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Abstract: The article deals with the relevance of new scientific research focused on modeling of physical and
chemical processes occurring in the cement concrete at their exploitation. The basic types of concrete corrosion
are described. The problem of mass transfer processes in a flat reinforced concrete wall at concrete corrosion of
the first and the second types has been mathematically formulated.
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MNOCTAHOBKA MATEMATHUYECKOH 3AJAUYU
OIIMCAHUSA OPU3NYECKUX U XUMHWYECKUX ITPOLHECCOB
IHPU KOPPO3UU BETOHA

C.B. @eoocos, B.E. Pymanueesa, U.B. Kpacunvnukoe, b.E. Hapmanus

VIBaHOBCKMI TOCYAApPCTBEHHBIN TOMUTEXHUYECKUN YHUBEPCUTET, I'. IBanoBo, POCCU S

AnHOTauusi: B HacTosimel cTarbe 0OTMEYAeTCs aKTYaIbHOCTh HOBBIX HAayYHBIX MCCIEOBAaHUN, OPUEHTUPOBAH-
HBIX Ha MOJCIUPOBAHUC (PU3MUCCKUX U XUMHUYCCKHX MPOICCCOB, MPOUCXOSIIUX B OCTOHE HA IIEMEHTE B YCIIO-
BUSX DKCIUTyaTalui. PaccMOTpeHbl M onucaHbl OCHOBHBIE THUITBI KOPPO3UH OeToHa. MareMaTuiecku chopMyn-
poBaHa MpobIeMa MPOIECCOB MACCOIIEPEHOCA B IIOCKOH KeIe300€TOHHOM CTCHE B YCIOBUSIX KOPPO3HH OCTOHA
MIEPBOIr0 U BTOPOT'O TUIIOB.

Kinwuesble cj10Ba: 06€TOH Ha HEMCHTEC, KOHICHTpAaUud THAPOKCHUIA KaJIbld, KOPPO3Us, MaCCOIICPECHOC,
JKUKas cpelia, MacCoBast MpOBOANMOCTDL, MaCCOBast BBIpa6OTKa

Concrete is a building material known to man
from the depth of centuries at the turn of the
third and fourth millennia BC, swiftly broke in-
to the 19th century and was named by the con-
temporaries the building material of the 20th
century. And in the beginning of the 21-st
century it remains the most popular material for
construction of unique structures and typical
buildings for industrial and civil purposes [1].

However, as a man-made synthetic composite,
concrete (reinforced concrete) remains the
subject of close attention of researchers. And
along with the solution of technological
problems of creating and life cycle of
exploitation of reinforced concrete structures,

researchers' attention to the problem of the
durability of concrete persists. Carrying out of
such researches will preserve unique building
structures for future generations, ensure the
safety of human life activity, as well as save a
lot of money for national economy.

Predicting the durability of construction is
rather complex analytical process, requiring
diverse system knowledge of several sciences:

physical chemistry, electrochemistry,
thermodynamics, theory and kinetics of
heterogeneous  chemical processes, mass

transfer in capillary-porous bodies [2].
For 150 years of studying corrosion destruction
processes of  concrete  scientists  have
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accumulated a large amount of scientific
knowledge about corrosion processes in
concrete and reinforced concrete: basic schemes
of chemical reactions have been identified and
studied; mathematical description of certain
corrosion processes has been given; a system of
normative documents regulating corrosion in the
construction industry has been created.

The cumulative theoretical and practical
material makes it possible to describe concrete
corrosion processes in the form of mathematical
models that allow calculating with the required
accuracy the durability of concrete and
reinforced concrete structures.

According to generally classification proposed
by Professor V.M. Moskvin [3], corrosive
effects of any environment on concrete is
divided into three main types:

- corrosion of the 1st type includes processes
that occur in concrete under the influence of
low hardness water when the components of
cement stone are dissolved, washed out and
carried away by moving water environment;

- corrosion of the 2nd type includes processes
that develop in concrete when exposed to
liquids containing chemical substances that
come into exchange reactions with components
of cement stone to form easily water-soluble
products or amorphous, non-binding mass in
reaction zone;

- corrosion of the 3d type includes all the
processes of concrete corrosion under the
influence of liquid aggressive environment, the
development of which results in accumulation
in pores, capillaries and other concrete voids of
poorly soluble salts, crystallization of which
gives rise to considerable stress in cement stone
structure, limiting the growth of crystal
formations.

It should be noted that corrosion of any type is
rarely found in nature separately from the
others, but usually one type is predominant and
it is always possible to trace and consider the
role of the secondary in this case types of
corrosion.

It is known that the stability of highly basic
compounds of concrete (alite, belite, tricalcium

aluminate, tetracalcium alumoferrite) is due to
contained in concrete pores «free calcium
hydroxide», so it would be logical to predict the
service life of product in terms of its amount in
the body structure [4].

