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Abstract: Problems associated with the joint long-term action of load and aggressive 
environment, both in limiting and over-limiting states, are studied bad. Such a combination leads to 
degradation of materials and changes in the stress-strain state of reinforced concrete structures over 
time. In case of joint action, they can have mutually increasing damaging effect. Among the many 
environmental influences encountered, the most aggressive in relation to concrete on cement binder is 
the impact of sulfates, and in relation to steel reinforcement – the impact of chlorides. 

It is shown that the stress-strain state of reinforced concrete compressed elements with regard to 
creep and influence of aggressive environment is formed in time. 

The deformation in concrete and reinforced concrete compressed elements depends on the stress 
level. If the stresses are less than the long-term strength, the deformations in time are attenuated, when 
the stresses in concrete are greater than the long-term strength, the deformations increase. 
Reinforcement restrains deformations in concrete, while corrosive medium increases creep 
deformations. 

When solving these problems we encounter internally statically indeterminate systems. The 
degree of static indeterminacy is greater than in the case of calculation of reinforced concrete 
structures without taking into account the influence of the external environment. When the process of 
soaking is considered, it is possible to consider the influence of the external environment as not 
aggressive. 

A solution to the problem using the theory of elastic heredity has been obtained, but it can be 
shown that a solution using other theories - the theory of aging or the hereditary theory of aging - is 
also possible. 

The above solution is true for reinforced concrete elements exposed to external influences at a 
sufficiently mature age, which can be considered one year or more from the date of manufacture of the 
structure. 

Keywords: concrete, reinforcement, creep, long-term strength, aggressive environment, 
deformation, theory of elastic heredity. 

НАПРУЖЕНО-ДЕФОРМОВАНИЙ СТАН СТИСНЕНИХ 
ЗАЛІЗОБЕТОННИХ ЕЛЕМЕНТІВ З УРАХУВАННЯМ 
ПОВЗУЧОСТІ І ВПЛИВУ АГРЕСИВНОГО СЕРЕДОВИЩА 

Бекірова М. М.1 
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Анотація: Задачи, связанные с совместным длительным действием нагрузки и 
агрессивной среды, как в предельных, так и запредельных состояниях, изучены значительно 
хуже. Такое сочетание приводит к деградации материалов и изменению напряженно-
деформированного состояния железобетонных конструкций с течением времени. В случае 
совместного действия они могут обладать взаимно усиливающим повреждающим эффектом. 
Среди множества встречающихся воздействий среды наиболее агрессивны по отношению к 
бетону на цементном вяжущем воздействия сульфатов, а по отношению к стальной арматуре – 
воздействия хлоридов. 
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Показано, что напряженно-деформированное состояние железобетонных сжатых 
элементов с учетом ползучести и влияния агрессивной среды формируется во времени.  

Деформация в бетонных и железобетонных сжатых элементах зависит от уровня 
напряжений. Если напряжения меньше длительной прочности, деформации во времени 
затухают, когда напряжения в бетоне больше длительной прочности, деформации 
увеличиваются. Арматура сдерживает деформации в бетоне, в то время как агрессивная 
среда увеличивает деформации ползучести. 

При решении этих задач сталкиваемся с внутренне статически неопределенными 
системами. Степень статической неопределимости больше, чем в случае расчёта 
железобетонных конструкций без учёта влияния внешней среды. Когда 
рассматривается процесс замачивания, можно считать влияние внешней среды не 
агрессивным. 

Получено решение задачи с использованием теории упругой наследственности, 
однако можно показать, что возможно решение и с применением других теорий – 
теории старения или наследственной теории старения. 

Приведенное решение справедливо для железобетонных элементов, подверженных 
внешним воздействиям в достаточно зрелом возрасте, которым можно считать один год 
и более с момента изготовления конструкции. 

Ключові слова: бетон, арматура, ползучесть, длительная прочность, агрессивная среда, 
деформация, теория упругой наследственности. 
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 INTRODUCTION 1

Building materials that are used in load-bearing structures have the property of creep, 
which, as we know, means the ability to deform over time under constant stresses. The 
problems of calculating structures in such a formulation have already been solved. It makes 
sense to consider cases of stresses change in time, namely periods of their increase.  

Deformations and displacements increase with prolonged exposure. Over time, a limit 
state can occur. Creep in this case shows negative qualities. But not always, for example, 
during deformations caused by shrinkage, temperature changes, irregular settlement of 
supports, stresses are attenuated, relaxation occurs. In reinforced concrete structures there is a 
redistribution of forces. The forces in concrete, as the weaker material, are redistributed to the 
reinforcement. 

