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Abstract. Reinforced concrete structures, when properly maintained, are reliable 

and retain their original (design) characteristics throughout the entire life of the building.  

Even after dismantling, they can be reused, provided that their load-bearing capacity has 

been verified beforehand. The load-bearing capacity of existing building structures must 

also be determined during the reconstruction of buildings and structures, their 

superstructure, changes in the structural design, increases in payload due to the 

modernization of technological processes, changes in the purpose of the facility, for quality 

control of the completed building structure, etc.  

The aim of the study is to develop an algorithm for calculating the load-bearing 

capacity of reinforced concrete columns operating with random eccentricities, based on a 

deformation model.  
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Reinforced concrete columns are considered as eccentrically compressed elements 

with random or calculated eccentricities, operating according to the first or second form 

of equilibrium. 

The paper presents cross-section diagrams, deformation distribution, stress 

diagrams, and formulas for determining the load-bearing capacity of reinforced concrete 

columns under various possible conditions of compressive force application and 

corresponding deformations in the cross-sections of eccentrically compressed elements. 

An algorithm has been developed for calculating the stability of reinforced concrete 

columns operating with random eccentricities. All initial data are obtained as a result of 

instrumental inspection of existing structures, using normative literature. The load-

bearing capacity of the reinforced concrete column on the first floor of a public building 

scheduled for reconstruction with the addition of a third floor was determined using a 

specially developed algorithm. This value is compared with the calculated compressive 

load according to the reconstruction project, and a conclusion is made about the adequacy 

of the load-bearing capacity or the need to reinforce the column. 

 

Keywords: load-bearing capacity, non-destructive testing, calculation, 

compression, reinforced concrete column, equilibrium form. 

 

Introduction 

Reinforced concrete is a very durable material due to its strength, surface 

hardness, high density, weather resistance, biological resistance, water resistance, 

frost resistance, etc. Under proper operating conditions, reinforced concrete 

structures are reliable and retain their initial (design) characteristics throughout 

the entire life of the building.  

When, due to various circumstances, it becomes necessary to dismantle 

the entire building or part of it, a project is developed according to which the 

existing reinforced concrete structures are to be dismantled, stored and possibly 

reused in new design solutions.  

Before reuse, it is necessary to inspect the dismantled structure, take 

measurements, identify all existing defects, determine the strength of the 

concrete, the quantity and strength of the existing working reinforcement using 

instrumental research methods, and, as a result, determine the load-bearing 

capacity of the dismantled reinforced concrete structure.  

The load-bearing capacity of existing building structures must also be 

determined during the reconstruction of buildings and structures, their 

superstructure, changes in the structural design, increases in payload due to the 

modernisation of technological processes, changes in the purpose of the facility, 

for quality control of the completed building structure, etc. 

The aim of the study: determination of the stability of reinforced concrete 

columns. 

Research objectives: develop an algorithm for calculating the stability of 

reinforced concrete columns operating with random eccentricities. 

Research methodology. The calculation of the stability of reinforced 

concrete structures is based on a deformation model. Reinforced concrete 
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columns are considered as eccentrically compressed elements with random or 

calculated eccentricities, operating according to the first or second form of 

equilibrium. 

When using a simplified concrete deformation diagram, two forms of 

cross-section equilibrium are considered:  

- the first form of equilibrium (Figs. 1, 2, 3) is observed when the entire cross-

section is compressed and the conditional height of the compressed zone x 

exceeds the height of the cross-section h;  

 
Fig. 1. The first form of equilibrium of a compressed element, general case 

 

- the second form of equilibrium (Figs. 4, 5) is characteristic of cases where part 

of the cross-section of the element is compressed and the other part is stretched, 

i.e., the height of the compressed zone x is less than the height of the cross-section 

h. 

Let us consider the deformation model (Fig. 1). Deformations in concrete 

are distributed proportionally: (2),3 сcu

x x h





, where ,3

,3 (2)

сu

сu с

x h


 



.  

Deformations с(2) = си,3 (1 – е0 / r). The greatest stress in concrete is in the more 

compressed zone с(1) = сu,3 Ecd = fcd . The least stress in concrete in the less 

compressed zone:  с(2) = с(2) Ecd = cd

x h
f

x x




. 

Deformations in the reinforcement of the more compressed zone (Fig. 1)  

from the proportion (1),3 scu

x x a





, where 

 ,3

(1)

cu

s
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



 . Stress in this 

reinforcement s(1) = s(1)Es. Deformations in the reinforcement of the less 
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compressed zone (Fig. 1) with a ratio of: 
(2),3 scu

x x d





 where 

 ,3

(2)

cu

s

x d

x





 . Stress in this reinforcement s(2) = s(2)Es. 

