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N. Properties of Fine-Grained Cement

Composites, with a Special Emphasis

on Cement Screeds in Floor

Constructions. Appl. Sci. 2024, 14,

2791. https://doi.org/10.3390/

app14072791

Academic Editor: Chao-Wei Tang

Received: 22 February 2024

Revised: 18 March 2024

Accepted: 20 March 2024

Published: 27 March 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

applied  
sciences

Article

Properties of Fine-Grained Cement Composites, with a Special
Emphasis on Cement Screeds in Floor Constructions
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Abstract: Through experimental research and theoretical analysis, this study primarily aimed to
compare the behavior of cement screeds made in a traditional manner with those made with the
addition of microreinforcement. The study also explored the possibility of using electrofilter ash as a
component of screeds, examining the advantages and disadvantages of partial substitution of cement
with fly ash. The contribution of this article is the experimental research on the characteristics of fresh
and hardened cement composites, as well as the parameters influencing the structure and behavior
of cement screeds during their use. It has been determined that by using electrofilter ash as a partial
replacement for cement, satisfactory values of physical–mechanical and deformation characteristics
of fine-grained cement composite can be achieved. Through analysis of the obtained results and
influential parameters of these composites, the optimal design approach has been explored. This
relevant information could potentially provide reliable recommendations to designers and contractors
for the production of quality and durable cement screeds.
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1. Introduction

Considering that cement screed is frequently installed in floor constructions exposed
to heavy traffic, such as floors in industrial and commercial buildings, highway warehouses,
stations, hospital halls, and similar structures, it is subjected to significant loads, including
concentrated loads. Acting over relatively small areas, these loads generate high local
pressure responsible for damage and defects in the screed [1].

There is often a need for the repair and rehabilitation of floor constructions, with
damages manifesting over time, sometimes immediately after construction. Technical
specifications for cement screeds typically focus on basic data, but the need for additional
information on characteristics and proper material selection is underscored.

Poorly executed cement screeds can lead to high reconstruction costs and losses due to
the cessation of activities during rehabilitation, pointing to structural defects in the lower
zones of screeds [2].

Numerous engineers and researchers have explored cement screeds and their diverse
properties. For example, the thermal properties of recycled glass claddings and their
significance for the energy efficiency of a building were studied by Alani and others [3].
Moriera and colleagues investigated improved thermal and acoustic performances of ce-
ment claddings, exploring the possibility of reducing their weight by adding cork granules
obtained as waste during production [4]. The use of waste materials as constituents of
screeds was also examined by Boehme and others, who assessed the impact of recycled
concrete as an aggregate, derived from fine fractions, in cement claddings [5].

Using electrofilter ash in concrete screed is becoming a common practice. This sit-
uation entails both environmentally and economically positive effects [6]. Apart from
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the evident ecological and economic advantages, substituting a portion of cement with
supplementary cementitious materials (SCMs) also provides engineering benefits, such
as enhanced workability, decreased risk of segregation, and mitigation of shrinkage and
cracking [7].

Since electrofilter ash has pozzolanic properties, whose activity is defined as the ability
to produce materials with hydraulic properties in the presence of water and lime Ca(OH)2,
and relatively high grinding fineness, this powdered material can be used as a mineral
additive in the production of cement, i.e., it may be a partial replacement for Portland
cement in composite materials [8].

The partial replacement of Portland cement with SCMs, including fly ash, clays,
ground granular blast-furnace slag, limestone filler, silica fume, and metakaolin, has
garnered significant attention in recent years [9]. The construction industry is concerned
about its impact on global warming, mainly due to carbon emissions (CO2) from activities
like material production, construction, transportation, and waste generation. Portland
cement (PC) production is a major source of CO2, with 1 kg of PC generating approximately
0.8–0.9 kg of CO2 [10].

