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Introduction 
 

The efficiency and economy of construction largely depends on the successful 
introduction of new construction technologies and materials, the use of new equipment 
and the development of calculation and design methods. Modern materials and 
technologies make it possible to develop new constructive solutions for buildings and 
structures, reduce the duration of their construction, reduce labor costs for construction 
work, and also extend the duration of their operation. Basically, this is achieved due to 
a qualitative increase in the strength characteristics of materials [5…8]. 

Reinforced concrete is one of the most common structural materials used in 
construction, but it has two main disadvantages - high self-weight and low crack 
resistance. The main ways to reduce self-weight and increase the crack resistance of 
reinforced concrete structures are: the use of higher-strength concrete and prestressing 
in structures. Reinforced concrete works especially effectively when prestressed in two 
directions [5…8]. 

One of the ways to increase the strength and stiffness properties of concrete is the 
introduction of various composite admixtures into its composition. In this quality, steel 
fibers are becoming more and more widespread. This material was named - steel fiber 
concrete (SFС). Thanks to the introduction of steel fibers into the concrete matrix, its 
structure changes, as internal reinforcing elements appear, which make it possible to 
increase the tensile strength during bending - by 1.5...2.5 times, and most importantly, 
to reduce the deformability of the material by 10...20 times in comparison with the 
corresponding characteristics of the concrete matrix. No less significant is the 
improvement of a number of other characteristics of the material, such as frost 
resistance, waterproofness, corrosion resistance, heat resistance, resistance to abrasion 
and impact, etc. 

 
 
 
 
 

 
4Authors: Zhuravskyi Oleksandr Dmytrovych 
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4.1. Methodology for calculating bending elements of rectangular cross-section, 
reinforced with ordinary and pre-stressed reinforcement, as well as steel 
fiber 
 
Consider a bending element of rectangular cross-section, reinforced with steel 

fiber and rod ordinary and pre-stressed reinforcement in the compressed and stretched 
sections of the cross-section. The stress-strain state of a rectangular combined-
reinforced section is shown in Fig. 1. 

 
Figure 1 - Stress-deformed state of a rectangular combined-reinforced bending 

element 
 

The criterion for the exhaustion of the load-bearing capacity along the normal 
section of the steel fiber concrete (SFС) of the element is the destruction of the SFС 
when the fiber deformations reach the limit values  𝜀𝜀𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = −2𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐/𝐸𝐸𝑐𝑐𝑐𝑐. Then the 
value of the ultimate bending moment in the direction of one of the axes 𝑀𝑀𝑢𝑢 for SFС 
bending elements of rectangular section with pre-stressed reinforcement, it is 
recommended to determine according to the formulas (Fig. 1): 

𝑏𝑏𝑓𝑓𝑐𝑐𝑐𝑐𝑘𝑘𝑐𝑐
ℵ

∑ 𝑎𝑎𝑘𝑘
𝑘𝑘+1

𝛾𝛾𝑘𝑘+1 − 3
4
𝑏𝑏𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐(ℎ− 𝑥𝑥1)5

𝑘𝑘=1 + ∑ 𝜎𝜎𝑠𝑠𝑠𝑠𝐴𝐴𝑠𝑠𝑠𝑠𝑛𝑛
𝑖𝑖=1 = 0;                 (1) 

𝑏𝑏𝑓𝑓𝑐𝑐𝑐𝑐𝑘𝑘𝑐𝑐

ℵ
2 ∑ 𝑎𝑎𝑘𝑘

𝑘𝑘+2
𝛾𝛾𝑘𝑘+2 − 11

24
𝑏𝑏𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐(ℎ− 𝑥𝑥1)25

𝑘𝑘=1 + ∑𝑛𝑛
𝑖𝑖=1 𝜎𝜎𝑠𝑠𝑠𝑠𝐴𝐴𝑠𝑠𝑠𝑠(𝑥𝑥1 − 𝑧𝑧𝑠𝑠𝑠𝑠) −𝑀𝑀 = 0.  

(2) 
In formulas (1), (2) according to [4]: 

ℵ = �1
𝑟𝑟
� - curvature of the curved axis in the section (1/m): 

ℵ = �1
𝑟𝑟
� = 𝜀𝜀𝑐𝑐(1)−𝜀𝜀𝑐𝑐(2)

ℎ
;                                      (3) 
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𝜀𝜀𝑐𝑐(1) - relative deformations of steel fiber concrete in the compressed cross-
sectional area; 

𝜀𝜀𝑐𝑐(2) - relative deformations of steel fiber concrete in the stretched cross-
sectional area; 

γ - ratio of relative compression strains εс(1) to the limit εсf1: 
𝛾𝛾 = 𝜀𝜀𝑐𝑐(1)

𝜀𝜀𝑐𝑐𝑐𝑐1
;
                                                    (4) 

𝑥𝑥1 - height of compressed zone (m): 
𝑥𝑥1 = 𝜀𝜀𝑐𝑐(1)

ℵ
;                                                 (5) 

ℵ - relative curvature: 

ℵ = ℵ
𝜀𝜀𝑐𝑐𝑐𝑐1

;                                                   (6) 

𝜎𝜎𝑠𝑠𝑠𝑠  - stress in the reinforcement; 
𝑧𝑧𝑠𝑠𝑠𝑠 - the distance from the center of gravity of the reinforcement to the extreme 

compressed face of the section; 
𝑎𝑎𝑘𝑘 - coefficients of the polynomial, which are determined depending on the 

experimental value of the prism strength of SFС according to the methodology [8].
 We present equations (1), (2) in the form 

𝑁𝑁𝑐𝑐𝑐𝑐 − 𝑁𝑁𝑐𝑐𝑐𝑐𝑐𝑐 + 𝑁𝑁𝑠𝑠 = 0;                                     (7) 
𝑀𝑀𝑐𝑐𝑐𝑐 + 𝑀𝑀𝑐𝑐𝑐𝑐𝑐𝑐 + 𝑀𝑀𝑠𝑠 = 𝑀𝑀,                                         (8) 

𝑁𝑁𝑐𝑐𝑐𝑐, 𝑀𝑀𝑐𝑐𝑐𝑐  - forces in the compressed zone of the SFC; 
𝑁𝑁𝑐𝑐𝑐𝑐𝑐𝑐 , 𝑀𝑀𝑐𝑐𝑐𝑐𝑐𝑐 - forces in the stretched zone of the SFC; 
𝑁𝑁𝑠𝑠, 𝑀𝑀𝑠𝑠 - total forces in the reinforcement. 
The value of internal forces 

𝑁𝑁𝑐𝑐𝑐𝑐 = 𝑏𝑏𝑓𝑓𝑐𝑐𝑐𝑐𝑘𝑘𝑐𝑐
ℵ

∑ 𝑎𝑎𝑘𝑘
𝑘𝑘+1

𝛾𝛾𝑘𝑘+15
𝑘𝑘=1 ;                                    (9) 

𝑁𝑁𝑐𝑐𝑐𝑐𝑐𝑐 = 3
4
𝑏𝑏𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐(ℎ− 𝑥𝑥1);                                        (10) 

𝑁𝑁𝑠𝑠 = 𝜎𝜎𝑠𝑠2𝐴𝐴𝑠𝑠2 + 𝜎𝜎𝑠𝑠𝑠𝑠2𝐴𝐴𝑠𝑠𝑠𝑠2 − 𝜎𝜎𝑠𝑠1𝐴𝐴𝑠𝑠1 − 𝜎𝜎𝑠𝑠𝑠𝑠1𝐴𝐴𝑠𝑠𝑠𝑠1;                        (11) 

