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Dry mix mortars are widely used in construction projects for the implementation of
construction works in new construction, reconstruction, and repair. The improvement of properties of
dry mix mortars for the installation of floor screeds is relevant. The purpose of such mortars is to
equalize the differences in the thickness of the floor surface, to create an intermediate layer
characterized by the necessary strength, durability, and even surface with the possibility of decoration
with various types of flooring. A step-by-step design of the composition of dry mix mortar for the
installation of floor screeds was carried out. The ratio of fine aggregates and limestone filler was
optimized according to the maximum packing density criterion, the required amount of plasticizer was
selected according to the consistency index of the fresh mortar, and the minimum amount of Portland
cement was selected to ensure the required strength.

Key words: dry mix mortar; floor screed; packing density criterion; consistency; compressive
strength; shrinkage.

Introduction

Modern trends in the development of new construction, as well as the reconstruction and repair of
existing building objects, require the availability of high-quality and multifunctional building materials,
which are characterized by increased technological and strength properties to ensure durability and
reliability of operation. Nowadays, one of these materials is dry mix mortars, which have become widely
used in modern construction technologies of many construction projects. Their use makes it possible to
carry out construction work quickly and qualitatively with the use of machine units and a minimum of
human resources. Dry mortar is also an environmentally friendly material, as its use reduces water
consumption and waste generation during construction work.

Dry mixes are becoming increasingly popular in the global construction materials market, which is
due to the increase in the volume of construction. According to forecasts, by the end of 2027, the volume
of the world market of dry mix mortars will grow by 5.5 % compared to 2022 (Dry Mix Mortar Market
Overview) and in Europe by 3 % in the forecast period 2024—2029 (Europe Dry-Mix Mortar Market Size
& Share Analysis Source). An increase in the production of dry mix mortars was also observed in
Ukraine. Thus, in 2021 the volume of produced products was 4557.2 thousand tons, which was 1.86 times
more than in 2018 and corresponded to the indicator of 110 kg per person (Oficijnyj sajt Derzhavnoi’
sluzhby statystyky Ukrai’ny).

In the modern construction industry, dry mixes are among the most versatile materials. In the
market, consumer demand is focused on such dry mix mortars as cement plasters, screeds, tile adhesives
and repair mixtures (Poluha, Zolotarova & Komakha, 2020). The advantages of dry mixes are the stability
of strength and other properties; reduced mixing time; machine application; reduction of sand and cement
losses due to the stability of the mixture composition; ease of transportation; improvement of industrial
working conditions; they are sold ready-to-use, conveniently packaged and, if properly stored, retain their
properties for a long time (Poluha, Zolotarova & Komakha, 2020; Kwan, Wong, & Fung, 2015; Cheng et
al., 2023; Leopolder, 2010). Besides this, dry mortar is also an environmentally friendly material. Using
the cradle-to-gate life cycle assessment (LCA) method, it was established that cement dry mix mortars
have a relatively low impact on most of the analyzed environmental indicators (Czernik et al., 2020).
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An important structure in residential and public buildings is the floor, which consists of several
layers — a base, a screed, a finishing layer. The intermediate layer between the rough screed and the
finishing coating (ceramic granite tiles, laminate, vinyl coatings, parquet, etc.) during floor installation
plays an important role in obtaining a high-quality and durable surface. Depending on the finishing
material, the intermediate layer of the easy-leveling screed should be characterized by good adhesion to it,
the possibility of equalizing differences in thickness, and sufficient strength, which in total will ensure the
high quality of the coating and its long-term operation. In this regard, the use and research of dry mix
mortar for floor installation, which provides the necessary properties, is of great practical interest.

One of the main indicators of the quality of lightweight screeds is the compressive strength, which
depends on several factors, including the consumption and dispersion of the binder and the content of
quartz aggregates of the selected particle size distribution (Sanytsky, Marushchak, Olevych & Novytskyi,
2020; Han, Ros & Shima, 2013; Stechshyn, Sanytsky & Poznyak, 2015; Sydor, Maruchchak, Braichenko
& Rusyn, 2020; Parashchuk et al., 2020). During construction and repair work, careful leveling of the
floor surface is essential. Therefore dry mix mortar for floor elements must be characterized by a good
flowability index using a small amount of water to level the surface with special equipment that allows
performing a huge amount of work in a short time and with low labor costs. In addition, to ensure high-
quality and long-term operation, the screed must be characterized by good adhesion to the base layer.
Therefore, the dry mixture is a multi-component material consisting of a binder, fillers, aggregates and
modifiers, which provide mortars with the necessary properties, and the main principle of its design is to
establish the optimal ratio between the components (Sanytsky et al., 2020; Rudenko et al., 2016;
Moskalova et al., 2023).

