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Abstract. In this paper, an unusual approach is used. The method of 
statistical mathematics is applied to determine the center of gravity in the 
strengthening zone in the stress-strain curve. The change of the center of 
gravity is numerically studied, and this part of the stress-strain diagram is 
represented as a function, respectively, it is divided into known figures, from 
which the center of gravity can be determined. Experimental measurements 
from corroded steel are utilized, and mathematical analysis is performed 
employing stochastic, average, and RMS techniques. Finally, the obtained 
results are presented, and it is noted that they also confirm that corrosion 
affects only strain and not stress on steel. 

1 Introduction 
There is almost no research [1] on the change of the center of gravity in a given function. 
This is considered a mathematical problem, which is more of a theoretical calculation without 
practical meaning, although statistical mathematics gives a clear answer to what this value 
would be, if it were found. According to statistical mathematics - the probability that the 
random variable "X" falls within a given interval is numerically equal to the area between 
the probability density graph in that interval and the horizontal axis i.e. formula 1 [2-5]. 
 

 
Fig. 1. Visualizing the center of gravity on the function p(x). 
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                                                                       ∫ p(x)dx = 1                                                               (1)
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Considering formula (For.1), it turns out that this area is equal to 1, it follows that “X” is 
gives the abscissa of the center of gravity of the area (Fig.1) composed of the function p(x), 
and it will coincide with the so-called mode (statistics) only in the presence of symmetry in 
the graph of the function. Consequently, should a diagram stem from a particular 
investigation (to make it straightforward, let's consider a planar, two-dimensional 
representation with just a horizontal and a vertical axis), this investigation is then depicted as 
a curve, illustrating a relationship. Within the X-Y axis framework, this inherently implies 
the presence of a shape, or more accurately termed, a "planar lamina" devoid of thickness or 
substance. In this case, according to mathematics, there will be a center of gravity of the 
figure, which can be determined by the known formula 2 [2-5]: 

                                               
                                     𝑋𝑋𝑐𝑐 =

∑ 𝑥𝑥𝑖𝑖. 𝐴𝐴𝑖𝑖𝑛𝑛
𝑖𝑖=1
∑ 𝐴𝐴𝑖𝑖𝑛𝑛
𝑖𝑖=1

   ;    𝑝𝑝(𝑥𝑥)𝑐𝑐 =
∑ 𝑝𝑝(𝑥𝑥)𝑖𝑖. 𝐴𝐴𝑖𝑖𝑛𝑛
𝑖𝑖=1
∑ 𝐴𝐴𝑖𝑖𝑛𝑛
𝑖𝑖=1

                                          (2) 

                                                                                         
In case this center of gravity exists (it falls inside the diagram) in, then its variation depending 
on the available experimental information will better explain the occurring changes or will 
give us the opportunity for verification of the study data, clearly delineating the boundaries 
of possible deviations and numerical changes. 

2 Numerical method   
Finding the equation of the function is practically impossible, since in this case we are using 
experimental data. They are, by their nature, randomly distributed values that form the curve 
(diagram). Given this, a principle is used in which the curve (diagram) is divided into small 
sections. For the shapes of which we can determine the center of gravity (since these are 
classical shapes — rectangle and quarter part of ellipse) and, using formulas for composite 
shapes, we determine the center of gravity in the selected section of the function, in this case 
the strengthening zone – figure 2. So that this whole zone can be calculated, by the division 
into infinitely small sectors, which will be composed of a rectangle and a quarter part of 
ellipse, this method is with sufficient accuracy for practice. 
 

 
Fig. 2. Strengthening zone - one rectangle and quarter part of ellipse. 
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Standardly, the dimensions of the coordinates of the center of gravity are in mm, cm, etc., 
but since along X-axis is the deformation, which is in mm, and along Y-axis are the stresses, 
which are in MPa, it follows that there will be a different dimension than the expected one 
(Fig. 3). 
 

 
Fig. 3. Dimensions of the center of gravity. 

 
In this approach, first the center of gravity is determined in the strengthening zone of non-
corroded steel, and subsequently we determine the center of gravity of the known 
experimental data of corroded steel. In [6-12] sufficient experimental data have been 
published (fig. 4). Because these are experimental data and they are processed using well-
known mathematical models - stochastic, average and root mean square (RMS). 

