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Abstract – The paper presents the results of studies the role of 

modern chemical, mineral and micro-reinforcing additives in the 

process of structure formation of high-strength concrete. The 

paper reveals the features of the structure formation of cement 

stone in the presence of a superplasticizer. The paper 

experimentally proves that, according to the test results, the best 

performance on the persistence of concrete mixtures has a 

superplasticizer «Linamix PC» while this additive has the lowest 

consumption (1.1% by weight of cement). The specified grade for 

workability on this type of additive is maintaining for 4-5 hours, 

and the mixture becomes stiff after 7 hours of mixing, while the 

concrete grade (P5) is lost after 3 hours. It has been established 

that the persistence of concrete mixtures can be increased up to 8-

10 hours by using the “Linamix RS” additive jointly with the 

“Linamix PC” superplasticizer slowing down the mixture 

hardening rate by 2 times or more, which is very important in 

continuous monolithic concreting at various construction sites.  

Keywords – concrete mix; additives to concrete; plasticizer; 

plasticizing effect; high mobility; hardening inhibitor; viability of 

concrete mixes; persistence. 

I.  INTRODUCTION 

The proportion of the liquid phase in concrete mixtures can 
be reduced to the level of the normal density of the used binders 
using special additives dewatering – liquefier [1-6]. First, such 
superplasticizer additives (SP) are used in high-strength 
concrete technology [7, 8]. From various sources, we know 
[13–18] that in the 1990s in the USA almost all prestressed 
structures were made using SP, when in 1983 it was only 65%. 

SPs abroad are subject to strict requirements not only for the 
rheological parameters of the additive  but also for the minimal 
impact on cement hydration processes in the early stages of its 
hardening, i.e. without slowing down the process of concrete 
strength development [19, 29]. This is very important with the 
technology of monolithic construction using sliding formwork. 
We know that modern plasticizers can produce concrete with 
strength at the age of 1 day up to  
50-60% of the normative [20, 21]. We hope that in our country 
the technology of superplasticizers will develop in this 
direction. 

Plasticizers used in various countries include various 
compounds of lignosulfonates, sulfonated melamine 
formaldehyde resins, naphthalene sulfonic acid and 
formaldehyde [9-12, 22-25]. However, in the Russian market 
very few plasticizers meet European requirements. S-3, 10-03, 
40-03, SMF, SMD and their varieties are distinguished from the 
widely used domestic plasticizers. Domestic plasticizers are 
inferior to European additives in terms of the strength of 
concrete on the first day after preparation, more than providing 
the required concrete rheology. In this regard, it is uncommon 
to additionally use various polyfunctional additives in the form 
of surfactants (SAS), accelerator additives, corrosion inhibitors, 
etc., which significantly complicates the technology of 
monolithic concrete and increases its cost price [26, 27]. In 
addition, many additives require special conditions of storage, 
transportation and dispensing, require special conditions of 
storage, transportation and dispensing.  
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When producing concrete with a high early daily strength, 
it is important to use plasticizers not based on air-entraining, 
water-repellent components, but additives with an accelerator 
effect. Such plasticizers preserve the mobility of the concrete 
mix for the period of concreting (4-6 hours), and then contribute 
to an intensive set of concrete strength [29, 30]. 

 Plasticizing, water-reducing and cement-saving effects of 
superplasticizers, as it is known, can be enhanced by applying 
various technological methods of their introduction into the 
concrete mix: separate mixing, two- and multi-stage mixing, 
etc., as well as through their combined use with mineral fillers 
of different origin. Such micro fillers, as a rule, are obtained 
from various rocks, as well as from manufactured raw materials 
in the form of concrete scrap, brick fights, ash and slag 
mixtures, etc.  

However, not all rocks are suitable for the production of 
fillers for high-strength concrete. So, the mineral fillers from 
the flask, tripoli, and diatomite cannot be used in HSC due to 
their increased water demand, high porosity and poor 
liquefaction in the presence of superplasticizer.  

Therefore, it is important to choose the right raw materials 
for the production of finely ground filler for HSC [30, 32]. 

