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Local compression of concrete is often implemented in supporting joints of reinforced concrete structures. As a strength calcu-

lation method for this case, a variational method in the theory of plasticity is proposed, which is based on the consideration of 

the failure stage and takes into account the full set of determining factors of strength: the dimensions of the sample, the shape 

and dimensions of the loading platform, its location, the ratio of the dimensions of the loading device and the element, type 

and class of concrete (by taking into account both strength characteristics). In experimental studies, the kinematic schemes of 

failure adopted in the calculation and the influence of determining factors were confirmed. A comparative analysis of the 

strength calculated by the proposed method with the experimental one for 78 samples showed that they are sufficiently close. 
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Прикладом місцевого стиснення бетону слугує вузол обпирання залізобетонних колон багатоповерхових будинків на 

бетонні елементи, які входять до складу цокольної або підвальної їх частин. Для підвищення точності розрахунку при 

зминанні запропонований варіаційний метод у теорії пластичності бетону, розроблений у Національному університеті 

«Полтавська політехніка імені Юрія Кондратюка». Випробувані стандартні куби із бетону (фібробетону на базальтовій 

фібрі) при односторонньому місцевому стисненні, в котрих ділянка навантаження змінювалася від квадрату до смуги. 

Характер руйнування дослідних зразків підтвердив кінематично можливі схеми руйнування, прийняті в теоретичних 

розрахунках залежно від форми площадки завантаження (квадрат, прямокутник, смуга). Визначено вплив на міцність 

співвідношення  ширини ділянки завантаження до ширини і висоти дослідного зразка. Введення  базальтової фібри в 

склад бетону не змінює характер руйнування, але збільшує міцносні характеристики бетону при стискові і розтягу, та 

як результат міцність при місцевому стисненні. Для забезпечення достовірності запропонованої методики  розрахунку 

виконано порівняння теоретичної міцності, підрахованої за варіаційним методом у теорії пластичності, з експеримен-

тальною для 78 дослідних зразків, у тому числі й авторських. За широкого інтервалу варіювання параметрів експери-

ментальних зразків теоретична міцність добре сходиться із дослідною: середнє значення відношення її теоретичного 

значення до дослідного складає m=1,02 з коефіцієнтом варіації ν=13,16%.  Отримані результати дозволяють рекомен-

дувати варіаційний метод у теорії пластичності бетону у якості теоретичної основи для розрахунку бетонних елементів 

при місцевому стисненні, як такий що базується на розгляді стадії руйнування та враховує вплив повної сукупності 

визначальних факторів міцності. 
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Introduction  

In the practice of construction, there are quite often 

cases of transfer of large concentrated loads to concrete 

wall or foundation elements. As an example (Fig. 1), it 

is possible to cite the supporting of reinforced concrete 

columns of multi-story buildings or supports of hang-

ing walls on concrete members of different heights, 

thicknesses and dimensions in plan, which are part of 

the basement, basement or other structural parts of 

buildings (structures). At the same time, there is a local 

compression of concrete in structural members. 

One of the reserves for increasing the operational re-

liability of such concrete (fiber concrete) members is 

the improvement of their calculation methods. At the 

moment, it is necessary to shift from empirical depend-

ences in the calculation of crushing, characteristic of 

current standards, to other methods that are close to the 

results of experimental studies, taking into account the 

stress-strain state of the elements and characteristic kin-

ematics. 

 

 
 

Figure 1 ‒ A case of local compression  

 

Review of the research sources and publications 

At the National University “Yury Kondratyuk Pol-

tava Polytechnic” a variational method in the theory of 

plasticity of concrete is proposed as a theoretical basis 

for calculating the strength of concrete (fiber concrete) 

members under local compression [1]. The general se-

quence of tasks is as follows: the failure character is 

modeled for the case under consideration (a cinemati-

cally possible failure scheme is created: with the help 

of unknown geometric parameters, the outline of the 

failure surface is outlined and the directions of move-

ment (velocities) of individual discs separated by the 

failure surface are set); as a rule, geometric parameters 

are the angles of inclination of the failure areas to the 

vertical; at the same time, they operate with relative 

values of velocities; there are velocity jumps on the sec-

tions of the failure surface and their area; the functional 

of the method is recorded, the corresponding mathe-

matical transformations are performed; the functional 

is examined for a stationary state, in the process of 

which a formula is derived for calculating the ultimate 

load in the function from unknown parameters; this 

function is studied for the extremum (unconditional 

during translational motion of rigid disks on the kine-

matic scheme or conditional in another case: equilib-

rium equations are used as additional conditions); the 

ultimate load value is determined. 