𝑀𝑀𝑐𝑐𝑐𝑐 = 𝑏𝑏𝑓𝑓𝑐𝑐𝑐𝑐𝑘𝑘𝑐𝑐

ℵ
2 ∑ 𝑎𝑎𝑘𝑘

𝑘𝑘+2
𝛾𝛾𝑘𝑘+25

𝑘𝑘=1 ;                                         (12) 

𝑀𝑀𝑐𝑐𝑐𝑐𝑐𝑐 = 11
24
𝑏𝑏𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐(ℎ− 𝑥𝑥1)2;                                        (13) 

𝑀𝑀𝑠𝑠 = 𝐴𝐴𝑠𝑠1𝐸𝐸𝑠𝑠1ℵ(𝑥𝑥1 − 𝑧𝑧𝑠𝑠1)2 + 𝐴𝐴𝑠𝑠𝑠𝑠1𝐸𝐸𝑠𝑠𝑠𝑠1�ℵ�𝑥𝑥1 − 𝑧𝑧𝑠𝑠𝑠𝑠1� − 𝜀𝜀𝑝𝑝01��𝑥𝑥1 − 𝑧𝑧𝑠𝑠𝑠𝑠1� + 
+𝐴𝐴𝑠𝑠2𝐸𝐸𝑠𝑠2ℵ(𝑥𝑥1 − 𝑧𝑧𝑠𝑠2)2 + 𝐴𝐴𝑠𝑠𝑠𝑠2𝐸𝐸𝑠𝑠𝑠𝑠2�ℵ�𝑥𝑥1 − 𝑧𝑧𝑠𝑠𝑠𝑠2� − 𝜀𝜀𝑝𝑝02��𝑥𝑥1 − 𝑧𝑧𝑠𝑠𝑠𝑠2�,

     
(14) 

𝜀𝜀𝑝𝑝0𝑖𝑖  - relative deformations caused by the prestressing of the reinforcement, 
taking into account all losses. 

Stresses in normal and pre-stressed reinforcement: 
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𝜎𝜎𝑠𝑠𝑠𝑠 = 𝐸𝐸𝑠𝑠𝑠𝑠ℵ(𝑥𝑥1 − 𝑧𝑧𝑠𝑠𝑠𝑠);                                         (15) 
𝜎𝜎𝑠𝑠𝑠𝑠𝑠𝑠 = 𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠�ℵ�𝑥𝑥1 − 𝑧𝑧𝑠𝑠𝑠𝑠𝑠𝑠� − 𝜀𝜀𝑝𝑝0𝑖𝑖�.                                (16) 

Substituting expressions (5), (6), (15), (16) into equations (9)...(11), we obtain: 

𝑁𝑁𝑐𝑐𝑐𝑐 = 𝑏𝑏𝑓𝑓𝑐𝑐𝑐𝑐𝜀𝜀𝑐𝑐𝑐𝑐1𝑘𝑘𝑐𝑐
ℵ

∑ 𝑎𝑎𝑘𝑘
𝑘𝑘+1

𝛾𝛾𝑘𝑘+15
𝑘𝑘=1 ;                                    (17) 

𝑁𝑁𝑐𝑐𝑐𝑐𝑐𝑐 = 3
4
𝑏𝑏𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 �ℎ − 𝜀𝜀𝑐𝑐𝑐𝑐(1)

ℵ
� ;                                        (18) 

𝑁𝑁𝑠𝑠 = 𝐴𝐴𝑠𝑠2𝐸𝐸𝑠𝑠2ℵ(𝑥𝑥1 − 𝑧𝑧𝑠𝑠2) + 𝐴𝐴𝑠𝑠𝑠𝑠2𝐸𝐸𝑠𝑠𝑠𝑠2�ℵ(𝑥𝑥1 − 𝑧𝑧𝑠𝑠𝑠𝑠2) − 𝜀𝜀𝑝𝑝02� − 
−𝐴𝐴𝑠𝑠1𝐸𝐸𝑠𝑠1ℵ(𝑥𝑥1 − 𝑧𝑧𝑠𝑠1) − 𝐴𝐴𝑠𝑠𝑠𝑠1𝐸𝐸𝑠𝑠𝑝𝑝1�ℵ(𝑥𝑥1 − 𝑧𝑧𝑠𝑠𝑠𝑠1) − 𝜀𝜀𝑝𝑝01�;          (19) 

By substituting equations (17)...(19) into (7) and after transformations, we obtain 
the dependence for curvature 

ℵ =
−𝑏𝑏∑+�𝑏𝑏∑

2−4𝑎𝑎∑𝑐𝑐∑

2𝑎𝑎∑
,                                        (20) 

𝑎𝑎∑ = 𝐴𝐴𝑠𝑠1𝐸𝐸𝑠𝑠1𝑧𝑧𝑠𝑠1 + 𝐴𝐴𝑠𝑠2𝐸𝐸𝑠𝑠2𝑧𝑧𝑠𝑠2 + 𝐴𝐴𝑠𝑠𝑠𝑠1𝐸𝐸𝑠𝑠𝑠𝑠1𝑧𝑧𝑠𝑠𝑠𝑠1 + 𝐴𝐴𝑠𝑠𝑠𝑠2𝐸𝐸𝑠𝑠𝑠𝑠2𝑧𝑧𝑠𝑠𝑠𝑠2;              (21) 

𝑏𝑏∑ =
3
4 𝑏𝑏ℎ𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 − 𝜀𝜀𝑐𝑐𝑐𝑐(1)�𝐴𝐴𝑠𝑠1𝐸𝐸𝑠𝑠1 + 𝐴𝐴𝑠𝑠2𝐸𝐸𝑠𝑠2 + 𝐴𝐴𝑠𝑠𝑠𝑠1𝐸𝐸𝑠𝑠𝑠𝑠1 + 𝐴𝐴𝑠𝑠𝑠𝑠2𝐸𝐸𝑠𝑠𝑠𝑠2� + 

+𝐴𝐴𝑠𝑠𝑠𝑠1𝐸𝐸𝑠𝑠𝑠𝑠1𝜀𝜀𝑝𝑝01 + 𝐴𝐴𝑠𝑠𝑠𝑠2𝐸𝐸𝑠𝑠𝑠𝑠2𝜀𝜀𝑝𝑝02;                                     (22) 

𝑐𝑐∑ = −3
4
𝑏𝑏𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐𝜀𝜀𝑐𝑐𝑓𝑓(1) − 𝑏𝑏𝑓𝑓𝑐𝑐𝑐𝑐𝜀𝜀𝑐𝑐𝑐𝑐1𝑘𝑘𝑐𝑐 ∑

𝑎𝑎𝑘𝑘
𝑘𝑘+1

𝛾𝛾𝑘𝑘+15
𝑘𝑘=1 .                    (23) 

After determining the curvature ℵ its values are substituted into formulas 
(12)...(14) to determine moments 𝑀𝑀𝑐𝑐𝑐𝑐, 𝑀𝑀𝑐𝑐𝑐𝑐𝑐𝑐 and 𝑀𝑀𝑠𝑠. After that, using formula (8), we 
determine the bending moment M, which corresponds to the curvature ℵ. The 
calculation is performed step by step for each value of the relative deformations in the 
compressed cross-sectional area 𝜀𝜀𝑐𝑐(1), which successively increases in value 𝛥𝛥𝜀𝜀𝑐𝑐(1). 

