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The object of the study is the chemical 
resistance of concrete modified with granite 
dust and acrylic latex. The materials used 
in the study were concrete samples with 
a variable composition of additive compo-
nents, which were subsequently exposed to 
an aggressive environment. The problem, 
which the research is aimed at solving, is 
the tendency of concrete structures to fail 
under prolonged exposure to acidic con-
ditions, which significantly reduces their 
service life. This research aims to address 
this issue by incorporating modifying addi-
tives that improve concrete’s resistance to 
chemical attack. The experimental program 
involved testing concrete specimens with dif-
ferent concentrations of granite dust (1–4 % 
by cement mass) and acrylic latex (0.1–0.4 % 
by water mass) in a 10 % sulfuric acid solu-
tion for up to 360 days. Strength loss was 
assessed at regular intervals, and chemi-
cal resistance coefficients were calculated 
to evaluate durability. Additionally, long-
term degradation predictions were made 
using logarithmic models. The results show 
that the optimal composition – 4 % granite 
dust and 0.4 % acrylic latex –significant-
ly improves chemical resistance, with spec-
imens retaining up to 49 % of their initial 
strength after 100 years of exposure. The 
enhancement is attributed to the densifi-
cation effect of granite dust, which reduc-
es permeability, and the hydrophobizing 
properties of acrylic latex, which minimize 
acid penetration. Compared to unmodified 
concrete, the proposed composition demon-
strates lower strength loss and higher dura-
bility under aggressive conditions. The pro-
posed modified composition offers a reliable 
solution for extending the service life of rein-
forced concrete structures exposed to chemi-
cal degradation
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1. Introduction

The durability of concrete is a crucial factor influencing 
the long-term performance of civil and industrial structures, 
particularly those exposed to aggressive environments. Con-
crete deterioration due to chemical attacks, especially in acidic 
conditions, is a major challenge in construction engineering. 
According to [1], exposure to sulfuric acid leads to the leaching 
of calcium hydroxide, dissolution of calcium-silicate-hydrate 
(C-S-H) phases, and formation of expansive compounds such 
as gypsum and ettringite, which weaken the microstructure of 
concrete, increase porosity, and cause cracking and spalling. 
This process significantly reduces the service life of reinforced 
concrete structures, necessitating costly maintenance and 
repairs. Similarly, [2] highlighted that conventional concrete 
materials degrade rapidly in aggressive environments without 
additional protective measures.

Research has demonstrated that aggressive environments 
affecting concrete can be classified based on various criteria. 
Research by [3] categorize them by the degree of aggres-
siveness (non-aggressive, mildly aggressive, moderately ag-
gressive, and highly aggressive), by physical state (gaseous, 
liquid, or solid), and by chemical composition (organic and 
inorganic compounds, including sulfates, chlorides, acids, 
magnesium salts, and alkalis). Additionally, environmental 
factors such as biological activity play a role in concrete deg-
radation, as metabolic products of bacteria and fungi, fungal 
hyphae, and plant roots contribute to the deterioration of the 
cementitious matrix [4].

Highly aggressive environments, such as sulfate-rich 
soils, seawater, and industrial wastewater, accelerate con-
crete deterioration. Research by [5] analyzed the effects of 
sulfate attack, finding that it leads to the formation of expan-
sive compounds like ettringite and gypsum, causing internal 
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plication is limited by material variability and production 
inconsistencies.

Several studies have explored the use of industrial by-
products to enhance chemical resistance. Research by [14, 15] 
evaluated the incorporation of granite sludge in cementitious 
mortars and found that it improves density and reduces per-
meability, which enhances durability. Meanwhile, research 
by [16] examined the influence of polymer latexes on ce-
ment-stabilized materials, demonstrating that latex-modified 
concrete exhibits improved durability, particularly under 
exposure to road salts and chemicals.

While AAMs and geopolymer concrete exhibit promising 
chemical resistance, their implementation is hindered by 
high costs and production difficulties. Fiber reinforcement 
improves crack resistance but does not significantly alter the 
chemical stability of the matrix. Additionally, existing studies 
on granite dust and acrylic latex focus primarily on mechan-
ical properties rather than long-term chemical resistance in 
highly acidic conditions.

