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HYDRAULIC ENGINEERING CONCRETE BASED ON A 
COMPOSITE BINDER USING DISPERSED PERLITE AND A 

COLLOIDAL ADDITIVE 

Larisa A. Urkhanova 1, Andrey A. Ivanov 2, Solbon . Lkhasaranov 2

1 National Research Moscow State University of Civil Engineering, Moscow, RUSSIA 
2 East Siberian State University of Technology and Management, Ulan-Ude, RUSSIA 

Abstract: Concreting of massive hydraulic structures is accompanied by the phenomenon of exothermic heating of 
structures caused by the process of cement hydration. Under natural conditions, the heat released in massive concrete 
is slowly removed from the structure. Often, a significant temperature difference occurs between the central part of the 
massif and its surface. If the critical value of the temperature difference is reached, temperature cracks occur, violating 
the monolithicity of the structures. 
In order to solve the problem of crack formation, the article considers the possibility of obtaining hydraulic concrete 
using a composite binder based on finely dispersed aluminosilicate rocks - perlites, a colloidal additive in the form of 
silicic acid sol and a superplasticizer. 
To obtain a composite binder, aluminosilicate materials - perlite rocks with different degrees of crystallinity were ground 
in a laboratory vibratory grinder to the required specific surface. To obtain a colloidal additive - silicic acid sol, the meth-
od of hydrolysis of soluble salts was used in the work, in particular sodium fluorosilicate Na2SiF6 without removing sodi-
um cations Na+. The crack resistance index of hydraulic concrete Ktr was determined indirectly by the ratio of the tensile 
strength of concrete under bending to the compressive strength - Rben/Rcom. The grade of concrete water resistance was 
assessed by an express method for determining the water resistance of concrete by its air permeability. 
It has been established that the most rational compositions are composite binders containing 10-20% glassy perlite, with a 
specific surface area of 600 m2/kg, a colloidal additive in the form of silicic acid sol in an amount of 0.4% of the cement 
weight and the Polyplast superplasticizer, which provides an increase in the compressive strength of hydrated stone after 
28 days by 33% and an increase in bending strength by 40-45% compared to the control composition. At the same time, 
the crack resistance index of hydraulic concrete Ktr using finely dispersed perlite, silicic acid sol and the Polyplast poly-
carbide superplasticizer increases by 21% compared to the control concrete composition, the concrete grade for water re-
sistance is W16, which is 60% higher than the water resistance grade of the control concrete composition. 

Keywords: hydraulic concrete, plasticizing additive, silica sol, glassy perlite, crystallized perlite, 
degree of dispersion, specific surface, water resistance, crack resistance, compressive strength 
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INTRODUCTION 
 
Currently, due to the development of hydraulic 
engineering construction in the Siberian and Far 
Eastern regions of Russia, there is a need for con-
crete for hydraulic engineering structures. Accord-
ing to GOST 26633-2015, it is recommended to 
use sulfate-resistant and pozzolanic cements as a 
binder for the production of hydraulic engineering 
concrete. However, the use of such cements leads 
to a significant increase in the cost of hydraulic 
engineering concrete, since these types of Portland 
cement are much more expensive than ordinary 
Portland cement and the production volume of 
such cements is limited [1].  
Concretes for hydraulic engineering structures 
must meet increased durability requirements 
imposed on them under operating conditions at 
the boundary of air and water environments. 
Under such conditions, cracking in hydraulic 
engineering concrete is most dangerous. As a 
result of cement hydration, heat is released, 
which initially causes compressive stresses in 
hydraulic engineering structures. Then, as a re-
sult of a decrease in temperature, concrete 
shrinkage occurs and tensile stresses appear. At 
the moment when tensile stresses exceed the 
tensile strength of concrete, cracks are formed 
[2-4].  

Improvement of the characteristics of hydraulic 
concrete can be achieved by introducing active 
mineral additives into Portland cement, which 
eliminate the negative impact of a high tempera-
ture gradient during cement hydration by modi-
fying the structure of the cement stone, increas-
ing water resistance, increasing corrosion re-
sistance, reducing overall porosity, increasing 
the physical and mechanical and operational 
properties of hydraulic concrete [5-7]. In addi-
tion, the formation of the physical and mechani-
cal characteristics of concrete is interconnected 
with the formation of new complex hydrate 
compounds with improved characteristics and a 
certain crystallization structure, which also af-
fects the physical and mechanical properties of 
concrete. There are works on the use of micro-
silica in combination with surfactants, which, in 
accordance with their chemical nature, have a 
positive effect on improving the properties of 
artificial stone, but the effectiveness of their ac-
tion as a result of limited reaction activity does 
not ensure the creation of concrete of a new lev-
el of properties [8]. 
In the presented work, perlite rocks subjected to 
mechanochemical activation in energy-intensive 
devices, an ultrafine silica additive and a super-
plasticizer based on polycarboxylate were used 
to obtain hydraulic concrete. An ultrafine silica 
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INTRODUCTION 
 
Currently, due to the development of hydraulic 
engineering construction in the Siberian and Far 
Eastern regions of Russia, there is a need for con-
crete for hydraulic engineering structures. Accord-
ing to GOST 26633-2015, it is recommended to 
use sulfate-resistant and pozzolanic cements as a 
binder for the production of hydraulic engineering 
concrete. However, the use of such cements leads 
to a significant increase in the cost of hydraulic 
engineering concrete, since these types of Portland 
cement are much more expensive than ordinary 
Portland cement and the production volume of 
such cements is limited [1].  
Concretes for hydraulic engineering structures 
must meet increased durability requirements 
imposed on them under operating conditions at 
the boundary of air and water environments. 
Under such conditions, cracking in hydraulic 
engineering concrete is most dangerous. As a 
result of cement hydration, heat is released, 
which initially causes compressive stresses in 
hydraulic engineering structures. Then, as a re-
sult of a decrease in temperature, concrete 
shrinkage occurs and tensile stresses appear. At 
the moment when tensile stresses exceed the 
tensile strength of concrete, cracks are formed 
[2-4].  

