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Abstract. This paper presents the results of an experimental study on self-compacting concrete 
(SCC) incorporating recycled crushed concrete aggregate and an organic-mineral additive based 
on nanosilica and a polycarboxylate superplasticizer. The multi-stage “soft” crushing of concrete 
waste significantly improves the properties of the recycled aggregate, in particular its void content, 
water absorption and crushing strength, by reducing the amount of adhered cement paste. The fine 
fractions generated during this process are used as a dispersed filler in SCC. An organic-mineral 
additive was developed using a sol-gel route to ensure a homogeneous concrete mixture with 
enhanced stability of rheological properties. The experimental results demonstrate that SCC with 
a compressive strength exceeding 55 MPa at 28 days under normal curing conditions can be 
produced using the products of concrete waste crushing, confirming the potential of this approach 
for sustainable concrete construction.  
Keywords: concrete scrap, recycled aggregate, self-compaction, multi-stage crushing, and water 
absorption. 

1. Introduction 

On construction sites, several million tons of concrete waste are generated annually [1]. The 
main sources of this waste include technological losses at precast concrete plants and construction 
sites, remnants of concrete and reinforced concrete structures demolished during the rehabilitation 
of old buildings, and wastes produced in industry or as a result of natural disasters [13]. After 
crushing the concrete waste and separating the reinforcement, these materials can be used to obtain 
recycled crushed stone. However, if the waste is not sorted by strength grade, it is difficult to 
obtain a high-quality aggregate [2, 3]. Even when the waste is sorted, the quality indicators of the 
recycled aggregate are generally inferior to those of natural crushed stone because a significant 
amount of adhered cement paste remains on its surface, which is weaker than the coarse and fine 
aggregate particles [4, 14]. 

A key way to improve the strength and other performance characteristics of recycled crushed 
stone is to use a crushing regime that promotes the removal of weak cement paste while 
minimizing damage to the aggregate grains [6]. For this purpose, cone and jaw crushers are 
typically employed. Conventional jaw crushers can be operated in a multi-stage “soft” mode to 
enhance the properties of the recycled aggregate [15]. In this mode, the discharge opening is kept 
relatively wide and the crushing chamber is completely filled, so that the material interacts 
intensively with itself in a “clogging” regime [16]. Unlike conventional “hard” crushing, where 
the material primarily interacts with the moving jaw, the “soft” mode favors the selective 
destruction of low-strength cement paste particles [17], improving the quality of the recycled 
aggregate. 

In the context of mineral additives in concrete, self-compacting concrete (SCC) occupies a 
prominent place [7, 8]. When large amounts of cement paste are used as a matrix to ensure the 
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required rheological properties, concrete consumption increases and the economic performance 
of concrete production deteriorates [7-9]. To reduce cement consumption, SCC typically 
incorporates a significant volume of finely dispersed mineral fillers together with high-range 
water-reducing admixtures. Appropriate fillers and efficient plasticizers make it possible to obtain 
concrete with the desired strength, reduced water demand and sufficient fluidity of the cement 
paste [8-10, 18]. 

At present, the most common mineral fillers used in SCC are fly ash, microsilica and finely 
ground limestone or other powders [7]. These materials are relatively expensive and are 
characterized by a very high specific surface area [19]. From an economic and environmental 
point of view, it is more reasonable to use stone screenings generated during the production of 
recycled crushed stone as a finely dispersed filler [20]. Due to their chemical composition, these 
screenings are close to the main components of concrete and do not deteriorate its durability, 
which makes them suitable for use in SCC. Therefore, the aim of the present research is to develop 
self-compacting concrete using stone screenings and other products obtained from the multi-stage 
crushing of waste concrete as mineral fillers. 

2. Results 

To evaluate the suitability of different superplasticizers for SCC, the effect of several organic 
admixtures on the standard consistency of cement paste was first investigated (Fig. 1). The 
comparison included a conventional naphthalene sulfonate-based superplasticizer (C-3 type) and 
a polycarboxylate-based superplasticizer. 