The most important modifiers of dry mixes are cellulose esters, superplasticizers (Lei & Zhang,
2022), defoaming agents (Shunxiang et al., 2023; Li et al., 2021), setting agents and other chemical
admixtures. The function of water-retaining admixtures is to prevent uncontrolled moisture loss into
porous substrates. The cellulose esters dominate in industrial products due to their environmental
friendliness, good compatibility, and cost-effectiveness (Kovalenko, Tokarchuk & Poliuha, 2020; Biilichen,
Kainz & Plank, 2012; Shi, Zou & Wang, 2020). To improve such characteristics as strength, adhesion,
water retention, water permeability, and deformation ability, redispersed polymer powders are introduced
into the mixtures. The presence of polymers makes the mortar more fluid, which makes it easier to apply.
Polymers can also be used to improve the mechanical and physical properties of cement-based materials,
as they have good flexibility and compatibility with cement materials, good elastic deformation capacity,
and resistance to alkaline and acid corrosion (Balagopal et al., 2023). Research on reducing the cement
content in mixtures to meet the specified technological strength characteristics and durability
requirements of the cement-based material to reduce carbon dioxide emissions and energy consumption,
promoting the sustainability of such materials is relevant (Tayebani, Said & Memari, 2023). For this
purpose, mineral additives are used, in particular, carbonate fillers are effective due to their wide
availability and low cost. The mechanism of action of the limestone filler is determined by physical
(compaction of the structure of the mortars due to the packing density model) and chemical (the ability to
stabilize calcium hydroaluminates with the formation of calcium hydrocarboaluminates and to accelerate
the hydration of calcium silicates due to the nucleation) effects (Wang et al.,, 2018; Sanytskyi,
Kropyvnytska & Gev’yuk, 2019; Panesar & Zhang, 2020).

Target of this article — to select the optimal granulometry of aggregates and limestone filler, to
study the effect of cement and plasticizing additive amount on the rheological parameters, strength and
shrinkage of floor screed.

Materials and Methods

The cement CEM II/A-S 32.5R was used in the investigation. The specific surface of
CEM II/A-S 32.5R is 330 m*/kg, the residue on sieve 008 is 8.5 %, and the initial and setting final time is
70 and 150 min respectively. Two different natural quartz sands were used as an aggregate. The fineness
modulus of Nova Skvaryava aggregate (Al) and Davydiv aggregate (A2) is 1.9 and 1.26 respectively.
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According to the requirements, the maximum size of fine aggregate particles in mixtures for installation
of floor elements should not exceed 1.25 mm. Therefore, fine aggregates Al and A2 were sifted through a
1.25 sieve. Mineral powder (MP) of class I from the Ternopil quarry as a fine limestone filler was used. A
void at compaction of 40 MPa of MP is 26 % by volume, and its bulk density is 993 kg/m”.

The superplasticizer MELFLUX 2651 F produced by BASF was used to adjust the consistency of
fresh mortars as a plasticizing admixture. In the technology of dry building mixes a water-retaining
additive is a mandatory component that prevents the mortar mixture from drying out during the
installation of flooring and the formation of cracks. Therefore, a water-retaining additive based on
cellulose ether Walocel MKX 15000 PP20 in the amount of 0.1 wt. % was used for the research.

After weighing a certain amount of aggregates, additives and cement, they were thoroughly mixed
in a laboratory mixer in a dry state, and then water was added. After the consistency testing of the ready
fresh mortar, it was poured into a mold for forming samples 40x40x160 mm. The samples were used to
determine strength after 3 and 28 days, as well as shrinkage. The consistency of fresh mortar, the strength
and shrinkage of the mortar were determined by standard test methods.

Results and Discussion

One of the main factors affecting the strength of screeds with high flowability is the optimized
particle size composition of the components to achieve maximum compaction of grains. To establish the
optimal ratio between fine aggregates and limestone filler to ensure minimal voids of the grains of the dry
mix mortar, six mixtures of aggregates and filler were studied, the compositions of which are given in
Table 1. The amount of finely dispersed limestone filler did not change, since the total amount of filler
together with a binder to obtain optimal characteristics in terms of flowability and water-solid ratio should
not exceed 25-32 %.