Some building materials such as concrete, wood, plastics have aging properties. They 
change their physical and mechanical properties over time. In concrete, aging is a 
consequence of hardening of cement stone and manifests itself as an increase in strength and a 
decrease in deformability. A number of theories have been developed for the calculation of 
building structures taking into account creep, the main ones being the theory of elastic 
heredity, the theory of aging and the hereditary theory of aging [1]. 

 LITERATURE DATA ANALYSIS AND PROBLEM FORMULATION 2

A great number of works are devoted to the study of concrete properties and its state in 
reinforced concrete elements under various operational influences. At the same time, 
problems associated with the joint long-term action of loading and aggressive medium, both 
in limiting and over-limiting states, are studied much worse [2]. This combination leads to 
degradation of materials and changes in the stress-strain state of reinforced concrete structures 
over time. In the case of joint action, they can have a mutually reinforcing damaging effect [3-
4]. 

Let’s note the works [5-14], where it is shown that among the occurring environmental 
influences the most aggressive in relation to the concrete on the cement binder is the impact 
of sulfates, and in relation to the steel reinforcement - the impact of chlorides. 

The interest in the problem does not decrease, as evidenced by a number of modern 
publications. Thus, the creep of concrete at the macroscopic level and consideration of its 
influence on the structural behavior of the material in the mathematical apparatus of applied 
mechanics and numerical analysis are considered in [15]. The creep and durability of 
reinforced concrete structural elements is studied in [16, 17]. Similar issues, but for fiber 
concrete, are considered in [18]. A finite-element model based on a nonlinear relationship 
between stresses and strains in reinforced concrete, taking into account the peculiarities of its 
operation after cracking is proposed in [19]. The functional dependence describing this 
relationship changes, for example, as reinforcement corrosion develops. The problem of 
considering the time factor in calculations of reinforced concrete structures is devoted to [20]; 
the results of experimental studies of concretes at different levels of compressive stresses 
loaded at young and middle age are given. 

The above brief review shows that the consideration of creep and the influence of 
aggressive environment in the work of reinforced concrete structures continues to be an 
urgent problem. 
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 RESEARCH GOAL AMD OBJECTIVES 3
 

The purpose of this work is to investigate the stress-strain state of compressed reinforced 
concrete elements, taking into account creep and the influence of aggressive environment. 

 RESEARCH RESULTS 4

Consider a compressed reinforced concrete rod with zones of symmetrical influence of 
corrosive environment in depth vh  (Fig. 1), the core of the rod creeps at the same time ch  and 
influence area vh . If the reinforced concrete bar is operating at normal temperature, then the 
rebar will not creep. 

 
Fig. 1. Compressed reinforced concrete element with zones of symmetrical influence of aggressive 

environment vh  

Let’s make an equation of equilibrium on the axis z   

c v sF N N N= + +  (1) 

or through stresses Sc Sv Sσ σ σ= = . 

0( )v c v v s sF A A A Aσ σ σ= − + ⋅ + ⋅ . 

Dividing (1) by 0A : 

0 0
0

(1 ) c v v s s
Fv
A

σ µ σ µ σ µ σ σ= − + ⋅ + ⋅ ⋅ . (2) 

An equation with three unknowns is obtained, i.e. the problem is statically indeterminate. 
We must use the condition of joint deformation 

c v sε ε ε= − . (3) 

The problem is solved in a physically linear formulation, taking into account creep [1]. 
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σ δ τε σ τ τ
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σ δ τ σε σ τ τ ε
τ

∂
=

∂

∂
= =

∂

∫

∫
 

here ( , )tδ τ  − total relative strain; 

1 1( , ) ( , ); ( , ) ( , )c c v v
я v

t C t t C t
E E

δ τ τ δ τ τ= + = + , (4) 

( , )C t τ  − creep factor. 
In solving this problem, we will apply the theory of elastic heredity. 

Then ( , )C t τ  for the core and the impact zone has the form: 

[ ]( )
0( , ) 1 tC t C e γ ττ − −= − ,  (5) 

where 0C  − creep limit. 
According to (3) c vγ γ γ= = . 

Let’s write the stresses through the resolvent 

1

( ) ( ) ( , )( )
t

c c cbc c R t dE
τ

ε τ ε τ τ τσ τ
 

+=  
  

∫ . (6) 

By (3) ( ) ( )c stε ε τ=  instead of cε  we substitute ( )s s s cE Rε σ= ⋅ , take according to the 
creep measure [ ]( )

0( , ) 1 t
c cC t C eγ ττ −= − , then 

0(1 )
0( ) ( )c

c cR t e tγ ϕτ γϕ τ− +− = − − ,  (7) 

0 0я я яE Cϕ =  − creep characteristic. Let’s write down 0(1 )я яr ϕ= +  and substitute (7) into (6). 

