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Abstract. This study investigates the development of Self-Compacting Fine-Grained Concrete
(SCFGC) optimized for vibration-free technology. By utilizing polycarboxylate superplasticizers
and mechanically activated mineral fillers, the research achieves precise control over rheological
properties and structural viscosity (reducing it by up to 41 %). Based on Uzbekistan’s CEMI 32.5N
Portland cement, the interaction within the “cement-filler-water” system enhances the cement
stone microstructure, ensuring high durability and dense structure formation. This approach
significantly improves energy efficiency, enables noise reduction, and lowers labor intensity,
offering a sustainable solution for modern monolithic and prefabricated construction.

Keywords: self-compacting fine-grained concrete, rheological properties, structural viscosity,
polycarboxylate superplasticizer, mineral micro-filler, mechanical activation, cement
microstructure.

1. Introduction

In the context of the rapidly evolving construction industry, there is an increasing demand for
materials that prioritize high performance, durability, and energy efficiency. A significant
technological shift in concrete engineering is the transition toward vibration-free and
low-vibration compaction methods, which not only enhance labor productivity but also
significantly improve sanitary-hygienic working conditions by reducing noise and structural
vibration impacts [1-4].

Self-compacting concretes (SCC) have gained global recognition due to their ability to achieve
full consolidation under their own weight without the need for external mechanical energy. The
development of self-compacting fine-grained concretes (SCFGC) is particularly critical for the
construction of monolithic, thin-walled, and complex-configuration structural elements with
dense reinforcement. To optimize the structure of such systems, a comprehensive approach is
required, involving the precise management of the “cement-water-aggregate” system through the
integration of complex modifiers, such as high-performance chemical admixtures and mineral
fillers. These modifications are essential for regulating rheological behavior, preventing phase
separation, and ensuring the formation of a dense, homogeneous cement matrix with minimal
porosity [5-9].

While international practices often utilize high-activity cements (> CEMI 42.5H) in tandem
with polycarboxylate superplasticizers for these applications, the limited availability of such
grades in Uzbekistan necessitates alternative solutions. Consequently, this study addresses the
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pressing scientific and practical challenge of developing SCFGC compositions based on widely
accessible CEMI 32.5N Portland cement that meet stringent operational requirements for
vibration-free technology. Implementing these research findings will enhance the technological
efficiency of construction workflows and support the transition of Uzbekistan’s construction
sector toward sustainable, environmentally friendly, and energy-efficient practices that align with
international standards.

The primary objective of this work is for the first time, vibration-free self-compacting
fine-grained concrete compositions based on locally available CEMI 32.5N cement have been
scientifically substantiated for Uzbekistan's construction industry by establishing the optimal
mechanical activation duration of metallurgical waste filler (30 minutes), the optimal micro-filling
regime (specific surface area <3000 cm*g and 25 % filler content by binder weight), and
demonstrating that the complex modifier reduces structural viscosity by up to 41 %, enabling
self-compacting behavior at low water-cement ratios.

2. Research methods and applied materials

The experimental research focused on developing self-compacting fine-grained concrete
(SCFGC) compositions using materials readily available in the Republic of Uzbekistan. The
primary binder was Portland cement grade CEMI 32.5N, produced by Kizilkumsement LLC.
Metallurgical waste, sourced from Uzbekistan Railways JSC, served as the mineral filler; it is
characterized as a finely dispersed, grayish-brown material with a high specific surface area and
notable amorphous phase content. Prior to utilization, the filler was dried at (105+5) °C until
reaching a constant mass, followed by grinding in a SHLM-100 laboratory ball mill, with grinding
and loading durations optimized experimentally to achieve the desired dispersity. The dispersity
was controlled via the Kozeni-Karman air permeability method using a PSKh-11A device, while
particle morphology and aggregation degrees were assessed using a No008 sieve.

A polycarboxylate ether-based superplasticizer (PRO500) was employed as a chemical
additive, offering high water-reducing capacity (25-30 %) and enabling the necessary mobility of
the cement systems with minimal water usage. This additive was introduced as an aqueous
solution in precisely calculated dosages. To evaluate the complex modifier's impact on the binder,
a comprehensive suite of physicochemical analysis methods was applied. Specifically, normal
consistency and setting times were determined using a Vika apparatus in accordance with
GOST 310.3-76 and GOST 310.4-81, facilitating the assessment of water demand and hydration
kinetics. Rheological characteristics were investigated with a LAMYREOLOGY rotary
viscometer to measure structural viscosity and determine optimal modifier dosages for ensuring
self-compaction and mixture stability. Furthermore, the phase composition and structural
transformations of the cement compositions were analyzed using X-ray diffractometry on an
AL-27mini device, with patterns interpreted via the ICDD PDF-2 database to identify crystalline
phases and hydrate compounds. This integrated experimental framework ensured the scientific
validity of the findings regarding the binder's properties for vibration-free construction
technologies [2, 3, 10].