Improvement of the characteristics of hydraulic 
concrete can be achieved by introducing active 
mineral additives into Portland cement, which 
eliminate the negative impact of a high tempera-
ture gradient during cement hydration by modi-
fying the structure of the cement stone, increas-
ing water resistance, increasing corrosion re-
sistance, reducing overall porosity, increasing 
the physical and mechanical and operational 
properties of hydraulic concrete [5-7]. In addi-
tion, the formation of the physical and mechani-
cal characteristics of concrete is interconnected 
with the formation of new complex hydrate 
compounds with improved characteristics and a 
certain crystallization structure, which also af-
fects the physical and mechanical properties of 
concrete. There are works on the use of micro-
silica in combination with surfactants, which, in 
accordance with their chemical nature, have a 
positive effect on improving the properties of 
artificial stone, but the effectiveness of their ac-
tion as a result of limited reaction activity does 
not ensure the creation of concrete of a new lev-
el of properties [8]. 
In the presented work, perlite rocks subjected to 
mechanochemical activation in energy-intensive 
devices, an ultrafine silica additive and a super-
plasticizer based on polycarboxylate were used 
to obtain hydraulic concrete. An ultrafine silica 

additive in the form of a sol and an active min-
eral additive subjected to mechanical activation 
will contribute to improving the microstructure 
of cement stone due to water reduction of the 
cement system, the formation of a dense pack-
ing of particles of a dispersed composite binder 
and hydration interaction of Portland cement 
with silica-containing additives [9], improving 
the physical and mechanical properties of con-
crete with their use.  
 
 
MATERIALS AND METHODS 
 
To improve the properties and increase the 
crack resistance of hydraulic concrete based on 
finely dispersed, colloidal additives and surfac-
tants, Portland cement CEM I 42.5 N GOST 
31108-2020 OOO Timlyuycement was used as 
a binder. Finely ground glassy and crystallized 
perlite from the Mukhor-Talinskoye deposit 
(Republic of Buryatia) were used as active min-
eral additives depending on the composition. 
The chemical compositions of glassy and crys-
tallized perlite are given in Table 1.    
  

Table 1. Chemical composition of glassy and 
crystallized perlite, mass.% y

 
 
Perlites were pre-crushed in a laboratory vibra-
tory grinder VI-4x350 to a specific surface of 
550 - 600 m2/kg. A superplasticizer based on 
modified polycarboxylates (OOO "Polyplast-
Sibir") was used as a surfactant, introduced into 
the cement with mixing water in an amount of 
0.2% of the cement weight. The basis of the su-
perplasticizer "Polyplast" are polycarboxylate 
esters. To obtain a silicic acid sol - a colloidal 
additive, a method of hydrolysis of soluble salts 
was used in the work, in particular sodium 
fluorosilicate Na2SiF6 without removing sodium 
cations Na+. The optimal concentration of the 
sol is 0.75%. Hydrolysis of sodium fluorosili-
cate occurs according to the following reaction: 

 
Na2SiF6 +4H2 4SiO4,   (1) 

 
The resulting silicic acid sol in the form of an 
aqueous solution has a density of 1.018 g/cm3, 
the value of the hydrogen index pH = 4.5-4.8, 
was introduced into the composition of concrete 
with mixing water with an optimal concentra-
tion of 0.4% of the cement weight. 
The superplasticizer "Polyplast PK type S" 
based on modified polycarboxylates (OOO 
"Polyplast-Sibir") was used as a surfactant, in-
troduced into the composition of cement with 
mixing water. The basis of the superplasticizer 
"Polyplast" are polycarboxylate esters. 
The binder was prepared by thoroughly mixing 
Portland cement and finely dispersed glassy and 
crystallized perlite, crushed to a specific surface 
of 550-600 m2/kg. 
Concrete mix using composite binder with 
workability grade P3 (cone slump 12 cm) was 
prepared by mixing in a laboratory concrete 
mixer for 1 min pre-dosed components - Port-
land cement, finely dispersed perlite, sand 
with fineness modulus Mkr. = 2.1, crushed 
stone of fraction 10-20 mm and water contain-
ing dosed silica-containing component - silicic 
acid sol and superplasticizer Polyplast. From 
concrete mix of equal mobility, cube samples 
measuring 100x100x100 mm were molded, 
which were tested according to standard 
methods. For each type of test, samples were 
made in accordance with the requirements of 
GOST 10181-2014 "Concrete mixes. Test 
methods", GOST 10180-2012 "Concretes. 
Methods for Determining Strength Using Con-
trol Samples", GOST 12730.5-2018 "Con-
crete. Methods for Determining Water Re-
sistance", GOST 24452-2023 "Concrete. 
Methods for Determining Prism Strength, 
Elastic Modulus, and Poisson's Ratio". The 
crack resistance index of hydraulic concrete 
Ktr was determined indirectly by the ratio of 
concrete tensile strength under bending to 
compressive strength - Rben/Rcom. 
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RESULTS AND DISCUSSION 
 
All the components under study in rational 
quantities provide improvement of physical and 
mechanical properties of hydraulic concrete 
(Table 2). 
 

Table 2. Effect of dispersed perlite, specific 
surface area of 600 m2/kg and silica sol on 
physical and mechanical properties of hy-

draulic concrete 
Name Compressive 

strength, in MPa, 
after hardening for 

Bending 
strength, in 
MPa, after 
hardening 

for 

tr 
(Rben 

/Rcom) 
 

3 
days 

7 
days 

28 
days 

7 
days 

28 
days 

 
Control 

composition 
24,6 34,8 38,7 4,1 7,1 0,18 

PC+ 
10% Vitreous 

perlite+ 
Polyplast 

25,4 36,3 39,9 4,3 7,3 0,18 

PC+ 
20% Vitreous 

perlite+ 
Polyplast 

25,6 37,4 40,7 4,5 6,9 0,17 

PC+ 
Sol 6+ 

Polyplast 

30,8 37,4 40,9 5,6 9,1 0,22 

PC+ 
10% Vitreous 

perlite+ 
+ Sol + 

Polyplast 

33,1 39,0 48,6 6,9 10,6 0,22 

PC+ 
20% Vitreous 
perlite + Sol 

+ 
Polyplast 

35,2 42,4 53,4 7,8 10,9 0,20 

PC+ 
10% Crystal-
lized perlite + 

Sol + 
Polyplast 

32,6 38,5 41,1 4,0 6,9 0,16 

PC+ 
20% Crystal-
lized perlite + 

Sol + 
Polyplast 

33,2 40,0 42,9 4,4 7,6 0,17 

 
Introduction of finely ground perlite into the 
concrete composition leads to an increase in the 
water-binding ratio by 7-13%. The use of the 
polycarboxylate superplasticizer Polyplast in an 

