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The method of the calculation case determining for biaxial bent reinforced concrete T-shaped elements using a complete con-
crete deformation diagram is presented. Analytical dependences are presented in tabular form, according to which it is possible 
to determine the neutral line position case in the cross-section of the reinforced concrete element. The given analytical depend-
ences use the concrete relative strains level in the most compressed fiber. It allows the determination of the change of the 
neutral line position from the beginning of loading till the destruction moment of the reinforced concrete beam element.  
This approach will allow to determine both the bearing capacity and the serviceability limit state of biaxial bent reinforced 
concrete T-section beams 
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Викладено методику визначення випадку розрахунку залізобетонних елементів з тавровим поперечним перерізом на 
дію косого згинання з використанням повної діаграми деформування бетону. Проаналізовано напружено-деформова-
ний стан залізобетонних таврових балок, для опису якого необхідно знати, як у поперечному перерізі розташовується 
нейтральна лінія, положення якої характеризується такими параметрами: висотою стиснутої зони Х, кутом нахилу θ 
нейтральної лінії до горизонтальної вісі та рівнем відносних деформацій бетону в найбільш стиснутій фібрі ηm.  
Складність визначення параметрів полягає у різноманітності форм, яких може набувати стиснута зона бетону: трику-
тник, трапеція, п’ятикутник та шестикутник Представлено три групи форм, кожна з яких містить у собі чотири випадки 
розташування нейтральної лінії в перерізі. Продемонстровано, як відбувається перехід однієї форми стиснутої зони в 
іншу при збільшенні кута нахилу зовнішньої силової площини в кожній з трьох груп форм. Вивчено, які граничні 
випадки можуть виникати при переході від однієї форми до іншої. Зазначено, за якими виразами визначається прина-
лежність до однієї з трьох груп форм. Представлено у табличній формі аналітичні залежності, за якими можна визна-
чити випадок положення нейтральної лінії у перерізі залізобетонного елемента. У наведених аналітичних залежностях 
використовується рівень відносних деформацій бетону в найбільш стиснутій фібрі поперечного перерізу залізобетон-
ного елемента таврового профілю, що дає змогу визначати зміну положення нейтральної лінії від початку прикладання 
навантаження до моменту руйнування залізобетонного балкового елемента. Такий підхід дозволить виконувати роз-
рахунки залізобетонних таврових балок, що зазнають косого згинання, як за несучою здатністю, так і за придатністю 
до нормальної експлуатації 

 
Ключові слова: косе згинання, форма стиснутої зони, положення нейтральної лінії, залізобетонна таврова балка,  
граничні випадки. 
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Introduction 
For the development of the construction industry, 

there is a need to constantly improve knowledge about 
the processes that occur in structures from external 
loads. 

A significant number of the reinforced concrete beam 
elements in buildings and structures are influenced by 
causes that bring about complex types of deformation – 
biaxial bending and torsion. Therefore, there is a need 
for a more accurate stress-strain state analysis of such 
elements, for which the priority is to determine the neu-
tral line position in the normal section.  

 
Review of research sources and publications 
Studies of beam elements under influence of complex 

deformations are clarified in [1 – 9]. The analysis of the 
stress-strain state in the biaxial bent beam elements 
with the rectangular section is presented in [5 – 7], and 
with the T-section – in [1, 5]. 

 
Definition of unsolved aspects of the problem 
The description of the compressed zone forming pro-

cess in the T-section reinforced concrete elements is 
presented using rectangular [1] and two-line [5] stress 
distribution diagrams in the compressed concrete zone 
of the normal cross-section. Differentiation of calcula-
tion cases for T-section elements using a complete dia-
gram of concrete deformation was not observed. 

 
Problem statement 
In calculations of both the bearing capacity and the 

serviceability limit state to describe the stress-strain 
state of a biaxial bent T-section reinforced concrete 
beam, it is necessary to know how the neutral line is 
located in its cross-section under the influence of exter-
nal load. Therefore, the aim is to show how the forms 
of the compressed concrete zone are systematized into 
groups and how the calculation case for the T-section 
elements is determined. 