At each step of the calculation, it is necessary to control the tension in the pre-
stressed reinforcement, which is located in the stretched zone of the section. For this, 
we use the «σ-ε» diagram for stressed steel (Fig. 2) [3]. 

When the stress value is reached 𝜎𝜎𝑠𝑠𝑠𝑠 ≥ 𝑓𝑓𝑝𝑝𝑝𝑝 in the following steps, the stress in the 
pre-stressed reinforcement must be determined according to the formula [8] 

𝜎𝜎𝑠𝑠𝑠𝑠 = 𝑓𝑓𝑝𝑝𝑝𝑝 + �𝑓𝑓𝑝𝑝𝑝𝑝
𝛾𝛾𝑠𝑠
− 𝑓𝑓𝑝𝑝𝑝𝑝�

𝜀𝜀𝑠𝑠𝑠𝑠−𝜀𝜀𝑝𝑝0
𝜀𝜀𝑢𝑢𝑢𝑢−𝜀𝜀𝑝𝑝0

,                                    (24) 

𝑓𝑓𝑝𝑝𝑝𝑝 = 𝑓𝑓𝑝𝑝0,1𝑘𝑘

𝛾𝛾𝑠𝑠
; 𝜀𝜀𝑝𝑝0 = 𝑓𝑓𝑝𝑝𝑝𝑝

𝐸𝐸𝑝𝑝
;    𝜀𝜀𝑢𝑢𝑢𝑢 = 0,9𝜀𝜀𝑢𝑢𝑢𝑢;  𝜀𝜀𝑠𝑠𝑠𝑠 = ℵ�𝑥𝑥1 − 𝑧𝑧𝑠𝑠𝑠𝑠� − 0,0021. 

 
To determine the load-bearing capacity of the SFC with pre-stressed 

reinforcement, an algorithm was developed, which is presented in the form of a block 
diagram (Fig. 3). 
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Figure 2 - Idealized and calculated «σ-ε» diagram for stressed steel [8] 

 
1. We enter the input data: parameters of the section b, h; parameters of the 

deformation diagram of reinforced concrete 𝑓𝑓𝑐𝑐𝑐𝑐, 𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐, 𝐸𝐸𝑐𝑐𝑐𝑐, 𝜀𝜀𝑐𝑐𝑐𝑐𝑐𝑐, 𝜀𝜀𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐, 𝜀𝜀𝑐𝑐𝑐𝑐1, 𝜀𝜀𝑐𝑐𝑐𝑐𝑐𝑐1; 
polynomial coefficients ak ; reinforcement parameters 𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠, 𝐴𝐴𝑠𝑠𝑠𝑠𝑠𝑠 , 𝜀𝜀𝑝𝑝0𝑖𝑖 , 𝐸𝐸𝑠𝑠𝑠𝑠, 𝐴𝐴𝑠𝑠𝑠𝑠; 
reinforcement step S along the axis perpendicular to what is being calculated; the 
distance from the upper compressed face of the section to the center of gravity of the 
reinforcement 𝑧𝑧𝑠𝑠𝑠𝑠𝑠𝑠 and 𝑧𝑧𝑠𝑠𝑠𝑠𝑠𝑠. 

2. At the first step, we determine the amount of lateral compression of the SFC 

from the pre-stressed reinforcement located along the axis Y 𝜎𝜎2 = 𝐸𝐸𝑠𝑠𝑠𝑠𝜀𝜀𝑝𝑝0
𝐴𝐴𝑠𝑠𝑠𝑠
ℎ⋅𝑆𝑆

. 

3. We determine the coefficient of increase in the strength of SFC under biaxial 

compression  𝑘𝑘𝑐𝑐 = 1,0 + 1,38 𝜎𝜎2
𝑓𝑓𝑐𝑐𝑐𝑐

− 1,15 � 𝜎𝜎2
𝑓𝑓𝑐𝑐𝑐𝑐
�
2
. 

4. We set the value of the initial deformations in the compressed cross-sectional 
area 𝜀𝜀𝑐𝑐(1) = 𝛥𝛥𝜀𝜀𝑐𝑐(1) = 0,1𝜀𝜀𝑐𝑐𝑐𝑐1. 

5. We determine the coefficient = 𝜀𝜀𝑐𝑐𝑐𝑐(1)

𝜀𝜀𝑐𝑐𝑐𝑐1
 . 

6. We define a polynomial 
∑ 𝑎𝑎𝑘𝑘

𝑘𝑘+1
𝛾𝛾𝑘𝑘+1 = 𝑎𝑎1

2
𝛾𝛾25

𝑘𝑘=1 + 𝑎𝑎2
3
𝛾𝛾3 + 𝑎𝑎3

4
𝛾𝛾4 + 𝑎𝑎4

5
𝛾𝛾5 + 𝑎𝑎5

6
𝛾𝛾6. 

7. We define the parameters 
𝑎𝑎∑ = 𝐴𝐴𝑠𝑠𝑠𝑠𝐸𝐸𝑠𝑠𝑠𝑠𝑧𝑧𝑠𝑠𝑠𝑠; 

𝑏𝑏∑ = 3
4
𝑏𝑏ℎ𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 − 𝐴𝐴𝑠𝑠𝑠𝑠𝐸𝐸𝑠𝑠𝑠𝑠𝜀𝜀𝑐𝑐𝑐𝑐(1) + 𝐴𝐴𝑠𝑠𝑠𝑠𝐸𝐸𝑠𝑠𝑠𝑠𝜀𝜀𝑝𝑝0; 

𝑐𝑐∑ = −3
4
𝑏𝑏𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐𝜀𝜀𝑐𝑐𝑐𝑐(1) − 𝑏𝑏𝑓𝑓𝑐𝑐𝑐𝑐𝜀𝜀𝑐𝑐𝑐𝑐1𝑘𝑘𝑐𝑐 ∑

𝑎𝑎𝑘𝑘
𝑘𝑘+1

𝛾𝛾𝑘𝑘+15
𝑘𝑘=1 . 
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Figure 3 - Block diagram for calculating the bearing capacity of bending SFC 

elements with pre-stressed reinforcement located in two directions 
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8. We determine the amount of curvature   ℵ =
−𝑏𝑏∑+�𝑏𝑏∑

2−4𝑎𝑎∑𝑐𝑐∑

2𝑎𝑎∑
. 

9. We determine the height of the compressed cross-sectional area 𝑥𝑥1 = 𝜀𝜀𝑐𝑐(1)

ℵ
. 

10. We determine the value of the relative curvature ℵ = ℵ
𝜀𝜀𝑐𝑐𝑐𝑐1

. 

