Sand concrete can replace successfully the traditional concrete because of its economical cost, its
compressive strength that reaches up to 80 N/mm? and its high workability.
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Figure 5 — Change of transverse strains (a) and the relative change in increments of volume (b) in the process of
loading the samples of modified sand concrete.
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AJIb-TTAMCI XAJIEJ AJIT CALJL

MIIHICTD I ZE®OPMAIII MOJAUDIKOBAHOTO HIIMAHOTO BETOHY
I[TP11 OCbOBOMY CTUCHEHHI

Anencvkuit yHiBepcuteT (EMeH)

CraTTio IPUCBIYEHO eKCIIEePHMEHTATBHOMY JOCTi/IKEHHIO ebopMariit ycaaky Ipu BUCUXaHHI i MEXaHIYHUX
BJIACTUBOCTEH MOAM(BIKOBAHOTO MOJIKapOOKCHIATHUM CyTepIacTudikatopom mimaroro 6erony. Ilokasano,
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10 ApiGHO3epHUCTI (Mimami) GeTOHY A5 AESTKUX PETiOHIB, 0cOOMMBO B apaOChKNX KpaiHaX, € epeBakaloanMu
B 3B'43KYy 3 AediluTOM KPYHNHOTrOo 3all0BHIOBaYa. BCcTaHOBIEHO, 10 BUKOPUCTAHHS MoaudikaTopis
(cymepniacTudikaTopu HOBOTO TMOKOJIIHHS) JT03BOJSE MiABUIUTH XapPaKTePUCTUKU MeXaHIYHUX
BJIACTUBOCTE} MilaHuX GeTOHIB, HAOMIKYI0UHU 1X 10 XaPAKTEPUCTHUK 3BUYANHIX KPYITHO3EPHUCTUX OETOHIB.
Moaudikosani mimani 6eToOHM 3a XapaKTepucTUKaMu AedOpMaIiiiHuX BIaCTUBOCTEH OIM3BKI 10
XapaKTEPUCTUK 3BUYANHIX BAKKMX KOHCTPYKIIHHUX OETOHIB, [0 03BOJISE X 3aCTOCOBYBATH I OiIbIIOCTI
GyaiBenb i ciopy/. PiBeHb TPUBAIUX CTHCKAOUUX HAIPYKEHb Y KOHCTPYKI[SIX 3 MOAU(DIKOBAHUX TilIaHUX
GeTOHIB OMIIBHO OOMEKUTU BEIUYMHOW 1| =‘03‘/Rb ~0,8. Ilimanuii 6eTOH MOXe 3 YCIIXOM 3aMiHUTH
3BUYAHII OETOH 3aBASAKM HOTO0 €eKOHOMIUHIH HOMITBHOCTI, BUCOKUX IIOKa3HUKIB MIITHOCTI IPU CTUCKY, IO
nocsarae 80 MIla, i TexHOIOTIYHOCTI.

MoauikoBanuii mimanuii 6eToH, ycanka, aedopmaiii, MillHiCTb IIPU CTHCKY

AJIb-IITAMCU XAJIEZQ AJIU CAN

[MPOYHOCTDb U AEOOPMAIIUN MOANDOUIITNPOBAHHOTI'O IIECHAHOTO
BETOHA IIP1 OCEBOM CXATUN

AJleHcK7iT yHUBEPCUTET (Nemen)

CraThs MOCBsIIEHA 9KCTIEPUMEHTAJIbHOMY MCCIEL0BaHUI0 Ae(GOPMAlUil YCAAKK DU BBICBIXaHUH U
MEXaHUYECKUX CBOICTB MOAUMDUIIMPOBAHHBIX MOJIUKAPOOKCUTIATHBIM CYIIEPILIACTU(UKATOPOM [ECUYAHOTO
Gerona. [TokazaHo, 4TO MeJKO3epHUCTbIE (TlecyaHbie) GETOHbI JIsl HEKOTOPBIX PETHOHOB, 0COGEHHO B apabCKuX
CTpaHax, ABALIOTCS (oJiee NPEANOUTUTETbHBIMU B CBSA3U ¢ AeUIUTOM KPYINHOTO 3AIOJHUTEN.
VeTaHOBIIEHO, UTO MCTIOJIb30BaHUE MOAMMPUKATOPOB (CyNepiIacTUu(UKATOPbl HOBOTO TIOKOJIEHYST) TI03BOJISIET
MOBBICUTD XapaKTEPUCTHKN MEXaHUYECKHX CBOMCTB MECYaHbIX OETOHOB, MPUOMMKAA X K XapaKTePUCTUKAM
OOBIYHBIX KPYTHO3EPHUCTHIX OeTOHOB. MoAnGUIMPOBaHHbIe ecuaHbie OETOHBI 10 XapaKTepuCTUKAM
neOPMAIMOHHBIX CBOMCTB GJM3KY K XapaKTePUCTUKAaM OOBIYHBIX TSKEJIbIX KOHCTPYKIMOHHBIX OETOHOB,
UTO MO3BOJISET UX TPUMEHSTH JJIsl OOJIBIIMHCTBA 3MAHUI U COOPY/KeHUH. YPOBEHb JIUTEIbHBIX CKUMAIOIIMX
HANpPsKEHUH B KOHCTPYKIUAX U3 MOAU(DUIUPOBAHHBIX [ECUaHBIX OETOHOB 1eJ1ecO00Pa3HO OTPAHUYUTh
BEJMIUHON 1 = ‘%‘/Rb ~ 0,8. Tlecuanbiii 6€TOH MOKET C YCIIEXOM 3aMEHSITh OOBIYHBINA GETOH 6Jaroaapst ero
HKOHOMUYECKOI 11e1ec000pPasHOCTH, BBICOKUX TTOKa3aTelell MPOUHOCTH Py CkaThu, gocturaomuieir 80 MIla,
M TEXHOJOTUYHOCTH.

MoaupHIIMPOBAHHDINA ITeCUaHbIil GETOH, ycaaKa, aedopMalyH, IPOUYHOCTD IPH CKATHH

Aump-Illamci Xanex Ani Caig — KaHangaT TEXHIYHUX HayK, AIeHChbKUT yHiBepcuTeT (€MeH), OyaiBeTbHUN IHCTUTYT.
Haykosi intepecu: 6eToHU 3 MiHEpaJIbHUMK A00ABKAMU.

Anp-lllamcu Xanen Amm Canp — KaHIUAAT TEXHNYECKUX HayK, AfeHcknii yHIUBepcuTeT (Vlemen), cTpoUTeIbHBIN MHCTH-
TyT. HayuHble uHTEpECHL: GETOHBI ¢ MUHEPAJIBbHBIMU 100ABKAMH.

Al-Shamsi Khaled Ali Said — PhD, Aden University, Building Institute. Scientific interests: concretes with mineral
additives.
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