3. Results and discussions

Mechanoactivation is a key technological process in transforming raw materials into
high-performance products through mechanical energy. It induces structural and morphological
changes, including particle refinement, increased density of active surface centers, and
modification of particle shape. As a result, the specific surface area increases and the crystalline
structure partially transitions to an amorphous state, significantly enhancing chemical reactivity.

Given these fundamental mechanisms, the present study investigates the mechanoactivation of
burnt form of waste (BWS) to optimize its application in cementitious systems. The experimental
results regarding the grinding kinetics and efficiency of BWS are illustrated in Fig. 1,
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demonstrating the direct relationship between mechanical processing duration and the resulting
physicochemical characteristics essential for vibration-free construction technologies [10].

scientific research and engineering practice have established that the material grinding process,
particularly under conditions of mechanical activation, exhibits a non-linear behavior
characterized by several sequential and distinct stages [11]:

1) The first stage, the material undergoes preliminary dispersion, characterized by the
mechanical fragmentation of large structural agglomerates. Intensive mechanical stress — induced
through impact, attrition, or a combination thereof — promotes pore opening, particle separation,
and the formation of primary fragments with diverse size distributions. During this phase, the
specific surface area exhibits a nearly proportional increase relative to the energy input, indicating
high efficiency in energy conversion during the initial stage of activation [12].

2) The second stage is characterized by micro-grinding and the accumulation of crystal lattice
defects. As the material's dispersity increases, breakdown occurs at the level of individual crystals
and grains, necessitating higher energy inputs. During this phase, resistance to further destruction
intensifies, and while the growth of the specific surface maintains a linear dependence on energy
consumption, the overall efficiency coefficient decreases significantly.

3) The third stage, the system reaches its maximum dispersity, followed by the onset of particle
aggregation. Highly dispersed products possess substantial surface energy, leading to a natural
tendency for particles to agglomerate under the influence of intermolecular and electrostatic
forces. Consequently, the formation of secondary aggregates diminishes the efficiency of
continued grinding and results in a plateauing of the specific surface area. This stage defines the
technological limit of dispersion, beyond which further refinement requires modifying process
parameters or employing additional particle stabilization techniques [13-17].

Experimental results show that mechanical activation of BWS significantly improves its
physicochemical and structural properties. Grinding for 30 minutes increases the specific surface
area up to 4412 cm?/g, indicating enhanced reactivity and improved interaction with cement
hydration products. This improvement is due not only to particle size reduction but also to the
formation of new reactive centers caused by lattice disruption and structural defects.

Granulometric analysis confirms the effectiveness of the activation process, with average
particle size decreasing from 13 pum to 5.4 pm, indicating high dispersion and homogeneity.
Grinding also promotes pore opening and agglomerate breakdown, increasing the active surface
area. Sieve analysis (No. 008) supports these results, showing a reduction in residue from 64 % to
49 %, reflecting a higher proportion of fine particles.

However, grinding durations exceeding 30 minutes resulted in a sharp increase in residue on
the No. 008 sieve, rising to 93 %. This phenomenon indicates the onset of particle agglomeration
and adhesion, driven by intermolecular and electrostatic forces. This effect is a direct consequence
of elevated surface energy, where the system tends to minimize its free energy through particle
re-aggregation, thereby establishing the technological limit for optimal dispersion [9].

Experimental analysis shows that the optimal duration for BWS mechanical activation is about
30 minutes. Prolonged grinding leads to particle agglomeration, reducing effective surface area,
pozzolanic activity, and energy efficiency, while negatively affecting matrix uniformity.

A key issue is surface passivation of activated fillers during storage, caused by adsorption of
atmospheric moisture and gases. Moisture forms hydrate films, while oxygen and nitrogen alter
surface electron density, leading to deactivation of active centers.

As a result, extended storage reduces filler reactivity and its interaction with cement hydration
products. To evaluate this effect, additional experiments were conducted to assess the influence
of storage duration on the mechanical strength of cement stone (Fig. 2).

The experimental data enable quantitative evaluation of mineral component activity and
identification of optimal operational periods, reducing surface passivation and ensuring long-term
stability of cement systems [18].

Increasing the dispersity of mineral fillers enhances Brensted active centers, improving
adsorption, ion exchange, and interaction with hydration products, which leads to a denser matrix
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and higher strength.

However, beyond a critical specific surface area, further grinding becomes inefficient due to
particle agglomeration and surface passivation, reducing energy efficiency [19].

