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Abstract. This article describes the problem of corrosion of concrete at the enterprises of the
wine and fruit and vegetable industry in Moldova, the kind of organic acids that destroy
concrete are considered. Such a specific type of chemical corrosion as leaching is also
considered. The reaction of the influence of malic acid on concrete is reflected, as a result
of which readily soluble calcium malic acid is formed. The structural parameter of corrosion
resistance to chemical corrosion has been studied. The formula for the corrosion resistance
of concrete is derived and explained. The structural parameter of resistance to chemical
corrosion is investigated on various types of concrete. The formula for coefficient resistance
of concrete to chemical corrosion is derived. Also, two dependencies are displayed:
Dependence of the coefficient of resistance of concrete to chemical corrosion on the volume
of cement stone; Dependence of the coefficient of concrete resistance to leaching corrosion
on the structural parameter.

Keywords: corrosion destruction of concrete, calcium hydroxide, coefficient of resistance,
parameter of concrete corrosion resistance, volume of the modified cement stone,
structural parameter of leaching corrosion, the porosity of the 1st and Z2nd groups.

Abstract. Acest articol descrie problema coroziunii betonului la intreprinderile din industria
vinului, fructelor si legumelor din Moldova. Sunt luate in considerare, ce fel de acizi organici
distrug betonul. Un astfel de tip specific de coroziune chimica precum levigarea este, de
asemenea, luat in considerare. Se reflecta reactia influentei acidului malic asupra betonului,
fn urma cdreia se formeaza acid malic de calciu usor solubil. A fost studiat parametrul
structural al rezistentei la coroziune la chimica. Este derivata si explicata formula pentru
rezistenta la coroziune a betonului. Parametrul structural de rezistenta la coroziune chimica
este investigat pe diferite tipuri de beton. Este derivata formula pentru coeficientul de
rezistenta al betonului la coroziune chimica. De asemenea, sunt afisate doua dependente:
Dependenta coeficientului de rezistenta al betonului la coroziune chimica de volumul pietrei
de ciment; Dependenta coeficientului de rezistenta a betonului la coroziune prin levigare de
parametrul structural.

Cuvinte cheie: distrugerea betonului la coroziune, hidroxid de calciu, coeficientul de rezistentd,
parametrul de rezistentd la coroziune a betonului, volumul pietrei de ciment
modificate, parametrul structural al coroziunii prin levigare, porozitatea grupelor
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Introduction

At the enterprises of the wine and fruit and vegetable industry in Moldova, a significant
part of the reinforced concrete structures of buildings and structures, as well as technological
equipment (floors, columns and walls, reinforced concrete bunkers for receiving fruit and
vegetable raw materials, tanks for storing processed fruit and vegetable products, etc.) are
practically in operation. under the constant influence of aggressive environments.

The destructive effect on concrete is exerted, first of all, by organic acids (lactic, malic,
acetic, citric, tartaric) and others. These substances react with calcium hydroxide Ca(OH), ,
forming soluble calcium salts, which dissolve and pass into food products.

To a certain extent, the destruction of concrete also occurs under the influence of
various microorganisms contained in the products of processing of fruits and vegetables.

In the problem of improving the quality of concrete at the enterprises of the fruit and
vegetable industry, resistance to chemical corrosion will always occupy a special place, since
it is this that has a decisive influence on the design service life of the structure.

The experience of the construction and operation of wine-making and fruit-growing
enterprises in Moldova shows that even in an uncontaminated air-humid environment,
prefabricated reinforced concrete structures can be damaged due to corrosion of the
reinforcement. In the presence of acid gases (for example, in factories for the production of
juices, wines, where anhydride is used), the damage to reinforced concrete is even more
significant.

Such a specific type of chemical corrosion as leaching is also dangerous. Cases are
known when concrete wear due to leaching reached 5-10 cm. Of great importance, in
particular, is the provision of the required resistance to leaching for cooling towers used for
cooling various kinds of technological equipment continuously washed with soft water.

At the same time, the organization of monitoring the resistance of concrete to
chemical corrosion at factories and construction sites does not meet modern requirements.
Often, the operations of monitoring corrosion resistance are reduced to approximate
estimates based on data on the quality of raw materials and the composition of concrete.