Adding fibers to the cement–composite mix improves its strength and behavior by
delaying the initiation of cracks and controlling their propagation. Commonly used fibers
in the concrete mixture include steel fibers (SF), carbon fibers (CF), and polymer fibers (PF).
Steel fibers are considered the most popular, as they can significantly increase the tensile
and compressive strength of hardened concrete more than other types of fibers. Despite
this, the use of polypropylene fibers has proven effective in enhancing the mechanical
properties of hardened cement composite and is widely used in various applications [11].

While polypropylene is not a natural fiber, it can serve as an environmentally friendly
option when sourced from recycling. Its integration into concrete not only facilitates plastic
recycling and reuse but also improves the performance of the cement-based composite. This
enhancement extends to reducing shrinkage, improving tensile properties, and enhancing
post-cracking behavior [12].

Cracks in concrete, especially under tensile loads, can lead to durability and service-
ability concerns due to their propensity to propagate. Incorporating micro-plastic fibers,
such as polypropylene fibers, can mitigate plastic shrinkage in concrete and enhance tough-
ness in post-cracking zones [13]. Synthetic fibers have attracted the interest of the scientific
community due to their exceptional durability (absence of corrosion) and lightweight, and
thermal properties, with a specific emphasis on fostering anti-spalling behavior [14].

The subject of the research is the physical–mechanical and deformation characteristics
of fine-grained cement composites, which vary depending on the mixing ratios of the
components, additives, and material compaction. The research aimed to define the effects
of micro-reinforcement additives on the properties of cement screed mortar and explore
the use of electrofilter ash as a component in the screed, considering the advantages and
disadvantages of partial cement substitution with fly ash.

Through the analysis of the results, the research provided an informational basis for
optimal design and offered recommendations to designers and contractors for the creation
of quality and durable cement screeds.

2. Experimental Research

The experimental investigation involved the preparation and testing of cement-based
mortar compositions, as well as mortar compositions that incorporated fly ash (to substitute
20% of the cement mass). Alongside these, the following materials were used: river
aggregate, water, synthetic polypropylene fibers, and a superplasticizer.

The analysis of the experimental research was conducted by comparing mortar mixes
for cement screeds made using Portland cement as a binder (traditional method) with
cement screeds that had a partial substitution of Portland cement with electrofilter ash. The
addition of micro-reinforcement and superplasticizer to these mixes aimed to determine
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the impact of these additives on the alteration of physical, mechanical, workability, and
other properties.

The experiments were carried out in the accredited Laboratory for Materials and
Structures at the Faculty of Civil Engineering in Belgrade.

2.1. Experimental Research Program

While planning the experimental phase of the research, the initial assumption was
made that the optimal composition of the cement screed could be defined through the
analysis of component materials. Additionally, it was assumed that the optimal amount of
micro-reinforcement directly influences the deformation properties of the cement screed.

The composition of mortar mixes was designed based on the following initial conditions:

• Constant ratio of binder to aggregate to avoid negative effects on certain physical–
mechanical properties of the mortar;

• Consistency of cement screeds that should correspond to the description “moist as
soil”, leading to an assumed water–cement ratio of 0.38;

• Assumed density of freshly installed mortar;
• Addition of micro-reinforcement in the amount of 1.0 kg/m3;
• Use of electrofilter ash as a substitute for cement in the amount of 20%;
• Addition of plasticizer at a ratio of 1% by weight of cement.

Testing of mortar-mix samples was conducted using prismatic samples of dimensions
4 × 4 × 16 cm. The following properties were analyzed within the research:

Fresh concrete

• Consistency;
• Density.

Hardened concrete

• Compressive strength;
• Flexural strength;
• Dynamic modulus of elasticity;
• Shrinkage.

All series of mortar mixtures were made with the same type of cement, the same type
and particle size distribution of aggregates, and potable water. The following materials
were used for the preparation of the mentioned composites:

• CEM I 42.5 R (Lafarge Beočin Cement Factory, 21300 Beočin, Serbia);
• Aggregate (“Moravac”, fraction 0/4 mm, river Morava, Serbia);
• Fly ash (Kolubara Thermal Power Plant, 11563 Veliki Crnjani, Serbia);
• Polypropylene fibers (type: monofilament, wavy fibers, length 12 mm, Sika Srbija,

22310 Šimanovci, Serbia);
• Plasticizer (“Sika Estriplast”, Sika Srbija, 22310 Šimanovci, Serbia).