While various additives such as fly ash, silica fume, and 
metakaolin have been extensively studied for improving 
chemical resistance, research on granite dust and acrylic 
latex as a combined additive remains limited. Studies such 
as [16] suggest that granite-based materials can enhance 
durability, but their effect on acid resistance in concrete has 
not been sufficiently investigated. Similarly [15] explored the 
use of styrene-acrylic emulsion in cement mortars, demon-
strating enhanced chloride and sulfate resistance, but did not 
examine long-term performance under acidic attack.

A major challenge in durability studies is the long-term 
prediction of concrete performance. Most experimental re-
search is limited to short-term laboratory tests, while long-
term degradation models are often based on extrapolated 
data. Studies such as [12] highlight the need for accurate 
prediction models to assess the chemical resistance of ce-
ment-based composites over extended service periods.

Another critical issue is the cost-effectiveness of proposed 
solutions. Geopolymer and alkali-activated materials exhibit 
superior chemical resistance but are often impractical for 
large-scale application due to high production costs and raw 
material availability. In contrast, granite dust is an industrial 
byproduct, making it a low-cost and sustainable alternative 
for modifying concrete. Acrylic latex, despite being a synthet-
ic polymer, is already widely used in construction materials 
and can be optimized for economic feasibility.

Another critical issue is the cost-effectiveness of proposed 
solutions. While AAMs and geopolymer concrete provide su-
perior resistance, their adoption is limited by high production 
costs and material sourcing constraints. In contrast, granite 
dust, being an industrial byproduct, represents a low-cost 
and sustainable alternative. Likewise, acrylic latex is already 
widely used in construction and can be optimized for eco-
nomic feasibility.

All this allows to assert that it is expedient to conduct 
a study on evaluate synergistic effect of the admixtures in 
terms of improving durability when exposed to aggressive 
environments.

3. The aim and objectives of the study

The aim of this study is to evaluate the effect of modify-
ing additives granite dust and acrylic latex on the chemical 
resistance of concrete when exposed to an aggressive envi-

stresses and cracking within the concrete. Similarly, chloride 
ingress promotes steel reinforcement corrosion, significantly 
reducing the load-bearing capacity of reinforced concrete 
elements [6]. Additionally, exposure to acidic environments 
results in the dissolution of alkaline components of concrete, 
weakening its protective properties and compromising long-
term durability. Even fresh water can pose a threat to pozzo-
lanic cement due to calcium hydroxide leaching [7].

Numerous strategies have been explored to enhance 
the chemical resistance of concrete. Silica fume, fly ash, 
and metakaolin are known to improve density and re-
duce permeability, thereby increasing durability in sulfate 
and chloride-rich environments [8]. Alkali-activated mate-
rials (AAMs) have been identified as promising alternatives, 
exhibiting superior resistance to chemical attacks [9]. How-
ever, research by [10] highlight the high production costs and 
complex handling procedures of AAMs as major barriers to 
widespread adoption. Additionally, sulfate-resistant cement 
formulations with low C₃A content have been developed, but 
they may not always be cost-effective or universally applica-
ble in construction scenarios [11].

One promising alternative is the incorporation of in-
dustrial waste byproducts into concrete formulations. Re-
search by [12] investigated granite dust, a byproduct of stone 
processing industries, and found that it improves density, 
strength, and resistance to aggressive agents. Moreover, 
research by [13] studied the influence of polymer-based addi-
tives such as acrylic latex, demonstrating their hydrophobiz-
ing properties that minimize water absorption and improve 
resistance to acid attacks. The potential synergy between 
these two materials – granite dust enhancing density and re-
ducing permeability while acrylic latex provides hydrophobic 
properties – represents a novel strategy for improving chemi-
cal resistance in concrete.

Given the extensive use of concrete in industrial, waste-
water treatment, and coastal infrastructure, as well as 
the economic and environmental challenges posed by its 
degradation, research on improving its chemical resistance 
remains highly relevant. The combination of granite dust 
and acrylic latex as a dual modification strategy has not been 
extensively explored. Understanding their combined effects 
on durability, permeability, and long-term strength retention 
under acidic conditions is essential for the development of 
more resilient construction materials.

2. Literature review and problem statement

Research by [1] highlights that fiber-reinforced concrete 
exhibits increased durability due to crack-bridging effects, but 
its application in highly acidic environments remains limit-
ed. Similarly, research by [2] studied the concrete-to-concrete 
bond performance under aggressive exposure, showing that 
conventional materials degrade rapidly without additional 
protective measures.