When all internal forces are projected onto the axis of the element, the 

load-bearing capacity can be determined from the equilibrium condition (Fig. 1): 

 (1) (2)0,5 1s s cd s s

x h
N A f b x h x A

x x
 

   
           

. 

 
Fig.  2. The first form of equilibrium of a compressed element,  

a special case under the condition е0 = r  

 

Under the condition  е0 = r  the deformation in the reinforcement of the 

more compressed zone (Fig. 2) is proportional to (1),3 scu

h h a





, where 

 ,3

(1)

cu

s

h a

h





 . Stress in this reinforcement s(1) = s(1)Es = fyd. 

Deformations in the reinforcement of the less compressed zone (Fig. 2) with a 

ratio of (2),3 scu

h a


 , where ,3

(2)

cu

s

a

h


  . Stress in this reinforcement s(2) = 

s(2)Es. 

Given the strength relative to the axis passing through the centre of gravity 

of the stretched reinforcement, the holding capacity will be:  

( ) /
2 4

yd s cd

h x h x
N f A d a f b d е
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Provided that с,3  с,2  си,3   (Fig. 3), the bearing capacity of the 

compressed element is determined by the strength condition relative to the axis 

passing through the centre of gravity of the tensioned reinforcement:  

( ) (0,5 ) /yd s cdN f A d a f bh h a е       . 

When all internal forces are projected onto the axis of the element, the 

compressive force can also be determined from the equilibrium condition (Fig. 

3): 

yd s cd yd sN f A f bh f A   . 

  
Fig.  3. The first form of equilibrium of a compressed element, a special case 

when  с,3  с,2  си,3   

 

If an eccentrically compressed reinforced concrete element operates with 

significant eccentricities, then a second form of equilibrium is observed, and the 

stresses in the compressed concrete can be distributed according to a bilinear 

diagram (Fig. 4) or a rectangular diagram (Fig. 5). 
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Fig. 4. The second form of equilibrium of a compressed element with stress 

distribution in concrete according to a two-line diagram   

 

At the limit state (Fig. 4), the height of the compressed part of the cross-

section is x = xR = Rd. According to the deformation model  ,3 ,3cu c

x x x

 



, where 

,3 ,3 ,3 ,3

,3 ,3

cu c cu c

R

cu cu

x x x
   

 

 
   . The stresses in the reinforcement of the 

compressed zone reach their limit value s(1) = s(1)Es = fyd .    
From the condition of strength relative to the axis passing through the 

centre of gravity of the stretched reinforcement, the holding capacity:   

( ) /
2 4

R R
yd s cd

x x x x
N f A d a f b d е

     
      

  

. 

If the stress diagram in concrete is considered rectangular (Fig. 5), then 

based on the condition of cross-sectional strength relative to the axis passing 

through the centre of gravity of the tensioned reinforcement, the holding capacity 

will be: 

 ( ) 0,5 /yd s cd R RN f A d a f b x d x е        . 

 

Fig. 5. The second form of equilibrium of a compressed element with stress 

distribution in concrete according to a rectangular diagram 

 

Results and discussion 

The scientific research construction laboratory of LNTU, which operates 

within the Department of Building and Civil Engineering, provides qualified 

services for the inspection of building structures and structures. The laboratory 

specialists measure structures, examine them using non-destructive testing 

methods, determine the strength of concrete, the presence of reinforcement, its 

diameter, strength, and the protective layer of concrete. Fig. 6 shows photographs 
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of some inspections of reinforced concrete columns.  

    
Fig. 6. Instrumental examination of columns 

 

Based on the results of instrumental studies, the load-bearing capacity of 

columns is calculated and conclusions are drawn (confirmation of the declared 

quality of the structure, the possibility of further operation or reuse of 

dismantled elements, etc.).  

The load-bearing capacity of existing reinforced concrete columns with 

a square cross-section, which are designed to operate with random 

eccentricities, is calculated using the following algorithm: 

Initial data: dimensions of the structure b, h, l, mm, (based on measurement results); 

concrete strength fcd  (determined using a Schmidt hammer, BETON PRO 

CONDTROL device or other) and concrete class С; protective layer of concrete, mm; 

diameter, number of working reinforcement bars and their strength fyd  set using the 

POISK-M device); reinforcement area As, sA  mm2, (according to the assortment); 

concrete deformation с,3, си,3 (from normative literature, depending on the concrete 

class С) 