optimal amount of 0.2% of the binder weight 
not only reduces water consumption by 9-16%, 
thereby compensating for the loss of strength of 
hydrated stone associated with a decrease in the 
amount of cement in the composition, but also 
changes the structure of hardened concrete. 
Colloidal additive in combination with finely 
ground perlite and plasticizer has a positive ef-
fect on increasing the strength of concrete. The 
maximum values of compressive strength were 
shown by the compositions with the addition of 
vitreous perlite and silicic acid sol: PC + 20% 
vitreous perlite + sol in the amount of 0.4% of 
the cement mass + Polyplast - 53.4 MPa, which 
is 33% higher than the strength of the control 
composition, respectively. 
The use of polycarboxylate polymer in combi-
nation with fine and ultrafine silica-containing 
additives, to the greatest extent, starting from an 
early age, increases the tensile strength of con-
crete in bending. The maximum values of con-
crete tensile strength in bending at the age of 28 
days were shown by concrete compositions: PC 
+ 10% vitreous perlite + sol in the amount of 
0.4% of the cement mass - 10.6 MPa; PC + 20% 
vitreous perlite + sol in the amount of 0.4% of 
the cement mass – 10.9 MPa, which is on aver-
age 40-45% greater than the flexural strength of 
the control concrete composition.  
The increase in strength is the result of the influ-
ence of perlite on the structure and chemical and 
mineralogical composition of hydraulic concrete 
on a composite binder. A significant role is played 
by the chemical factor of perlite action, which is 
expressed in a change in the balance between the 
hydrated phases in the composition of cement 
stone towards an increase in the volume of strong-
er and more stable low-base calcium hydrosili-
cates (CHS) with the formation of dense con-
glomerate structures [9, 10]. The amorphous 
phase of silica, contained in large volumes in vit-
reous perlite, leads to an increase in compressive 
strength due to the replacement of the mechanical-
ly weak phase of calcium hydroxide with a 
stronger hydrosilicate phase [11]. 
The presence of a glassy phase (60-80%) in the 
perlite composition causes an increase in the 
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strength of composite cement compared to the 
use of crystallized perlite of equal chemical 
composition, which is associated with an in-
crease in the content of the amorphous phase in 
aluminosilicate rocks, their further amorphiza-
tion during fine grinding in energy-intensive 
grinders [12]. Amorphous silica in perlite binds 
free calcium hydroxide formed during cement 
hydration, with the formation of an additional 
amount of low-basic calcium hydrosilicates.  
In addition, as studies have shown, the morpholo-
gy of the particles of the original crushed materi-
als of natural and artificial origin changes depend-
ing on the grinding method [13]. In an energy-
intensive grinder, which includes a rod vibratory 
grinder, during the grinding of glassy perlite, more 
rounded grains of the material are formed with a 
small amount of roughness on the surface, as a 
result of which the particles fit more tightly to 
each other with an increase in the contact surface, 
which indicates the efficiency of grinding the raw 
material in the rod vibratory grinder. When grind-
ing crystallized perlite, grains of a flat, elongated 
shape are formed with the formation of a less 
dense packing of mixtures using it. 
A colloidal additive, represented by a silicic acid 
sol, turns into a gel, compacting the microstruc-
ture of the hardening system, and also enhances 
the hydration activity of silicate-containing miner-
als of Portland cement and interacts with hydrolyt-
ic lime, thereby ensuring the formation of tober-
morite-like calcium hydrosilicates, which in turn 
reinforce the hardening system, providing in-
creased bending strength [14].  
The crack resistance index of hydraulic concrete 
Ktr, indirectly estimated by the ratio Rben/Rcom, 
using finely dispersed perlite and silica sol is 0.22, 
which exceeds the crack resistance index of con-
crete without additives by 21%. 
The results of the physical and mechanical 
properties of concrete confirm the resistance of 
concrete based on a composite binder, with col-
loidal and plasticizing additives to crack for-
mation. To increase the durability and crack re-
sistance of hydraulic concrete, studies were car-
ried out to determine the deformation properties 
of concrete (Table 3). 