11. We determine the amount of tension in the armature 
𝜎𝜎𝑠𝑠𝑠𝑠 = 𝐸𝐸𝑠𝑠𝑠𝑠�ℵ𝑖𝑖(𝑥𝑥1 − 𝑧𝑧𝑠𝑠𝑠𝑠) − 𝜀𝜀𝑝𝑝0�. 
12. We check the condition  𝜎𝜎𝑠𝑠𝑠𝑠1 ≥ 𝑓𝑓𝑝𝑝𝑝𝑝. If the condition is fulfilled, then the stress 

in the prestressed armature is determined by the formula 

𝜎𝜎𝑠𝑠𝑠𝑠 = 𝑓𝑓𝑝𝑝𝑝𝑝 + �𝑓𝑓𝑝𝑝𝑝𝑝
𝛾𝛾𝑠𝑠
− 𝑓𝑓𝑝𝑝𝑝𝑝�

𝜀𝜀𝑠𝑠𝑠𝑠−𝜀𝜀𝑝𝑝0
𝜀𝜀𝑢𝑢𝑢𝑢−𝜀𝜀𝑝𝑝0

, we: 𝑓𝑓𝑝𝑝𝑝𝑝 = 𝑓𝑓𝑝𝑝0,1𝑘𝑘

𝛾𝛾𝑠𝑠
; 𝜀𝜀𝑝𝑝0 = 𝑓𝑓𝑝𝑝𝑝𝑝

𝐸𝐸𝑝𝑝
;    𝜀𝜀𝑢𝑢𝑢𝑢 = 0,9𝜀𝜀𝑢𝑢𝑢𝑢; 

𝜀𝜀𝑠𝑠𝑠𝑠 = ℵ�𝑥𝑥1 − 𝑧𝑧𝑠𝑠𝑠𝑠� − 0,0021 and we go to paragraph 13. If the condition 𝜎𝜎𝑠𝑠𝑠𝑠1 ≥
𝑓𝑓𝑝𝑝𝑝𝑝 is not performed, then the tension is not recalculated and we proceed to paragraph. 

13. We determine the moment perceived by the compressed cross-sectional area 

𝑀𝑀𝑐𝑐𝑐𝑐 = 𝑏𝑏𝑓𝑓𝑐𝑐𝑐𝑐𝑘𝑘𝑐𝑐

ℵ
2 �𝑎𝑎1

3
𝛾𝛾3 + 𝑎𝑎2

4
𝛾𝛾4 + 𝑎𝑎3

5
𝛾𝛾5 + 𝑎𝑎4

6
𝛾𝛾6 + 𝑎𝑎5

7
𝛾𝛾7�. 

14. We determine the moment perceived by the stretched cross-sectional area 
            𝑀𝑀𝑐𝑐𝑐𝑐𝑐𝑐 = 11

24
𝑏𝑏𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐(ℎ− 𝑥𝑥1)2. 

15. We determine the moment perceived by the reinforcing bars 
𝑀𝑀𝑠𝑠 = 𝐴𝐴𝑠𝑠𝑠𝑠𝐸𝐸𝑠𝑠𝑠𝑠�ℵ�𝑥𝑥1 − 𝑧𝑧𝑠𝑠𝑠𝑠� − 𝜀𝜀𝑝𝑝0��𝑥𝑥1 − 𝑧𝑧𝑠𝑠𝑠𝑠�. 
16. We determine the moment in the section 𝑀𝑀 = 𝑀𝑀𝑐𝑐𝑐𝑐 + 𝑀𝑀𝑐𝑐𝑐𝑐𝑐𝑐 + 𝑀𝑀𝑠𝑠. 
17. We determine the magnitude of the relative deformations in the stretched 

cross-sectional area 𝜀𝜀𝑐𝑐(2) = 𝜀𝜀𝑐𝑐(1) − ℵ ⋅ ℎ and compare its values with the limit 
deformations 𝜀𝜀𝑐𝑐(2) ≥ 𝜀𝜀𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐. If the condition is not met, then we proceed to the second 
step of the calculation. If the condition is fulfilled, that is, the relative tensile 
deformations are equal to or exceed the limit values, then the calculation is completed 
and the moment value is taken as the bearing capacity М=Мu. 

18. In the second step, we increase the value 𝜀𝜀𝑐𝑐(1) by 𝛥𝛥𝜀𝜀𝑐𝑐(1) = 0,1𝜀𝜀𝑐𝑐𝑐𝑐(1) and we 
perform the calculation according to p.p. 5...17. 

19. Value М and ℵ at each step, we put the "moment-curvature" on the graph. 
The block diagram is implemented in the program Mathcad. 
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4.2. Effective pre-stressed slabs of airfield pavements 
 

For the arrangement of airfield surfaces and helipads, prefabricated reinforced 
concrete prestressed PAG-14 slabs are used, which correspond to the current DSTU B 
B.2.6-136:2010. Structures of buildings and structures. PAG-14 prestressed reinforced 
concrete slabs for airfield pavement [1]. The slabs have plan dimensions of 6.0× 2.0 m 
and a thickness of 140 mm (Fig. 4). 

 

  

 
Figure 4 - Precast reinforced concrete airfield plate PAG-14 

 
Slabs are made of C20/25 grade concrete and reinforced with longitudinal pre-
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stressed reinforcement 5Ø14Ат-V in two levels and C2 reinforcing meshes in two 
levels with reinforcement Ø5Вр-I with a step of 100 mm, located in the transverse 
direction of the slab, and 4Ø5Вр-I, located in the longitudinal direction of the plate 
(Fig. 5). In the end parts, grids C1 are arranged in two levels with reinforcement 
4Ø8А400С, located in the transverse direction of the plate, and 2Ø5Вр-I+2Ø8А400С, 
located in the longitudinal direction of the plate. 

 
Figure 5 - Scheme of PAG-14 airfield plate reinforcement 
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4.2.1. Calculation of the bearing capacity of the PAG-14 plate without steel fiber 
Cross-sectional dimensions b=2000 mm, h=140 mm (Fig. 6). 

 
а) 

  
б) 

Figure 6 - Estimated section of PAG-14 plate (a) and 
calculation parameters (b) 

 
Pre-stressed reinforcement in two levels of 5Ø14At-V: Аsp1=Аsp2=769 mm2;  

Esp=190000 MPа;  fpk=840 МPа; fp0,1k=765 МPа; εuk=0,018. Unstressed reinforcement 
in two levels according to 4Ø5Вр-І: Аs1=Аs2=79 mm2;  Esp=170000 MPа. Elongation 
of reinforcement, taking into account all losses, is εsp0= -0,002. The distance from the 
upper compressed face of the section to the center of gravity of the reinforcing bars 
zsp1=100 mm, zsp2=40 mm, zs1=105 mm, zs2=35 mm. 

Class of concrete С20/25: fcd=14,5 МPа, Ecd=23000 MPа, εc1=0,00165, 
εcu=0,00344. 

 
Polynomial coefficients: 

a1 a2 a3 a4 a5 
2,8785 -3,1586 1,7454 -0,52904 0,06374 

 
We perform the calculation according to the block diagram. The calculation 



Science for modern man ‘ 2023                                                                                                                                Part 2 

                                      ISBN  978-3-949059-71-1  MONOGRAPH                                                                                                       127 

results are summarized in Table 1. The "moment-curvature" graph is shown in Fig. 7. 
The bearing capacity of the plate is Мu=71,49 kNm. 

 

 
 

Figure 7 - "Moment-curvature" graph when calculating the PAG-14 plate 
without metal fiber 
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4.2.2. Calculation of the bearing capacity of the PAG-14 plate with steel fiber 
Cross-sectional dimensions b=2000 mm, h=140 mm (Fig.8). 
Pre-stressed reinforcement in two levels of 5Ø14At-V: Аsp1=Аsp2=769 mm2;  

Esp=190000 MPа;  fpk=840 МPа; fp0,1k=765 МPа; εuk=0,018. Unstressed reinforcement 
in two levels according to 4Ø5Вр-І: Аs1=Аs2=79 mm2;  Esp=170000 MPа. Elongation 
of reinforcement, taking into account all losses, is εsp0= -0,002. The distance from the 
upper compressed face of the section to the center of gravity of the reinforcing bars 
zsp1=100 mm, zsp2=40 mm, zs1=105 mm, zs2=35 mm. 

