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 In this paper a new high order element is proposed for analysis of beams with shear deformation effect. 
In each node of this element there exist translation and rotation degrees of freedom. The element’s 
formulation is based on the first-order shear deformation theory (FSDT). For this aim, displacement 
field of the element is selected from fifth order. Moreover, the shear strain is varied as quadratic 
function throughout the element. It is worth noting that the quadratic function can be used for axial 
displacement field. By employing curvature and shear strain relations of Timoshenko beam theory, the 
exact and explicit shape functions of the displacement fields are obtained. By utilizing these shape 
functions, beam elements’ stiffness matrix is also calculated. Finally, several numerical tests are 
performed to assess the robustness of the suggested element. The results of the numerical testes prove 
the absence of the shear locking and high accuracy and efficiency of the proposed element for analysis 
of beam and frame structures. It should be mentioned, due to utilizing fifth order function for 
displacement field, the proposed element calculates the exact solution for displacements and internal 
forces throughout the element for triangular distributed loads. 
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Fig. 1 3-node proposed Timoshenko beam element 
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Table 1 Tip deflection of cantilever beam  

 RIE [18]   HOE [18]   
586.8  -  -  1 
586.8  550.6  553.3  2 
586.8  577.7  579.9  4 
586.8  584.6  585.8  8 

586.8  586.9   

  .= 6.452 × 10 m (10 in ) 
= 4.16 × 10 m (10 in )  .

2 
2 3 4 4  .

= 44.48 kN (10 lb)  .
=

.
N m lb ft      
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Table 2 Displacements at node 3 for the plane frame 

    [19]  IIE [3]  RIE [3]    
0.83898  0.83898  0.83843  0.83898  0.84765   
0.68123  0.68123  0.68107  0.68123  0.68056   
0.96206  0.96206  0.96715  0.96206  0.86647   

Fig. 2 Plane frame geometry with applied loads 
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Fig. 3 Transversal deflection for the vertical element 
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Fig. 4 Rotation for the vertical element 
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Fig. 5 Bending moment for the vertical element  
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Fig. 6 Shear force for the vertical element 
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