Table 1
Component proportion and physical properties of aggregate-filler mixture
Component Ratio of components in aggregate-filler mixture, mass part
MI M2 M3 M4 M5 M6
Al 9 8 7 6 5 4
A2 4 5 6 7 8 9
MP 1 1 1 1 1 1
Properties
Bulk density, kg/m3 1422 1426 1430 1445 1425 1420
Voids, % 46.1 46.0 45.8 45.2 46.0 46.2

The cumulative curves of the granulometric composition of all mixtures are continuous and differ
in the area of grain sizes of 0.315-1.00 mm (Fig. 1, a). Meanwhile, the analysis of particle size
distribution showed that the dispersion curves of compositions M3 and M4 are smooth, closest to the
normal Gauss distribution curve (Fig. 1, b). The results of the loose bulk density and voids allow to
determine that the mixture M4 has an optimal ratio between fine aggregates and it is characterized by a
maximum bulk density of 1445 kg/m’ and a minimum void of 45.2 % (Table 1). Mixture M4 is the most
favourable for the preparation of dry mix mortar.

To ensure the quality of the finished floor covering, modifiers of various functional purposes are
added to the composition of the dry mix. The plasticizers increase the flowability of binding materials and
due to the water-reducing effect the water amount, which is needed to achieve necessary flowability, is
decreased as a result, the physical and mechanical characteristics of cementing materials are improved.
To reduce the water-solid ratio (W/S) the effect of a plasticizing additive on the consistency of the mortar
mixture was investigated. The consistency of the mortar according to the requirements of the current
standard should be at least 8 cm. The amount of superplasticizer varied in the range of 0.0-0.15 % to
ensure W/S=0.15. The amount of water-retaining additive was 0.1 wt. %. The results of experimental
studies are shown in Table 2.
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Fig. 1. Particle grading curve of aggregate-filler mixtures: a — cumulative; b — differential

The mixture without plasticizer is characterized by a low consistency index. This will cause the
mortar mixture to be difficult to install the floor covering, and will not allow it to be placed by machine.
When a plasticizer with an amount of 0.1 wt. % was added, the consistency of the mixture met the
requirements of the standard for floor element mixtures and allowed for optimal rheology of the mixture
when placed by machine. The increase in the plasticizer amount provides an increase in the consistency of
the mortar mixture but leads to the effect of sedimentation (bleeding), which negatively affects the quality
of the finished floor element coating.

In addition to the optimal particle size distribution of aggregates and fillers, the binder content has
a significant impact on the strength of the mortar, shrinkage, and water-solid ratio. According to the
requirements of the standard, for a screed of group CTI1, the compressive strength should be at least
5.0 MPa after 3 days of curing and at least 15 MPa after 28 days. The dry mixes with a Portland cement
content of 20, 23, 26 and 29 wt. % were tested (Table 3). The quantity of water was taken according to
the optimal consistency of the fresh mortar 85+2.0 mm. It should be noted that an increase in the content
of fine components in the mixture leads to an increase in the water-solid ratio, which negatively affects
the performance characteristics of the finished floor coating.
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Table 2
Influence of plasticizer amount on the consistency of mortar mixtures
Component Content, %
CEM II/A-S 32.5R 29 29 29 29
M4 71 71 71 71
MELFLUX 2651 F 0.00 0.05 0.10 0.15
Walocel MKX 15000 PP20 0.1 0.1 0.1 0.1
Property
W/S 0.15 0.15 0.15 0.15
Consistency, mm 58 66 85 106
Table 3
Influence of Portland cement amount on the properties
of fresh mortar and mortar
Component Content, %
CEM II/A-S 32.5R 20 23 26 29
M4 80 77 74 71
MELFLUX 2651 F 0.1 0.1 0.1 0.1
Walocel MKX 15000 PP20 0.1 0.1 0.1 0.1
Properties

W/S 0.14 0.145 0.15 0.155
Consistency, mm 82 83 85 86
Compressive strength, | 3 days 3.9 4.3 5.1 5.7
MPa, after 28 days 9.8 12.7 15.3 17.7
Shrinkage, mm/m 0.50 0.57 0.65 1.15

The analysis of the results showed that mortars with amount of Portland cement of 20 and 23 %
don’t meet the requirements of the standard for strength indicators after 3 and 28 days, while an increase
in cement an amount to 26 and 29 wt. % ensures the achievement of standard strength indicators
(Table 3). Regarding the shrinkage of the hardened mortar, it was found that mortars with a shrinkage rate
of 0.6-0.8 mm/m are more resistant to cracking, and at shrinkage values of more than 0.8 mm/m, the risk
of cracking increases, although the standard allows a shrinkage value of no more than 2 mm/m.
Therefore, to achieve the standard values of strength and shrinkage the optimal consumption of Portland
cement is 26 wt. %.

