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Abstract 

 
The article deals with the calculation of steel reinforced concrete columns compression and verification of local stability in fixed 

formwork. It is concluded that it is expedient to calculate the total stability for the resulted sections, and when checking local stability 

– to follow the instructions Eurocode 4. When checking the local stability of steel sheets, working as part of reinforced concrete 

structures, the Eurocode 4 guidelines should be followed, while taking into account the following requirements: leave out of account 

on the local stability of the concrete cross-section (the steel profile is completely surrounded by concrete); concrete cross-section 

(steel profile is completely concrete, partially concrete cross-section), the steel profile is only partially covered with concrete, as well 

as for other cross-sections of reinforced concrete columns provided by Eurocode 4 with the corresponding ratio d/ t. The calculation 

method for the given sections in the calculation of the overall stability of compressed steel reinforced concrete elements is the simple 

stand one that gives satisfactory results. Calculations show that the loss of local stability of a steel sheet that works concurrently with 

reinforced concrete occurs at stresses greater than the force of flow in a steel sheet. 
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1. Introduction 

The calculation of the steel reinforced concrete columns with 

external reinforcement, the retained formwork, the problems 

of which are considered in [1], is essential, since the 

destruction of steel-reinforced concrete columns is most often 

associated with the loss of overall stability or their separate 

structural elements __ local loss of stability. Taking into 

account this, current normative documents for calculating steel       

(DBN B.2.6-198: 2014 [2]), reinforced concrete                

(DBN V.2.6-98: 2009 [3]), steel reinforced concrete         

(Eurocode 4 [4]) provide for calculations as general stability, 

and to check local stability. 

2. Main Body 

The theories of stability of rods and plates arose from practical 

construction problems, since with compressive forces, which even 

slightly exceed the critical load, additional bending stress reaches 

large quantities and directly threatens the strength of structures. 

Therefore, a critical condition, as a direct precondition for 

destruction, is considered inadmissible in real conditions of 

exploitation. Determination of critical loads is a responsible part 

of engineering design calculations and avoids loss of stability by 

introducing a proper stock. 

As already noted, in the construction of steel reinforced concrete 

columns it is necessary to apply relatively thin steel sheets 

working as working reinforcement, so if compressed, there are 

problems with the loss of their local stability. The solution to this 

problem is complicated by the fact that these steel sheets on one, 

and even on both sides, are reinforced with concrete, with which 

they work together. Of course, these cases need to be borne in 

mind when calculating the local stability of reinforced concrete 

structures in a retained formwork. 

Eurocode 4 [4] contains the general bases for calculating the 

complex of building constructions and complex building elements 

of land and engineering structures, that is, structures using steel 

rolled, combined with concrete. 

Inspection of local stability of steel parts can not be carried out in 

compressed integrated racks of the following types [4]: 

- concrete cross-section (steel profile is completely surrounded by 

concrete, Fig. 1, a); 

- transverse sections filled with concrete (steel profile is 

completely concreted, Fig. 1, d-f); 

- partially concreted cross-sections (the steel profile is only 

partially covered with concrete, Fig. 1, b, c), 

as well as for other cross-sections of steel-reinforced concrete 

columns (Fig. 1), if the following conditions are fulfilled: 

- for steel-filled round pipes filled with concrete 290/ td ; 

 - for rectangular steel hollow profiles  52/ td ; 

- for partially concreted two-tone profiles 44/ td , 

where, d - outer diameter of round pipes; 

     h - is larger than the two outer dimensions, which is parallel to 

the main (main) axis of the cross-section; 

     t - thickness of the wall of hollow sections filled with concrete; 

     t1 and b - thickness and width of the shelves of the two-tailed or 

delivered profile. 
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Fig. 1: Cross sections of complex racks, considered in Eurocode 4. 

 

There are a number of structures in which sheet reinforcement is 

used. In the design of such structures, the task, in addition to 

determining the overall bearing capacity, is to consider the 

problem of the stability of the plate, which, on the one hand, 

contacts the concrete. The solution of such a problem makes it 

possible to determine the effort in which the steel sheet will lose 

stability in steel-reinforced concrete structures [5]. 

Consider the definition of the critical forces acting on the plate, 

and cause in it the initial homogeneous forces 000 ,, yxyx NNN , the 

calculation scheme of which is shown in Fig. 2.  

 
Fig. 2:  Initial stress state of the plate on an elastic basis. 

 

The equation of neutral equilibrium relative to the deflection of 

the plate ω is derived from the system of known linearized      

equations of the theory of elasticity [5]: 
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In this case, Dij = cijh
3/12 (i, j = 1, 2, 3); cij is a function of E1, E2, 

G, 21, . 