Experimental studies (1000-4000 cm?/g; 5-40 % filler) confirm an optimal range of dispersion
and dosage, where compressive strength and filler efficiency reach maximum values.
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Fig. 1. Influence of BWS mechanoactivation in: a) the impact-rubbing mode of a ball mill
on the specific surface, b) the change in the average diameter of the particles,
c) the duration of grinding on the aggregation phenomenon
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Fig. 2. Decrease in filler activity due to moisture adsorption over time after grinding

As illustrated in Figs. 3 and 4, there exists a critical ratio between the fineness of grinding and
the filler dosage where a distinct synergistic effect emerges. This effect is manifested by enhanced
mechanical strength, driven by the densification of the microstructure and a more homogeneous
distribution of hydration products. Consequently, the identified parameters provide a robust
scientific basis for determining the rational dispersion and optimal dosage of mineral fillers,
thereby significantly improving the performance of cement-based systems and advancing
vibration-free concreting technologies.

284 ISSN PRINT 2345-0533, ISSN ONLINE 2538-8479



STRUCTURAL AND RHEOLOGICAL DESIGN OF SELF-COMPACTING FINE-GRAINED CONCRETE FOR VIBRATION-FREE CASTING.
ANVAR ADILKHODZHAEV, BAKHRIDDIN KHASANOV, ILKHOM KADYROV, MIRZOKHID RADJABOV, ISOMIDDIN UMAROV, B. K. SARSENBAYEV

Experimental analysis indicates that the mechanical strength of the cement matrix — under both
compressive and flexural loading — exhibits a consistent increase as the degree of micro-filling
and the specific surface area of the mineral filler are optimized. The most pronounced
enhancement in mechanical properties is observed at a specific surface area (S,,4) of 3000 cm?/g
with a filler concentration of 25 % by weight of the binder. This configuration represents the
optimal balance between particle fineness, pozzolanic reactivity, and the volumetric concentration

of the filler within the cementitious system [20-23].
40

Conversely, exceeding the optimal degree of dispersion or dosage of the mineral component
leads to a reduction in the mechanical strength of the cement matrix. This decline can be attributed
to two primary factors: first, the reduced proportion of the clinker binder within the system, which
restricts the formation of cementitious hydration products; and second, the intensification of
particle aggregation in the ultra-dispersed range. The latter disrupts the structural uniformity of
the matrix and compromises the integrity of interphase contacts, thereby negatively affecting the
overall mechanical performance [24, 25].

Furthermore, excessive dispersion facilitates the formation of heterogeneous agglomerates,
which compromise the matrix density and structural homogeneity while simultaneously impeding
the effective interaction between the filler and the cementitious hydration phases. Consequently,
the identified patterns validate the existence of an optimal micro-filling regime that ensures
maximum synergy between system components, thereby optimizing the physical and mechanical
performance of the resulting cementitious compositions.

Before setting, cement paste behaves as a coagulation-type dispersed system with thixotropic
properties, showing reversible viscosity reduction under mechanical action and recovery at rest.
This ensures shape stability in the pre-hardening stage [26-29].

Rheological properties were evaluated using a temperature-controlled rotary viscometer
(Couette system). The study used CEM I 32.5N cement, BWS filler, and a polycarboxylate
superplasticizer. Samples were prepared by staged water addition, homogenization, and resting.
Measurements were conducted at 25+1 °C over a shear rate range of 0.1-200 s™! with load-unload
cycles; each test was repeated three times.

Results show that both control and modified systems exhibit pseudoplastic behavior, with
viscosity decreasing as shear rate increases. The modified system (BWS+SP) showed consistently
lower viscosity, reduced by about 41 % and 34 %.
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Fig. 3. Influence of specific surface area and degree of filling of BWS
on the flexural strength of fine-grained concrete
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Fig. 4. Influence of specific surface area and degree of filling of BWS
on the compressive strength of fine-grained concrete

This effect is explained by SP adsorption on particle surfaces, creating electrostatic and steric
repulsion, preventing flocculation, and enhancing particle mobility. As a result, internal friction
decreases, improving workability while maintaining structural density in low water-cement ratio
systems.
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Fig. 5. Structural viscosity of complex modified and unmodified cement pastes

4. Conclusions

Mechanical activation of BWS increases its specific surface area and reduces particle size,
with an optimal grinding time of about 30 minutes. Prolonged grinding and storage lead to
agglomeration and surface passivation, reducing reactivity.

The optimal micro-filling regime (<3000 cm?/g and 25 % filler) ensures maximum strength,
while deviations decrease performance due to reduced clinker content and agglomeration.

The combined use of BWS and superplasticizer lowers structural viscosity and improves
workability by reducing interparticle friction.

Overall, the complex modifier enhances strength and workability, supporting the development
of high-performance, low-vibration concrete.
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