 
 

 
 
Fig. 4. Graphics of the experimental data are used [11]. 
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3 Numerical study 
According to standard ISO 9223, we have six corrosion categories, which essentially differ 
only in the rate of corrosion development over time, and are accepted as different variants. 

3.1 Steel without corrosion   

These are the initial data, which due to the corrosion influence change depending on time. 
The basic obtained calculation result is given in table 1.  

Table 1. Calculation results on steel without corrosion. 

Coordinates Stochastic result Average result Root mean square result 
εc , [mm] 18,9684534 19,56262931 19,58820045 
σc , [MPa] 214,9127044 213,5218679 213,5461496 

3.2 Corrosion variant A  

Variant A corresponds to corrosion influence, for corrosion category C1 - 9139 months; C2 
- 475 months; C3 - 238 months; C4 - 149 months; C5 - 59 months and CX - 17 months. The 
obtained calculation result is given in table 2. 

Table 2. Calculation results on corrosion variant A. 

Coordinates Stochastic result Average result Root mean square result 
εc , [mm] 19,02384744 16,0992279 17,98701383 
σc , [MPa] 210,0212478 206,3073544 207,6507272 

3.3 Corrosion variant B  

Variant B consists corroded steel test specimens with a diameter ranging from 8.00 to 9.00 
mm according to experimental data. The application of the ISO 9223 standard gives grounds 
to establish that variant B corresponds to corrosion influence, for corrosion category C1 - 
14769 months; C2 - 768 months; C3 - 384 months; C4 - 240 months; C5 - 96 months and CX 
- 28 months. The obtained calculation result is given in table 3. 

Table 3. Calculation results on corrosion variant B. 

Coordinates Stochastic result Average result Root mean square result 
εc , [mm] 17,08482871 16,8228484 16,93245434 
σc , [MPa] 212,1886164 209,7358854 209,9509642 

3.4 Corrosion variant C  

Variant C consists of corroded steel test specimens with a diameter ranging from 7.00 to 8.00 
after according to experimental data. The application of the ISO 9223 standard gives reason 
to establish that variant C corresponds to corrosion influence, for corrosion category C1 - 
24923 months; C2 - 1296 months; C3 - 648 months; C4 - 405 months; C5 - 162 months and 
CX - 46 months. The obtained calculation result is given in table 4. 
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Table 4. Calculation results on corrosion variant C. 

Coordinates Stochastic result Average result Root mean square result 
εc , [mm] 14,54874965 14,4334322 14,70750777 
σc , [MPa] 224,976919 211,4272048 212,9199877 

3.5 Corrosion variant D  

Variant D consists of corroded steel test specimens with a diameter of 6.00 to 7.00 mm. The 
corrosion influence corresponds as follows: for corrosion category C1 - 34892 months; C2 - 
1814 months; C3 - 907 months; C4 - 567 months; C5 - 227 months and CX - 65 months. The 
obtained calculation result is given in table 5. 

Table 5. Calculation results on corrosion variant D. 

Coordinates Stochastic result Average result Root mean square result 
εc , [mm] 10,51971 8,851883 9,99219 
σc , [MPa] 210,7138 199,0996 210,3399 

3.6 Corrosion variant E   

The application of the ISO 9223 standard gives reason to establish that variant E corresponds 
to corrosion influence, for corrosion category C1 - 46154 months; C2 - 2400 months; C3 - 
1200 months; C4 - 750 months; C5 - 300 months and CX - 86 months. The obtained 
calculation result is given in table 6. 

Table 6. Calculation results on corrosion variant E. 

Coordinates Stochastic result Average result Root mean square result 
εc , [mm] 9,697957 9,004804 9,488448 
σc , [MPa] 214,8491 203,4095 204,2975 

3.7 Corrosion variant F  

The application of the ISO 9223 standard gives grounds to establish that variant F 
corresponds to corrosion influence as follows, for corrosion category C1 - 54000 months; C2 
- 2808 months; C3 - 1404 months; C4 - 878 months; C5 - 351 months and CX - 100 months. 
The obtained calculation result is given in table 7. 

