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Abstract: Mathematical model of change in parameters of water absorption of 

waterproofing material in case of natural convection for arbitrary moment of time is 

developed. The dependence for determining the time of reliable serviceability of reinforced 

concrete elements of HS with anticorrosive and sealing protection in the conditions of 

aggressive environment has been obtained. 
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Degradation of materials and structures 

in aggressive media occurs as a result of 

chemical interaction of their components with 

components of protective material. Depending 

on the ratio of rates of diffusion and chemical 

action, degradation occurs in one of three areas: 

external diffusion-kinetic, when the rate of 

diffusion of the medium is less than the rate of 

destruction, the destruction of the material 

occurs in the surface layer - heterogeneous 

degradation; internal kinetic, when the rate of 

diffusion of the medium is more rapid chemical 

reactions and the entire volume of material is 

destroyed - homogeneous degradation; internal 

diffusion-kinetic, when the rate of chemical 

reaction is commensurate with the rate of 

This paper considers the process of mass 

transfer of reinforced concrete structures of 

hydraulic structures with protective composite 

material under conditions of aggressive 

environment. Due to the preaccepted symmetry 

of the initial 

distribution and the conditions of changing the 

concentration of the material, the concentration 

distribution at different moments of time will 

remain symmetrical. Hence, the process of 

changing the concentration is completed by 

establishing the concentration at the level of the 

environment. 

We model the mass transfer process of 

reinforced concrete HS structures with 

corrosion protection under corrosive 

conditions. It is assumed that the concentration 

depends on only one coordinate x and we 

assume that the concentration field is one- 

dimensional. In this case, we can use the 

differential mass transfer equation for one- 

dimensional formulation [1]. 
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During modeling it is assumed that 

during mass transfer between the surface of 

protective layer of concrete and water flow in 

case of natural convection - Nusselt 

similarity criterion is used. Nusselt similarity 

criterion 

Nu 
al 

- characterizesthe 

D 

ratio between convective mass transfer from 
liquid (from water) to the surface of composite 

material applied to the surface of reinforced 
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concrete of HS structure. 

m 

Where:  a- mass  transfer coefficient,

  

s;  l -characteristic  linear  dimension, m;   D- 

diffusion coefficient, с

м2

.  

 

We introduce dimensionless parameters 

xlx ˆ= ,  
a

l
t = . 

Then equation (1) will take the following form: 
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Thus, the equation of mass transfer from 

water to the surface of the protective layer of 

reinforced concrete GTS is obtained. To solve 

equation (2) we introduce function 
F (x) 

. 
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Letuswritethedesiredfunctionas
xeФ
ˆ=

..Thenfrom(4)weobtainthe 

characteristic equation, and after appropriate 

mathematical operations we obtain 
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where: 
Nu

yNu
D

4
1

−
= . 

Given the initial and boundary conditions we 

obtain the following equation for the 

coefficients: 
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where: ̂ -reinforced concrete 

strength coefficient of GTS,  - degradation 

parameter. 

By solving the system of linear algebraic 

equations by Cramer method we 

determine the unknown coefficients of equality 

(6) A1 and A2 , where we have 
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The results of the numerical experiment 
of equation (9) are presented as a graph (Fig.1). 

 
Fig.1.Graphofthefunction ),ˆ( xС  

 

 

Fig.2. Comparison of the results of normative, experimental and numerical experiments. The error does 

not exceed 5%. 

 

Weobtaintheequationfordeterminingthe

time,
* = reliableserviceability of reinforced 

concrete elements of HS with corrosion 

protection in conditions of aggressive 

environment: 


1*
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