Experimental assessment of the corrosion resistance of concrete in factories is
practically not carried out. For example, in the construction laboratories of Moldova there is
not a single installation for testing concrete for resistance to chemical corrosion.

The reason for this is the laboriousness and duration of standard methods for testing
the resistance of concrete to chemical corrosion, which makes them ineffective under factory
conditions. Practice has shown the need to develop methods for predicting and accelerating
the assessment of corrosion resistance of various types of concretes used at the enterprises
of wine and fruit and vegetable production.

Theoretical and technological prerequisites give reason to believe that all these
conditions should be met by methods for assessing the corrosion resistance of concrete by
the parameters of their structure.

Features of the development of corrosion processes in wine and fruit and vegetable

enterprises

During operation, concrete and reinforced concrete structures are exposed to various
liquid, solid and gaseous aggressive media, which, according to the existing classification
[1, 2], are conventionally combined into three groups: physical, physicochemical and
chemical.
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Physical corrosion of concrete occurs as a result of its alternating drying and wetting,
which is accompanied by deformations of shrinkage and swelling of the material, deposition
of soluble salts in the pores of the cement stone, alternating freezing and thawing, and other
temperature effects.

Physicochemical corrosion of concrete occurs due to leaching of the constituents of
the cement stone and as a result of osmotic and concentration phenomena.

Chemical corrosion of concrete is caused by the interaction of the constituent parts of
the cement stone with acids, alkalis, salt solutions, various organic compounds, as well as all
corrosive gases.

The most common types of processed fruit and vegetable products are canned
vegetables (pH = 3.7 ... 4.4) and vegetable marinades (pH <3.7).

Another widespread ecological product is juices, which are characterized by ecological
data containing acids and sugars.

Taking into account the pH value of these products, the content of organic acids and
sugar in them, it follows that they cause, first of all, chemical corrosion of concrete.

Organic acids contained in these products, upon contact with cement stone, interact
primarily with Ca(OH),, and then with hydrosilicates and calcium hydroaluminates to form
readily soluble calcium salts that do not have astringent properties [3].

The rate of corrosion destruction of concrete largely depends on the structure of the
formed layer of corrosion products, their degree of solubility, the access of an aggressive
medium, its reactivity and the rate of its exchange at the concrete surface [4, 5].

The durability of reinforced concrete tanks operated in the food industry depends on
the degree of aggressiveness of the environment in relation to concrete.

Food products differ in their chemical composition and, accordingly, their
aggressiveness differs.

Fruit and berry juices are the most aggressive. Compared to grape juice, natural fruit
and berry juices contain little sugar and a lot of acids, of which malic acid is the most
aggressive [4]. The predominance of malic acid makes the juices more aggressive towards
concrete, and upon contact with it, readily soluble malic acid calcium is formed [3] according
to the following reaction” Eq.(1)”.

C4H605+Ca(0H)2=C4H405Ca+2HzO (1)

The formed calcium malate does not possess astringent properties, which leads to the
destruction of the inner surface of the tanks. Tartaric acid of grape juice [6, 7] reacts with
Ca(OH), of concrete cement stone, forming calcium tartrate. The formed calcium tartrate is
slightly soluble and at the beginning of the operation of the tanks serves as a protective
coating, but under the action of tartaric acid it turns into acidic calcium tartrate, which
dissolves easily. Therefore, wines with a relatively high content of tartaric acid can dissolve
the "protective layer” of calcium tartrate, and when the layer of tartar is 2-3 mm thick, harmful
microflora begins to develop in it, which negatively affects the quality of the wine, and with
a thickness of 4 - 5 mm on cracks form, and the wine, easily seeping, causes further corrosion
of the concrete.

The destruction of the inner surface of the tanks degrades the quality of the wine,
products of concrete corrosion and an unpleasant earthy aftertaste appear in it. The tartar is
removed periodically with a hammer and scraper, which is quite difficult. In this case, the
inner surface of the tanks becomes rough, which makes it difficult to rinse them. Lactic acid
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contained in pickles and products, beer and wort [8], products of dairy and cheese factories
[9], when interacting with Ca(OH), of cement stone of concrete, forms lactate of lactic acid
calcium. Other reactions of interaction of Ca(OH), with organic acids contained in processed
fruit and vegetable products proceed similarly.