Table 3. Deformative properties of hydraulic 
concrete based on composite binder 

Compound Prism 
strength, 

MPa 

Modulus of 
elasticity Eb, 
MPa × 103 

Poisson's 
ratio 

3 
days 

28 
days 

3 
days 

28 
days 

3 
days 

28 
days 

PC 19,8 34,6 22974 32362 0,18 0,216 
PC + 20% 
vitreous 
perlite + 
Polyplast 

23,4 40,2 24084 35680 0,18 0,202 

PC + Sol + 
Polyplast 

25,6 39,6 23742 34493 0,17 0,191 

PC + 20% 
vitreous 

pearl + Sol 
+ Polyplast 

30,1 46,3 26247 37345 0,17 0,199 

 
The prismatic strength of hydraulic concrete on the 
optimal compositions with the combined use of 
finely dispersed perlite, silica sol and superplasti-
cizer Polyplast in relation to the compressive 
strength is 17%, while on the control samples this 
ratio is 9%, which confirms the increased resistance 
of concrete to cracking. The increase in the pris-
matic strength of hydraulic concrete is mainly due 
to the high cubic strength of the presented concrete 
compositions compared to the control sample.  
The modulus of elasticity of the hydraulic con-
crete compositions using finely dispersed perlite 
+ superplasticizer Polyplast and the composition 
of silica sol + superplasticizer Polyplast in-
creased on average by 3-5% in 3 days and by 7-
10% in 28 days compared to the control compo-
sition. The composition with the combined use 
of vitreous perlite, silica sol and the superplasti-
cizer Polyplast increases the modulus of elas-
ticity compared to the control composition at 3 
days by 14%, at 28 days - by 15%, respectively. 
The increase in the modulus of elasticity of hy-
draulic concrete based on a composite binder oc-
curs due to the compaction of the structure due to 
the interaction of perlite, sol and superplasticizer 
with cement hydration products and the formation 
of additional bonds in the form of calcium hydro-
silicates. Also, the increase in the modulus of elas-
ticity is associated with a lower water-cement ra-
tio, at which porosity decreases, which causes an 
increase in the modulus of elasticity [15, 16]. 
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The Poisson ratio at the age of 3 days for the 
composition with vitreous perlite remained un-
changed compared to the control composition. 
The Poisson ratio for the compositions with sili-
ca sol + Polyplast and the composition with vit-
reous perlite + sol + Polyplast decreased by 5% 
compared to the control composition. At the age 
of 28 days, the Poisson's ratio for the composi-
tions: vitreous perlite + Polyplast; sol + Poly-
plast; vitreous perlite + sol + Polyplast de-
creased by 6, 11 and 8%, respectively. 
The decrease in the Poisson's ratio of modified 
concrete can be explained by the fact that when 
introducing a polycarboxylate superplasticizer and 
silicic acid sol, due to the modification of the con-
crete structure, a greater number of structural ele-
ments are formed in the hydrated shells of the 
grains, and, consequently, the sliding surface of the 
particles increases, which leads to a more intensive 
reduction in transverse deformations and a decrease 
in the Poisson's ratio [17, 18]. 
To ensure the durability of hydraulic concrete, it 
is important to ensure a high value of water re-
sistance. The concrete grade by water re-
sistance, estimated by the express method of 
determining the water resistance of concrete by 
its air permeability, for the compositions of hy-
draulic concrete using finely dispersed perlite + 
superplasticizer Polyplast and the composition 
of silica sol + superplasticizer Polyplast is W12 
and W14, which exceeds the water resistance of 
concrete without additives by 20 and 40%, re-
spectively (Table 4). The composition with the 
combined use of glassy perlite, silica sol and 
superplasticizer Polyplast increases the concrete 
grade by water resistance by 60% compared to 
the control composition - up to W16. 
The increase in water resistance can be ex-
plained by the fact that during the polyconden-
sation process, which takes place at all stages of 
the sol-gel process, microgel structures are 
formed containing molecules of different mo-
lecular weights (from monomer to polymers) 
[19-21]. Polycondensation in the volume of par-
ticles leads to their compaction. At the gelation 
stage, this reaction helps to strengthen the coag-
ulation contacts between particles [22]. In turn, 

the gelation products fill the micropores of the 
concrete structure with sol particles and the 
products of its interaction, thereby creating a 
dense structure [23-25]. The introduction of per-
lite into the composition of concrete leads to the 
formation of low-basic calcium hydrosilicates, 
which in turn also increase water resistance. 
 

Table 4.  Concrete grade by water resistance 
Compound Time of pressure 

drop in the cham-
ber of the VV-2 

device, s 

Concrete grade 
by water re-

sistance 

PC  W10 
PC + 20% vitreous 
perlite + Polyplast 

 W12 

PC + Sol + 
Polyplast 

 W14 

PC + 20% vitreous 
perlite + Sol + Pol-

yplast 

 W16 

 
 
CONCLUSIONS 
 
It is possible to obtain durable concrete for hy-
draulic structures with high initial strength, in-
creased water resistance and crack resistance by 
using highly effective plasticizers, active miner-
al additives of natural origin, subjected to me-
chanical activation in order to obtain finely dis-
persed additives, and ultra-dispersed additives 
obtained using sol-gel technologies.  
Thus, it can be concluded that the additive for 
hydraulic concrete using vitreous perlite, silicic 
acid sol and superplasticizer based on polycar-
boxylate polymers is effective, the use of which 
promotes the formation of low-basic calcium 
hydrosilicates, the formation of a denser micro-
structure of cement stone, while improving the 
strength properties of modified cement stone in 
concrete, which, in our opinion, can increase the 
thermal crack resistance of hydraulic concrete. 
 
 
REFERENCES 
 

1. Grigoriev V.G., Kozlova V.K., Andryushi-
na E.E., Shkrobko E.V., Likhosherstov 
A.A. (2012) Composite Portland cements for 

hydraulic engineering construction // 
Polzunovsky Vestnik. no. 1-2. pp. 62-64. 
URL:https://cyberleninka.ru/article/n/kompo
zitsionnye-portlandtsementy-dlya-
gidrotehnicheskogo-stroitelstva. 

2. Ivanov A.A., Urkhanova L.A., Lkhasara-
nov S.A., Khardaev P.K. (2023) Study of 
the influence of finely dispersed additives on 
the properties of composite binders for hy-
draulic concrete // Vestnik of VSGUTU. no. 
2 (89). pp. 80-88. DOI: 
10.53980/24131997_2023_2_80 

3. Li Q., Liang G., Hu Y., Zuo Z. (2014) Nu-
merical analysis on temperature rise of a 
concrete arch dam after sealing based on 
measured data // Mathematical Problems in 
Engineering. no 6, pp. 1-10. 
DOI:10.1155/2014/602818 

4. Aniskina N.A, Chong Chyk Nguyen. 
(2020) The problem of temperature cracking 
in concrete gravity dams // Bulletin of 
MGSU. no. 3. pp. 380-398. DOI: 
10.22227/1997-0935.2020.3.380-398 

5. Yerramala A., Ganesh Babu K. (2011) 
Transport properties of high-volume fly ash 
roller compacted concrete // Cement and Con-
crete Composites. no. 33, issue. 10. pp. 1057–
1062. DOI:10.1016/j.cemconcomp.2011.07.010 

6. Dolen T.P., Ibáñez-de-Aldecoa R., Eharz 
J.L., Dunstan M.R.H. (2003) Successful 
large RCC dams – what are the common fea-
tures? // Proceedings of the fourth interna-
tional symposium on roller compacted con-
crete (RCC) dams. no. 2. pp. 127–137. 
DOI:10.34031/2071-7318-2020-5-8-8-17 

7. Larsen O.A., Aleksandrova O.V., Narut 
V.V., Polozov A.A., Bakhrakh A.M. (2020) 
Study of the properties of active mineral ad-
ditives for use in hydraulic engineering // 
Bulletin of BSTU named after V.G. Shu-
khov. no. 8. pp. 8-14. DOI: 10.34031/2071-
7318-2020-5-8-8-17 

