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Abstract 
 

In the paper it is  presented a methodology that allows the calculation of the axial reaction of the beams 
transversally loaded. 
The solution is put under the form of origin parameters and may be applied to any type of external loads 
and limit conditions. The results obtained are analysed in a calculus example. 
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General Equations 
 

A straight beam subjected to bending is considered. The origin parameters are: vo; 

ϕο; Μο; Το (fig. 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The differential equation of the elastic curve of the beam is [2] : 
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where  M(x) is the bending moment in the current section and the product EI represents the 

bending rigidity of the beam. 
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Fig. 1. The origin parameters of the beam 
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The bending moment can be expressed by reducing from the origin : 
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Replacing (2) into (1), it results : 
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If the following notation is accepted : 

 

                                                     
EI

N
k o=2

                                                                     (4) 

 

the solution of the differential equation (3) can be put under the form : 
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The C1 and C2 constants can be calculated from the limit conditions : 
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Using the limit conditions (6) the constants C1 and C2 can be written under the form : 
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Replacing (7) in (5) it results the expression of the deflection of the beam : 
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The particular solution v  is a function of the external loads of the beam and can be expressed 

using a translation of the starting point in the corresponding terms of the (8) relation. 

Taking into consideration the differential relations between shear force and bending moment 

and the external loads [3], it can be calculated the expressions of the slope, bending moment and 

shear force : 
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In the mentioned relations the TM ,,ϕ  terms represent the particular solutions of the 

respective functions. 

The relation (11) can be corrected by expressing the shear force on the deformed shape of the 

beam, using the differential relation [3] : 
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The relations (8) and (9) can be used for any types of external loads and limit conditions. 

The General Algorithm 

The calculation of the axial reactions from the bounds of the beams that are transversally loaded 

is very important because these reactions are usually neglected and the effect of such forces may 

increase the values of stresses. 

In this respect, it is important to establish the values of the axial forces as exactly possible. 

The relations (8) and (9) can solve this problem by using the limit conditions that correspond to 

the external bounds of the beam. 

In order to reach some numerical results two cases are considered : a double supported beam at 

the extremities loaded with a concentrated force (fig. 2a) and a double embedded beam loaded 

with the same force (fig. 2b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For the case presented in figure 2a, the known origin parameters are 0=ov  and 0=oM . 

From the limit conditions ( 0,0 ==⇒= Mvlx ) the constants ϕo and To are determined, the 

function of the axial reaction No which is still unknown and after that the length of the elastic 

curve of the beam is calculated with the relation: 
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Fig. 2. A beam subjected to an external load 
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where ϕ1 and ϕ2 are the slopes of the beam in the [0, a] and respective [a, l] intervals. The 

difference between the length of the elastic curve and the initial length of the beam has to be the 

same with those produced by the axial reaction : 
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The relation (14) can be corrected, to improvement  the precision with the influence of the axial 

component of the shear force in the deformed shape of the beam : 
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where T1 and T2 are the shear forces on the two intervals of the beam. 

If the shear forces are supposed to be nearly constant, the relation (15) can be written in the 

simplified form : 
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The No unknown can be determined by solving the (14) and (16) equations. 

In the case presented in figure 2b, the limit conditions in origin are vo=0 and ϕo=0 and in the 

end of the beam v(l)=0 and ϕ(l)=0. Using the above conditions, the Mo and To parameters can 

be determined. 

 

Calculus Example 
 
In order to exemplify the calculus methodology presented above it is considered a beam 

identically with those presented in [2]. The geometrical characterises of the beam are : the 

length l = 1m, the external force F= 260 N, the longitudinal elasticity modulus                          

E = 210000 N/mm
2
. The cross sectional area of the beam is a rectangle with the dimensions 

b=40 mm and h = 6 mm. 

For the two cases presented in figure 2, it is necessary to calculate the axial force in origin in the 

hypothesis that the external force F acts at 500 mm, 300 mm and 100 mm from the starting 

point. 

In order to solve numerically the equations(14) or (16), a specialised calculus programme has 

been realised to calculate the first root of the above equations . 

The following results have been obtained : 

o for the case presented in figure 2a : 
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- for the case presented in figure 2b : 

 

    

                                                                                     No = 5264 N 

 

 

 

                                                                                      No = 3781 N 

 

 

 

                                                                                      No = 292.4 N 

 

 

 

It can be noticed that in comparison with the results presented in [2] the differences are 5% for 

the first case (fig. 2a) and 8%  for the second case (fig. 2b). 

Conclusions 

The methodology presented in this paper allows the calculation of the axial force for any other 

external loads and limit conditions. 

The formulation of the origin parameters in the deflection of the beam simplify the using of the 

limit conditions  
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O metodă de calcul a reacţiunilor axiale pe bare drepte 

Rezumat 
 

În lucrare se prezintă o metodologie de determinare a reacţiunii axiale pe bare drepte static 
nedeterminate. Metodologia este importantă deoarece acest efect era neglijat până în prezent şi 
evidenţierea sa poate avea efecte în special în lagărele arborilor supralegaţi solicitaţi transversal. 
Metodologia prezentată este aplicabilă oricăror tipuri de legături şi oricăror sarcini transversale. 

Soluţia ecuaţiei diferenţiale obţinute este pusă sub forma parametrilor în origine, ceea ce facilitează 
determinarea constantelor din condiţii la limită. Rezultatele obţinute sunt analizate pe un exemplu de 
calcul şi sunt comparate cu rezultate obţinute în alte lucrări în care se  utilizează metode aproximative. 

 
 


