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ABSTRACT 
 

This paper is a theoretical research to study the effects of aggressive environments on the carrying capacity of 
reinforced concrete flexural elements. The stress and strain curve in ascending and descending parts was 
investigated. Also stress and strain distribution of flexural sections was discussed in four conditions. The 
variables included the limits of applied forces (before cracking and ultimate carrying capacity) and position of 
sections in continuous beams (span and support sections). Considering to corrosive geometric parameters and 
stress and strain distribution in depth of sections, the equations were presented to assess the internal efforts and 
therefore ultimate flexural strength.  
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                                                                INTRODUCTION 

 
Industrial, underground and offshore structures are subjected to aggressive environments. The stability and 

ultimate flexural strength of these structures under the effects of aggressive environments decrease.  Although a 
number of methods and recommendations have been proposed for corrosion prevention and protection of the 
concrete structures, however in different constructional codes and standards of the world (including Iran) the 
effect of the concrete corrosion on the members’ loading capacity and other important parameters have not been 
considered.  During the recent years, numerous studies have been conducted on the aggressive environments. 
Many of them have considered the corrosion problem of steel reinforcing bars in reinforced concrete structures 
[1-5] and many others have focused on the concrete corrosion and change of its chemical properties [6-14]. Also 
some of the papers have been studied predict the strength behavior of structures exposed to aggressive 
environments [15-19]. However there is not study about the effects of aggressive environments on the stress and 
strain distribution in reinforced concrete flexural members, is for this reason the importance of generating 
knowledge in the behavior of flexural members to the presence of aggressive environments, allowing a clear 
idea of the shares to be used to predict damage to the structure, and thus meet the durability for which the 
structure was designed. In different places the reinforced concrete structures could have been exposed to 
aggressive environments from one, two or more directions. The author has studied the effect of sulfate 
environments which exposed from three directions on the reinforced concrete structures as well as the changes 
in the parameters of physical and mechanical properties of concrete.  In that research, the section of the two-
span reinforced concrete beam has been exposed to sodium sulfate solution from bottom and two lateral sides. 
The results of this study are not presented here for lack of space but are available elsewhere [16, 17]. 

In the present paper, considering to geometric parameters of corrosion and penetration directions of 
aggressive environments, depth of section is divided into several segments. It has been investigated the change 
of stress and strain distribution in each segment. It was performed in two stages: before cracking and in the state 
of ultimate carrying capacity. Internal forces and then internal moments of flexural sections were discussed. 
Theoretical investigations were performed to introduce equations relating to the influence of the aggressive 
environments on the behavior of reinforced concrete flexural members. The influences of the aggressive 
environments on the strain and stress distribution at the span and support sections of continuous reinforced 
concrete beams were then studied. And finally considering the strain and stress distribution and the corrosive 
geometric parameters, equations were presented to assess the ultimate flexural strength of the reinforced 
concrete structures.  

 
2. Analytical Investigation 

To study the ultimate flexural strength of the reinforced concrete structures under the effects of aggressive 
environments, the beam cross section is assumed to consist of suitable numbers of elements of equal dimensions 
in x and y directions. Obviously, the smaller the dimensions of the elements are, the higher the accuracy of the 
calculations would be. 
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2.1. Stress-strain relationship 
To assess the concrete stress-strain curve )(    under the effects of aggressive environments, the 

concrete stress-strain relationship can be explained in the following two forms:   
 Based on mathematical equations which are represented using different functions such as linear, 
disaggregated, spline functions, etc.  
 Based on physical equations.   

The stress-strain curve is not identical with different strengths. The slope of the curve for high strength 
concrete is higher and is almost linear in ascending section of the curve. This curve in concretes with lower and 
medium strength is more curved. 

The previous studies have shown that the stress-strain relationship can be described as the following third 
degrees function [18, 19]. In this function, the curve is considered in two parts (Fig. 1).  
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2.2. Internal efforts of section 
Generally, the internal force in concrete with desired cross section and under the effects of the concrete 
physical-mechanical changes is described as follows:  

 
ctc AAA

dxdyyxdxdyyxdayxN ),(),(),(              ]3[   

And the internal moment resulting from this force in proportion to the neutral axis equals to: 
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Under the effect of aggressive environments from bottom and two lateral sides, the geometric parameters of the 
sections such as the width and height of beam cross section and the effective depth of support sections. However 
the effective depth of span sections will not change (Fig. 2). 
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The internal force and resulting moment value in uncracked regions of the section considering the equations (3) 

and (4) is written as follows:  
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To calculate the above integrals, the actual depth of compression and tension regions of the section is divided 
into 1, 2 or 3 segments considering following factors: 
 The penetration depth of aggressive solution ions  
 The depth of the concrete layers that have lost part of their strength.  
 The depth of the totally devastated concrete layers.  