Citric acid contained in juices and beer, upon interaction with Ca(OH),, forms tricalcium
citrate [8]. Under the action of acetic acid, which is used in the technological processes of
canneries and contained in beer [8], concrete corrosion occurs in several stages with the
formation of final products - silicic acid gel, calcium acetate and aluminum hydroxide gel.

Salts of these acids increase in volume during crystallization and destroy concrete [9,
10]. Sugar, carbon dioxide, alcohol, glycerin, which are part of the wort (pH = 5.5 ... 6.0) and
beer (pH=4.5 ... 5.6), form upon interaction with Ca(OH), cement stone, readily soluble sugars,
bicarbonates, alcoholate and calcium glycerate, which contribute to the destruction of
building structures.

In confectionery factories, the most aggressive effect on building structures is
provided by media containing glucosides. They penetrate deep into the concrete, causing
corrosion of the reinforcement and destruction of concrete [11].

Acceleration of corrosion of reinforced concrete tanks when exposed to food
environments is also caused by some salts, such as NaCl, for example, contained in fermented
foods and pickles.

At meat processing and canning factories, NaCl solutions are used for cleaning
premises. The same salt is sometimes sprinkled on floors. When concrete is impregnated with
a NaCl solution, its physical corrosion occurs [12]. An external sign of this type of corrosion
is the appearance of cracks in concrete and reinforced concrete structures.

In this case, the cause of corrosion is crystallization pressure, which reaches 0.27 MPa
and is caused by the deposition of salt in the voids and pores of concrete during its periodic
moistening and drying [3].

In addition, ions such as Na+, Cl- increase the solubility of Ca(OH),, which is the main
regulator in the cement stone - water system. The amount of Ca(OH), in Portland cement
stone after one month of hardening is 9-11%, and after 3 months it reaches 15% of the
cement mass [13].

Having the highest solubility, Ca(OH), gradually leaches out when water acts on
concrete, and free Ca(OH), passes into the solution [1 - 3].

With the development of chemical corrosion in the structural elements of cement
stone and other porous materials, mainly tensile stresses arise, as a result of which, under
the action of external forces, its tensile strength decreases. Therefore, concrete with a lower
tensile strength is less resistant to the development of chemical corrosion and its destruction
occurs faster.

Thus, the destruction of cement stone and concrete under the influence of
technological solutions of food production occurs mainly as a result of processes caused by
chemical corrosion.

Structural parameter of concrete resistance to chemical corrosion (second type of

corrosion)

The solubility of cement hydration products in water and their chemical activity
predetermine the possibility of a special type of corrosion - corrosion of the 2nd kind
(according to V.M. Moskvin) [14]. This type of corrosion received its characteristic name due
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to the fact that the most water-soluble and chemically active compound in cement stone is
alkali - calcium hydroxide. The danger of corrosion of the 2nd kind in food enterprises has
been known since the beginning of the last century [15]. Years of experience in the operation
of various concrete structures have shown that this type of corrosion must be reckoned with.
For example, there are known cases when the wear of concrete reached 5 ... 10 cm [16].

In essence, chemical corrosion has a certain specificity that must be taken into account
when developing the corresponding structural parameter.

In particular, data on the solubility of cement stone components in water and on the
kinetics of dissolution processes are very important.

The highest solubility and chemical activity, as already noted, among the compounds
of cement stone is possessed by calcium hydroxide (portlandite). In addition, there is a lot of
it in the cement stone - already after 3 months up to 15% of the cement mass [17]. The
solubility of hydroxide in distilled water is quite high - 1.18 g / L in terms of Ca0, in principle,
the formation of supersaturated solutions with a CaO concentration of up to 1.9 g/ L is
possible. If conditions are created for the gradual decomposition of calcium hydroxide from
the cement stone, then at the beginning free calcium hydroxide will pass into the solution,
but when a significant part of it is removed, the hydrolysis of hydrosilicates and
hydroaluminates of calcium will begin with the release of calcium hydroxide [14].

The least stable of the hydrosilicates is dicalcium hydrosilicate. At a hydroxide
concentration of less than 0.05 g /L (pH = 11), hydrosilicates completely dissolve, and only
Si(OH)4 gel remains in the solid phase.