One of the main threats to concrete durability is sulfate 
and acid attack. Research by [4] analyzed alkali-activated 
materials (AAMs) and their resistance to sulfate environ-
ments, concluding that these materials outperform ordinary 
Portland cement (OPC) in sulfate-rich conditions. However, 
their large-scale implementation is challenging due to cost 
and production complexities. Research by [11] further in-
vestigated geopolymer concrete, which exhibits enhanced 
resistance in aggressive conditions, but its widespread ap-
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ronment (10 % sulfuric acid solution). This will make it 
possible to enhance the durability of concrete structures 
by improving their resistance to chemical degradation, 
reducing permeability, and ensuring long-term strength 
retention. 

To achieve this aim, the following objectives were set:
– to conduct experimental tests to determine the chemi-

cal resistance of concrete specimens with different additive 
concentrations under prolonged exposure to an aggressive 
environment;

– to calculate the chemical resistance coefficient based on 
residual strength measurements to quantify the effectiveness 
of the proposed additives;

– to develop predictive models for long-term strength loss 
and chemical resistance degradation over extended service 
periods.

4. Materials and methods of research

The object of the study is the chemical resistance of 
concrete modified with granite dust and acrylic latex. In 
this study is concrete incorporating the proposed modified 
additive, which consists of post-distillation stillage (PaB), 
soapstock (Sp), sodium hydroxide (NaOH), granite dust (Gr), 
and acrylic latex (Lx).

 The main research hypothesis is that the components of 
the modified additive, specifically granite dust and acrylic 
latex, influence the chemical resistance of concrete due to 
their densification effect and hydrophobization.

The chemical resistance tests of concrete specimens 
were conducted in accordance with GOST P 58896-
2020 [17]. The method involves exposing concrete speci-
mens to an aggressive environment followed by measuring 
their bending strength. A total of five beam specimens of 
each compared type were tested at control intervals of 30, 
60, 90, 180, 270, and 360 days. Each type of specimen had 
30 beam specimens in total. The tests were performed in 
aggressive environments represented by an aqueous 10 % 
sulfuric acid solution (hereafter referred to as the aggressive 
environment). The pH value was monitored every 30 days 
while the specimens were kept in glass containers. The as-
sessment of chemical resistance was carried out according 
to GOST P 58895-2020 [18].

The chemical resistance coefficient was determined by 
measuring the residual bending strength relative to the initial 
(reference) specimen, following GOST P 58896-2020 [17]. The 
prediction of chemical resistance degradation during pro-
longed concrete exposure to aggressive environments (10 % 
sulfuric acid solution) was based on the measured strength 
losses and calculated chemical resistance coefficients in ac-
cordance with GOST P 58896-2020 [17]. The determination 
of chemical resistance is reduced to the calculation of the 
chemical resistance coefficient decline:
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where kGR – chemical resistance coefficient, calculated by 
exponentiating the obtained value;
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τ = ∑  – mean logarithm of the test duration;

lgkGRi and lgτi – logarithms of the chemical resistance 
coefficients and test durations for the i-th series of specimens 
at intermediate (control) test periods; 

n – number of control tests.
The composition of the additive includes post-distillation 

stillage (PaB), soapstock (Sp), sodium hydroxide (NaOH), 
granite dust (Gr), and acrylic latex (Lx). However, the key 
components influencing the change in acidity are granite 
dust and acrylic latex. Therefore, for simplicity, Table 1 
presents variations in the technological composition of con-
crete beam specimens without specifying the other additive 
components, whose quantities remained identical across all 
specimens.

For reference, the proportion of soapstock in all specimens 
was 8 % by cement mass, sodium hydroxide was 1 % by soap-
stock mass, and post-distillation stillage was 6 % by water mass. 
These proportions were determined based on a series of control 
tests, which were used as reference values for introducing these 
components into the concrete mixture (e. g., compressive and 
bending strength, frost resistance).