 
Fig. 1. Dependence of the normal thickness on the type and quantity of the additive 

As shown in Fig. 1, polycarboxylate-based admixtures exhibit a higher water-reducing 
capacity than naphthalene sulfonate. This difference arises from the distinct mechanisms of action 
in cement systems: naphthalene sulfonate-based admixtures primarily provide electrostatic 
repulsion between cement particles, while polycarboxylate admixtures create a steric hindrance 
effect that enhances the dispersion and “sliding” of particles. In practice, the more effective 
admixture is preferred regardless of the specific mechanism. Owing to their excellent water-
reducing performance, polycarboxylate-based admixtures were selected as superplasticizers for 
SCC in this study. In addition, the hydration of cement can be significantly intensified by the 
introduction of nanomodifying additives. Therefore, an organic-mineral additive (OMA) based on 
nanosilica and a polycarboxylate superplasticizer, synthesized by the sol-gel method [11], was 
used in the experimental program. 

The effect of the crushing mode on the quality of recycled crushed stone was examined in the 
following phase of the study. Research has demonstrated that using the multi-stage crushing 
method can enhance the characteristics of recycled crushed stone. Table 1 shows that the 
characteristics of 5-10 mm fractional crushed stone, such as water absorption, porosity, and 
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average grain thickness, greatly improve following 3-4 stages of crushing in the “soft” mode. 
As illustrated by Table 1, the water absorption of the 5-10 mm recycled crushed stone 

decreases as the number of crushing stages increases. After the first crushing of the waste concrete, 
the water absorption is 7.54 %; after the second, third and fourth stages it decreases to 7.42 %, 
6.56 % and 5.67 %, respectively. This trend is associated with the progressive reduction of the 
adhered cement paste thickness on the aggregate surface. Consequently, the porosity of the 
recycled crushed stone also decreases, from 4.78 % after the first stage to 4.55 % after the fourth 
stage. Fig. 2 shows the corresponding evolution of the crushing strength index of recycled 
aggregates as the number of crushing stages increases. 

Table 1. Crushing’s effect on secondary crushed stone properties. Between 5 and 10 mm 
Number of crushing stages Water absorption, % Average grain thickness, mm Porosity, % 

1 7.54 4.78 4.78 
2 7.42 5.24 4.73 
3 6.56 5.53 4.64 
4 5.67 5.89 4.55 

 
Fig. 2. The effect of repeated crushing on the strength of various fractions of recycled crushed stone 

As the number of crushing stages increases for both the 5-10 mm and 10-20 mm fractions, the 
crushing strength index of the recycled aggregate grows accordingly. According to GOST 
32495-2013, the crushing strength index for the 10-20 mm fraction increases from 300 after 
single-stage crushing to 600 after three-stage crushing. These values indicate that crushed stone 
obtained after three stages of “soft” crushing can be used in concrete up to strength class 300 while 
satisfying standard requirements. For the 5-10 mm fraction, the crushing strength index increases 
from 400 after one stage to 800 after three stages of crushing. As the standard requires the concrete 
strength grade to be approximately half of the aggregate strength grade, 5-10 mm recycled crushed 
stone produced by multi-stage “soft” crushing can be successfully used as a coarse aggregate in 
concrete of grade 400 without additional modifiers. 

Given the granular composition of the products obtained by multi-stage “soft” crushing, 
self-compacting concrete is considered one of the most promising applications for these materials. 
SCC technology allows the utilization of a large volume of fine fractions generated during the 
crushing of waste concrete, since the use of finely dispersed mineral fillers is a key feature of SCC 
mix design [9]. An additional advantage of using recycled concrete products in SCC is the 
limitation on the maximum size and volume fraction of coarse aggregate, which facilitates the 
incorporation of recycled fines. From a cost perspective, replacing part of the conventional mineral 
powders with finely ground products derived from concrete waste makes it possible to reduce the 
overall cost of SCC while improving resource efficiency. 