Conclusions

Dry mix mortars for floor elements are widely used to create a high-quality and reliable floor
covering. The research has established the optimal ratio of the fine aggregates and carbonate filler, the
amount of plasticizing additives and Portland cement. The packing density model was employed to
optimize the ratio between fine aggregates and carbonate filler. The developed dry mix mortar for floor
screed is characterized by a strength of 5.1 and 15.3 MPa after 3 and 28 days of curing, shrinkage of
0.65 mm/m with satisfactory rheological characteristics of the fresh mortar.
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Cyxi OyniBenbHI CyMimni Bce IIMpIIE BUKOPHCTOBYIOTH y OYOIBENBHUX IPOEKTaX sl 3iHCHEHHS
OynmiBenmpHMX pOOIT I Yac HOBOro OyOiBHHMITBA, PEKOHCTPYKIII Ta peMoHTy. [lo mepeBar cyxux
OyIiBENPHUX CyMilllel TOPiBHSHO 3 KOMEPIIHHUMHU OyIiBEIbHUMU PO3UMHAMH HaJEeXKaTh MIiHIMYM KiHIIEBHX
TEXHOJIOTIYHUX Omepamiid [yl MPUTOTYBaHHS pOOOYOro pO3UMHY, €KOHOMis JIOPOrOro Ta €HEpProEMHOTrO
MOPTIAHANEMEHTY 3a pPaxyHOK BHKOPHCTaHHS IUTACTHU(IKaTOpiB Ta BOAOYTPHUMYBaJIbHUX J100aBOK,
CTaOUIBHICTh CKNIAJIB CyXWUX OyIiBENBHHX CyMIilllell y pe3yiabTaTi TOYHOrO JIO03YBaHHS KOMIIOHEHTIB 1
eQeKTUBHOro iX 3MilllyBaHHS, MiJBUIIEHHS MPOAYKTHBHOCTI Tpali 3a PaxyHOK IOJIMIIEHHS IUIACTHYHUX
BJIACTHBOCTEH IOTOBUX PO3YMHIB, 3HIDKEHHS TPAHCIOPTHUX BUTpAT. J[i1s BUKOHAHHS POOIT i3 BUPiBHIOBAHHS
ITiJJTOrOBOT MTOBEPXHI JIJIS BIAIITYBAaHHS 03100JI0BAJIBHOTO APy IMiJ YaC HOBOr'O OYIiBHHUIITBA Ta PEMOHTIB
BUKOPHCTOBYIOTh CyXi Oy/iBeNbHI CyMilIl AJIsl BIAIITYBaHHS IiJUIOT, SIKI TIOBMHHI 3a0€3ME€UYUTH HEOOXiTHY
MIIHICTb, JOBTOBIYHICTb, PIBHICTh IMOBEPXHI CTSHKKU. Y CTAaTTI MOJAHO PE3YAbTATH i3 pO3pOOJIEHHS CKIaiB
OyMiBEIBHUX CYXHMX CyMilled MOAM(IKOBAHUX VIS BJIAIMNTYBAHHS CTSHKOK IMIJIOT. 3MIMCHEHO ONTHUMI3aIliio
3€pHOBOrO CKJIaay JApiOHHMX 3aMOBHIOBAadiB Ta KapOOHATHOrO HANOBHIOBAYa, IO 3a0e3redye MaKCHMAJbHY
LIUTBHICTh YIaKyBaHHS 3epeH y cymimi. [lokasaHo, o y pa3i BUKOPUCTaHHS CyMIillli 3allOBHIOBAYiB Ha
HAIIOBHIOBAaYaX ONTHUMI30BAaHOI'O CKJIaay Ta BBEIEHHI cymnepmactudikatopa y kumskocti 0,1 mac. %
JIOCSITAETHCST HEOOX1/THA PYXOMICTh PO3YMHOBOI CYMIII JUIsi BIAIITYBAHHS CTSDKKM MAaIlIMHHUM CHOCOOOM. 3
METOI0 MiHIMi3allil BUTPATH MOPTIAHALEMEHTY JOCTIHKEHO BIUIMB KUTBKOCTI B’SDKYYOro Ha PYXOMICTh Ta
(bi3MKO-MEXaHiuHI BIACTHBOCTI PO34MHIB. BCTaHOBIIEHO, 110 32 BMICTY MOPTIIAHANIEMEHTY 26 % MOCATAIOTHCS
MOKa3HUKH MIIHOCTI 3aTBepaiioro pozunHy 5,1 ta 15,3 Mlla uepe3 3 Ta 28 ni0 BiImOBiTHO, a TaKOX
MoKa3HUKH ycaaku 0,65 MM/M, 1110 330BOJIbHSIE BAMOTH YHHHOT'O CTaH/IAPTY.

KuiouoBi ciioBa: cyxa OyaiBejibHA CyMilll; CTSKKA; IMJIBHICTH YIAKOBKHU; PYXOMicTh; MillHiCTh
HA CTHCK; ycaaKa.