Table 1

Composition of concrete specimens

Specimen  
type – contents (%)

The content of the component by mass, g

Sand Gr Cement Sp NaOH PaB Water Lx

Reference 1500 0 500 – – – 200 –
Тype 1 – Gr1 % 1485 15 500 – – – 200 –
Тype 2 – Gr2 % 1470 30 500 – – – 200 –
Тype 3 – Gr3 % 1455 45 500 – – – 200 –
Тype 4 – Gr4 % 1440 60 500 – – – 200 –

Тype 5 – Lx0.1 % 1440 60 460 39.6 0.4 12 187.8* 0.2
Тype 6 – Lx0.2 % 1440 60 460 39.6 0.4 12 187.6* 0.4
Тype 7 – Lx0.3 % 1440 60 460 39.6 0.4 12 187.4* 0.6
Тype 8 – Lx0.4 % 1440 60 460 39.6 0.4 12 187.2* 0.8

Note: * – the exact water-cement ratio is adjusted based on normal 
consistency tests of the cement due to the water-reducing effect of acryl-
ic latex resulting from plasticization.

Specimens of types 1–4 differ by the inclusion of granite 
dust (Gr) at 1 %, 2 %, 3 %, and 4 % by the mass of cement in the 
reference specimen. Specimens of types 5–8 additionally con-
tain acrylic latex (Lx) at 0.1 %, 0.2 %, 0.3 %, and 0.4 % by the 
mass of water. By default, specimens labeled with the index 
Lx0.1 % are assumed to contain Gr4 % in their composition.

5. Results of the study of the effect of additives on the 
chemical resistance of concrete

5. 1. Chemical resistance of modified concrete
Fig. 1 illustrates the changes in the strength charac-

teristics of the specimens depending on the duration of 
exposure. Fig. 1, a present the test results for specimens 
with varying granite dust content, while Fig. 1, b shows 
the results for specimens with different concentrations of 
acrylic latex.
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According to the strength 
test results for specimens 
containing granite dust, the 
initial strength varies de-
pending on composition. The 
average values are as follows: 
Gr1 % – 3.79 MPa, Gr2 % – 
3.87 MPa, Gr3 % – 4.02 MPa, 
and Gr4 % – 3.99 MPa. Thus, 
bending strength exhibits a 
peak dependence on addi-
tive concentration, with the 
highest strength observed at 
a granite content of 3 %. Af-
ter the maximum exposure 
period (360 days), strength 
reduction also varies among 
different compositions. The 
percentage decrease relative 
to the reference specimen 
is: Gr1 % – 29.5 %, Gr2 % – 
26.4 %, Gr3 % – 24.8 %, and 
Gr4 % – 23.2 %.

A similar pattern is observed in specimens with acrylic 
latex. The initial strength values for different latex con-
centrations are: Lx0.1 % – 5.02 MPa, Lx0.2 % – 5.12 MPa, 
Lx0.3 % – 4.95 MPa, and Lx0.4 % – 4.93 MPa. Strength loss 
also shows a general decreasing trend with increasing addi-
tive concentration, with reductions relative to the reference 
specimen as follows: Lx0.1 % – 20.5 %, Lx0.2 % – 19.7 %, 
Lx0.3 % – 20.1 %, and Lx0.4 % – 19.24 %.

5. 2. Chemical resistance coefficients of concrete 
specimens

Fig. 2 presents the variation coefficients corresponding 
to each series of tests for specimens of the same composition. 
Fig. 2, a show the variation coefficients for different granite 
dust compositions, while Fig. 2, b displays the variation coef-
ficients for acrylic latex compositions. The data points in the 
diagrams are conventionally connected by dashed lines to in-
dicate their association with a specific series and to illustrate 
the trend in data point dispersion over time under aggressive 
environmental exposure. 

The variation coefficients for specimens with granite dust 
range from 2.9 % to 7.2 %, while those for acrylic latex range 
from 1.28 % to 3.82 %. These variation coefficients indicate a 
high convergence of data points, confirming the high reliabil-
ity of the obtained results.

5. 3. Predicted long-term strength retention
Fig. 3 presents the calculated chemical resistance coef-

ficients. Fig. 3, a show the results for different granite dust 
compositions, while Fig. 3, b displays the results for acrylic 
latex compositions.

The trend of changes in the chemical resistance coeffi-
cients follows the same pattern as strength loss (since the 
calculation formula is linear). However, the diagrams provide 
a more precise representation of strength variation relative to 
the reference specimen. This is due to the fact that the initial 
strength varies across different compositions. Therefore, com-
paring the reduction in strength should be done relative to the 
reference specimen rather than using absolute strength values.