In the first SCC composition, limestone flour with a specific surface area of 340 m2/kg is used 
as a finely dispersed filler, together with crushed granite aggregate of strength grade 1200 and 
density 2880 kg/m3 to optimize the granular structure of the aggregate skeleton [12]. In the second 
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composition, sand with a fraction of 0.63-5 mm obtained from waste concrete crushing is 
employed as part of the fine aggregate, while recycled crushed stone of 5-10 mm and 10-20 mm 
fractions is used as coarse aggregate. Additionally, powders with a specific surface area of 
340 m2/kg are produced by grinding fine particles smaller than 0.063 mm in a laboratory ball mill 
and are applied as a mineral filler. 

In both compositions, fine aggregate from the Bahramtepe sand deposit is used as the main 
sand component. More than 90 % of this sand consists of particles smaller than 0.63 mm, and it is 
supplemented by slurry derived from crushed stone or residual concrete. To achieve the required 
flowability of SCC, a nanosilica-based organic–mineral additive (OMA) and a Glenium SKY 
polycarboxylate superplasticizer are introduced. When an appropriate dosage of OMA is used, the 
stability of the rheological properties of the modified cement system is approximately doubled 
compared to unmodified systems [8]. The mix proportions and compressive strengths of the 
concretes investigated are summarized in Table 2. 

Table 2. The characteristics of the investigated concretes and their compositions 
No 
mix Composition of concrete Component 

consumption, kq/m3 
Spread of standard 

cone, mm 
Strength, MPa (after) 

1 day 28 days 365 days 

1 

Cement 313 

575 22.6 58.4 76.6 

Water 172 
Sand 256 

Grushed stone (10-20) 256 
Grushed stone (5-10) 510 

Screening 720 
Limestone filler 290 

OMA 1.3 

2 

Cement 313 

548 15.2 55.6 75.4 

Water 190 
Sand 256 

Grushed stone (10-20) 256 
Grushed stone (5-10) 450 

Сoncrete sand 690 
Fine filler based on 
crushed concrete 285 

OMA 1.3 

As shown in Table 2, the concrete mixture incorporating the products of waste concrete 
grinding requires a higher water content, yet it exhibits a somewhat lower slump-flow. This is 
mainly due to the increased specific surface area and angularity of the recycled fines, which 
intensify water demand. As a result, the one-day compressive strength of the SCC mixture with 
recycled aggregate is approximately half that of the mixture with premium natural aggregate, 
reflecting the combined influence of higher water content and the presence of weaker recycled 
particles. Nevertheless, after 28 days the loss of strength in SCC with recycled aggregate is limited 
to about 4-8 % compared with the reference mixture. After one year of storage under air-dry 
conditions, the SCC made with recycled crushed stone attains a compressive strength of about 
75.4 MPa, confirming its suitability for structural applications. 

3. Conclusions 

The research carried out allows the following conclusions to be drawn. First, concrete waste 
can be effectively used as aggregate for self-compacting concrete after multi-stage “soft” crushing, 
which improves the water absorption, porosity and crushing strength of the recycled aggregate. 
Second, SCC mixtures prepared with Glenium SKY superplasticizer and an organic-mineral 
additive based on nanosilica exhibit stable rheological properties and maintain the required 
flowability. Third, replacing high-quality natural aggregates with products of concrete waste 



SELF-COMPACTING CONCRETE BASED ON RECYCLED CRUSHED STONE AND ORGANIC-MINERAL ADDITIVE.  
GUVALOV ABBAS, AGHAZADA MAHIRA, AKHRAROV ABRORBEK, XOSHIMOV IFTIXORJON 

 VIBROENGINEERING PROCEDIA. DECEMBER 2025, VOLUME 60 531 

crushing leads to a moderate reduction in compressive strength (on the order of 4-8 %), while the 
resulting SCC still develops strengths exceeding 55 MPa at 28 days and about 75 MPa at one year 
of air-dry curing. Finally, the proposed technology for processing concrete waste makes it possible 
to obtain low-cost mineral fillers and aggregates with a suitable granular composition for the 
production of high-performance self-compacting concretes, contributing to more sustainable use 
of raw materials in the construction industry. 
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