8. Kasatkin S.P. (2023) Highly efficient con-
crete modified with a complex chemical ad-
ditive containing nanodispersions of silicon 
hydrodioxide: dissertation for the degree of 
Candidate of Technical Sciences. – St. Pe-

tersburg. 138 p. URL: 
https://pstu.ru/files/2/file/Dissertaciya._Kasat
kin_S.P._02.07.2023.pdf 

9. Urkhanova, L.A., Ivanov A.A., Lhasara-
nov S.A. (2024) Composite cement with dis-
persed perlite and colloidal additive for hy-
draulic concrete // Cement and its applica-
tion. no. 1-2024. DOI: 
10.61907/CIA.2024.87.76.001 

10. Bazhenov Yu.M., Alimov L.A., Voronin 
V.V. (2013) Structure and properties of con-
crete with nanomodifiers based on techno-
genic waste. Moscow: MISI-MGSU.  201 p. 
URL: https://mgsu.ru/resources/izdatelskaya-
deyatelnost/izdaniya/monografii/1725/?yscli
d=m09bb4v43i945506938 

11. Shane D., Mark T., Cheeseman C.R. 
(2010) Comparison of test methods to assess 
pozzolanic activity // Cement and Concrete 
Composites. no. 32 (2). pp. 121–127. 
DOI:10.1016/j.cemconcomp.2009.10.008 

12. Urkhanova L.A., Tsydypova A.T. (2018) 
Effect of silica sol on the physical and me-
chanical properties of polystyrene concrete // 
Construction materials. no. 1–2. pp. 45–51. 
DOI: https://doi.org/10.31659/0585-430X-
2018-756-1-2-45-51 

13. Zhernovoy F.E., Miroshnikov E.V. (2018) 
Comprehensive assessment of factors for in-
creasing the strength of cement stone by add-
ing ultrafine perlite // Bulletin of the V.G. 
Shukhov BSTU. no. 2. pp. 55–60. URL: 
https://cyberleninka.ru/article/n/kompleksnay
a-otsenka-faktorov-povysheniya-prochnosti-
tsementnogo-kamnya-dobavkami-
ultradispersnogo-perlita 

14. Lesovik V.S., Zhernovoy F.E., Glagolev 
E.S. (2009) Use of natural perlite in the 
composition of mixed cements // Construc-
tion materials. no. 6. pp. 84–87. URL: 
https://elibrary.ru/kuucdt?ysclid=m09bh8i6g
321380846 

15. Aniskin N.A., Nguyen T.C., Hoang Q.L. 
(2018) Influence of size and construction 
schedule of massive concrete structures on its 
temperature regime // MATEC Web of Con-

Larisa A. Urkhanova, Andrey A. Ivanov, Solbon А. Lkhasaranov



75

hydraulic engineering construction // 
Polzunovsky Vestnik. no. 1-2. pp. 62-64. 
URL:https://cyberleninka.ru/article/n/kompo
zitsionnye-portlandtsementy-dlya-
gidrotehnicheskogo-stroitelstva. 

2. Ivanov A.A., Urkhanova L.A., Lkhasara-
nov S.A., Khardaev P.K. (2023) Study of 
the influence of finely dispersed additives on 
the properties of composite binders for hy-
draulic concrete // Vestnik of VSGUTU. no. 
2 (89). pp. 80-88. DOI: 
10.53980/24131997_2023_2_80 

3. Li Q., Liang G., Hu Y., Zuo Z. (2014) Nu-
merical analysis on temperature rise of a 
concrete arch dam after sealing based on 
measured data // Mathematical Problems in 
Engineering. no 6, pp. 1-10. 
DOI:10.1155/2014/602818 

4. Aniskina N.A, Chong Chyk Nguyen. 
(2020) The problem of temperature cracking 
in concrete gravity dams // Bulletin of 
MGSU. no. 3. pp. 380-398. DOI: 
10.22227/1997-0935.2020.3.380-398 

5. Yerramala A., Ganesh Babu K. (2011) 
Transport properties of high-volume fly ash 
roller compacted concrete // Cement and Con-
crete Composites. no. 33, issue. 10. pp. 1057–
1062. DOI:10.1016/j.cemconcomp.2011.07.010 

6. Dolen T.P., Ibáñez-de-Aldecoa R., Eharz 
J.L., Dunstan M.R.H. (2003) Successful 
large RCC dams – what are the common fea-
tures? // Proceedings of the fourth interna-
tional symposium on roller compacted con-
crete (RCC) dams. no. 2. pp. 127–137. 
DOI:10.34031/2071-7318-2020-5-8-8-17 

7. Larsen O.A., Aleksandrova O.V., Narut 
V.V., Polozov A.A., Bakhrakh A.M. (2020) 
Study of the properties of active mineral ad-
ditives for use in hydraulic engineering // 
Bulletin of BSTU named after V.G. Shu-
khov. no. 8. pp. 8-14. DOI: 10.34031/2071-
7318-2020-5-8-8-17 

8. Kasatkin S.P. (2023) Highly efficient con-
crete modified with a complex chemical ad-
ditive containing nanodispersions of silicon 
hydrodioxide: dissertation for the degree of 
Candidate of Technical Sciences. – St. Pe-

tersburg. 138 p. URL: 
https://pstu.ru/files/2/file/Dissertaciya._Kasat
kin_S.P._02.07.2023.pdf 

9. Urkhanova, L.A., Ivanov A.A., Lhasara-
nov S.A. (2024) Composite cement with dis-
persed perlite and colloidal additive for hy-
draulic concrete // Cement and its applica-
tion. no. 1-2024. DOI: 
10.61907/CIA.2024.87.76.001 

10. Bazhenov Yu.M., Alimov L.A., Voronin 
V.V. (2013) Structure and properties of con-
crete with nanomodifiers based on techno-
genic waste. Moscow: MISI-MGSU.  201 p. 
URL: https://mgsu.ru/resources/izdatelskaya-
deyatelnost/izdaniya/monografii/1725/?yscli
d=m09bb4v43i945506938 

11. Shane D., Mark T., Cheeseman C.R. 
(2010) Comparison of test methods to assess 
pozzolanic activity // Cement and Concrete 
Composites. no. 32 (2). pp. 121–127. 
DOI:10.1016/j.cemconcomp.2009.10.008 