Herewith in terms of heat and mass transfer
theory [5, 6] transfer of calcium hydroxide
occurs in three stages:

- mass conductivity (diffusion) of calcium
hydroxide from the inner layers of concrete to
«concrete — liquid» phase boundary;

- mass transfer through the phase boundary;

- mass transfer from the phase boundary to the
volume of liquid medium.

The simulated system is schematically shown in
Figure 1, which also shows characteristic
profiles of transferred component
concentrations in concrete (dynamics of mass
transfer in  solid phase) and component
concentration change in liquid phase (kinetics
of mass transfer).

According to the theory of mass transfer of
academician Lykov A.V. [6,7], in general, for
corrosion of the first and second types, calcium
hydroxide diffusion in the porous structure of
concrete is described by the nonlinear second
order mass transfer equation:

oC (x,7)
or
= diV[k(X, T)gradC(X,T):I + qv (X, T) / pconcrete 2
(1)

in which: k(x,r) — coefficient of mass conduc-
tivity (diffusion), m?/s; C(x,t) — concentration
of «free calcium hydroxide» in concrete at time
T at an arbitrary point with coordinate x,
kg CaO / kg of concrete; ¢,(x,t) — power of vol-
ume source of mass due to chemical or phase
transformations, kg CaO / (m? -

— density of concrete, kg / m>.

To obtain a correct solution of equation (1), it
must be supplemented with initial and boundary
conditions.

s); P concrete
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Figure 1. Scheme of liquid storage tank with characteristic profiles of transferred component
concentrations in concrete and in liquid phase.

Initial distribution of «free calcium hydroxide»
concentrations through the thickness of concrete
wall CO (x) is assumed to be uniform:

C(x7) _, =C(x0)=C)(x). (2)
Considering the fact that there is no substance
flow at the left boundary of concrete wall, we
write down the boundary condition at the point
with the coordinate x = 0:

oC(0,t
fgx lo. (3)

To describe the regularity of concrete and lig-
uid interaction process on the surface of phase
boundary, i.e. on the right side of the concrete
wall, we assume that the amount of «free calci-
um hydroxide» supplied from the inner layers of
concrete to its surface due to mass conductivity

in which: B. — coefficient of mass transfer in
liquid medium, m/s; Cy iguia (t), C liguia (t) —
concentration of calcium hydroxide in the liquid
near the surface of phase boundary and in
stream core, respectively, at time 1, in terms of
CaO, kg CaO / kg of liquid; p concrete, P liguid -
density of concrete and water, kg / m>.
Expression (4) is a boundary condition of the
third type, its mathematical notation can be
modified by assuming that concentration of cal-
cium hydroxide varies proportionally in the lig-
uid near the surface phase boundary, in stream
core, as well as in concrete body at phase
boundary. For this we apply the approach pro-
posed in [8]:

pkacél LG (7)=C(507)]

[ Ciiquia ( T ) ~ Ciquia ( T )]

. . o . (%)
is equal to the amount of substance diverted Piquia C (s (
from the surface of the body to the outer phase P o [ r () =C( ’T)]
by means of convective diffusion: _ _
having designated:
oC (5 , T)
pcanrmek ax - * 1011qu1d ': nliquid T) B Cmc (f)] (6)

=p. [Cnliquid (T) - Cliquid (T)} Pliquid * 4)
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we obtain a modified form of the third type
boundary condition:

aC(8,7)
Ox

k = B[ Cogeara (7)=C(8,7) . (7)

here: C supjecrea (T) — 18 the equilibrium concentra-
tion of the transferred component on the surface
of a solid body, kg CaO / kg of concrete; p* -
the modified mass transfer coefficient in a liquid
medium, m/s.

The balance of transferred component mass
(«free calcium hydroxide») between the solid
and liquid phases is determined by the relation

[8]:

" oC(6,7)
oncrete ax

0 Cliquid ( Z')

= Viiquid * Pliquid * o7

—S-p.
(8)

In this equation, the left part is the amount of
the transferred component through the inner sur-
face of the tank S, m? per unit of time; the right
part is the mass increment of the component in
the liquid volume V jiguia of the reservoir, m3
per unit of time; C jiquia (T) is the concentration
of calcium hydroxide in the liquid at time t, in
terms of CaO, kg CaO / kg of liquid; p concrete,
P liquia — density of concrete and liquid, respec-
tively, kg / m*. The «» sign indicates decrease
in the hydroxide calcium concentration in con-
crete.

Up to a certain «bound» concentration of
C liquid *, the equilibrium is subjected to Henry’s
linear law:

Csubjected (T) = mCliquid (T) . (9)

in which: m is Henry’s equilibrium constant, kg
of liquid / kg of concrete.

Thus, the formulated above system of differen-
tial equations of mass transfer, together with the
initial and boundary conditions, is a mathemati-
cal model of the real process of mass transfer
during cement concrete corrosion of the first
type for a closed "liquid-tank" system. The solu-

tion of this system allows to obtain a complete
picture of the distribution of substance in time
and to analyze the kinetics and dynamics of the
process.
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