For the purposes of experimental research, according to the research program, the
preparation and testing of the properties of two different types of mortar mixes for cement
composites is foreseen. The groups are marked as follows:

• A—mortar mixture with ordinary Portland cement as the binder;
• B—mortar mixture with electrofilter ash as a partial replacement for cement and

superplasticizer in its composition.

Individual types of mortar compositions are labeled with Roman numerals I and II,
each number representing the designation of the mortar series within groups A and B:

• A-I series—standard cement mixture;
• A-II series—cement mixture with the addition of microfibers;
• B-I series—cement mixture with electrofilter ash and superplasticizer;
• B-II series—cement mixture with electrofilter ash, superplasticizer, and the addition

of microfibers.
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2.2. Component Materials and Method

Examinations of fundamental physical and mechanical characteristics of component
materials have been conducted for the purpose of designing and understanding the effects
each of them may have on the properties of mortar cement composites.

2.2.1. Cement

The type of cement used for mortar preparation is ordinary Portland cement of grade
42.5 CEM I 42.5R (Lafarge Beočin Cement Factory). Table 1 shows the physical and me-
chanical test results carried out on the cement.

Table 1. Properties of the cement used according to the manufacturer.

Property CEM I 42.5R

Grinding fineness
residue on site 0.09 mm [%] 0.2

Fineness (Blaine) [cm2/g] 3780

Density
loose state [kg/cm3] 900

compacted state [kg/cm3] 1450

Cement setting time
Initial setting time [min] 180

Final setting time [min] 235

Soundness (Le-Chatlier) [mm] 0.5

Compressive strength
3 Days strength [MPa] 33.7 ± 0.8

28 Days strength [MPa] 59.5 ± 1.1

Tensile strength
3 Days strength [MPa] 6.1 ± 0.1

28 Days strength [MPa] 9.1 ± 0.7

2.2.2. Aggregate

The river aggregate used in this research is natural sand, originating from the Morava
River, with a fraction of 0/4 mm. The quarry from which the aggregate was extracted is
‘Bumbarius Elit’, located in Belgrade. The density of sand is 1627 kg/m3. The particle size
distribution of the aggregate is provided in Table 2.

Table 2. Particle size grading of the aggregate.

d (mm) Bottom 0.125 0.25 0.5 1 2 4 8

Y (%) 0 1.8 20.4 66.7 83.4 95.9 98.2 100

2.2.3. Mineral Additive

Fly ash originates from the Kolubara thermal power plant in Veliki Crnjani. Before be-
ing used in mortar, the ash is activated mechanically (by grinding) and then sieved through
a screen with an opening of 0.9 mm. Chemical composition of electrostatic electrofilter ash
is shown in Table 3.

2.2.4. Polypropylene Fiber

Synthetic monofilament polypropylene fibers 12 mm in length, from the manufacturer
Sika Fibers, Switzerland, were utilized for micro-reinforcement. Properties of synthetic
fibers as per the manufacturer is provided in Table 4.
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Table 3. Chemical composition of electrostatic electrofilter ash.

Parameter Unit Value

loss on ignition % 3.09

SiO2 % 58.60

Al2O3 % 21.92

Fe2O3 % 5.97

CaO % 6.12

MgO % 1.77

Na2O % 0.37

K2O % 1.50

Table 4. Properties of synthetic fibers as per the manufacturer.