12. Urkhanova L.A., Tsydypova A.T. (2018) 
Effect of silica sol on the physical and me-
chanical properties of polystyrene concrete // 
Construction materials. no. 1–2. pp. 45–51. 
DOI: https://doi.org/10.31659/0585-430X-
2018-756-1-2-45-51 

13. Zhernovoy F.E., Miroshnikov E.V. (2018) 
Comprehensive assessment of factors for in-
creasing the strength of cement stone by add-
ing ultrafine perlite // Bulletin of the V.G. 
Shukhov BSTU. no. 2. pp. 55–60. URL: 
https://cyberleninka.ru/article/n/kompleksnay
a-otsenka-faktorov-povysheniya-prochnosti-
tsementnogo-kamnya-dobavkami-
ultradispersnogo-perlita 

14. Lesovik V.S., Zhernovoy F.E., Glagolev 
E.S. (2009) Use of natural perlite in the 
composition of mixed cements // Construc-
tion materials. no. 6. pp. 84–87. URL: 
https://elibrary.ru/kuucdt?ysclid=m09bh8i6g
321380846 

15. Aniskin N.A., Nguyen T.C., Hoang Q.L. 
(2018) Influence of size and construction 
schedule of massive concrete structures on its 
temperature regime // MATEC Web of Con-

Hydraulic Engineering Concrete Based on a Composite Binder Us-ing Dispersed Perlite and a Colloidal Additive



76 International Journal for Computational Civil and Structural Engineering

ferences. vol. 251. p. 02014. DOI: 
10.1051/matecconf/201825102014  

16. Hai T.H., Thuc L.V. (2017) The effect of 
splitting concrete placement on controlling 
thermal cracking in mass concrete // Journal 
of Science and Technology in Civil Engi-
neering. vol. 11. issue 6. pp. 22–28. URL: 
http://stce.nuce.edu.vn/index.php/en/article/v
iew/932 

17. Hang X., Shi R., Dai H., Liu Q., Zhang X. 
(2019) Simulation and research on tempera-
ture field of taishan roller compacted con-
crete gravity dam // IOP Conference Series: 
Earth and Environmental Science. vol. 237. 
p. 032117. DOI: 10.1088/1755-
1315/237/3/032117 

18. Lkhasaranov S.A., Urkhanova L.A., 
Ivanov A.A., Smirnyagina N.N. (2024) 
Study of phase composition of composite 
binders for hydraulic concrete // Bulletin of 
VSGUTU. no. 2 (93). DOI 
10.53980/24131997_2024_2_112 

19. Dem'yanenko O.V., Kopanitsa N.O., 
Sarkisov Y.S. (2020) Study of the properties 
of cement stone with a complex additive // Bul-
letin of TSUACE. vol. 22, no. 4. pp. 147–156. 
DOI: 10.31675/1607-1859-2020-22-4-147-156 

20. Zelenkevich D.S., Yagubkin A.N., Bozylev 
V.V. (2013) Use of polymer-mineral addi-
tives to improve the water resistance and 
frost resistance of concrete // Bulletin of 
Polotsk State University. Series F. Construc-
tion. Applied Sciences. no. 16. URL: 
https://cyberleninka.ru/article/n/ispolzovanie-
polimerno-mineralnyh-dobavok-dlya-
povysheniya-vodonepronitsaemosti-i-
morozostoykosti-betona 

21. Bayburin A.Kh., Kocharina E.N., Ko-
charin N.V., Kiyanets A.V., Lebed A.R. 
(2022) Influence of chemical additives on the 
properties of concrete // IVD. no. 6 (90). 
URL: 
https://cyberleninka.ru/article/n/vliyanie-
himicheskih-dobavok-na-svoystva-betona. 

22. Izotov B.S., Seliverstova O.V., Krasnova 
T.A. (2010) Influence of polyacrylate-based 
hyperplasticizer on the strength, density and 

water resistance of concrete // Izvestiya 
KazGASU. no. 1 (13). URL: 
https://cyberleninka.ru/article/n/vliyanie-
giperplastifikatora-na-osnove-poliakrilatov-
na-prochnost-plotnost-i-
vodonepronitsaemost-betona. 

23. Nguyen T.C., Huynh T.P., Tang V.L. 
(2019) Prevention of crack formation in mass 
concrete at early age by cooling pipe system 
// Asian Journal of Civil Engineering. vol. 
20. issue 8. pp. 1101–1107. DOI: 
10.1007/s42107-019-00175-5 

24. Solovieva V.Y., Stepanova I.V., Kasatkina 
A.V. (2010) New generation protective coat-
ings for transport building structures // 
Transport of the Russian Federation. Journal 
of Science, Practice, Economics. no. 2 (27). 
URL: 
https://cyberleninka.ru/article/n/zaschitnye-
pokrytiya-novogo-pokoleniya-dlya-
transportnyh-stroitelnyh-konstruktsiy  

25. Nguyen T.C., Luu X.B. (2019) Reducing 
temperature difference in mass concrete by 
surface insulation // Magazine of Civil Engi-
neering. vol. 4 (88). pp. 70–79. DOI: 
10.18720/MCE.88. 

 
 

 
 

1. 

 

-2. 
 62-64. URL: 

https://cyberleninka.ru/article/n/kompozitsion
nye-portlandtsementy-dlya-
gidrotehnicheskogo-stroitelstva. 

2. 
 

-88. DOI: 
10.53980/24131997_2023_2_80 

Larisa A. Urkhanova, Andrey A. Ivanov, Solbon А. Lkhasaranov

3. Li Q., Liang G., Hu Y., Zuo Z. (2014) Nu-
merical analysis on temperature rise of a 
concrete arch dam after sealing based on 
measured data // Mathematical Problems in 
Engineering, no. -10. 
DOI:10.1155/2014/602818 

4. (2020) 

– -398. 
DOI: 10.22227/1997-0935.2020.3.380-398 

5. Yerramala A., Ganesh Babu K. (2011) 
Transport properties of high-volume fly ash 
roller compacted concrete // Cement and Con-
crete Com –
1062. DOI:10.1016/j.cemconcomp.2011.07.010 

6. Dolen T.P., Ibáñez-de-Aldecoa R., Eharz 
J.L., Dunstan M.R.H. (2003) Successful 
large RCC dams – what are the common fea-
tures? // Proceedings of the fourth interna-
tional symposium on roller compacted con-
crete (RCC) no. –137. 
DOI:10.34031/2071-7318-2020-5-8-8-17 

7. 
 (2020) 

-14. DOI: 
10.34031/2071-7318-2020-5-8-8-17. 