The residual strength of specimens with different granite 
dust concentrations, expressed as a percentage of their initial 
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Fig. 1. Bending strength loss over time: a – granite dust; b – acrylic latex
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Fig. 2. Variation coefficients of specimens with different compositions: 	
a – granite dust; b – acrylic latex
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strength, varies as follows: Gr1 %: from 70 % to 49 %; Gr2 %: 
from 72 % to 53 %; Gr3 %: from 75 % to 56 %; Gr4 %: from 75 % 
to 60 %. Similarly, the residual strength of specimens with 
varying acrylic latex concentrations is as follows: Lx0.1 %: 
from 85 % to 68 %; Lx0.2 %: from 87 % to 70 %; Lx0.3 %: 
from 89 % to 71 %; Lx0.4 %: from 92 % to 74 %. 

Thus, the transformation of chemical resistance occurs 
continuously, with each subsequent increase in additive 
concentration leading to a resistance increase of 31 %, 33 %, 
36 %, 40 %, 44 %, and 50 % at 30, 60, 90, 180, 270, and 360 days 
of exposure, respectively. The diagrams confirm this trend: 
for instance, the residual strength of type 1 specimens after 
30 days (70 %) is lower than that of type 8 specimens after 
360 days (74 %).

The significant difference between the latex-modified 
and granite-modified specimens indicates that the hydropho-
bic effect has a greater influence on the chemical resistance 
of concrete than the reduction in its permeability.

The following section presents the predicted changes 
in concrete strength over an extended period under ag-
gressive environmental conditions. Table 2 provides the 
calculated variable parameters of equation (1), used for 
predicting long-term changes in the chemical resistance 
coefficient. These calculations are based on the previous-

ly reported laboratory measurements of chemical resis-
tance coefficients, conducted over a 360-day observation  
period.

Table 3 presents the equations for changes in the chemi-
cal resistance coefficient, based on the previously determined 
variables a and b (from Table 1).

Fig. 4 presents the curves characterizing the predicted 
changes in the chemical resistance of concrete structures 
exposed to an aggressive environment over periods of up 
to 10 and 100 years. Fig. 4, a illustrates the strength loss 
values relative to the reference specimen, while Fig. 4, b 
shows the absolute residual strength values. The x-axis 
represents the serial numbers corresponding to the speci-
men type, and the y-axis indicates the predicted depletion 
of their strength characteristics due to exposure to an ag-
gressive environment.

According to the diagrams, for concrete structures of 
type 1 exposed to aggressive environments, the residual 
strength of concrete will already decrease to 36 % of its initial 
value within the first 10 years of service. However, the sub-
sequent reduction in strength occurs at a slower rate. A high 
intensity of aggressive environmental impact is characteristic 
of all specimen types during the initial service period, fol-
lowed by a gradual decrease in intensity over time.
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Fig. 3. Chemical resistance coefficients of specimens with different compositions: a – granite dust; b – acrylic latex

Table 2

Parameters of the chemical resistance coefficient variation equation

Calculated parameter Gr1 % Gr2 % Gr3 % Gr4 % Lx01 % Lx02 % Lx03 % Lx04 %

∑lgτi 12.45 12.45 12.45 12.45 12.45 12.45 12.45 12.45
∑lgkGRi –1.39 –1.28 –1.14 –1.00 –0.75 –0.68 –0.62 –0.53

lg iτ∑ 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08

lg GRik∑ –0.23 –0.21 –0.19 –0.17 –0.12 –0.11 –0.10 –0.09

( ) ( )lg lg lg lgiGRi iGRi
k k− × τ − τ∑ –0.12 –0.11 –0.10 –0.09 –0.08 –0.08 –0.08 –0.08

( )2
lg lgi ir − τ∑ 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85

( ) ( )
( )2
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lg lg
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i i
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b

− × τ − τ
=

τ − τ

∑
∑

–0.14 –0.13 –0.12 –0.11 –0.09 –0.09 –0.09 –0.09

lg lgGRi ia k b= − ⋅ τ 0.063 0.053 0.055 0.058 0.071 0.075 0.091 0.099
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Nevertheless, the effect of the additive on the absolute 
strength retention is evident: at the maximum additive con-
centration (type 8), the residual strength after 10 years of ser-
vice is 60 %, and after 100 years, it is 49 %. This significantly 
exceeds the residual strength of type 1 specimens, even after 
just 10 years of exposure.

6. Discussion of the results of the study of the effect of 
the additive on the chemical resistance of concrete

The proposed additive composition has not been previ-
ously proposed and researched; hence it can be attributed to 
a novel technological solution. The results obtained in the 
research can be explained by the mechanisms of interaction 
of modifying additives – granite dust and acrylic latex with 
cement matrix, which contribute to the increase of chemical 
resistance of concrete under conditions of aggressive envi-
ronment.