1

( )
0

( ) 1 ( )( ) c

t
r tc

c sc c
s s

e dE
E E

τ

τ

σ τ γϕ σ τ τσ τ − − 
− ⋅=  

  
∫ , 

1

( )
0

1( ) ( )( ) c

t
r t

s c sc cs
s

e d
E

τ

τ

σ τ γϕ σ τ τσ τ α − − 
− ⋅=  

  
∫ . (8) 

Similarly write down ( )vσ τ  

1

( )
0

1( ) ( )( ) v

t
r t

s v sv vs
s

e d
E

τ

τ

σ τ γϕ σ τ τσ τ α − − 
− ⋅=  

  
∫ . (9) 

Substituting (8) and (9) into (2), we get one equation with one unknown ( )sσ τ . 

1 1

( ) ( )
0 0 1 2( ) ( ) ( )c v

t t
r t t t

s s sb b e d b eτ τ

τ τ

σ σ τ σ τ τ σ τ− − − −= − −∫ ∫ , (10) 

where 0 (1 )v cs r sv sb µ α µ α µ= − + + , 1 0(1 )v c csb µ γϕ α= − ⋅ , 2 0v v vsb µ γ ϕ α= ⋅ ⋅ ⋅ . 
The integral equation (10) can be reduced to a differential equation if we differentiate 

twice by t [21]. 
Let us differentiate equation (10) by t . 
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1 1

( ) ( )
0 0 1 1 2 2( ) ( ) ( ) ( ) ( ) ( ) .c v

t t
r t r t

s s c s s v st b t b t r b t e b t r b t eτ τ

τ τ

σ σ σ σ σ σ− − − −= − + ⋅ − + ⋅∫ ∫    (11) 

Let’s multiply equation (10) by cr  and summing with equation (11), the first integral is 
reduced. In equation (11), the left part of the derivative is 0 ( )tσ . It means that force F  can 
change its value over time – ( )F t . 

After summing up the equations, we get: 

1

( )
0 0 0 3 4( ) ( ) ( ) ( ) ( ) v

t
r t

c s s st r t b t b t b e dτ

τ

σ σ σ σ σ τ τ− −+ = − + ⋅∫  ,  (12) 

where 3 1 2 0 4 2; ( )c v cb b b r b b b r r= + − = − . 
Equation (12) is differentiated by t  and summarize with equation (12), which will have 

to be multiplied by vr . 
The integrals are reduced and we obtain a differential equation with respect to ( )s tσ . 

Force F  will be assumed to be independent of t , it’s constant. 
Omitting intermediate results, let us write the differential equation 

0 5 6 0( ) ( ) ( )s s s c vb t b t b t r rσ σ σ σ⋅ + ⋅ + ⋅ =  , (13) 

where 5 0 1 2( ) ( );v яb b r r b b= + − +  

6 0 1 2c v v cb r r b b r b r= − − . (14) 

If 0 1b = , we will get 

7 8 9 0( ) ( ) ( )s s st b t b t bσ σ σ σ+ ⋅ + ⋅ = ⋅  ,  (15) 

where  

5 6
7 8 9

0 0 0

; ; v cb b r rb b b
b b b

= = = . (16) 

Let’s solve the equation (15) 
1 2

1 2 3( ) t t
s t C e C e Cλ λσ = + + . (17) 

Stresses depend on two variables t and τ . 
Equation (15) and its solution are written for old concrete when the creep is decaying. 

Thus 1C  and 2C  we determine from the initial conditions, 3C  at t →∞ . 
To determine λ  let’s substitute the solution of the homogeneous part tCeλ  into the 

homogeneous part of equation (15). 
2

7 8 0t t tCe b Ce b Cλ λ λλ λ+ + =  and obtain an equation, by solving which we determine λ . 
2

7 8

2
1,2 7 8

0,

0,5 0,25 .

b b

b b b

λ λ

λ

+ + =

= − ± −
 

The general solution of the homogeneous part of (15) will be 
1 20

1 2
t t

s C e C eλ λσ = + . (18) 

Partial solution with the right part ( )s tσ →∞ . 
For t →∞  let’s determine the long-term moduli of elasticity. 
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0 0

;
(1 ) (1 )

l lbc bv
bc bv

c v

E EE E
ϕ ϕ

= =
+ +

. 

From the coincidence of deformations for t →∞  

( ) ( )
l

lc s bc
c s s csl

bc s s

E
E E E

σ σ σ σ σ α∞
= ⋅ ∞ = = . 

Similarly ( ) l
v s vsσ σ α∞ = . 

( )cσ ∞  and ( )vσ ∞  we substitute into equation (2). 

0 (1 ) l l
s cs v s vs v svσ µ σ α µ σ α µ σ= − + + . 

From this we find l
sσ . 