Polypropylene Fibers Property

Material Polypropylene

Fiber Type Monofilament

Cross-sectional Shape Circular

Diameter d [mm] 0.04

Length l [mm] 12

Aspect Ratio l/d 300

Specific Mass γs [g/cm3] 0.91

Tensile Strength fz [MPa] 360

Elastic Modulus E [GPa] 2.5

Recommended Dosage [kg/m3] 0.9–1.0

Alkaline Resistance Resistant

3. Properties of the Tested Mortars
3.1. Mix Proportion Design

During the design of mortar compositions, a procedure based on the knowledge of
the bulk density of freshly installed mortar is applied, utilizing the so-called mass–volume
equation [15]:

γm sv = mc + ma + mw (1)

where:
γm sv is density (kg/m3);
mc is the mass of cement (kg);
ma is the mass of aggregate (kg);
mw is the mass of water (kg).
The quantities of component materials of mortar were calculated approximately based

on the assumed density, assumed water–cement ratio (0.38) and adopted mixing propor-
tions of cement and aggregate (1:3). The assumed density of the mortar mixes for the
A-II series-containing fibers is empirically set at 2200 kg/m3, while, for the A-I series, an
adopted density of 2100 kg/m3 is assumed.

In the following table (Table 5) the adopted quantity of necessary material for making
1 m3 of mortar mixture for cement screeds is given.
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Table 5. Quantities of materials for 1 m3 of the mortar mixtures.

Series Cement (kg) Aggregate (kg) Water (kg) Fibers (kg) Fly Ash (kg) Superplasticizer (kg)

Seres A-I 479.5 1438.5 182 / / /

Seres A-II 502.0 1506.0 191.0 1.0 / /

Seres B-I 382.69 1435.1 181.1 / 95.67 5.0

Seres B-II 401.6 1506.0 190.0 1.0 100.4 5.0

Mortar mixtures were prepared in a counter-current laboratory concrete mixer with a
vertical axis, with an effective mixing capacity of 60 L (see Figure 1).
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After dry mixing the measured quantities of cement and sand for 30 s, fibers are
added and mixing continues for another 30 s. Water was carefully added until achieving
a satisfactory consistency, described as “moist as earth”, for the next 30 s. The mixing
duration for the mortar components was extended by 3 min (180 s) compared to the
standard mixes, resulting in a total of 4.5 min for the micro-reinforced mixes. This was
done to ensure a more uniform dispersion of fibers within the cement matrix. Samples
were then incorporated into prescribed three-part molds with dimensions of 4 × 4 × 16 cm
(Figure 2).

3.2. Consistency

In laboratory conditions, the consistency of cement mortar is determined in accordance
with the procedure described in the standard SRPS EN 1015-11:2019 [16], as depicted in
Figure 1. The calculation of the Vebe degree is done according to the following formula:

N = (V1/V0) × t (2)

where:

• V0 is volume before vibration (V0 = 5.5 L);
• V1 is volume after vibration;
• t is vibration time in seconds.
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The results of the consistency testing of mortar mixtures using the VEBE method are
presented for each series of mortar mixtures in the following tables.
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3.3. Density

The density of fresh mortar mix was tested immediately after placement, in accordance
with the standard SRPS ISO 6276 [17], by measuring the mass of samples that have the
shape of a prism with dimensions of 4 × 4 × 16 cm, using the following formula:

γm,sv =
Mm,sv

Vm,sv

[
kg/m3

]
(3)

where:
Mm,sv is the mass of embedded mortar;
Vm,sv is the volume of samples.

3.4. Compressive Strength

The compressive strength, being the most important mechanical characteristic of
cement composites, was tested on prism-shaped samples with dimensions of 4 × 4 × 16 cm
at the ages of 28 days, according to the SRPS EN 1015-11:2019 standard [18].

The compressive strength value (fp) is calculated based on the formula:

fp =
Pgr

A0
(4)

where:
Pgr is the breaking force (N);
A0 is the cross-sectional area (cm2).
The results of testing the mean values of compressive strength for each series of

mortars are shown in tabular form.

3.5. Flexural Strength

The flexural strength test was carried out according to the SRPS EN 1015-11:2019
standard [18] on samples taken from each cement-mix series at 28 days old (Figure 3).
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The respective values were determined by calculating the arithmetic mean of the test
results obtained from three samples, utilizing a recognized template for evaluating flexural
strength when force is applied at the midpoint of the span:

fzs =
3
2

lPgr

a3 (5)

where:

fzs—Flexural strength (MPa);
Pgr—Breaking force (KN);
a—Length of the side of the square (cross-sectional area of the sample) (m);
l—Span length (m).
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3.6. Dynamic Modulus of Elasticity (ED)

The dynamic modulus of elasticity (ED) of cement mortars was examined in terms of
their deformation properties at the age of 28 days using the resonant-frequency method,
following the procedure described in the SRPS EN 12390-13:2021 standard [19].