During the research, a positive effect of the additive on 
the chemical resistance of concrete was obtained, which 
confirms the significance of the study and its practical value. 
The use of the additive contributes to a noticeable increase in 
the service life of concrete in aggressive environments. The 
chemical resistance coefficient of samples using the additive 
increases to 50 % in relation to ordinary concrete, for a num-
ber of reasons described below.

The increase in the chemical resistance of concrete with 
the addition of granite dust (Fig. 1, a, 3, a) is primarily due to 
its compacting effect, which reduces permeability. The fine-
grained structure of granite dust promotes the formation of a 
denser cement matrix, limiting the penetration of aggressive 
agents. In addition, the pozzolanic properties of granite dust 
increase the chemical resistance of concrete due to inter-
action with calcium hydroxide to form secondary phases 
C-S-H. Maximum strength is achieved at a granite dust con-
centration of 3 %. With a subsequent increase in concentra-
tion, a decrease in strength is observed. This is due to the fact 
that at a high concentration of granite dust, the amount of 
silicon oxides becomes greater in relation to the portlandites 
of the cement binder. The decrease in strength loss with an 
increase in granite concentration is associated with a change 
in the density of the samples. That is, with an increase in 
density, the water permeability of concrete increases, and, 
consequently, the penetration of an aggressive environment 
into the concrete structure decreases.

The increase in the chemical resistance of concrete 
with the addition of acrylic latex (Fig. 1, b, 3, b) is ex-
plained by its hydrophobic properties, which minimize 
water absorption and limit acid penetration. The latex 
forms a polymer film on the surface of cement particles 
and inside microcracks, reducing the connectivity of capil-
lary pores. Maximum strength is achieved with an acrylic 
latex concentration of 0.2 %. With a subsequent increase 
in concentration, a decrease in strength is observed. The 
decrease in strength at high concentrations of acrylic 
latex can be explained by the increased concentration of 
the polymer-containing component in the composition of 
the cement stone. At optimum concentration latex has the 
function of a micropore filler, while at high concentra-
tions, it replaces the structural components of the cement 
matrix, which leads to weakening of the load-bearing 
framework of concrete.

From the graphs in Fig. 2 it can be seen that in both 
cases the spread of datapoints increases with increasing 
exposure of the samples to an aggressive environment. 
This indicates a relatively individual destructive effect of 
the aggressive environment on a specific sample. How-

Table 3

Equations for changes in the chemical resistance coefficient

Type of specimen Equation of chemical resistance coefficient 
Gr=1 % lgkCR=0.063-0.14lgτ
Gr=2 % lgkCR=0.053-0.13lgτ
Gr=3 % lgkCR=0.055-0.12lgτ
Gr=4 % lgkCR=0.058-0.11lgτ

Lx=0.1 % lgkCR=0.071-0.09lgτ
Lx=0.2 % lgkCR=0.075-0.09lgτ
Lx=0.3 % lgkCR=0.091-0.09lgτ
Lx=0.4 % lgkCR=0.099-0.09lgτ
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Fig. 4. Chemical resistance coefficients of specimens with different compositions: 	
a – loss of bending strength; b – residual bending strength
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ever, the spread is not significant, within the permissible 
values, and may be associated with the existential factor 
of random structure formation (including the formation 
of microcracks and micropores) of each specific sample. 
The latter affects the rate of penetration of the aggressive 
environment into the sample structure, which has a neg-
ative destructive effect when interacting with concrete. It 
should be noted that the coefficients of variation of sam-
ples with the addition of latex are significantly lower than 
samples with granite, which indicates greater stability of 
the results of samples with latex. This can be explained 
by the hydrophobic effect of latex, which compensates 
for the error in the results of random structuring and the 
formation of microcracks in the structure of cement stone. 
That is, acrylic latex envelops the surface of micropores 
and microcracks, therefore blocking the interaction of an 
aggressive environment with concrete, thus the penetrat-
ing ability of an aggressive environment is a secondary  
factor.