 
Basic material and results 
According to the analysis of literature sources, in re-

inforced concrete T-section beams under the influence 
of external load, the phenomenon of biaxial bending al-
most always occurs.  

External load causes changes in the stress-strain state 
of the beam element. In order to describe this state, it is 
necessary to know how the neutral line (the line that 
separates the compressed and stretched zones of con-
crete) is located in the cross-section. Its position in turn 
is characterized by the following parameters: the height 
X of the concrete compressed zone, the angle θ of neu-
tral line inclination to the horizontal axis, and the value 
of the concrete relative strain level in the most com-
pressed fiber ηm. The analysis has shown that the values 
of these parameters can generally vary within the fol-
lowing limits: 0 ≤ θ ≤ 90º, 0 ≤ X ≤ hcosθ, 0 ≤ ηm ≤ 2,7. 
They can be used as boundary characteristics. 

All possible causes of the neutral line position in the 
normal section of the reinforced concrete T-section 
beam are systematized into three groups (Tables 1 – 3). 

Analytical dependencies are used to determine belong-
ing to one of the three groups: 
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where beff, heff. beff,1 – geometric parameters of the T-
shaped cross-section in the reinforced concrete bending 
element; 

X – the height of the compressed concrete zone under 
simple bending, which is determined using the formula 
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where fyd – the calculated value of the tensile reinforce-
ment resistance; 

fcd – the calculated value of the concrete compressive 
strength; 

As – the cross-sectional area of the reinforcement; 
ω (θ; ηm) – the completeness coefficient of the stress 

distribution diagram in the compressed concrete zone 
under simple bending. 

With increasing the angle of the external force plane 
inclination in each group, there is a change from one 
form to another in a certain sequence. When transfer-
ring from one form to another, the neutral line occupies 
a certain limit position, which reduces the number of 
unknown geometric parameters. This makes it possible 
to determine at what angle the inner force plane is in-
clined with such a neutral line position. Using the par-
allel criterion for planes of external and internal mo-
ments action, the conventional angle β’ can be deter-
mined with the formula 
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where db, dh – the projections of the distance from the 
most compressed concrete fiber to the application point 
of stress resultant in stretched reinforcement on the Х0 
та Y0 axes respectively. 

Tables 1 – 3 show the analytical dependences that al-
low to calculate the value of the inclination angle of the 
force plane for each limit case in each group. The deri-
vation of the completeness coefficients of the stress dis-
tribution diagram in the compressed concrete zone un-
der complex bending is described in [10]. 

To determine the case of the neutral line position in 
the group, it is necessary to compare the actual inclina-
tion angle of the external force plane to the vertical axis 
with the conditional angle of the internal force plane for 
extreme cases. If the actual inclination angle is greater 
than the conditional angle of the first limit case in one 
of the three groups, it is necessary to proceed to the 
comparison with the conditional angle of the second 
limit case. If it is greater again, then compare with the 
third limit case, and if smaller, the compression zone 
actual shape is between the first and second limit cases. 
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Table 1 – The first group of shapes 

Shapes of the compressed zone Limit cases 
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Table 2 – The second group of shapes 

Shapes of the compressed zone Limit cases 
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Table 3 – The third group of shapes 

Shapes of the compressed zone Limit cases 
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Conclusions 
Special attention should be paid to T-beams due to the 

variety of shapes that can be generated in a compressed 
area of concrete. For convenience, all forms of the com-
pressed concrete zone are systematized into three 
groups depending on the initial position of the neutral 
line in the cross-section. In each group, there are limit 
cases that allow determining the shape of the com-
pressed zone for the biaxial bended reinforced concrete 
T-beam.  

 
 

 
Analytical dependences for determining the inclina-

tion angle of the force plane for limit cases are written 
depending on the level of relative deformations in the 
compressed zone of concrete, which allows determin-
ing how the neutral line is located at different load lev-
els. 

The presented method for determining the case of the 
neutral line position allows determining both the bear-
ing capacity and the serviceability limit state of biaxial 
bended reinforced concrete T-section beams. 
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