The production of finely ground filler suitable for the 
production of HSC is of great interest from manufactured 
waste, the issue of disposal of which is very important 
throughout the world. Since manufactured waste (or 
manufactured raw materials, secondary raw materials) are 
formed all over the world so much that in some sources of 
literature they are designated as new fields. In the Chechen 
Republic, concrete broken materials and crushed bricks, 
demolition of buildings and structures, ash and slag mixtures, 
sawmill waste and stone processing, substandard raw materials, 
etc., have been accumulated in the form of man-made raw 
materials.  

Non-conforming raw materials at reinforced concrete plants 
in the form of defective products, as well as waste from 
dismantling buildings and structures, predetermines their use in 
the technology of concrete and reinforced concrete in the form 
of fine aggregate compacting cement stone, since such raw 
materials as polymineral compositions contain particles of 
granite, limestone, hydrates clinker minerals (non-hydrated 
clinker), etc. Thus, in Germany, more than 350 organizations 
are engaged in the processing and recycling of solid waste with 
a total volume of more than 50 million tons. Up to 50% of this 
processed raw material is waste, road reconstruction; about 
25% is construction waste and building reconstruction. In 
general, 94-97% of all waste is disposed of with the production 
of secondary break-stone of various fractions. 

A similar technology was introduced in the UK, where the 
volume of construction waste recycled at hundreds of 
enterprises exceeds 30 million tons. 

II. METHODS AND MATERIALS 

In accordance with SCS 24211-2008, the superplasticizer «         
Linamix PC»    and the hardening retarder « Linamix RS  »  , 

the hyperplasticizer «MC-PowerFlow» and the superplasticizer 
«Sika ViscoCrete 5-600 SK »were used in the work. 

The natural sand of the Chervlensky field of the Chechen 
Republic with the following characteristic  used as fine 
aggregate: gradation factor Mcr = 1.8-1.9; porosity - 40.8%; the 
content of dust and clay particles - 1.7-1.9%; density ρist. = 
2617 kg/m3; density ρnas. = 1512 kg/m3. 

Local crushed gravel of 5-20 mm from the Argunsky and 
Sernovodsky fields of the Chechen Republic and imported 
crushed gravel of the 5-20 mm fraction from granite-diabase 
rocks of the Alagirsky field of the RNO-Alania used as coarse 
aggregate.  

     As a binder in experimental studies we  used additive-free 
portland cement brand PC 500 D0  of  « Chechencement » 
production (Chechen Republic, v. Chiri-Yurt) with  NG 
= 25,5 %, specific surface 3252  sm2/g, water segregation 
≤ 18 % and setting up time 2 h 15 min (beginning) и 3 h 40 min  
(ending),  mineralogical composition: C3S = 59 %; C2S = 16 %; 
С3А = 8 %; C4AF = 13 %; 

All the MMFs were ground for 5 minutes in the «MV-20-
EKS»laboratory vibratory ball mill with a loading volume of 5-
6 liters to obtain a specific surface of 450-600 m2/kg. 

The chemical composition of the feedstock, as well as the 
macro- and microstructure of the concrete samples was using 
the dispersion-energy spectrometer (DES) of a Quanta 3D 200i 
scanning electron microscope with the integrated Genesis Apex 
2 EDS microanalysis system from EDAX. 

III. RESULTS 

The viability of concrete mixes as an important 
technological parameter imposed on modern high-quality 
concrete mixes, is characterized by the preservation of the 
specified rheological and technological indicators of concrete 
mixes for a long (specified) time. 

So, for example, high rates of workability of concrete 
mixtures are laid in the technology of monolithic concreting the 
foundation slab of the 435-meter skyscraper of the MFC    
«Akhmat-Tauer»,  (Grozny, the Chechen Republic), where a 
continuous installation of more than 16,000 m3 of concrete mix 
during 3- x days at a speed of about 250  m3/h [31]. 

As shown by the test results (Fig. 1), the best performance 
on the persistence of concrete mixtures has a superplasticizer«       
Linamix PC», while this additive has the lowest consumption 
(1.1% by weight of cement). The specified grade for 
workability on this additive lasts up to 4-5 hours, and the 
mixture becomes quite tough after 7 hours of mixing, while the 
concrete mark (P5) is lost in concrete mixes after 3 hours.  