Class of concrete С20/25: fcd=14,5 МPа, Ecd=23000 MPа, εc1=0,00165, 
εcu=0,00344. 

Steel fiber STAFIB 50/1.0: ff=1000 МPа; lf=50 mm; df=1 mm; μfv=0,01. 
The calculated compressive strength of steel fiber concrete is determined 

according to DSTU [4]: 
We define the ratio (h/lf)=140/50=2,8 and (b/lf)=2000/50=40 and determine the 

coefficient kn=0,534. 
We determine the coefficient of efficiency of indirect fiber reinforcement: 

𝜑𝜑𝑓𝑓 =
5 + 𝐿𝐿

1 + 4,5𝐿𝐿 =
5 + 0,1967

1 + 4,5 ⋅ 0,1967 = 2,767, 

𝐿𝐿 =
𝑘𝑘𝑛𝑛2 ⋅ 𝜇𝜇𝑓𝑓𝑓𝑓 ⋅ 𝑓𝑓𝑓𝑓

𝑓𝑓𝑐𝑐𝑐𝑐
=

0,5342 ⋅ 0,01 ⋅ 1000
14,5 = 0,1967.

 
𝑓𝑓𝑐𝑐𝑐𝑐 = 𝑓𝑓𝑐𝑐𝑐𝑐 + �𝑘𝑘𝑛𝑛2 ⋅ 𝜑𝜑𝑓𝑓 ⋅ 𝜇𝜇𝑓𝑓𝑓𝑓 ⋅ 𝑓𝑓𝑓𝑓� = 14,5 + �0,5342 ⋅ 2,767 ⋅ 0,01 ⋅ 1000� =

= 22,36 М𝑃𝑃а. 
Coefficient 

𝐾𝐾𝑇𝑇 = �1 − �1,2− 80𝜇𝜇𝑓𝑓𝑓𝑓�
2 = �1 − (1,2 − 80 ⋅ 0,01)2 = 0,9165. 

𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 = 1,1𝑓𝑓𝑐𝑐𝑐𝑐 �𝐾𝐾𝑇𝑇
𝑘𝑘𝑜𝑜𝑜𝑜2 ⋅ 𝜇𝜇𝑓𝑓𝑓𝑓 ⋅ 𝑙𝑙𝑓𝑓

0,8 ⋅ 𝜂𝜂𝑓𝑓 ⋅ 𝑑𝑑𝑓𝑓,𝑟𝑟𝑟𝑟𝑟𝑟
+ 0,08 − 0,5𝜇𝜇𝑓𝑓𝑓𝑓� = 

= 1,1 ⋅ 14,5�0,9165
0,5342 ⋅ 0,01 ⋅ 50

0,8 ⋅ 0,9 ⋅ 1 + 0,08 − 0,5 ⋅ 0,01� = 1,49 М𝑃𝑃а. 

The modulus of elasticity of SFC is determined according to DSTU [4]:
 

𝐸𝐸𝑐𝑐𝑐𝑐 = 𝐸𝐸𝑐𝑐𝑐𝑐�1− 𝜇𝜇𝑓𝑓𝑓𝑓� + 𝐸𝐸𝑓𝑓𝜇𝜇𝑓𝑓𝑓𝑓 = 25000(1− 0,01) + 190000 ⋅ 0,01
= 24940 М𝑃𝑃а. 

Polynomial coefficients: 
a1 a2 a3 a4 a5 

2,51816 -2,14804 0,71003 -0,04839 -0,03169 
 

Relative deformations of SFC in compression 𝜀𝜀𝑐𝑐𝑐𝑐1 = 0,00176; 
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𝜀𝜀𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 0,00293. 
Relative deformations of SFC in tension 𝜀𝜀𝑐𝑐𝑐𝑐𝑐𝑐1 = 0,00018; 𝜀𝜀𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 0,00035. 

We perform the calculation according to the block diagram. The calculation 
results are summarized in Table 2. The "moment-curvature" graph is shown in Fig. 8. 
The bearing capacity of the plate is Мu=86,73 kNm. 

  
Figure 8 - "moment-curvature" graph when calculating the PAG-14 plate with 

steel fiber 
 

As a result of the comparative calculation, it was established that the bearing 
capacity of the PAG-14 plate, in which the reinforcing meshes were replaced by steel 
fiber, was Мu=86,73 kNm. The bearing capacity of the standard PAG-14 plate was  
Мu=71,49 kNm, which is 21.3 % less. 

The effectiveness of the steel fiber plate is that the steel fiber almost completely 
replaces the reinforcing mesh with a total weight of 72.0 kg. There are also no costs 
for the production of these grids. The comparative calculation showed that it is possible 
to reduce the amount of high-strength pre-stressed reinforcement to 10...15 %. 
Due to the good anti-abrasion properties of steel-reinforced concrete, their service life 
is much longer than that of reinforced concrete. 
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4.3. Effective pre-stressed road slabs 
 

Pre-stressed concrete slabs of the P60.38, P60.35 and P60.30 brands are used for 
the construction of road surfaces, which correspond to the current DSTU B V.2.6-
120:2010 [2]. Structures of buildings and structures. Reinforced concrete slabs for 
covering city roads. Plates of the P60.38 brand have dimensions in plan of 6.0×3.75 m, 
the P60.35 brand - 6.0×3.5 m, the P60.30 brand - 6.0×3.0 m and a thickness of 140 mm 
(Fig. 9). 

 
Plate brand L, mm B, mm h, mm 

P60.38 6000 3750 140 
P60.35 6000 3500 140 
P60.30 6000 3000 140 

Figure - 9. Precast reinforced concrete slabs of brands P60.38, P60.35 and 
P60.30 

 
The slabs are made of C25/30 grade concrete and reinforced with pre-stressed 

reinforcement in two directions (Fig. 10). The P60.38 slab is reinforced with 24Ø10At-
V reinforcement, located in the longitudinal direction of the slab in two levels, and 
18Ø12At-V, located in the transverse direction of the slab in the center. The P60.35 
plate is reinforced with 22Ø10At-V reinforcement, located in the longitudinal direction 
of the plate in two levels, and 18Ø12At-V, located in the transverse direction of the 
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plate in the center. The P60.30 slab is reinforced with 20Ø10At-V reinforcement, 
located in the longitudinal direction of the slab in two levels in two levels, and 
18Ø12At-V, located in the transverse direction of the slab in the center. 
 
4.3.1. Calculation of the bearing capacity of the P60.38 plate without steel fiber 

Cross-sectional dimensions b=3750 mm, h=140 mm (Fig. 11). 
 

 

 

Plate size, mm 
a b n l 

P60.38 350 200 9 3750 
P60.35 350 250 8 3500 
P60.30 350 175 7 3000 

Figure 10 - Scheme of plate reinforcement P60.38, P60.35 and P60.30 
 
Pre-tensioned reinforcement in two levels of 12Ø10At-V: Аsp1=Аsp2=942 mm2;  

Esp=190000 MPа;  fpk=840 МPа; fp0,1k=765 МPа; εuk=0,018. Elongation of 



Science for modern man ‘ 2023                                                                                                                                Part 2 

                                      ISBN  978-3-949059-71-1  MONOGRAPH                                                                                                       134 

reinforcement, taking into account all losses, is εsp0= -0,002. Distance from the upper 
compressed face of the section to the center of gravity of the reinforcing bars zsp1=105 
mm, zsp2=35 mm. The step of reinforcement along the axis perpendicular to the one 
that is calculated S=350 mm. 

  
a)                                                           b) 

Figure 11 - Estimated section of plate P60.38 (a) and 
calculation parameters (b) 

 
Class of concrete С25/30: fcd=17,0 МPа, Ecd=25000 MPа εc1=0,00169, εcu=0,00328. 
Polynomial coefficients: 

a1 a2 a3 a4 a5 
2,7404 -2,7649 1,3416 -0,35004 0,03295 

 
We perform the calculation according to the block diagram. The calculation results are 
summarized in Table 3. The "moment-curvature" graph is shown in Fig. 12. The 
bearing capacity of the plate is Мu= 144,9 kNm. 

