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Abstract: Norms for projecting concrete and reinforced-concrete structures consider the influence of aggressive
environments and regimes onto the resistance of reinforced concrete indirectly and overly-generally (the system
of reliability coefficients). Direct evaluation of the projected service life of constructed buildings or the
remaining service life of existing buildings and facilities from reinforced concrete is not regulated by the
effective  norms. Focusing on protection of structures from corrosions or overcoming the consequences of
corrosive  damage  hampers  the  full  optimal  use  of  capabilities  of reinforced concrete and it often is not
cost-efficient  due to excessive expenses and limited service life of the facility. Besides the high costs, the
under-development of the issues with solving the tasks of predicting extreme states of reinforced-concrete
structures under combines loading and environmental influences poses humanitarian and environmental
dangers. Presence of uncontrollable technical risks is directly manifested in worrying statistics of accidents and
emergency situations in construction objects. The present article notes the importance of developing
methodologically uniform approaches to evaluation of operational and extreme states of reinforced-concrete
elements under combined influences of loads and aggressive environment. It offers a diachronous model of
deformations of corroded flexible reinforced-concrete elements with macro-fractures.
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INTRODUCTION help of reliability coefficients (and their numeric values are

Most reinforced-concrete structures  are  subjected integrated analysis of changes of strength characteristics
to the destructive influence of aggressive environment in of materials, the contact interaction of flexible reinforced-
the process of operation [1-4]. According to the data of concrete elements in aggressive environment.
inspections and analysis of the technical state of
reinforced-concrete structures and questioning of The Main Part: The present article presents the results of
specialists it was estimated that up to 75% construction integrated analysis of empirical and theoretical
structures of buildings and facilities are subjected to investigations of typical changes in concrete,
aggressive corrosive influences [5]. Materials in reinforcement rods grid and their contact interaction,
reinforced-concrete structures are not only corroded, but strength and rigidity of flexible reinforced-concrete
also their combined operation in the interaction zone is elements under the influence of natural and technogenic
disrupted [6, 7]. This is a serious problem and the present aggressive environment.
article deals with it. The existing problems hamper the development of

MATERIALS AND METHODS corrosive damage [8-11]. The particular features of

Within the framework of normative documents, the concrete have not been developed enough up to the
influence of aggressive environment is calculated with the present   moment   [12,  13].   During   the   evaluation  of

only approximate). Due to this, it is necessary to carry out

studies in the mechanics of reinforced concrete with

cohesion between corroded reinforcement rods grid and
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Fig. 1. Scheme of the element under load and corrosive influences

Fig. 2: For estimation of displacements of the edge
compressed fiber of concrete

resistance of reinforced-concrete elements to loading and
aggressive influences, the integrated approach is
substituted by solving particular tasks [14-16]. An applied
method for evaluation of the operational state of corroded
reinforced-concrete elements is highly needed.

The authors propose a diachronous model of
resistance and a method for evaluation of operational and
extreme states of flexible corroded reinforced-concrete
elements with transverse fractures. A flexible element is
considered as a regular contact system of deformed
blocks. Adjacent blocks interact in the area of integrity of
concrete, as well as through the compressed and
stretched reinforcement rods grid. Moreover, the
stressed-stretched state of the non-fracture-resistant
element  is  cyclically  symmetrical relative to typical
cross-sections  of  two  types:  with   fractures   (l = ±L)
and  equidistant  from  adjacent  fractures-twins (l = 0)
(Fig. 1).

Widely-spread and local corrosion of reinforcement
rods are considered either independently or through
coordinated decrease of initial areas of cross-sections of
stretched and compressed reinforcement rods.

Destruction in the contact layer of materials in the
stretched zone, with appearance of radial fractures of
cohesion, as well as the excessive pressure of corrosion
products of reinforcement rods grid is modeled through
transformation   of    the   local   cohesion   regularity  [17].

The problem of estimating the stressed-stretched
state of the element is reduced to solving the task for the
symmetrical half of a typical block. The diachronous
model is based on the “method of two cross-sections” -
and engineering-oriented variant of the block-contact
model of resistance of reinforced concrete.

With such approach, the calculated dependencies
within the framework of a single-dimension task are only
formed for the “reference” cross-sections l = ±L and l = 0
(Fig.  2).  The  curve  of  relative deformations of
extremely-compressed concrete fiber  (l) consists of twob

parts: a rectangular one with the height (deformations

of compress concrete in the cross-section l = 0) and
curved-triangular with the height  under l = L

(Fig. 3). A similar method was used for evaluating
deformations of stretched reinforcement rods along the
entire length of the block. For evaluating the
displacements U  and U  we use the functionalb s

dependencies:

(1)

(2)

where  are the fullness ratios of the

curve  (l) and  (l).b c

Due to the symmetry relatively the cross-section with
a fracture (l = ±L), we can state the flat shape of the blocks
contact, the changes of the longitudinal displacements
U (y) in the zone of integrated concrete, as well as theirb

relation to the axial displacements of the longitudinal
reinforcement rod, U  is assumed to be linear over thes

height of the cross-section:
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Fig. 3: Calculated block with curves: a - displacement; b - relative deformations; c - internal forces

(3)

In the central cross-section (l = 0) of the calculated block,
the linear distribution is assumed over the height of the
element h of longitudinal relative deformations in
concrete:

(4)

Deformations of compressed reinforcement rods 
and   (Fig. 2) are assumed as equal to deformations of

compressed concrete, respectively,  and  up to theb

limit of compressibility of concrete . In the central

cross-section, the deformations of stretched
reinforcement rods  and stretched concrete  are

assumed as combined only up to . If a

conventional method is used: the deformations of
stretched reinforcement rods and concrete are no longer
combined at the limit of deformations of reinforcement
rods .