8.  (2023) 

 
– -

 – URL: 
https://pstu.ru/files/2/file/Dissertaciya._Kasat
kin_S.P._02.07.2023.pdf 

9. 
 (2024) 

-2024. DOI: 
10.61907/CIA.2024.87.76.001 

10. 
 (2013) 

-
URL: https://mgsu.ru/resources/izdatelskaya-
deyatelnost/izdaniya/monografii/1725/?yscli
d=m09bb4v43i945506938 

11. Shane D., Mark T., Cheeseman C.R. 
(2010) Comparison of test methods to assess 
pozzolanic activity // Cement and Concrete 
Composites.  –127. 
DOI:10.1016/j.cemconcomp.2009.10.008 

12.  (2018) 
-

 - -
51. DOI: https://doi.org/10.31659/0585-
430X-2018-756-1-2-45-51 

13.  
(2009) 

. 
-60. URL: 

https://cyberleninka.ru/article/n/kompleksnay
a-otsenka-faktorov-povysheniya-prochnosti-
tsementnogo-kamnya-dobavkami-
ultradispersnogo-perlita  

14. 
(2009) 

. -87. URL: 
https://elibrary.ru/kuucdt?ysclid=m09bh8i6g
321380846 

15. Aniskin N.A., Nguyen T.C., Hoang Q.L. 
(2018) Influence of size and construction 
schedule of massive concrete structures on its 
temperature regime // MATEC Web of Con-
ferences. 
10.1051/matecconf/201825102014 

16. Hai T.H., Thuc L.V. (2017) The effect of 
splitting concrete placement on controlling 
thermal cracking in mass concrete // Journal 
of Science and Technology in Civil Engi-
neering. vol. 11. issue 6. pp. 22–28. URL: 
http://stce.nuce.edu.vn/index.php/en/article/v
iew/932 

17. Hang X., Shi R., Dai H., Liu Q., Zhang X. 
(2019) Simulation and research on tempera-



77

ferences. vol. 251. p. 02014. DOI: 
10.1051/matecconf/201825102014  

16. Hai T.H., Thuc L.V. (2017) The effect of 
splitting concrete placement on controlling 
thermal cracking in mass concrete // Journal 
of Science and Technology in Civil Engi-
neering. vol. 11. issue 6. pp. 22–28. URL: 
http://stce.nuce.edu.vn/index.php/en/article/v
iew/932 

17. Hang X., Shi R., Dai H., Liu Q., Zhang X. 
(2019) Simulation and research on tempera-
ture field of taishan roller compacted con-
crete gravity dam // IOP Conference Series: 
Earth and Environmental Science. vol. 237. 
p. 032117. DOI: 10.1088/1755-
1315/237/3/032117 

18. Lkhasaranov S.A., Urkhanova L.A., 
Ivanov A.A., Smirnyagina N.N. (2024) 
Study of phase composition of composite 
binders for hydraulic concrete // Bulletin of 
VSGUTU. no. 2 (93). DOI 
10.53980/24131997_2024_2_112 

19. Dem'yanenko O.V., Kopanitsa N.O., 
Sarkisov Y.S. (2020) Study of the properties 
of cement stone with a complex additive // Bul-
letin of TSUACE. vol. 22, no. 4. pp. 147–156. 
DOI: 10.31675/1607-1859-2020-22-4-147-156 

20. Zelenkevich D.S., Yagubkin A.N., Bozylev 
V.V. (2013) Use of polymer-mineral addi-
tives to improve the water resistance and 
frost resistance of concrete // Bulletin of 
Polotsk State University. Series F. Construc-
tion. Applied Sciences. no. 16. URL: 
https://cyberleninka.ru/article/n/ispolzovanie-
polimerno-mineralnyh-dobavok-dlya-
povysheniya-vodonepronitsaemosti-i-
morozostoykosti-betona 

21. Bayburin A.Kh., Kocharina E.N., Ko-
charin N.V., Kiyanets A.V., Lebed A.R. 
(2022) Influence of chemical additives on the 
properties of concrete // IVD. no. 6 (90). 
URL: 
https://cyberleninka.ru/article/n/vliyanie-
himicheskih-dobavok-na-svoystva-betona. 

22. Izotov B.S., Seliverstova O.V., Krasnova 
T.A. (2010) Influence of polyacrylate-based 
hyperplasticizer on the strength, density and 

water resistance of concrete // Izvestiya 
KazGASU. no. 1 (13). URL: 
https://cyberleninka.ru/article/n/vliyanie-
giperplastifikatora-na-osnove-poliakrilatov-
na-prochnost-plotnost-i-
vodonepronitsaemost-betona. 

23. Nguyen T.C., Huynh T.P., Tang V.L. 
(2019) Prevention of crack formation in mass 
concrete at early age by cooling pipe system 
// Asian Journal of Civil Engineering. vol. 
20. issue 8. pp. 1101–1107. DOI: 
10.1007/s42107-019-00175-5 

24. Solovieva V.Y., Stepanova I.V., Kasatkina 
A.V. (2010) New generation protective coat-
ings for transport building structures // 
Transport of the Russian Federation. Journal 
of Science, Practice, Economics. no. 2 (27). 
URL: 
https://cyberleninka.ru/article/n/zaschitnye-
pokrytiya-novogo-pokoleniya-dlya-
transportnyh-stroitelnyh-konstruktsiy  

25. Nguyen T.C., Luu X.B. (2019) Reducing 
temperature difference in mass concrete by 
surface insulation // Magazine of Civil Engi-
neering. vol. 4 (88). pp. 70–79. DOI: 
10.18720/MCE.88. 

 
 

 
 

1. 

 

-2. 
 62-64. URL: 

https://cyberleninka.ru/article/n/kompozitsion
nye-portlandtsementy-dlya-
gidrotehnicheskogo-stroitelstva. 

