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2 Materials and methods

Generalized model of deformation of reinforced concrete structure can be represented as a set of
models: model of structural element; model of material (including model of concrete
deformation and model of reinforcement deformation); model of aggressive environment
impact; model of loading; model of limit state onset. The model of a structural element can be a
rod, beam, slab. The dimensions and cross-sectional area of the structural element, the area of
reinforcement, and the thickness of the protective layer are considered random, taking into
account the known experimental data. As a model of concrete deformation, the following
relations are assumed

, (1)

where , , ,

.

Here and coefficients of the deformation diagram of concrete in the

initial state; and - coefficients of influence of chloride concentration. That

is, the coefficients , , , and the concentration of chloride-containing medium
C are assumed to be random variables. Dependence (1) also takes into account nonlinearity of
deformation and unequal resistance of concrete to tension and compression.

The diagram of reinforcement deformation taking into account its random properties is

taken as: . (2)

- modulus of elasticity of steel, - yield strength, - tensions, - deformations.
The model of chloride-containing medium impact includes a model of medium penetration

into the structural element, dependence of concrete mechanical characteristics on medium
parameters in the volume of the structure, and a model of reinforcement corrosion. It is assumed
that chloride-containing medium penetrates into the structural element by a blurred front (Fig.
1) and at time ti the profile of chloride penetration into concrete is described by a random

function . Corrosion of reinforcement starts when the critical concentration
of Ckr reaches on its surface.

The model of corrosion wear of reinforcement is taken as (Fig.2)

(3)

- corrosion depth, k, n – coefficients, which are random variables.
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Fig.6. Correlation between load and pile durability.

References

1. Ovchinnikov I.G., Ratkin V.V., Dyadkin N.S. Model of deformation of reinforced concrete
strut working in chloride-containing medium. Izvestiya vuzov. Construction. 2000; 6; 4-10.
2. Ovchinnikov I.G., Ratkin V.V., Zemlyansky A.A. Modeling of behavior of reinforced

concrete elements of structures under the influence of chloride-containing media. Saratov.
SSTU.2000.
3.Ovchinnikov I.G., Ratkin V.V., Kononovich V.I. Calculated estimation of influence of
chloride-containing medium on stress-strain state of compressible elements of bridge structures.
Transport construction. 2001; 6; 21-24.
4. Ovchinnikov I.G., Ratkin V.V., Garibov R.B. Serviceability of steel-reinforced concrete
elements of structures under the influence of chloride-containing media. Saratov, Izd. 2002..
5. Ovchinnikov I.G., Krivtsov A.V., Skachkov Yu.P. Influence of chloride-containing media on
strength and durability of plates on an elastic base. Penza. Izdvo. PenzGASA. 2002. .
6. Thoft-Christensen P. Deterioration of concrete structures. In: Proceedings of first
international conference on bridge maintenance, safety and management. - Barselona, 2002.
7p.
7. Biondini F.&Vergani M. Damage modeling and nonlinear analysis of concrete bridges under
corrosion. In: Biondini & Frangopol, editors. Bridge Maintenance, Safety, Management,
Resilience and Sustainability. London. Taylor & Francis Group,2012.p.209-210.
8. Frangopol D.M. Akiyama M., H. Matsuzaki H. Life-Cycle Reliability of RC Bridge Piers
under Seismic and Airborne Chloride Hazards. Earthquake Engineering & Structural Dynamics,
John Wiley & Sons, Ltd, 2011Vol 40, No. 15, , 1671-1687,
9. Frangopol D.M. , Akiyama M., Suzuki M. Integration of the Effects of Airborne Chlorides
into Reliability-Based Durability Design of R/C Structures in a Marine Environment. Structure
and Infrastructure Engineering, Taylor & Francis, 2012,Vol. 8, No. 2, 125-134

 BIO Web of Conferences 107, 06001 (2024) https://doi.org/10.1051/bioconf/202410706001
YRC-2024

6