0( )
(1 )s l

v cs v vs s

σσ
µ α µ λ µ

∞ =
− + +

. (19) 

 DISCUSSION OF RESEARCH RESULTS 5

Stress ( )sσ ∞  for reinforced concrete rod means, that for t →∞ , it is a time, when creep 
deformations are attenuated. it could be 10-20 years. 

For such a time, the solution of this equation gives a concrete idea of how creep and 
corrosive environment affect the stress state of a reinforced concrete rod. but during design, 
care must be taken to ensure that the stresses in the concrete do not reach the level of the long-
term strength of the concrete. 

Thus, general solution: 
1 2

1 2( ) ( )t t
s st C e C eλ λσ σ= + + ∞ . (20) 

The arbitrary constants are defined at 1t τ= , that is, it is an elastic-momentary problem. 
We obtain a system of equations  

1 1 2 2
1 2 1( ) ( )s sC e C eλ τ λ τ σ τ σ+ = − ∞ , 

1 1 2 1
1 1 2 2 9 1( )sC e C e bλ τ λ τλ λ σ τ+ = . (21) 

When solving this system, we obtain 

11 9 2 2
1 2

7 7 8

( )( ) ( )
0, 25

ts sbC e
b b b

λσ τ λ σ λ −− + ∞
=

+ −
,  (22) 

21 9 1 1
2 2

7 7 8

( )( ) ( )
0, 25

ts sbC e
b b b

λσ τ λ σ λ −− + ∞
=

− − −
. (23) 

Let’s introduce notations and substitute 1
1 10

tC b e λ−=  and 2
2 11

tC b e λ−=  into equation (20), 

where 

1 9 2 2
10 2

7 7 8

( )( ) ( )
0, 25

s sbb
b b b

σ τ λ σ λ− + ∞
=

+ −
, 

1 9 1 1
11 2

7 7 8

( )( ) ( )
0, 25

s sbb
b b b

σ τ λ σ λ− + ∞
=

− − −
, (24) 
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1 1 2 1( ) ( )
10 11( , ) ( )t t

s st b e b eλ τ λ τσ τ σ− − − −= ⋅ + ⋅ + ∞ .  (25) 
 

By stresses ( , )σ τs t  let’s determine the deformations 

( , )( , ) s
s

s

tt
E

σ τε τ = .  (26) 

The condition of joint deformation is also true in the case of prolonged deformation. 

1
1 1

( , ) ( , )( , ) ( , ) s c
c s

s c

t tt t
E E

σ τ σ τε τ ε τ= = = , (27) 

1 1( , ) ( , ) c
c s c cs

s

Et t
E

σ τ σ τ σ α= = , (28) 

1
1 1

( , ) ( , )( , ) ( , ) s v
v s

s v

t tt t
E E

σ τ σ τε τ ε τ= = = , (29) 

1 1( , ) ( , ) ( , )v
c s s vs

s

Et t t
E

σ τ σ τ σ τ α= = = . (30) 

Stresses and strains increase over time. stresses should not be greater than a certain value 
and should remain constant over time. 

Let this be the operating time Et  and stresses ( )c Etσ  and ( )v Etσ  no longer grow. 

2( ) ( ) ( , ),
( )( ) .

v E v E v E

s E
s E

s

t t t
tt

E

ε σ δ τ
σε

=

=
 

We apply the condition of coincidence: 1 1( ) ( ), ( ) ( , ), ( ) ( , )c E v E c E c E v E v Et t t t t tε ε σ δ τ σ δ τ= =  
we get 

1
1

1

( , )( , ) ( )
( , )

c E
v E c E

v E

tt t
t

δ τσ τ σ
δ τ

= , (30) 

1
1

( ) ( , )( ) ( , ), ( ) ( )s E c E
c E c E s E c E

s s

t tt t t t
E E

σ δ τσ δ τ σ σ= = . (31) 

Let’s substitute the stress values in equation (1). 

1 1
0 1 1

1

( , ) ( , )( ) ( ) ( , )
( )E

c E c E
b c E b st c E

v E s

t tA A t AF t
t E

δ τ δ τδ τ µ σ τ
δ τ

 − − + +=  − 
. (32) 

If compressing force 
Et

F  will be determined by this formula, then the stresses will 
become constant from the moment Et . 

 CONCLUSIONS 6

Thus, the stress-strain state of reinforced concrete compressed elements with regard for 
creep and influence of corrosive medium is formed in time. A solution of the problem using 
the theory of elastic heredity has been obtained, but it can be shown that a solution using other 
theories is also possible. 
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The above solution is true for reinforced concrete elements exposed to external 
influences at a sufficiently mature age, which can be considered one year or more from the 
date of the structure manufacture. 
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