The variational method in the theory of plasticity [2] 

solved the problem of the strength of concrete (fiber 

concrete) members with one-sided central crushing, 

while taking into account the ratio of the length of the 

loading platform to the height (cross-sectional dimen-

sions) of the member, the scheme and method of load 

transfer, the type of concrete (both characteristics of its 

strength); impact of basalt fiber. 

Analysis of experimental studies of the bearing ca-

pacity of fiber concrete members under local compres-

sion [3 – 8] indicates their insufficient number. As a 

rule, the variable parameters were the volumetric per-

centage of fiber reinforcement (only steel), the ratio of 

the load area to the cross-sectional dimensions of the 

sample; both cubes and prisms were used as test sam-

ples. 

 

Definition of unsolved aspects of the problem 

Basalt fiber was not used in crushing experiments. 

According to experimental studies [7], the optimal di-

mensions of basalt fiber are – length 12 mm, diameter 

20 μm, percentage content – 0.2%. At the same time, 

the tensile and compressive strength increases signifi-

cantly compared to unreinforced concrete [9]. 

 

Problem statement 

The purpose of the work is to compare the strength of 

concrete (fiber concrete) memders under local com-

pression, calculated according to the proposed method, 

with experimental data, including those obtained by the 

authors. 

 

Basic material and results 

The method of manufacturing and testing experi-

mental samples is given in [10]. According to the test 

results of standard cubes and prisms, which were made 

together with the test samples, the average value of the 

cubic strength of heavy concrete without the  

use of plasticizer is fcm.cube = 28.7 MPa, with the  

use of plasticizer fcm.cube = 33.1 MPa, fiber concrete 

fcm.cube = 39.8 MPa (20% increase). The average value 

of the prism strength and the tensile strength, respec-

tively, are fcm.prizm = 22.7 MPa, fctm = 1.6 MPa; 

fcm.prizm = 27.2 MPa, fctm = 1.8 MPa; fcm.prizm = 35.1 MPa 

(29% increase), fctm = 2.3 MPa (28% increase). There is 

a steady tendency to increase the value of the strength 

characteristics both when adding a plasticizer and when 

it is combined with basalt fiber, while both the pris-

matic strength and the tensile strength increased by al-

most the same amount. 

Table 1 presents the results of experimental studies. 

The addition of basalt fiber increases the resistance of 

concrete to local compression. 
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Table 1 – Results of experimental studies 

№  

of sample 
Sample key 

№  

of batch 
Load, t 

Strength, floc, MPa 
floc/ fc,prizm  

1 F1КС50  1 14.2 56.8 1.62 

2 F1КС100 1 36.86 73.71 2.1 

3 F1КС150 1 32.9 43.86 1.25 

4 В2КС50 2 21.22 84.86 3.12 

5 В2КС100 2 25.2 50.4 1.85 

6 В2КС150 2 25.9 34.5 1.27 

7 В3КС50 3 17.2 68.8 3.03 

9 В3КС100 3 29.85 59.7 2.63 

10 В3КС150 3 23.84 31.79 1.40 

 

In Table 1, the following marking of test samples is 

adopted: B – heavy concrete or F ‒ fiber concrete 

(the first letter in the marking); 1 (with the addition of 

the addition of only a plasticizer), 3 (basic composition) 

– series number; КС – type of experimental sample 

(standard cubes were tested for local compression 

(fig. 2); 50, 100, 150 (fig. 3) – the stamp width bloc 

when the load is applied locally, mm (the stamp length 

lloc for all samples is the same and is equal to 50 mm). 

 

  
 

Figure 2 ‒ Sample testing for local compression in 

the press ПГ-125 

 

In the process of experimental research, failure charac-

ter of cubes during central one-sided compression was 

revealed, which was taken as a basis for theoretical cal-

culations under the conditions of a space stress state: 

the sample is divided into three parts: a pyramid with a 

square (fig. 4) or rectangular (fig. 5) base, which is 

equal to the load platform, two halves of a cube, sepa-

rated by a splitting plane and a shear surface, which 

move away from each other in the horizontal plane. 