 
Figure 12 - The "moment-curvature" graph when calculating the P60.38 plate 

without steel fiber 
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4.3.2. Calculation of the bearing capacity of the P60.38 plate with steel fiber 
Cross-sectional dimensions b=3750 mm, h=140 mm (Fig. 11). 
Pre-tensioned reinforcement in two levels of 12Ø10At-V: Аsp1=Аsp2=942 мм2;  

Esp=190000 MPа;  fpk=840 МPа; fp0,1k=765 МPа; εuk=0,018. Elongation of 
reinforcement, taking into account all losses, is εsp0= -0,002. Distance from the upper 
compressed face of the section to the center of gravity of the reinforcing bars zsp1=105 
mm, zsp2=35 mm. The step of reinforcement along the axis perpendicular to the one 
that is calculated S=350 mm. 

Class of concrete С20/25: fcd=14,5 МPа, Ecd=23000 MPа εc1=0,00165, 
εcu=0,00344. 

Steel fiber STAFIB 50/1.0: ff=1000 МPа; lf=50 mm; df=1 mm; μfv=0,01. 
The calculated compressive strength of steel fiber concrete is determined 

according to DSTU [4]: 
We define the ratio (h/lf)=140/50=2,8 and (b/lf)=2000/50=40 and determine the 

coefficient kn=0,534. 
We determine the coefficient of efficiency of indirect fiber reinforcement: 

𝜑𝜑𝑓𝑓 =
5 + 𝐿𝐿

1 + 4,5𝐿𝐿 =
5 + 0,1967

1 + 4,5 ⋅ 0,1967 = 2,767,
 

𝐿𝐿 =
𝑘𝑘𝑛𝑛2 ⋅ 𝜇𝜇𝑓𝑓𝑓𝑓 ⋅ 𝑓𝑓𝑓𝑓

𝑓𝑓𝑐𝑐𝑐𝑐
=

0,5342 ⋅ 0,01 ⋅ 1000
14,5 = 0,1967. 

𝑓𝑓𝑐𝑐𝑐𝑐 = 𝑓𝑓𝑐𝑐𝑐𝑐 + �𝑘𝑘𝑛𝑛2 ⋅ 𝜑𝜑𝑓𝑓 ⋅ 𝜇𝜇𝑓𝑓𝑓𝑓 ⋅ 𝑓𝑓𝑓𝑓� = 14,5 + �0,5342 ⋅ 2,767 ⋅ 0,01 ⋅ 1000� =
= 22,36 М𝑃𝑃а. 

Coefficient 

𝐾𝐾𝑇𝑇 = �1 − �1,2− 80𝜇𝜇𝑓𝑓𝑓𝑓�
2 = �1 − (1,2 − 80 ⋅ 0,01)2 = 0,9165. 

𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 = 1,1𝑓𝑓𝑐𝑐𝑐𝑐 �𝐾𝐾𝑇𝑇
𝑘𝑘𝑜𝑜𝑜𝑜2 ⋅ 𝜇𝜇𝑓𝑓𝑓𝑓 ⋅ 𝑙𝑙𝑓𝑓

0,8 ⋅ 𝜂𝜂𝑓𝑓 ⋅ 𝑑𝑑𝑓𝑓,𝑟𝑟𝑟𝑟𝑟𝑟
+ 0,08 − 0,5𝜇𝜇𝑓𝑓𝑓𝑓� = 

= 1,1 ⋅ 14,5�0,9165
0,5342 ⋅ 0,01 ⋅ 50

0,8 ⋅ 0,9 ⋅ 1 + 0,08 − 0,5 ⋅ 0,01� = 1,49 М𝑃𝑃а. 

The modulus of elasticity of SFB is determined according to DSTU [4]:
 

𝐸𝐸𝑐𝑐𝑐𝑐 = 𝐸𝐸𝑐𝑐𝑐𝑐�1− 𝜇𝜇𝑓𝑓𝑓𝑓� + 𝐸𝐸𝑓𝑓𝜇𝜇𝑓𝑓𝑓𝑓 = 25000(1 − 0,01) + 190000 ⋅ 0,01 =
= 24940 М𝑃𝑃а. 

Polynomial coefficients: 
a1 a2 a3 a4 a5 

2,51816 -2,14804 0,71003 -0,04839 -0,03169 
 

Relative deformations of SFC in compression 𝜀𝜀𝑐𝑐𝑐𝑐1 = 0,00176; 
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𝜀𝜀𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 0,00293. 
Relative deformations of SFB in tension 𝜀𝜀𝑐𝑐𝑐𝑐𝑐𝑐1 = 0,00018; 𝜀𝜀𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 0,00035. 
We perform the calculation according to the block diagram. The calculation 

results are summarized in Table 4. The "moment-curvature" graph is shown in Fig. 13. 
The bearing capacity of the plate is Мu=180,3 kNm. 

 

 
Figure 13 - The "moment-curvature" graph when calculating the P60.38 plate 

with steel fiber 
 

As a result of the comparative calculation, it was established that the bearing 
capacity of the P60.38 plate with metal fiber was Мu=180,3 kNm, which is more than 
the bearing capacity of a standard slab (Мu=144,9 kNm) by 24.4%. 

The efficiency of the plate with steel fiber is that the steel fiber makes it possible 
to reduce the amount of high-strength pre-stressed reinforcement from 24Ø10At-V to 
16Ø10At-V. At the same time, the bearing capacity of a plate with steel fiber is much 
higher. Also, the amount of pre-stressed reinforcement in the transverse direction is 
reduced by 15...20 %. 

Due to the good anti-abrasion properties of steel-reinforced concrete, their service 
life is much longer than that of reinforced concrete. 
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4.3.3. Calculation of the bearing capacity of the P60.35 plate without steel fiber 
Cross-sectional dimensions b=3500 mm, h=140 mm (Fig. 14). 
Pre-tensioned reinforcement in two levels of 11Ø10Ат-V: Аsp1=Аsp2=864 mm2;  

Esp=190000 MPа;  fpk=840 МPа; fp0,1k=765 МPа; εuk=0,018. Elongation of 
reinforcement, taking into account all losses, is εsp0= -0,002. Distance from the upper 
compressed face of the section to the center of gravity of the reinforcing bars zsp1=105 
mm, zsp2=35 mm. The step of reinforcement along the axis perpendicular to the one 
that is calculated S=350 mm. 
 