The operation of concrete in a single-axis stressed
state is described by the calculated diagram of
deformation:

,

where  is a characteristic of non-linear

deformations,  and  are the deformations under

peak stress R  and R .b bt

Fig. 4: Zones in concrete near the surface of the element,
[psi] - generalized characteristic)

The basic factors of the negative influence of
aggressive  influences  on the reinforced-concrete
element:

Deterioration of strength and deformation-related
properties of compressed and stretched concrete;
Corrosion of reinforcement rods;
Weakened cohesion between stretched
reinforcement rods and concrete.

In the general case, the variations of the properties of
concrete over the depth are modeled according to the
three-zone scheme (Fig. 4):

The completely destroyed concrete (decrease in the
initial dimensions of the cross-section);
The layer of partially destroyed concrete (near side
edges of the cross-section , from the side ofs

compressed  and/or stretched  zone of  the cross-t b

section), where the deformational (E , )b bul btul bR btR

and strength (R , R ) characteristics are linearlyb bt

changed from zero (minimal) to the nominal value;
Undamaged concrete that retained the nominal
characteristics.
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Fig. 5: Transformation diagram of deformation of concrete under compression and stretch

Fig. 6. For calculation of the length of the cleavage
fracture (inscriptions: "cleavage fracture development",
"curve", "trapeze"

At the same time, due to a decrease in the initial
module  of   deformation E ,  resistance R ,   R   andb b bt

basic deformations  and  within the limits of thebR bul

corroded layer, the initial diagrams of deformation of
compressed and stretched  concrete  are  transformed
(Fig 5).

Due to the direct contact with aggressive
environment through open fractures, the local maximum
loss of the cross-section area of stretched reinforcement
rods also happens here (Fig 1).

The local cohesion regularity “ -g” [16] iscy

transformed in accordance with the proposal by H.
Schlune [12] due to the introduction of additional
displacements of reinforcement rods relative to concrete

g = m , where  is the depth of corrosion ind d

reinforcement rods, m is the empirical coefficient.
Formally, the initial curve “ -g” as a rigid integral unitycy

is shifted by g into the negative zone of the absciss.
The length of the cleavage fracture L (  1) (Fig. 6),

assuming the linear distribution of mutual displacements
of reinforcement rods and concrete over the length of
rods, is equal to:

(5)

where g  is the displacement of reinforcement rodscrc

causing cleavage of concrete series without corrosive
influence.

The width of the fracture  and the span betweencrc

fractures L are estimated with the help of recurrent final-crc

differential dependencies under uniform division of the
zone of active cohesion into n parts with the length L/n
and at the beginning of calculation from the cross-section
l = 0.

A mathematical model of resistance of corroded
flexible reinforced-concrete elements with entire-width
fractures is a system of non-linear algebraic equations on
the conditions of statistical equivalence N = 0, M = 0
and conditions of coordinated deformations (1) and (2) for
typical cross-sections [11].

Thus, the system of equations for the cross-section
with a fracture l = L has the form

(6)

The unknown values in the solution of the equation
system are: the height of the compressed zone in concrete
x ,  relative deformations of the most compressed concretec
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fibers  and stretched reinforcement  rods   in  the Chipping-off of the protection layer of concrete andb s

cross-section with a fracture l = L and three similar
parameters in the central cross-section .

The calculation starts from the analysis of the central
cross-section (l = 0) under the specified torque M and the
normal force N. The initial data include:

Geometrical characteristics of the cross-section and
parameters of reinforcement;
Strength and deformational characteristics of
concrete and reinforcement rods;
Local parameters of corrosive damage to concrete
and reinforcement rods .

The relative height of the compressed zone of the
element , the relative deformation of compressedm

concrete  and stretched reinforcement rods  in the

middle  cross-section  l  =  0  are  later  used  to  estimate
the     basic   unknown  values  for  the  task   in   the
cross-section with a fracture l = ±L. In order to do that,
under the same internal forces Ì and N, geometrical
characteristics of cross-sections and parameters of
reinforcement rods, the system (6) is solved with the
specified parameters of corrosive damage of concrete and
reinforcement rods in the cross-section l = ±L. Then, the
fracture width is calculated, as well as the span between
transverse fractures and the local curvature of the
element:

.

CONCLUSIONS

The obtained set of parameters makes it possible to
evaluate the extended nomenclature of extreme states of
the element:

Achieving the yield limit by stretched reinforcement
rods in the fracture, , (with corrosive damage

to reinforcement rods );

Depletion of the load-bearing capacity of
compressed concrete in the cross-section with a
fracture,  =  in concrete with corrosive damageb b,ul

;

loss of cohesion between reinforcement rods and
concrete;
Lamination of the cross-section with secondary
longitudinal fractures:  = R ;spI bt

Excessive opening of the normal fractures:  = crc crc,ul

Excessive turning  angle:  =   and/or  deflectionul

f = f .ul

We can conclude that the main advantages of the
diachronous model include:

The scheme of the element’s destruction is no longer
set a priori;
Corrosive damage to concrete and reinforcement
rods is calculated;
The remaining service life of the element can be
estimated;
Uniform durability of the structure is calculated;
The width of opening of normal fractures is
calculated;
Numeric evaluation of “bristling” of destruction of
corroded elements.
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