 

 
 

 
 

Figure 3 ‒ Loading scheme of cubes with size 

150×150×150 mm through stamps with size 

lloc×bloc = 50×50 mm, 50×100 mm, 50×150 mm 

 

The obtained results confirm the data of the study of 

strength to local compression of concrete obtained by 

other authors [11-15]. 

In order the features of the structures in the ultimate 

state. to ensure the reliability of the proposed calcula-

tion method, it is important to create a cinematically 

possible scheme for the members failure, which should 

take into account. 

There is also an asymmetric failure character under 

symmetrical loading (fig. 6), which is explained by the 

concentration of stresses near the corners of the stamp 

and the heterogeneous structure of the concrete. 

The proposed calculation method allows you to take 

into account such case of failure by making changes to 

the cinematically possible scheme. 
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Figure 4 ‒ Failure character (a) and surface  

view (b) of the destroyed sample В3КС50 

 

 

 

 

 

 

 

 

 

 
a 
 

 
b 
 

Figure 5 ‒ Failure character (a) and surface  

view (b) of the destroyed sample В3КС100 

 

 
 

Figure 6 ‒ Surface view  

of the destroyed sample F1КС50 

 

 

The use of fiber does not fundamentally change the 

failure character of samples, but it becomes more plas-

tic, stretched over time. 

Changing the width of the loading platform (from a 

square to a strip stamp) affects the magnitude of local 

compressive stresses: within the limits of the experi-

ment, the stress decreases up to 2 times (table 1). 

The addition of basalt fiber increases the strength 

characteristics, reduces the probability of brittle failure 

and the presence of microcracks in concrete, and ulti-

mately the resistance of concrete to local compression. 

To confirm the validity of the proposed calculation 

method [1], a comparative analysis of the theoretical 

strength with the experimental strength was performed 

for 78 test samples tested by Gladyshev B.M.,  

Piradov A.B., Dovzhenko O.O. and Mytrofanov V.P., 

Ince R. and Arici E., Au T. and Baird D.L., Keras V., 

Augonis M., Adamukaitis N., Vaitekūnaitė E. and au-

thors [10] with parameters that differed significantly: 

the dimensions of the cube varied from 50 mm to 300 

mm; ratio h/lloc (ratio of the height of the cube to the 

length of the loading platform) was from 1 to 6.67; 

value of concrete tensile strength fct was from 0.4 MPa 

to 4.8 MPa; value of concrete strength under compres-

sion fc was from 3.87 MPa to 48 MPa; samples were 

concrete and fiber concrete: steel fiber content was 

from 25 kg/m3 to 40 kg/m3, basalt fiber was 18 kg/m3. 

It should be noted that all test samples were loaded with 

a square stamp, a rectangular stamp was used only in 

the author’s experiments. 

The results of the comparison are presented in tables 

2, 3, 4 and in fig. 7.  
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Table 2 – Comparison of the theoretical strength calculated according  

to the variational method with the experimental one for concrete cubes 
 

№ 
l×b×h,  

cm 

lloc,  

cm 
 = h / lloc  = fct / fc 

c

test
locc

f

f ,
 

c

culc
locc

f

f ,
 test

locc

culc
locc

f

f

,

,
 

1 2 3 4 5 6 7 8 

Samples of Gladyshev B.M. [11] 

1 20×20×20 5 4 0.103 4.85 5.07 1.04 

2 20×20×20 5 4 0.109 4.24 5.12 1.21 

3 20×20×20 5 4 0.099 4.81 4.99 1.04 

4 20×20×20 5 4 0.099 4.96 4.99 1.01 

5 20×20×20 5 4 0.103 3.47 3.85 1.11 

6 15×15×15 5 3 0.079 3.06 3.60 1.17 

7 25×25×25 10 2.5 0.119 2.88 3.53 1.22 

Piradov A.B. [12] 

1 30×30×30 5 5 0.05 5.34 5.48 1.03 

2 20×20×20 3 3 0.103 8.99 8.73 0.97 

3 20×20×20 3 3 0.099 8.05 8.55 1.06 

4 20×20×20 3 3 0.057 6.75 6.47 0.96 

5 15×15×15 3 3 0.079 5.28 5.62 1.07 

6 20×20×20 3 3 0.094 8.05 8.32 1.03 

7 20×20×20 3 3 0.099 8.60 8.55 0.99 

Dovzhenko O.O., Mytrofanov V.P. [13] 