The lower limit of the stable state of tricalcium hydroaluminate is the CaO content in
the solution of 0.315 g / L [18]. All this information about the chemical stability of cement
stone compounds is necessary to determine the structural parameter of resistance to
leaching, in particular, when calculating the volume of "chemically modified" (according to
F.M. Ivanov) during corrosion of cement stone “Figure 1”.
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The process of destruction itself is also ambiguous. G. Hegerman [16], for example,
divides it into three periods:

| period - decomposition of calcium hydroxide and decomposition of the smallest
particles of clinker;

Il period - coagulation of the formed gels Al(OH)s; and (OH)4 and partial adsorption of
Ca(OH),;

[Il period - cessation of leaching of calcium oxide and enveloping the products of
neoplasms with a film of silica gels.

According to Werner, the decomposition process is divided into 2 periods:

The first - is a short one, during which free calcium hydroxide rapidly decomposes;

The second - is a long period of hydrolysis of hydrosilicates and calcium
hydroaluminates [14].

The general opinion of researchers is that the resistance of concrete to type 2
corrosion is determined by the density (impermeability) of the concrete and the content of
unbound calcium hydroxide.

Naturally, its density plays an extremely important role in the resistance of concrete
to chemical corrosion. The larger the surface area of contact between concrete and an
aggressive medium and the filtration of water through concrete, the greater the rate of
corrosion development.

But it would be wrong to assume that only density determines the resistance of
concrete to chemical corrosion.

The rate and sequence of destruction of concrete under conditions of development of
corrosion processes of the 2nd type is influenced by the mineral composition of cement
clinker, the material composition of cement (content of mineral additives), as well as the
structure of cement stone and concrete [4].

The resistance of concretes on various cements to chemical corrosion has been
compared by many researchers [4, 14, 19]. The data of various authors on the leaching of lime
from pozzolanic Portland cements convincingly prove the constructive role of active mineral
additives. These additives not only change the chemical composition of the cement stone,
but also reduce its permeability. It is proved that the corrosion process in concretes on slag
Portland cements proceeds, all other things being equal, much slower than concretes on
Portland cements. There is an increased durability of concretes based on alumina cements.

As for the studies of the relationship between the resistance of concrete to chemical
corrosion and the characteristics of the structure, there are frankly few of them.

It has already been mentioned about the assessment of the role of the density of
concrete, and hence their porosity, in the development of corrosion of the 2"kind.

As an important negative structural factor, the introduced by F.M. Ivanov, an indicator
of the development of corrosion is the degree of chemical degeneration of the cement stone.
By the way, the available data show that after removing 10% of the lime (based on the original
cement), the strength of concrete decreases rapidly, and its condition should be considered
unstable. This critical value of the volume of the modified cement stone should be borne in
mind when calculating the resistance values of concrete. should be borne in mind when
calculating concrete resistance indicators.

Given the limited information on the effect of the characteristics of the structure of
concrete on its chemical resistance, studies of this type of concrete corrosion are of particular
interest.
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Let us recall that the regularity of the increase in the resistance coefficient of concrete
(according to V.V. Kind) with an increase in the volume of cement stone has been established
“Figure 2".
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Figure 2. Dependence of the coefficient of resistance of concrete to chemical corrosion on
the volume of cement stone.

For all the seeming prosaicity, this is a very curious and remarkable fact, according to
which the resistance of concrete does not depend on the content of calcium hydroxide in it.
The unambiguous relationship between the resistance coefficient and the volume of
communicating porosity has been confirmed. The important role in the development of
corrosion processes of the contact zone between the cement stone and the aggregate has
been revealed. The best resistance to this type of corrosion has been proven for carbonate
concretes, which have a higher quality (in comparison with concretes on granite) contact
zone.