Table 7. Calculation results on corrosion variant F. 

Coordinates Stochastic result Average result Root mean square result 
εc , [mm] 8,459729 8,753552 8,945769 
σc , [MPa] 217,4623 209,7418 211,9799 

3.8 Corrosion variant G   

In variant G the duration of the corrosive influence corresponds to the relevant corrosion 
category C1 - 64615 months; C2 - 3360 months; C3 - 1680 months; C4 - 1050 months; C5 - 
420 months and CX - 120 months. The obtained calculation result is given in table 8. 
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Table 8. Calculation results on corrosion variant G. 

Coordinates Stochastic result Average result Root mean square result 
εc , [mm] 6,742827 6,609094 6,879724 
σc , [MPa] 190,1866 182,5385 185,9603 

3.9 Corrosion variant H  

The application of the ISO 9223 standard gives reason to establish that variant H corresponds 
to corrosion influence as follows: corrosion category C1 - 73107 months; C2 - 3801 months; 
C3 - 1901 months; C4 - 1188 months; C5 - 475 months and CX - 136 months. The obtained 
calculation result is given in table 9. 

Table 9. Calculation results on corrosion variant H. 

Coordinates Stochastic result Average result Root mean square result 
εc , [mm] 4,388576 3,503584 3,522872 
σc , [MPa] 206,281 167,1862 170,9705 

3.10 Corrosion variant I   

The use of ISO 9223 standard gives grounds to establish that variant I responds to corrosion 
influence as follows: C1 - 77262 months; C2 - 4018 months; C3 - 2009 months; C4 - 1256 
months; C5 - 502 months and CX - 143 months. The obtained calculation result is given in 
table 10. 

Table 10. Calculation results on corrosion variant I. 

Coordinates Stochastic result Average result Root mean square result 
εc , [mm] 2,868159 2,86634 2,910011 
σc , [MPa] 209,4974 196,902 198,5927 

4 Results and discussion 
The comparison of the numerical results obtained is given in figure 5 and figure 6. 
 

 
 
Fig. 5. Chart of the results – change on coordinates of εc , according to corrosion variant. 
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Fig. 6. Chart of the results – change on coordinates of σc , according to corrosion variant. 
 
The present computational study establishes that with the onset of the corrosion effect, the 
degradation of the material (its transition from ductile to brittle) begins to slowly creep, in 
this case a decrease in the strain center of gravity is established within 9% - 14% of the initial 
known values. With the continued development of the corrosion effect, enhanced degradation 
processes begin to occur, with values reporting differences within 23% - 26% of the initial 
ones. Next, the degradation of ductility intensifies and in a very short time reaches values of 
44% - 54%, i.e. the plasticity of the material has already decreased by 50%. The continuing 
corrosion effect increases the brittleness of the material and at a certain point value of 64% - 
66% are reached, which is a clear sign that the material is no longer elastic, but has almost 
become brittle. In the last phase, values of 76% - 85% are reached, which means that the 
material has already lost its elasticity and has completely turned into a brittle material. 
Regarding the stress center of gravity, a very slow smooth decrease is observed, initially 
varying between 1.2% - 1.8%, which can be considered almost non-existent, and 
subsequently reaching the highest values which vary between 14.5% - 21.7%, i.e. we can 
safely assume that corrosion does not have any effect on the expected value of the strength 
of the material. 

5 Conclusion 
Numerical study of the strengthening zone just like a function, a change in the center of 
gravity was found, especially in the X-axis. As a result, it reached 85%, i.e. almost before the 
general change, namely the transformation of steel from ductile to brittle material. Which 
confirms the fact that corrosion affects only and only the ability of ductility, and not the 
strength properties of steel. On the other hand, strain is a basic parameter of ductility and its 
reduction unambiguously defines that in the late phase of the impact of corrosion the only 
thing that will happen is a loss of bearing capacity due to excessive deformations. On the 
other hand, the present study proved that it is possible to apply the methods of mathematical 
statistics and through them to confirm or reject the relevant possible assumptions, i.e. they 
can be used as verification for the results obtained. 
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