1 20×20×20 5  4 0.08 4.11 4.55 1.11 

2 15×15×15  5  3 0.08 3.07 3.59 1.17 

3 15×15×15 5 3 0.08 2.73 3.59 1.31 

Ince R., Arici E. [14] 

1 5×5×5 2 2.5 0.13 4.72 3.61 0.76 

2 10×10×10 4 2.5 0.13 3.45 3.61 1.05 

3 20×20×20 8 2.5 0.13 2.9 3.61 1.24 

4 5×5×5 2 2.5 0.09 4.23 3.32 0.78 

5 10×10×10 4 2.5 0.09 3.64 3.32 0.91 

6 20×20×20 8 2.5 0.09 2.7 3.32 1.23 

7 5×5×5 4 2.5 0.09 3.99 3.32 0.83 

8 10×10×10 8 2.5 0.09 3.25 3.32 1.02 

9 20×20×20 4 2.5 0.09 3.57 3.29 0.92 

10 5×5×5 2 2.5 0.07 4.39 3.14 0.72 

11 10×10×10 4 2.5 0.07 3.46 3.14 0.91 

12 20×20×20 8 2.5 0.07 2.45 3.14 1.28 

13 10×10×10 2.5 4 0.09 6.36 4.90 0.77 

14 20×20×20 5 4 0.09 4.83 4.90 1.01 

Au T. and Baird D. L. [15] 

1 10×10×10 10 1 0.09 2.06 2.46 1.19 

2 10×10×10 8 1.25 0.09 2.77 2.66 0.96 
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Table 3 – Comparison of the theoretical strength calculated according  

to the variation method with the experimental strength according  

to the authors’ data for concrete samples 
 

№ 
l×b×h,  

cm 

lloc,  

cm 
 = h / lloc  = fct / fc 

c

test
locc

f

f ,
 

c

culc
locc

f

f ,
 test

locc

culc
locc

f

f

,

,
 

1 2 3 4 5 6 7 8 

1 15×15×15 5  3 0.07 3.62 3.48 0.96 

2 15×15×15 10 (5) 3 0.07 2.29 2.47 1.08 

3 15×15×15 15 (5) 3 0.07 1.95 2.25 1.15 

4 15×15×15 5 3 0.06 3.55 3.42 0.96 

5 15×15×15 10 (5) 3 0.06 2.26 2.46 1.08 

6 15×15×15 15 (5) 3 0.06 1.93 2.25 1.16 

7 15×15×15 5 3 0.06 3.54 3.41 0.96 

8 15×15×15 15 (5) 3 0.06 1.93 2.25 1.16 

 

 

Table 4 – Comparison of theoretical strength with experimental strength for fiber concrete samples 
 

№ 
l×b×h,  

cm 

lloc,  

cm 

Content 

of metal 

fibers, 

kg/m3 

 = h / lloc  = fct / fc 
c

test
locc

f

f ,
 

c

culc
locc

f

f ,
 test

locc

culc
locc

f

f

,

,
 

1 2 3 4 5 6 7 8 9 

Samples of Keras V.,  Augonis M., Adamukaitis N., Vaitekūnaitė E. [7] 