  
а)                                                        б) 

Figure 14 - Estimated section of plate P60.35 (a) and 
calculation parameters (b) 

 
Class of concrete С25/30: fcd=17,0 МPа, Ecd=25000 MPа εc1=0,00169, 

εcu=0,00328. 
Polynomial coefficients: 

a1 a2 a3 a4 a5 
2,7404 -2,7649 1,3416 -0,35004 0,03295 

 
We perform the calculation according to the block diagram. The calculation 

results are summarized in Table 5. The "moment-curvature" graph is shown in Fig. 15. 
The bearing capacity of the plate is Мu= 134,4 kNm. 
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Figure 15 - The "moment-curvature" graph when calculating the P60.35 plate 
without steel fiber 

  



Science for modern man ‘ 2023                                                                                                                                Part 2 

                                      ISBN  978-3-949059-71-1  MONOGRAPH                                                                                                       141 

 
 
 
 
 
 
 
  

T
ab

le
 5

 - 
R

es
ul

ts
 o

f c
al

cu
la

tio
n 

of
 b

ea
ri

ng
 c

ap
ac

ity
 o

f P
60

.3
5 

pl
at

e 
w

ith
ou

t m
et

al
 fi

be
r 



Science for modern man ‘ 2023                                                                                                                                Part 2 

                                      ISBN  978-3-949059-71-1  MONOGRAPH                                                                                                       142 

4.3.4. Calculation of the bearing capacity of the P60.35 plate with steel fiber 
Cross-sectional dimensions b=3750 mm, h=140 mm (Fig. 11). 
Pre-tensioned reinforcement in two levels of 7Ø10Ат-V: Аsp1=Аsp2=550 mm2;  

Esp=190000 MPа;  fpk=840 МPа; fp0,1k=765 МPа; εuk=0,018. Elongation of 
reinforcement, taking into account all losses, is εsp0= -0,002. Distance from the upper 
compressed face of the section to the center of gravity of the reinforcing bars zsp1=105 
mm, zsp2=35 mm. The step of reinforcement along the axis perpendicular to the one 
that is calculated S=350 mm. 

Class of concrete С20/25: fcd=14,5 МPа, Ecd=23000 MPа εc1=0,00165, 
εcu=0,00344. 

Steel fiber STAFIB 50/1.0: ff=1000 МPа; lf=50 mm; df=1 mm; μfv=0,01. 
The calculated compressive strength of steel fiber concrete is determined 

according to DSTU [4]: 
We define the ratio (h/lf)=140/50=2,8 and (b/lf)=2000/50=40 and determine the 

coefficient kn=0,534. 
We determine the coefficient of efficiency of indirect fiber reinforcement: 

𝜑𝜑𝑓𝑓 =
5 + 𝐿𝐿

1 + 4,5𝐿𝐿 =
5 + 0,1967

1 + 4,5 ⋅ 0,1967 = 2,767,
 

𝐿𝐿 =
𝑘𝑘𝑛𝑛2 ⋅ 𝜇𝜇𝑓𝑓𝑓𝑓 ⋅ 𝑓𝑓𝑓𝑓

𝑓𝑓𝑐𝑐𝑐𝑐
=

0,5342 ⋅ 0,01 ⋅ 1000
14,5 = 0,1967. 

𝑓𝑓𝑐𝑐𝑐𝑐 = 𝑓𝑓𝑐𝑐𝑐𝑐 + �𝑘𝑘𝑛𝑛2 ⋅ 𝜑𝜑𝑓𝑓 ⋅ 𝜇𝜇𝑓𝑓𝑓𝑓 ⋅ 𝑓𝑓𝑓𝑓� = 14,5 + �0,5342 ⋅ 2,767 ⋅ 0,01 ⋅ 1000� =
= 22,36 М𝑃𝑃а. 

Coefficient 

𝐾𝐾𝑇𝑇 = �1 − �1,2− 80𝜇𝜇𝑓𝑓𝑓𝑓�
2 = �1 − (1,2 − 80 ⋅ 0,01)2 = 0,9165. 

𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 = 1,1𝑓𝑓𝑐𝑐𝑐𝑐 �𝐾𝐾𝑇𝑇
𝑘𝑘𝑜𝑜𝑜𝑜2 ⋅ 𝜇𝜇𝑓𝑓𝑓𝑓 ⋅ 𝑙𝑙𝑓𝑓

0,8 ⋅ 𝜂𝜂𝑓𝑓 ⋅ 𝑑𝑑𝑓𝑓,𝑟𝑟𝑟𝑟𝑟𝑟
+ 0,08 − 0,5𝜇𝜇𝑓𝑓𝑓𝑓� = 

= 1,1 ⋅ 14,5�0,9165
0,5342 ⋅ 0,01 ⋅ 50

0,8 ⋅ 0,9 ⋅ 1 + 0,08 − 0,5 ⋅ 0,01� = 1,49 М𝑃𝑃а. 

The modulus of elasticity of SFB is determined according to DSTU [4]:
 

𝐸𝐸𝑐𝑐𝑐𝑐 = 𝐸𝐸𝑐𝑐𝑐𝑐�1− 𝜇𝜇𝑓𝑓𝑓𝑓� + 𝐸𝐸𝑓𝑓𝜇𝜇𝑓𝑓𝑓𝑓 = 25000(1 − 0,01) + 190000 ⋅ 0,01 =
= 24940 М𝑃𝑃а. 

Polynomial coefficients: 
a1 a2 a3 a4 a5 

2,51816 -2,14804 0,71003 -0,04839 -0,03169 
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Relative deformations of SFC in compression 𝜀𝜀𝑐𝑐𝑐𝑐1 = 0,00176; 
𝜀𝜀𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 0,00293. 
Relative deformations of SFB in tension 𝜀𝜀𝑐𝑐𝑐𝑐𝑐𝑐1 = 0,00018; 𝜀𝜀𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 0,00035. 
We perform the calculation according to the block diagram. The calculation 

results are summarized in Table 6. The "moment-curvature" graph is shown in Fig. 16. 
The bearing capacity of the plate is Мu=152,2 kNm. 
 

 
Figure 16 - The "moment-curvature" graph when calculating the P60.35 plate 

with steel fiber 
 

As a result of the comparative calculation, it was established that the bearing 
capacity of the P60.35 plate with steel fiber was Мu=152,2 kNm, which is more than 
the bearing capacity of a standard slab (Мu=134,4 kNm) by 13,2%. 

The efficiency of the plate with steel fiber is that the steel fiber makes it possible 
to reduce the amount of high-strength pre-stressed reinforcement from 22Ø10At-V to 
14Ø10At-V. At the same time, the bearing capacity of a plate with steel fiber is much 
higher. Also, the amount of pre-stressed reinforcement in the transverse direction is 
reduced by 15...20 %. 

Due to the good anti-abrasion properties of steel-reinforced concrete, their service 
life is much longer than that of reinforced concrete. 
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4.3.5. Calculation of the bearing capacity of the P60.30 plate without steel fiber 
Cross-sectional dimensions b=3000 mm, h=140 mm (Fig. 17). 
Pre-tensioned reinforcement in two levels of 10Ø10Ат-V: Аsp1=Аsp2=786 mm2;  

Esp=190000 MPа;  fpk=840 МPа; fp0,1k=765 МPа; εuk=0,018. Distance from the upper 
compressed face of the section to the center of gravity of the reinforcing bars zsp1=105 
mm, zsp2=35 mm. The step of reinforcement along the axis perpendicular to the one 
that is calculated S=350 mm. 