1 Calculate the actual value ,a a  taking into account the diameter of the 

longitudinal reinforcement and the protective layer of concrete 

2 Determine the working height of the cross-section   d = h - a 

3 Determine the random eccentricity еі  max  h/30; l / 600; 10мм 

4 Determine the distance from the central axis of the cross-section to the core 

point   r = Wred / Ared  = h / 6 

5 Determine concrete deformations с,2 = си,3 (1 – е0 / r) 
6 Determine the nominal height of the compressed zone of concrete  

,3

,3 ,2

сu

сu с

x h


 



 

7 Check if the condition is met  с,3  с,2  си,3  (Fig. 3) 

8 Calculate the eccentricity of the compressive force N relative to the axis passing 

through the centre of gravity of the reinforcement S:     e = (0,5h – a)+ei 

9 Determine the moment that perceives the cross-section of the column relative to 

the axis passing through the centre of gravity of the reinforcement  S 

( ) (0,5 )О yd s cdМ Ne f A d a f bh h a       

10 Calculate the value of the compressive force   N = Мо / е 
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11 Determine the moment that perceives the cross-section of the column relative to 

the axis passing through the centre of gravity of the reinforcement S     

1 ( ) ( ) (0,5 )О yd s cdМ N d e f A d a f bh h a       

12 Calculate the value of the compressive force   N = Мо1 / (d – е) 

13 From the two values of N obtained in points 10 and 12, select the smaller one. 

This value corresponds to the load-bearing capacity of the column 

  

Conclusions 

The load-bearing capacity of the reinforced concrete column on the first 

floor of a public building scheduled for reconstruction with the addition of a third 

floor was determined using the above algorithm. The column cross-section 

dimensions are 300×300 mm, height 3.0 m, concrete strength 13.71 MPa, as 

determined by the BETON PRO CONDTROL device, which corresponds to 

concrete class C16/20 with a design strength value of fcd = 11.5 MPa. According 

to DBN, the deformation of C16/20 concrete is с,3 = 0.00058; си,3 = 0.00323. 

Reinforcement of cross-section 414А400С, protective layer 25 mm, detected by 

POISK-M device. Calculated  strength of reinforcement 365 MPa.  Cross-sectional 

area As = sA  = 307,7 mm2, determined by the assortment. Based on the known 

reinforcement а = а  = 25 + 14/2 = 32 mm is established. Working height d = 300 

– 32 = 268 mm; еі = 10 mm; r = 50 mm; с,2 = 0,00258; х = 1490,8 mm; condition 

с,3  с,2  си,3  is satisfied;  e = 128 mm; Мо = 148,6 kNm; N = 1161,2 kN; Мо1 = 

148,6 kNm; N = 1061,7 kN. Therefore, the bearing capacity of the inspected 

column is 1061.7 kN. This value is compared with the calculated compressive load 

according to the reconstruction project, and a conclusion is made about the 

adequacy of the bearing capacity or the need to reinforce the column. 
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Визначення тримкої здатності залізобетонних колон  
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Анотація. Залізобетонні конструкції, за умов належної експлуатації, 

надійні і зберігають свої початкові (проєктні) характеристики протягом усього 

терміну існування будівлі.  Навіть після демонтажу їх можна використовувати 

повторно, встановивши попередньо їх тримку здатність. Визначати тримку 

здатність існуючих будівельних конструкцій доводиться і при реконструкції 

будівель та споруд, їх надбудові, зміні конструктивної схеми, збільшенні корисного 

навантаження внаслідок  модернізації технологічних процесів, зміни призначення 

об’єкту, для контролю якості виконаної будівельної конструкції тощо.  

Завданням дослідження є розробка алгоритму розрахунку тримкої 

здатності залізобетонних колон, що працюють з випадковими 

ексцентриситетами, в основу якого покладена деформаційна модель.  
Залізобетонні колони розглядають як позацентрово стиснуті елементи з 

випадковими або розрахунковими ексцентриситетами, що працюють за першою 

або за другою формою рівноваги. 

У роботі наведено схеми перерізів, розподіл деформацій, епюри напружень,  

формули для визначення тримкої здатності залізобетонних колон за різних 

можливих умов прикладання стискувальної сили і відповідних деформацій у 

перерізах позацентрово стиснутих елементів. Складено алгоритм для розрахунку 

тримкої здатності залізобетонних колон, що працюють з випадковими 

ексцентриситетами. Усі вихідні дані отримують в результаті інструментального 

обстеження існуючих конструкцій, з використанням нормативної літератури. За 

складеним алгоритмом встановлено несучу здатність залізобетонної колони 

першого поверху громадської будівлі, запланованої до реконструкції з добудовою 

третього поверху. Це значення порівнюють з величиною розрахункового 

стискуючого навантаження згідно проєкту реконструкції і роблять висновок про 

достатність тримкої здатності або про необхідність підсилення колони. 
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