To determine the dynamic modulus of elasticity, resonant frequencies of longitudinal
oscillations of samples were measured using the disposition depicted in Figure 4. The value
was calculated using the following relation:

ED = 4 f2 l2 γ10−6(GPa) (6)

where: f is the measured resonant frequency in Hz (1/s);
l is the length of the prism in meters (mm);
γ is the density in kilograms per cubic meter (kg/m3).
The results of testing the dynamic modulus of elasticity, obtained as the arithmetic

mean of testing the three samples, are presented in tabular form.
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3.7. Shrinkage

Shrinkage represents the rheological deformation characterized by a decrease in the
dimensions of mortar over time without the influence of external forces. It occurs approxi-
mately proportionally in all directions [20].

Testing of shrinkage deformations was conducted according to the SRPS B.C8.029
standard [21] on samples with special, non-corroding benchmarks (Figure 5).
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Based on the measured changes in the length of the measuring base, the shrinkage
dilations were calculated using the formula:

εsk(t) =
∆l(t)

l0
1000 =

s(3)− s(t)
l0

1000(‰) (7)

where the symbols used represent:
εsk(t)—shrinkage dilation at the age of t days;
∆l(t)—change in length of the measuring base after t days;
l0—initial length of the measuring base, which is 16 cm;
s(3) and s(t)—readings on the measuring device after 3 days and after t days, respectively.
In the test report, the values are rounded to 0.01 mm/m and presented in tabular form.

Individual results of the measurement of time deformations of shrinkage were obtained on
samples of mortar mixtures over a period of 4 months. The mean values of the test results,
at characteristic ages of the samples, are given in Table 6.

Table 6. Shrinkage test results over a period of 4 months.

Age in Days
Shrinkage Esk (‰)

A-I A-II B-I B-II

3 0.000 0.000 0.000 0.000

4 0.042 0.031 0.094 0.042

7 0.240 0.229 0.240 0.208

14 0.406 0.375 0.417 0.375

21 0.552 0.521 0.510 0.469

28 0.635 0.635 0.604 0.594

56 0.667 0.677 0.646 0.625

75 0.698 0.698 0.687 0.667

92 0.729 0.719 0.719 0.708

102 0.740 0.729 0.740 0.740

126 0.740 0.729 0.760 0.750

4. Results and Discussion

The experimental results of fresh and hardened mortar mixtures are displayed in
tabular format (Table 7) alongside graphical representations. This presentation facilitates
direct analysis and conclusion making.

Table 7. Results of tested properties of cement composites.

Property A-I A-II B-I B-II

Consistency
N [s] 16.33 11.87 9.15 11.16

Density
in the fresh state [kg/m3]

2208 2351 2134 2216

Compressive strength
at the age of 28 days [Mpa] 55.13 59.50 44.72 47.32

Flexural strength
at the age of 28 days [Mpa] 7.68 10.30 7.26 8.55

Dynamic modulus of elasticity (ED)
[Gpa] 31.33 31.42 20.71 20.94

Shrinkage
at the age of 126 days Esk (‰) 0.740 0.729 0.760 0.750
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In formulating mortar mixtures for cement screeds, established theoretical principles
of concrete technology and the specific characteristics that define these composites were
considered. Our approach was informed by the authors’ previous research, insights gleaned
from the literature, and guidance provided by manufacturers.

4.1. Analysis of the Results of Testing Mortar in the Fresh State

The mortar of series A-I has the highest value of Vebe degrees (16.33), which represents
the measure of consistency according to this method. According to SRPS EN standards, it
belongs to class V2.