The reduced resistance of expanded clay concrete is noted due to their high water
absorption. It was found that "reserve” porosity does not play a significant role in the
development of corrosion. Based on the above and taking into account the formula for the
generalized structural parameter of resistance, the structural parameter of resistance to
chemical corrosion can be expressed by the following relationship “Eq.(2)":

P = (C - Protal - Cmod) / Pic + Pac (2)

where P, is a parameter of concrete corrosion resistance; C - the volume of the cement stone;
Pt — total porosity of concrete; Pic and P, - respectively, the porosity of the 1st and 2nd
groups, determined by the three-stage saturation method; Cy.« — the volume of the modified
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cement stone. From a physical point of view, this parameter is the volume of cement stone
that can be destroyed at a given aggressiveness of the environment (such as an aggressive
agent, time and operating conditions). It is determined by calculation, depending on the
mineralogical composition of the cement, taking into account the peculiarities of the
corrosion process. More often it is equal to the volume of calcium hydroxide contained in
concrete.

In the denominator of the parameter, as destructive, are the pore volumes of the 1st
and 2nd groups of cement stone and porous aggregate, since an aggressive medium enters
the concrete through them. The volume of these pores largely determines the permeability
of concrete. The composition of the pores of the 1st and 2nd groups entirely includes the
porosity of the contact zone between the cement stone and the aggregate, which is the main
way of filtering moisture through concrete.

According to the criterion dependence, it is assumed that (C - Piota - Cmoa), the preserved
dense frame of the cement stone, that is, the constructive volume, which determines the
bearing capacity of concrete after corrosion.

Thus, the physical meaning of the structural parameter means the density of the
placement of defects in the cement stone untouched by corrosion. It fully takes into account
the fact that concretes on crushed granite are superior to expanded clay concretes in
resistance to chemical corrosion, but inferior to concretes on limestone.

Analysis of the experimental data “Table 1” showed that the structural parameter
satisfactorily describes the dependence of the resistance coefficient (according to V.V. Kind)
on the characteristics of the structure.

Table 1
Determination of the structural parameter of resistance to chemical corrosion
Volume of W/C Porosity, proportion of The volume of ChemiFal .
N/o cement cement concrete volume the modified COI.TOSIOH ReSISta-nce
resistance coefficient
stone stone Py P2 P cement stone parameters
1 2 3 4 5 6 7 8 9
Concrete on crushed granite

1 0,2 0,24 0,042 0,085 0,125 0,029 0,36 0,36
2 0,3 0,24 0,043 0,087 0,169 0,044 0,67 0,68
3 0,4 0.24 0,044 0,088 0,174 0,055 1,29 0,81
4 0,5 0,24 0,045 0,091 0,179 0,075 1,81 0,90
5 0,6 0,24 0,047 0,093 0,185 0,090 2,32 0,95
6 0.2 0,34 0,060 0,091 0,150 0,024 0,17 0,20
7 0,3 0,34 0,065 0,120 0,228 0,038 0,19 0,37
8 0,4 0,34 0,073 0,146 0,267 0,050 0,38 0,51
9 0,5 0,34 0,081 0,160 0,290 0,063 0,61 0,60
10 0,6 0,34 0,087 0,173 0,310 0,076 0,82 0,68
11 0,2 0,44 0,080 0,101 0,175 0,021 0,05 0,13
12 0,3 0,44 0,089 0,131 0,250 0,032 0,10 0,24
13 0,4 0,44 0,094 0,188 0,334 0,043 0,11 0,34
14 0,5 0,44 0,100 0,220 0,374 0,055 0,22 0,41
15 0,6 0,44 0,120 0,240 0,415 0,066 0,33 0,48
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Continuation Table 1