2. 
 

-88. DOI: 
10.53980/24131997_2023_2_80 

3. Li Q., Liang G., Hu Y., Zuo Z. (2014) Nu-
merical analysis on temperature rise of a 
concrete arch dam after sealing based on 
measured data // Mathematical Problems in 
Engineering, no. -10. 
DOI:10.1155/2014/602818 

4. (2020) 

– -398. 
DOI: 10.22227/1997-0935.2020.3.380-398 

5. Yerramala A., Ganesh Babu K. (2011) 
Transport properties of high-volume fly ash 
roller compacted concrete // Cement and Con-
crete Com –
1062. DOI:10.1016/j.cemconcomp.2011.07.010 

6. Dolen T.P., Ibáñez-de-Aldecoa R., Eharz 
J.L., Dunstan M.R.H. (2003) Successful 
large RCC dams – what are the common fea-
tures? // Proceedings of the fourth interna-
tional symposium on roller compacted con-
crete (RCC) no. –137. 
DOI:10.34031/2071-7318-2020-5-8-8-17 

7. 
 (2020) 

-14. DOI: 
10.34031/2071-7318-2020-5-8-8-17. 

8.  (2023) 

 
– -

 – URL: 
https://pstu.ru/files/2/file/Dissertaciya._Kasat
kin_S.P._02.07.2023.pdf 

9. 
 (2024) 

-2024. DOI: 
10.61907/CIA.2024.87.76.001 

10. 
 (2013) 

-
URL: https://mgsu.ru/resources/izdatelskaya-
deyatelnost/izdaniya/monografii/1725/?yscli
d=m09bb4v43i945506938 

11. Shane D., Mark T., Cheeseman C.R. 
(2010) Comparison of test methods to assess 
pozzolanic activity // Cement and Concrete 
Composites.  –127. 
DOI:10.1016/j.cemconcomp.2009.10.008 

12.  (2018) 
-

 - -
51. DOI: https://doi.org/10.31659/0585-
430X-2018-756-1-2-45-51 

13.  
(2009) 

. 
-60. URL: 

https://cyberleninka.ru/article/n/kompleksnay
a-otsenka-faktorov-povysheniya-prochnosti-
tsementnogo-kamnya-dobavkami-
ultradispersnogo-perlita  

14. 
(2009) 

. -87. URL: 
https://elibrary.ru/kuucdt?ysclid=m09bh8i6g
321380846 

15. Aniskin N.A., Nguyen T.C., Hoang Q.L. 
(2018) Influence of size and construction 
schedule of massive concrete structures on its 
temperature regime // MATEC Web of Con-
ferences. 
10.1051/matecconf/201825102014 

16. Hai T.H., Thuc L.V. (2017) The effect of 
splitting concrete placement on controlling 
thermal cracking in mass concrete // Journal 
of Science and Technology in Civil Engi-
neering. vol. 11. issue 6. pp. 22–28. URL: 
http://stce.nuce.edu.vn/index.php/en/article/v
iew/932 

17. Hang X., Shi R., Dai H., Liu Q., Zhang X. 
(2019) Simulation and research on tempera-

Hydraulic Engineering Concrete Based on a Composite Binder Us-ing Dispersed Perlite and a Colloidal Additive



78 International Journal for Computational Civil and Structural Engineering

ture field of taishan roller compacted con-
crete gravity dam // IOP Conference Series: 
Earth and Environmental Science. vol. 237. 
p. 032117. DOI: 10.1088/1755-
1315/237/3/032117 

18. 
 

DOI 
10.53980/24131997_2024_2_112 

19. 
 

– 
– –156. DOI: 10.31675/1607-1859-
2020-22-4-147-156 

20. 
 

-

F
URL: 

https://cyberleninka.ru/article/n/ispolzovanie-
polimerno-mineralnyh-dobavok-dlya-
povysheniya-vodonepronitsaemosti-i-
morozostoykosti-betona 

21. 
 

https://cyberleninka.ru/article/n/vliyanie-
himicheskih-dobavok-na-svoystva-betona.  

22. B.C

 URL: 
https://cyberleninka.ru/article/n/vliyanie- giper-
plastifikatora-na-osnove-poliakrilatov-na-
prochnost-plotnost-i-vodonepronitsaemost-
betona. 

23. Nguyen T.C., Huynh T.P., Tang V.L. 
(2019) Prevention of crack formation in mass 
concrete at early age by cooling pipe system 
// Asian Journal of Civil Engineering. vol. 
20. issue 8. pp. 1101–1107. DOI: 
10.1007/s42107-019-00175-5 

24. 
 (2010) 

 

URL: 
https://cyberleninka.ru/article/n/zaschitnye-
pokrytiya-novogo-pokoleniya-dlya-
transportnyh-stroitelnyh-konstruktsiy  

25. Nguyen T.C., Luu X.B. (2019) Reducing 
temperature difference in mass concrete by 
surface insulation // Magazine of Civil Engi-
neering. vol. 4 (88). pp. 70–79. DOI: 
10.18720/MCE.88. 

 
 

 

Larisa Alekseevna Urkhanova - Doctor of Technical Sciences, 
Professor of the Department of Urban Development, National 
Research Moscow State University of Civil Engineering (NRU 
MGSU), 129337, Moscow, Yaroslavskoe shosse, 26, urkhano-
va@mail.ru 
 
Andrey Andreevich Ivanov - Postgraduate Student, Department 
of Construction Materials, Highways and Woodworking, East 
Siberian State University of Technology and Management 
(VSGUTU), 670013, Ulan-Ude, Klyuchevskaya St., 40B, Bldg. 
1, vadim290607@gmail.com 
 
Solbon Aleksandrovich Lkhasaranov - Candidate of Technical 
Sciences, Associate Professor, Head of the Department of Con-
struction Materials, Highways and Woodworking, East Siberian 
State University of Technology and Management (VSGUTU), 
670013, Ulan-Ude, Klyuchevskaya, 40B, building 1, 
solbon230187@mail.ru 

— 

urkhanova@mail.ru 
 

 – 

-
-

vadim290607@gmail.com 
 

 – 

-
-

 

Larisa A. Urkhanova, Andrey A. Ivanov, Solbon А. Lkhasaranov