The predictive models of strength loss (Table 3, Fig. 4) are 
based on logarithmic approximations obtained from 360-day 
experimental data. The obtained logarithmic equations are 
applicable only for evaluating the chemical resistance of con-
crete compositions. In fact, the influence of the admixture 
was also observed in the strength loss assessment (Fig. 1), 
but these calculations are useful for future design of concrete 
structures based on this composition, as well as for under-
standing the required design strength reserve for structures, 
depending on the lifetime of the construction projects. For 
example, the effect of the admixture on strength changes is 
evident from the graphs: at maximum admixture concentra-
tion (type 8), the residual strength at 10-year service life is 
60 % and at 100-year service life is 49 %, which is significantly 
higher than the strength of Type 1 samples even at 10-year 
service life.

The results of this research are in agreement with the find-
ings of previous studies on improving chemical resistance with 
modifying additives. Studies such as [15, 16, 19–23] confirm 
that permeability reduction and hydrophobization of the ce-
ment matrix are effective strategies for improving durability 
in aggressive environments. Unlike traditional approaches 
using silica dust or fly ash, this study demonstrates that the 
combination of granite dust and acrylic latex provides the 
dual benefits of sealing and hydrophobicity, resulting in su-
perior durability (Figure Unlike alkali-activated concretes, 
which exhibit high sulfate resistance but are limited in prac-
tical application due to the instability of the binder under 
acidic conditions [6, 10], the proposed modification is com-
patible with conventional Portland cement-based mixtures, 
making it more feasible for large-scale implementation.

The proposed technological solution of the additive 
closes the problematic part of the research on increasing 
the chemical resistance of concrete, but it has some lim-
itations. One of the limitations of the proposed approach is 
that the obtained results of strength loss prediction during 
long-term operation of concrete structures in the condi-
tions of aggressive environment, although they provide 
valuable data for design, but do not take into account the 
combination of other negative factors of destructive effects 
in real conditions, such as temperature fluctuations, me-
chanical dynamic loading, etc. The results of this approach 
are not considered. Another potential limitation may be 
the cost factor associated with acrylic latex. Although its 

benefits in improving chemical resistance are obvious and 
the concentration in concrete is very low, a cost-benefit 
analysis must be performed to determine the economic fea-
sibility of large-scale use.

This research is limited to laboratory-scale experi-
ments conducted under controlled conditions. The find-
ings are specific to concrete compositions with gener-
al-purpose Portland cement and may not directly apply 
to other cement types, such as sulfate-resistant cements. 
Additionally, the study focuses on chemical resistance 
in sulfuric acid solutions; further testing in chloride-rich 
and carbonate environments is needed for comprehensive 
durability assessment.

Further research will focus on full-scale testing with 
modeling of real design situations, including changes in tem-
perature, humidity, load factor, etc. From a methodological 
point of view, for predicting the durability of concrete under 
various impacts, the use of the finite element method, which 
allows modeling multifactorial impacts, may be a great po-
tential for promising research. In addition, extending the ap-
plication to other aggressive environments (e.g., chloride and 
sulfate exposure) will allow for a more complete evaluation of 
the proposed additives.

7. Conclusions

1. Experimental assessment of chemical resistance 
demonstrated that concrete specimens with modifying ad-
ditives exhibit a lower strength loss after prolonged exposure 
to an aggressive 10 % sulfuric acid solution. The maximum 
strength loss for specimens with granite dust varied from 
29.5 % (Gr1 %) to 23.2 % (Gr4 %), while for acrylic latex, the 
reduction ranged from 20.5 % (Lx0.1 %) to 19.24 % (Lx0.4 %). 
This confirms that increasing the concentration of modifying 
additives enhances the durability of concrete under chemical 
attack.

2. The chemical resistance coefficient was determined 
based on residual strength values. Specimens with granite 
dust retained 49–60 % of their initial strength, while those 
with acrylic latex retained 68–74 % over 360 days. The in-
creased resistance is attributed to the densification effect of 
granite dust, reducing permeability, and the hydrophobizing 
properties of acrylic latex, minimizing acid penetration. 
These findings demonstrate that the proposed additives 
provide a higher resistance level than traditional concrete 
compositions.

3. Long-term durability predictions indicate that the 
proposed modified concrete composition retains up to 49 % 
of its initial strength even after 100 years of exposure to an 
aggressive environment. Logarithmic models were developed 
to describe strength degradation trends, confirming that the 
modification significantly extends the service life of concrete 
structures. This suggests that the combined use of granite 
dust and acrylic latex provides a cost-effective and efficient 
method for improving concrete performance in highly ag-
gressive environments.
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