Concrete on crushed limestone

16 0,3 0,24 0,047 0,093 0,138 0,044 0,84 0,75
17 0,4 0,24 0,050 0,097 0,154 0,055 1,30 0,87
18 0,5 0,24 0,051 0,098 0,164 0,075 1,85 0,94
19 0,6 0,24 0,052 0,100 0,174 0,090 2,41 0,97
20 0,2 0,34 0,063 0,102 0,147 0,024 0,18 0,30
21 0,3 0.34 0,072 0,135 0,209 0,038 0,26 0,46
22 0,4 0,34 0,080 0,160 0,242 0,050 0,47 0,57
23 0,5 0,34 0,083 0,165 0,271 0,063 0,67 0,66
24 0,6 0,34 0,090 0,175 0,293 0,076 0,89 0,73
25 0,2 0,44 0,085 0,138 0,169 0,021 0,09 0,25
26 0,3 0,44 0,094 0,178 0,237 0,032 0,11 0,33
27 0,3 0,24 0,047 0,093 0,138 0,044 0,84 0,75
28 0,4 0,44 0,103 0,205 0,326 0,043 0,12 0,40
29 0,5 0,44 0,111 0,232 0,368 0,055 0,23 0,47
30 0,6 0,44 0,125 0,257 0,408 0,066 0,34 0,52
Expanded clay concrete
31 0,2 0,24 0,060 0,319 0,114 0,029 0,15 0,30
32 0,3 0,24 0,062 0,291 0,128 0,044 0,36 0,32
33 0,4 0,24 0,064 0,265 0,144 0,059 0,59 0,67
34 0,5 0,24 0,065 0,240 0,154 0,075 0,89 0,78
35 0,6 0,24 0,067 0,211 0,164 0,090 1,24 0,85
36 0,2 0,34 0,067 0,358 0,140 0,024 0,10 0,14
37 0,3 0,34 0,072 0,340 0,180 0,038 0,20 0,30
38 0,4 0,34 0,077 0,320 0,212 0,050 0,35 0,44
39 0,5 0,34 0,081 0,298 0,252 0,063 0,49 0,35
40 0,6 0,34 0,088 0,275 0,273 0,076 0,69 0,62
41 0,2 0,44 0,080 0,470 0,163 0,021 0,03 0,10
42 0,3 0,44 0,094 0,450 0,220 0,032 0,09 0,020
43 0,4 0,44 0,101 0,430 0,43 0,043 0,10 0,30
44 0,5 0,44 0,110 0,408 0,8 0,055 0,20 0,40
45 0,6 0,44 0,120 0,385 0,356 0,066 0,30 0,46

The analytical dependence of the relationship between the value of the structural
parameter and the resistance index can be used to predict the resistance of concrete to
chemical corrosion “Eq.(3)™:

K:=0,61" P>’ (3)

where K is the coefficient of resistance; P, - structural parameter of leaching corrosion.

According to the dependence “Figure 3”, concretes with P, more than 2 (K, > 0.9)
should be considered resistant. This is the value of the parameter for concretes based on
pozzolanic and slag Portland cements with a sufficient, of course, density. Concretes based
on alumina cement have high parameter values - more than 3. Concretes with P, < 2 (K, < 0.8)
should be considered unstable, the volume of hydroxide in them approaches the value of 0.1,
which was noted as critical. However, it should be borne in mind that such parameters can
also be present in concretes with active mineral additives, for example, at high W / C (water-
cement ratio). Thus, the structural parameter can be used with sufficient efficiency to predict
the resistance of any type of concrete to type 2 corrosion [20, 21].
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Figure 3. Dependence of the coefficient of concrete resistance to leaching corrosion on
the structural parameter.

Obviously, in the course of any processes of chemical corrosion of the 2nd type, the
same factors are destructive - the volume of communicating porosity that filters an aggressive
medium (porosity of the 1st and 2nd groups). Therefore, the denominator of the structural
parameters of the resistance of concrete to chemical corrosion can be the same. The
difference in the course of corrosion processes of the second type in the parameter is taken
into account by the different volume of the degenerated cement stone - this volume depends
on the specifics of one or another type of chemical corrosion. The more aggressive the
environment, the less permeable the concrete, the lower the value of the parameter, the
lower the corrosion resistance.

An experimental verification of the possibility of using the parameter to assess the
resistance of concrete to chemical corrosion has been carried out. The largest selected series
of concrete samples on various types of aggregates were tested for the resistance of concrete
to the effects of tartaric, lactic and citric acids. A completely reliable relationship between
the parameter and the resistance indicators has been confirmed.

Conclusions

The destruction of cement stone and concrete under the influence of technological
solutions of food production occurs mainly as a result of processes caused by chemical
corrosion. In essence, chemical corrosion has a certain specificity that must be taken into
account when developing an appropriate structural parameter. The durability of concrete
does not depend on the content of calcium hydroxide in it. The unambiguous relationship
between the resistance coefficient and the volume of communicating porosity has been
confirmed. An important role in the development of corrosion processes of the contact zone
between the cement stone and the aggregate has been revealed. The best resistance to this
type of corrosion has been proven for carbonate concretes, which have a higher quality (in
comparison with concretes on granite) contact zone.
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