1 15×15×15 3 25 5 0.17 6.06 6.58 1.08 

2 15×15×15 3 25 5 0.17 6.06 5.41 0.89 

3 15×15×15 3 25 5 0.17 6.06 6.72 1.10 

4 15×15×15 3 25 5 0.17 6.06 5.59 0.92 

5 15×15×15 3 25 5 0.17 6.06 6.58 1.08 

6 15×15×15 3 30 5 0.15 5.75 5.03 0.87 

7 15×15×15 3 30 5 0.15 5.75 5.21 0.90 

8 15×15×15 3 30 5 0.15 5.75 5.35 0.93 

9 15×15×15 3 30 5 0.15 5.75 4.34 0.75 

10 15×15×15 3 30 5 0.15 5.75 5.97 1.04 

11 15×15×15 3 35 5 0.19 6.36 7.15 1.12 

12 15×15×15 3 35 5 0.19 6.36 6.62 1.04 

13 15×15×15 3 35 5 0.19 6.36 6.62 1.04 

14 15×15×15 3 35 5 0.19 6.36 7.77 1.22 

15 15×15×15 3 35 5 0.19 6.36 7.06 1.11 

16 15×15×15 3 40 5 0.15 5.75 6.14 1.06 

17 15×15×15 3 40 5 0.15 5.75 5.56 0.96 

18 15×15×15 3 40 5 0.15 5.75 5.02 0.87 

19 15×15×15 3 40 5 0.15 5.75 4.79 0.83 

20 15×15×15 3 40 5 0.15 5.75 5.63 0.98 

21 15×15×15 5.3 25 2.83 0.05 3.12 3.33 1.06 

22 15×15×15 5.3 25 2.83 0.05 3.12 2.37 0.76 

23 15×15×15 5.3 25 2.83 0.05 3.12 2.90 0.93 

24 15×15×15 5.3 25 2.83 0.05 3.12 2.97 0.95 
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Continuation of Table 4 

1 2 3 4 5 6 7 8 9 

25 15×15×15 5.3 30 2.83 0.05 3.12 3.15 1.01 

26 15×15×15 5.3 30 2.83 0.05 3.12 3.29 1.05 

27 15×15×15 5.3 30 2.83 0.05 3.12 3.11 0.99 

28 15×15×15 5.3 30 2.83 0.05 3.12 3.22 1.03 

29 15×15×15 5.3 35 2.83 0.11 3.27 4.17 1.06 

30 15×15×15 5.3 35 2.83 0.11 3.27 4.31 1.1 

31 15×15×15 5.3 35 2.83 0.11 3.27 4.40 1.12 

32 15×15×15 5.3 35 2.83 0.11 3.27 4.13 1.05 

33 15×15×15 5.3 40 2.83 0.05 3.12 3.27 1.05 

34 15×15×15 5.3 40 2.83 0.05 3.12 3.03 0.97 

35 15×15×15 5.3 40 2.83 0.05 3.12 3.07 0.98 

36 15×15×15 5.3 40 2.83 0.05 3.12 3.14 1.00 

 

 

According to the data of tables 2-4 and fig. 7, it can 

be claimed that the results obtained by the proposed 

method are fairly close to the experimental data: the av-

erage arithmetic value of the ratio of theoretical 

strength to experimental strength is m=1.02 with a co-

efficient of variation ν=13.16%. 

 

Similarly, a comparative analysis of the theoretical 

strength calculated according to the standards [17 - 22] 

and some author’s methods showed much worse statis-

tical indicators: the best convergence is given by the 

standard method of DSTU [18] 0.78m = , 

22.52% = , the worst one – by the method of ACI 

and NZ standards [21, 22], 0.28m = , 30.01% = , 

among the authors’ methods the best indicators were of 

the proposed method by V.G. Kvasha [23]: 0.81m = , 

52.32% = , the worst indicators – S.K. Niyogi [24] 

0.43m = , 16.71% = . 

 

 

 

 

 

 

 

 

 

 

 

 

Experimental data: 

 

 

Figure 7 ‒ Comparison of the theoretical strength obtained  

by the variational method with the experimental one 
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Conclusions 

The failure character of cubes under one-sided central 

local compression, which is taken as a basis for theo-

retical calculations under the conditions of a space 

stress state, has been confirmed. The use of basalt fiber 

(length 12 mm, diameter 20 μm, percentage content - 

0.2%) does not fundamentally change the failure char-

acter of the samples, but it occurs more plastically. 

Changing the width of the loading platform (from a 

square to a strip stamp) affects the magnitude of local 

compression stresses: within the limits of the experi-

ment, they decrease up to 2 times. The addition of bas-

alt fiber increases the strength characteristics of con-

crete (by approximately 25% the in compression and 

tension), reduces the probability of brittle failure and 

the presence of microcracks in concrete, and ultimately 

increases the resistance of concrete to local compres-

sion. 

 

The statistical indicators of the comparison of the the-

oretical strength, calculated according to the proposed 

method, with the experimental one (arithmetic mean 

value of the theoretical strength to the experimental one 

1.02m =  with the coefficient of variation 13.16% =

) indicate their sufficient proximity and allow recom-

mending the variational method in the theory of con-

crete plasticity as a method for calculating the strength 

of concrete (fiber concrete) under local compression. 
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