During the design of mortar-mixture compositions, it was assumed that in micro-
reinforced composites of series (A-II) prepared with a small amount of fibers, there would
be no change in the workability of fresh mixtures [22].

During the preparation of the mortar mixture of series A-II, it was observed that the
mixture became more inert and stiff, leading to the use of additional water compared to the
projected amount. As a result, the Vebe degrees value for the mortar mixture of series A-II
is lower than the reference value and amounts to 11.87, which falls into the same class of
stiff consistency V2.

Mortar mixtures for cement screeds of series B exhibit expectedly lower Vebe degree
values (11.06; 10.02), as confirmed by research from numerous authors. Electrofilter fly ash
in the cement paste contributes to increased plasticity and better cohesion [23], alters the
behavior of cement-paste dispersion [24], reduces segregation and bleeding, and influences
the reduction of hydration heat.

The plasticizer used in preparing mortar mixtures of series B, creates a thin coating
around the cement particles and electrofilter ash, resulting in a notable reduction of friction
within the mixture. As a result, the viscosity of series B mortar mixtures is lower than that
of series A.

The values of densities of fresh mortar mixtures are a reliable indicator of the charac-
teristics of the hardened composite. Increasing density results in more compact mortars
with better physical and mechanical properties.

The results of testing densities in the fresh state indicate that the addition of polypropy-
lene fibers in the mixtures does not significantly affect the change in values. Similarly, it can
be observed that mortar-mixture samples containing 20% electrofilter ash have densities
lower by 5 to 10%, which is expected considering that the specific gravity of electrofilter
ash (2190 kg/m3) is significantly lower than that of cement (3100 kg/m3).

4.2. Analysis of the Results of Testing Mortar in the Hard State
4.2.1. Flexural and Compressive Strength

On standard specimens of prism shape, dimensions 4 × 4 × 16 mm, obtained values
of flexural strength and compressive strength at the age of 28 days are depicted in Figure 6.
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From the results of the flexural strength tests on samples at the age of 28 days, it can
be observed that:

• The use of polypropylene fibers leads to an increase in the flexural strength values
in series A-II (34.1%) compared to A-I, which can be explained by the fact that better
adhesion with the fibers is achieved within the mortar matrix, resulting in improved
resistance to bending;

• The application of fibers results in an increase in flexural strength values (17.77%) in
series containing electrofilter ash B-II compared to B-I, although this difference is less
prominent in these series;

• The flexural strength values of series B-I and series A-I differ by 5.78%. The addition
of fly ash does not significantly affect the reduction in flexural strength values, which
is in line with studies conducted by other authors [25].

Based on the test results of compressive strength at the age of 28 days and by compar-
ing the recorded values, it was observed that:

• The series of mortar mixtures for cement grouts containing electrofilter ash B-I and
B-II record a decrease in compressive strength of 23.28% and 25.74%, respectively,
compared to series A-I and A-II that do not contain electrofilter ash as a partial
replacement for cement;

• The application of polypropylene fibers causes an increase in compressive strength
values for series A-II (7.93%) and series B-II (5.81%) compared to the series A-I and B-I;

• Mortar mixtures containing micro-reinforcement (series A-II and B-II) exhibit higher
strengths compared to the standard (A-I and B-I) by approximately 10%, which is
consistent with studies by other authors [26];

• By replacing cement with electrofilter ash in the amount of 20%, along with the
addition of polypropylene fibers, the compressive strength obtained is lower by 14.17%
compared to traditionally prepared mortar mixture for cement grouts, represented by
series A-I.

4.2.2. Dynamic Modulus of Elasticity

The results of the testing of the dynamic modulus of elasticity ED, at the age of 28 days,
are shown in Figure 7.
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Figure 7. Dynamic modulus of elasticity (ED) of samples aged 28 days.