The dependences φx and φy on the deflection ω are as follows: 
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As a result of solving this problem, we obtain a equation for    

determining critical force: 

 

xcr K
b

D
N

2

2
 ,                                                                            (4) 

 

where, D is cylindrical stiffness. 

The parameter Кx is determined depending on the relative stiffness 

of the basis. 

In the study of elements without longitudinal reinforcement, the 

stability of the wall was considered as the stability of the plate on 

an elastic basis, which takes into account the joint operation of 

concrete and sheet fittings. Calculations show that the loss of local 

stability of a steel sheet that works concurrently with reinforced 

concrete occurs at stresses greater than the force of flow in a steel 

sheet. This means that the loss of local stability occures in the 

elastic stage, but in the elastic-plastic and plastic stage of the work 

of structures. The loss of stability of a steel sheet, which works 

together with a reinforced concrete base, occurs simultaneously 

with the loss of the bearing capacity of the entire structure. 

Calculation of the stability of compressed columns for a steel 

cross section (elastic calculation) is approximate and is used for 

the approximate estimation of the bearing capacity of steel 

reinforced concrete structures. The calculation is made with the 

fulfillment of the conditions of stability in the plane of action of 

the moment and from the plane. 

The calculation of the strength of the steel-cross section of steel-

reinforced concrete elements working on the axial compression in 
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the plane of the moment of action is performed according to the 

equation: 

 

cyrede RAN  /                                                                         (5) 

 

Where, с - coefficient of working conditions of the design, 

determined in accordance with [2]; 

yR  - calculated resistance of a steel element when working on 

tension; 

 

redA  - the cross-sectional area of steel reinforced concrete element 

is given, which is determined by the equation: 
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Where,  sn  and bn - coefficients of the cross section in           

accordance with the reinforcement bar and concrete to the steel    

I-beam section, determined from the expressions: 
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where, sE , bE  та rE  - modulus of elasticity, respectively, of rod 

reinforcement bars, concrete and steel I-beam section. 

Flexibility of steel-reinforced concrete elements which works 

under axial compression is taken into account by the coefficient of 

longitudinal bending e , which is determined by interpolation by 

(DBN B.2.6-198: 2014 [2]) with known conditional flexibility   

and given relative eccentricity efm . Conditional flexibility is 

determined by the equation: 

 

ry ER /                                                                            (7)                                                                 

 

where,   is the flexibility of the steel reinforced concrete element, 

which is determined from the expression: 

 

redef il / ,                                                                                 (8) 

 

in which redi  - the reduced radius of inertia of the entire section is 

calculated by the equation: 

 

redredred AIi / ,                                                                       (9) 

 

in which redI  - the reduced moment of inertia is determined from 

the expression: 

bbssrred InInII  ,                                                             (10) 

 

where, rI , sI  and bI - moments of inertia constituents of the 

cross section of the structure. 

The given relative eccentricity efm  is determined from the    

expression: 

 

 mmef ,                                                                                (11) 

 

where,   - the coefficient of influence of the cross-sectional 

shape, which is determined according to the table                    

(DBN B.2.6-198: 2014 [2]); 

m  - relative eccentricity, which is determined by the equation: 
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Ae
m 0                                                                                 (12) 

Where, 0e  - the full eccentricity of the application of the load N ; 

redW - reduced moment of resistance of the cross section of steel-

reinforced concrete element, which is determined by the equation: 

 

maxy

I
W red
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where, maxy - the distance from the center of gravity of the section 

to the most remote point of the section along the Y axis. 

3. Conclusion 

The considered method successfully can be used for the 

calculation of compressed flexible steel reinforced concrete 

columns. 

Thus, when checking the local stability of steel sheets that 

work as part of reinforced concrete structures, the       

Eurocode 4 [4] guidelines should be followed, while taking 

into account the following requirements: do not count on the 

local stability of the сoncrete cross section (the steel profile is 

completely surrounded by concrete); concrete cross-section 

(steel profile is completely concrete, partially concrete cross-

section), the steel profile is only partially covered with 

concrete, as well as for other cross sections of reinforced 

concrete columns provided by Eurocode 4 with the 

corresponding ratio d/t. In calculating the overall stability of 

compressed steel reinforced concrete elements, the simplest 

and the most satisfactory results is the method of calculation 

for the given sections. This method is quite simple and allows 

to take into account tabular factors of the consideration of 

flexibility, contained in the current DBN B.2.6-198: 2014 [2]. 
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