Then for higher accuracy of the calculations, a third point between the upper and lower limits of all 
segments is considered and the famous Simpson equation is used [20].   
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To determine Nm and Mm (m=c for compression and m=ct for tension) considering the number of the 
segments of compression and uncracked part of the tension region, the following equations are used:   

1- When each compression and tension region depth is considered as one part:  

  321 4
3

)(
mmmm

tbN  
 

  321
2 2

3
)(2

mmmm
tbM    

When the compression and tension region depth is segmented into two parts: 

    54323211 44
3

)(
mmmmmmm

tbN  
 

      5432154
2
2321

2
1 422

3
)(2

mmmmmmmmm
tbM  

 3- When the compression and tension region depth is segmented into three parts: 

      765354323211 444
3

)(
mmmmmmmmmm

tbN  
 

     
      

















76532176
2
3

5432154
2
2321

2
1

42

422
3

)(2

mmmmm

mmmmmmmm
m

tbM



 

where σmi is the stress in segmented points (m=c for compression and m=ct for tension). 
The sections are considered in two general stages: before cracking and the state of ultimate carrying capacity.   
Considering the corrosion geometric parameters, the number of divisions can be very diverse. Here we showed 
two segmentations for each stage.  
Before cracking (Fig. 3): 
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At the support sections, if )()( tytx   the compression region depth is divided into three segments, so the 
intermediary points' distances will be equal to: 
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In the state of ultimate carrying capacity (Fig. 4): 
 At the span sections, if  )()()( tythtx   the compression region depth is assumed as one segment; so 

the intermediary point's distance will be equal to:
2
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1

tx , and the tension region depth when 

)()()()( tythtxtx t   is assumed as one segment; so the intermediary point's distance will be equal 

to:
2

)('
1

tx t . 

  At the support sections, if )()( tytx   the compression region depth is divided into three segments, so the 
intermediary points' distances will be equal to: 
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3. RESULTS & DISCUSSION 
 

It was used a mathematical model to evaluate the concrete stress and strain relationship under the effects of 
aggressive environments. In this model, the stress-strain curve was studied in ascending and descending parts. 
The change of stress and strain distribution at the span and support sections of continuous reinforced concrete 
beams were investigated before cracking and in the state of ultimate carrying capacity. To calculate the internal 
force and resultant moment value in uncracked regions of the flexural sections, the actual depth of compression 
and tension region of the section is divided into 1, 2 or 3 segments considering following factors: the penetration 
depth of aggressive solution ions, the depth of the concrete layers that have lost part of their strength and the 
depth of the totally devastated concrete layers. Then for higher accuracy of the calculations, a third point 
between the upper and lower limits of all segments is considered.  Under the effect of aggressive environments 
from bottom and two lateral sides, the geometric parameters of the sections such as the beam cross section 
dimensions and the effective depth of support sections decrease. Also the depths of compression and tension 
regions of stress block decrease. However the effective depth of span sections will not change. The compression 
region concrete at the span and support sections were put under the influence of aggressive environments from 
three and two directions, respectively. The ultimate strength of the flexural structures therefore at the support 
sections of beams decreased more intensely compared with the span sections.  

  
)a(  

  
)b(  

Fig. 1 – Schema stress-strain curve: a) in absolute coordinate, b) in relative coordinate 

  
Fig.2- Geometric parameters of the corrosion due to aggressive environments penetration 
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(a)  

  
(b) 

Fig.3- Stress and strain distribution before cracking at the a) Span section, b) Support section  

  
(a  

  
(b  

Fig.4- Stress and strain distribution in the state of ultimate carrying capacity at the 
a) Span section, b) Support section  
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4. Conclusions 
 

Based on the results of this theoretical study the following results were obtained. 
 It was studied the stress-strain relationship of concrete under the influence of aggressive environments. 
 The period of exposure to aggressive environments governs the change in geometric parameters of concrete 
sections such as the width, height and the effective depth of support sections. However the effective depth of 
span sections will not change.  
 Stress and strain distribution in span and support sections of the reinforced concrete beams was investigated. 
 To calculate the internal efforts of the span and support sections of the reinforced concrete beams before 
cracking and in the state of ultimate carrying capacity, the equations were presented. 
 
5. Appendices 
The following symbols are used in the paper:  
Y(t): The penetration depth of aggressive solution ion  
Y2(t): The depth of totally devastated concrete    

),( tyfm : The concrete compressive (m=c) or tensile (m=ct) stress in (y) coordinate and (t) time 

),( tyc : The concrete strain corresponding to ),( tyfc in (y) coordinate and (t) time  

),( tyu : The ultimate strain of the concrete in (y) coordinate and (t) time  

),( tycu : Characteristic strain of concrete in descending portion of the strain-stress curve in (y) coordinate 
and (t) time  

),( yx : Stress at a point with (x, y) coordinates 

Ec(y, t): Modulus elasticity of concrete in (y) coordinates and (t) time 

A: Area of cross section 

Ac: Area of compression region of cross section 

Act: Area of tension region of cross section 

b(t): The width of cross section during time 

h(t): The height of cross section during time 

dsp(t): The effective depth of span section of continuous beam during time 

dsup(t): The effective depth of support section of continuous beam during time 
x(t), xt(t): The actual depth of the compressive region and uncracked part of the tension region, respectively.  
σ1 … σn : The stress values in segments 1 to n     
∆: Distance between the segments 
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