In addition, it was found that the persistence of concrete 
mixtures can be increased up to 8-10 hours by using the additive   
«Linamix RS»   jointly with superplasticizer 

«Linamix RS» which slows down the rate of mixture hardening 
by 2 times or more, which is very important for continuous 
monolithic concreting on various objects construction.   
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Fig. 1. The dependence of the workability parameters of the concrete mix on 

various plasticizers on its age. 

Such an effect of superplasticizers is  that colloidal-sized 
anionic organic substances with a large number of polar groups 
in the chain create a  «steric»  repulsion effect adsorbed on 
cement grains and neoplasms  due to  the nature of the charges 
on the surface of the grains of cement and hydrates and the 
forms of their chains  which is the cause of  long-term viability 
of concrete and mortar mixes.  

It turns out that the influence of the spatial volume of the 
plasticizer molecule on the course of a chemical reaction in a 
concrete mixture can prevent the dispersing of the binder 
particles from coming together and slow down the cement 
hydration reaction, making it temporarily « impossible». This 
mechanical effect of superplasticizers significantly increases 
the workability of concrete or mortar mixes. 

However, the «steric» repulsion effect in concrete mixtures, 
as shown by tests, persists only for 3-4 hours after the 
introduction of superplasticizer. After the phenomenon of the 
«steric» effect of repulsion of particles of the additive dies out, 
in the resulting coagulation structure of the concrete mix, the 
structure formation and hardening of the concrete accelerates. 
This the fact explains that the adsorption layer of the plasticizer 
on the surface of the cement grains is permeable to water, and 
the defloculatory effect of surfactants (SAS) promotes the 
formation of open zones for the contact of cement and water, 
which leads to an increase in the number of hydrate tumors in 
the mixture (Figure 2) 

The use of superplasticizers in concrete and mortar mixes, 
the basis of which are expensive synthetic polymeric substances 
should be both technically and economically beneficial. 

IV. CONCLUSION  

Thus, the above-mentioned fillers differ in structure, 
chemical activity and composition from silica fume and require 
further study of their reactivity and study of their role in the 
formation of early and standard (final) strength of concrete and 
mineral fillers of manufactured origin. They form during the 
utilization concrete broken materials and crushed bricks, brick 
manufacturing and they have not been practically studied.  

 It is important to investigate these mineral powders for their 
use in high-quality concrete, to study their water-holding 
capacity, hydraulic activity, the effect on the basic properties of 
both concrete mixes and concrete because of the Chechen 
Republic. There where hundreds of thousands tons of waste 
dismantling of buildings and structures in the form of concrete 
broken material and  crushed brick , the rational use of which 
will give a significant socio-technical, ecological  and 
economical effect . 

However, despite the high cost, concretes modified with 
such surfactants (SAS) are quite effective, since the savings of 
the binder in them can reach over 40-60 kg/m3   of concrete. At 
the same time, the use of plasticizing additives allows the use 
of highly mobile (cast, self-compacting, etc.) concrete mixes, 
which leads to a noticeable reduction in labor costs and, as a 
consequence, to an improvement in working conditions of 
production. 
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Fig. 2. The mechanism of action of superplasticizers: C-S-H - new growths in the concrete mix - hydrosilicates 3CaO • 2SiO2 • 3H2O and other minerals ; 1 – 

grains of cement in the liquid phase (the first minutes after mixing the mixture with water); 2 - the beginning of the process of dispersion of cement grains 

with fine particles of the dispersed phase of surfactant; 3 - the period of   «steric»  repulsion effect of completely dispersed particles of cement (within 2-4 
hours after mixing the mixture with water); 4 - defloculatory action of surfactants( SAS), contributing to the formation of open zones on the surfaces of grains 

of cement for contacting the binder and water — the beginning of the hydration of cement with the formation of a gel coat on the cement grains; 5 - layer-by-

layer hydration of cement with the formation of all-new gel (solvation) layers on the surface of its grains after osmotic destruction of the initial shell, the 
formation of wavy and columnar structures on the surface of the grains and in the pores of the cement stone; 6 - growth of hydrosilicates3CaO·2SiО2·3H2О 

consolidation of the structure of cement stone during the subsequent hydration of cement. 
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