  
а)                                                     б) 

Figure 17 - Estimated section of plate P60.30 (a) and 
calculation parameters (b) 

 
Class of concrete С25/30: fcd=17,0 МPа, Ecd=25000 MPа εc1=0,00169, 

εcu=0,00328. 
Polynomial coefficients: 
a1 a2 a3 a4 a5 

2,7404 -2,7649 1,3416 -0,35004 0,03295 
 

We perform the calculation according to the block diagram. The calculation 
results are summarized in Table 7. The "moment-curvature" graph is shown in Fig. 18. 
The bearing capacity of the plate is Мu=117,8 kNm. 
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Figure 18 - The "moment-curvature" graph when calculating the P60.30 plate 

without steel fiber 
 
4.3.6. Calculation of the bearing capacity of the P60.30 plate with steel fiber 

Cross-sectional dimensions b=3000 mm, h=140 mm (Fig. 17). 
Pre-tensioned reinforcement in two levels of 6Ø10Ат-V: Аsp1=Аsp2=471 mm2;  

Esp=190000 MPа;  fpk=840 МPа; fp0,1k=765 МPа; εuk=0,018. Elongation of 
reinforcement, taking into account all losses, is εsp0= -0,002. Distance from the upper 
compressed face of the section to the center of gravity of the reinforcing bars zsp1=105 
mm, zsp2=35 mm. The step of reinforcement along the axis perpendicular to the one 
that is calculated S=350 mm. 

Class of concrete С20/25: fcd=14,5 МPа, Ecd=23000 MPа εc1=0,00165, 
εcu=0,00344. 

Steel fiber STAFIB 50/1.0: ff=1000 МPа; lf=50 mm; df=1 mm; μfv=0,01. 
The calculated compressive strength of steel fiber concrete is determined 

according to DSTU [4]: 
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We define the ratio (h/lf)=140/50=2,8 and (b/lf)=2000/50=40 and determine the 
coefficient kn=0,534. 

We determine the coefficient of efficiency of indirect fiber reinforcement: 

𝜑𝜑𝑓𝑓 =
5 + 𝐿𝐿

1 + 4,5𝐿𝐿 =
5 + 0,1967

1 + 4,5 ⋅ 0,1967 = 2,767,
 

𝐿𝐿 =
𝑘𝑘𝑛𝑛2 ⋅ 𝜇𝜇𝑓𝑓𝑓𝑓 ⋅ 𝑓𝑓𝑓𝑓

𝑓𝑓𝑐𝑐𝑐𝑐
=

0,5342 ⋅ 0,01 ⋅ 1000
14,5 = 0,1967. 

𝑓𝑓𝑐𝑐𝑐𝑐 = 𝑓𝑓𝑐𝑐𝑐𝑐 + �𝑘𝑘𝑛𝑛2 ⋅ 𝜑𝜑𝑓𝑓 ⋅ 𝜇𝜇𝑓𝑓𝑓𝑓 ⋅ 𝑓𝑓𝑓𝑓� = 14,5 + �0,5342 ⋅ 2,767 ⋅ 0,01 ⋅ 1000� =
= 22,36 М𝑃𝑃а. 

Coefficient 

𝐾𝐾𝑇𝑇 = �1 − �1,2− 80𝜇𝜇𝑓𝑓𝑓𝑓�
2 = �1 − (1,2 − 80 ⋅ 0,01)2 = 0,9165. 

𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 = 1,1𝑓𝑓𝑐𝑐𝑐𝑐 �𝐾𝐾𝑇𝑇
𝑘𝑘𝑜𝑜𝑜𝑜2 ⋅ 𝜇𝜇𝑓𝑓𝑓𝑓 ⋅ 𝑙𝑙𝑓𝑓

0,8 ⋅ 𝜂𝜂𝑓𝑓 ⋅ 𝑑𝑑𝑓𝑓,𝑟𝑟𝑟𝑟𝑟𝑟
+ 0,08 − 0,5𝜇𝜇𝑓𝑓𝑓𝑓� = 

= 1,1 ⋅ 14,5�0,9165
0,5342 ⋅ 0,01 ⋅ 50

0,8 ⋅ 0,9 ⋅ 1 + 0,08 − 0,5 ⋅ 0,01� = 1,49 М𝑃𝑃а. 

The modulus of elasticity of SFB is determined according to DSTU [4]:
 

𝐸𝐸𝑐𝑐𝑐𝑐 = 𝐸𝐸𝑐𝑐𝑐𝑐�1− 𝜇𝜇𝑓𝑓𝑓𝑓� + 𝐸𝐸𝑓𝑓𝜇𝜇𝑓𝑓𝑓𝑓 = 25000(1 − 0,01) + 190000 ⋅ 0,01 =
= 24940 М𝑃𝑃а. 

Polynomial coefficients: 
a1 a2 a3 a4 a5 

2,51816 -2,14804 0,71003 -0,04839 -0,03169 
 

Relative deformations of SFC in compression 𝜀𝜀𝑐𝑐𝑐𝑐1 = 0,00176; 
𝜀𝜀𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 0,00293. 
Relative deformations of SFB in tension 𝜀𝜀𝑐𝑐𝑐𝑐𝑐𝑐1 = 0,00018; 𝜀𝜀𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 0,00035. 
We perform the calculation according to the block diagram. The calculation 

results are summarized in Table 8. The "moment-curvature" graph is shown in Fig. 19. 
The bearing capacity of the plate is Мu=130,5 kNm. 
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Figure 19 - The "moment-curvature" graph when calculating the P60.30 plate 
with steel fiber 

 
As a result of the comparative calculation, it was established that the bearing 

capacity of the P60.30 plate with steel fiber was Мu=130,5 kNm, which is more than 
the bearing capacity of a standard slab (Мu=117,8 kNm) by 10,8 %. 

The efficiency of the plate with steel fiber is that the steel fiber makes it possible 
to reduce the amount of high-strength pre-stressed reinforcement from 20Ø10At-V to 
12Ø10At-V. At the same time, the bearing capacity of a plate with steel fiber is much 
higher. Also, the amount of pre-stressed reinforcement in the transverse direction is 
reduced by 15...20 %. 

Due to the good anti-abrasion properties of steel-reinforced concrete, their service 
life is much longer than that of reinforced concrete. 
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Conclusions 
 

1. The proposed general algorithm for calculating bending elements of a 
rectangular cross-section reinforced with conventional and pre-stressed reinforcement, 
as well as steel fiber. 

2. The calculation method is based on the deformation theory of the calculation 
of reinforced concrete structures, taking into account the full "σ-ε" diagram for 
concrete and steel-reinforced concrete under compression. 

3. The method makes it possible to calculate two-way prestressed slabs. At the 
same time, the increase in strength of concrete and reinforced concrete under biaxial 
compression conditions is taken into account. 

4. As a result of a comparative calculation of the load-bearing capacity of the 
standard PAG-14 airfield coating board and a similar board in which the reinforcing 
meshes were replaced by steel fiber, it was established that the bearing capacity of the 
board with steel fiber is 21.3 % higher than the standard board. 

5. As a result of a comparative calculation of the bearing capacity of standard road 
slabs P60.38, P60.35, P60.30 and similar slabs in which steel fiber was included and 
the amount of tension reinforcement was reduced by 30...40%, it was established that 
the bearing capacity of slabs with steel fiber is higher than the standard one by 
10.8...24.4 %. 

6. The effectiveness of plates with steel fiber is that the steel fiber almost 
completely replaces the reinforcing mesh. There are also no costs for the production of 
these nets. It is also possible to reduce the amount of high-strength pre-stressed 
reinforcement to 10...15 %. 

7. Due to the good anti-abrasion properties of steel fiber concrete, the service life 
of airfield and road pavement slabs is much longer than that of reinforced concrete 
slabs. 

 
 
 
 
 
 
 
 
 
 