Based on the presented diagram, the following conclusions can be drawn:

• The results of testing the dynamic modulus of elasticity of treated mortar mixtures at
the age of 28 days show that series containing electrofilter ash have a lower dynamic
modulus of elasticity by 26.72% and 26.26%, respectively. This is in line with claims
made by other authors that electrofilter ash has a pronounced impact on reducing the
values of the modulus of elasticity [27];



Appl. Sci. 2024, 14, 2791 13 of 15

• The addition of synthetic fibers in the series has a minimal impact on the change in
the dynamic modulus of elasticity. In both series A and B, samples containing fibers
exhibit only a slight increase in the dynamic modulus (the largest percentage difference
being 0.5%), which can be primarily explained by the low percentage participation of
microreinforcement within the cement matrix.

Taking into account the displayed values of the tested dynamic modulus of elasticity
(ED) and compressive strength (fp), from the following diagram (Figure 8), it can be
concluded that there is a good correlation between these parameters in both the quadratic
parabolic functional dependency, with a correlation coefficient of r2 = 0.8888, and in the
linear dependency, where r2 = 0.8678.
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Figure 8. Functional dependence between the dynamic modulus of elasticity and compressive
strength at the age of 28 days.

4.2.3. Shrinkage

The results of the total shrinkage of all tested mortar composites as a function of time
are shown in the form of a diagram (Figure 9).
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Figure 9. Shrinkage Esk (‰) over a period of 4 months.

The results of the A-II series testing, which contains micro-reinforcement, show a
reduction in shrinkage of only 1.5% on the 126th day of testing, while in earlier phases
(on the 4th day), shrinkage dilations are 26.2% less compared to the standard. This can be
explained by the fact that synthetic fibers are highly effective in the early period, while their
modulus of elasticity is lower than that of the mortar, resulting in reduced crack formation
and prolonged shrinkage in the later period when strength is higher.
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Samples from series B, which contain fly ash, exhibit greater shrinkage compared to
samples from series A made with ordinary Portland cement, confirming findings from
other authors [28].

The difference in shrinkage in the early stages is more pronounced in samples from the
B series that contain fibers. On the fourth day of testing, the shrinkage dilations of samples
from the B-II series are 55.32% lower compared to samples from the B-I series, while on
the 126th day, when the test results have stabilized, the shrinkage is proportionally 1.32%
lower, similar to the A series samples.

Plastic shrinkage usually occurs within the initial few hours after the mortar is applied,
and its adverse effects can be mitigated through proper and timely maintenance of the
fresh mortar. Considering that samples embedded in molds are kept in a humid space
(H > 90%) during the first 24 h after application, followed by an additional 48 h in water
(T = 20 ± 2 ◦C), this method mainly eliminates the influence of plastic shrinkage.

5. Conclusions

To ensure that designers and contractors can correctly choose, apply, and install
materials for cement screeds, it is essential to realistically assess the properties of the
components, their relationships, manufacturing techniques, maintenance methods, and
other influences according to the role that the cement screed plays within the complex
system of the structure.

The physical–mechanical, deformational, and rheological characteristics of cement
screeds can vary significantly based on the mixing proportions of components, the amount
of water used, the presence of additives, the level of compaction of the material after
solidification, manufacturing techniques, and maintenance practices. Thus, careful con-
sideration and incorporation of all these factors are crucial when selecting and applying
screed materials.

By analyzing the test results of mortar mixtures, conclusions were drawn that the
optimal amount of micro-reinforcement in mortar mixtures for cement screed has a di-
rect impact on increasing compressive strength and tensile strength, as well as reducing
time-dependent deformations due to shrinkage, which is a prerequisite for their quality
and durability.

For the use of electrofilter ash, which represents industrial waste material, as a partial
replacement for cement in mortar mixtures for cement screeds, the research shows that the
physical–mechanical and deformation properties of fly-ash-based composites are accept-
able for higher loads that cement screeds endure compared to mortar for other purposes.
The advantages of using fly ash include lower stiffness, increased plasticity, and better
workability. Additionally, if microfibers are added to the mortar with a 20% ash replace-
ment, the strength decreases by approximately 16% compared to the sample without fibers,
where the strength decreases by 23%, resulting in reduced crack formation and prolonged
shrinkage in the later period when strength is higher.
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