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2. Abstract 

In this report, static flexural behaviour of slender beams and thin plates made of only linear 
elastic isotropic material as well as beams and plates made of linear elastic isotropic material 
with layer of hyper-elastic material of Neo-Hookean type is presented. Rectangular beam is 
having simply-supported boundary conditions on both ends; square plate is simply-supported on 
all four edges. Both beam and plate are under the action of uniformly distributed transverse load.  
Maximum transverse deflections in above mentioned cases are obtained using three-dimensional 
finite element simulations in Abaqus. These values are compared with corresponding results 
available in the literature where ever present.  
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3. Introduction 

Beams and plates deform under the action of transverse loading. Shear deformation effects are 
one of the prominent physical phenomena which govern mechanical behaviour of beams and 
plates. Theoretical formulations exist for predicting deformation behaviour of beams and plates 
made of linear elastic isotropic material and hence generally 3D finite element simulation is not 
required for these cases. However, when such structures have material other than linear elastic 
isotropic material deformation behaviour is very difficult to obtain theoretically. 3D finite 
element simulation is the most suitable choice in this case. 

In this report, static flexural behaviour of slender beams and thin plates made of only linear 
elastic isotropic material as well as beams and plates made of linear elastic isotropic material 
with layer of hyper-elastic material of Neo-Hookean type is presented. Rectangular beam is 
having simply-supported boundary conditions on both ends; square plate is simply-supported on 
all four edges. Both beam and plate are under the action of uniformly distributed transverse load. 
Maximum transverse deflections in above mentioned cases are obtained using three-dimensional 
finite element simulations in Abaqus. These values are compared with corresponding results 
available in the literature where ever present. Effect of changing coefficients of Neo-Hookean 
material on static flexure of such beams and plates is studied.   
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4. Problem Statement  

Example 1.1: Slender isotropic beam with beam thickness ratio 1/100 and transverse uniformly 
distributed load 0.001 N/m with cross-sectional details as follows: 

 

 

 

 

 

Example 1.2: Slender bi-material beam with beam thickness ratio 1/100 and transverse uniformly 
distributed load 0.001 N/m with cross-sectional details as follows: 

 

 

 

 

 

 

Example 1.2.1: Neo-Hookean material properties C10=10 MPa, D1=0. 

Example 1.2.2: Neo-Hookean material properties C10=50 MPa, D1=0. 

Example 1.2.3: Neo-Hookean material properties C10=100 MPa, D1=0. 

 

Example 2.1: Thin isotropic plate with plate thickness ratio 1/100 and transverse uniformly 
distributed load 0.001 N/m2 with cross-sectional details as follows: 

 

 

 

Example 2.2 Thin bi-materal plate with plate thickness ratio 1/100 and transverse uniformly 
distributed load 0.001 N/m2 with cross-sectional details as follows: 
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Example 2.2.1: Neo-Hookean material properties C10=10 MPa, D1=0. 

Example 2.2.2: Neo-Hookean material properties C10=50 MPa, D1=0. 

Example 2.2.3: Neo-Hookean material properties C10=100 MPa, D1=0. 
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5. Geometry for examples under consideration 

 

Example 1.1 

 

Example 1.2 
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Example 2.1 

 

Example 2.2 
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6. Material Properties 

 

For examples 1.1 and 2.1 

 

For examples 1.2 and 2.2 
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7. Type of Element 

 

For examples 1.1, 1.2, 2.1 and 2.2 
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8. Mesh size 
For examples 1.1, 1.2, 2.1 and 2.2; mesh size is 0.1 

 

 

 

E.g., Examples 1.1 and 1.2 
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9. Assigning Loads and Boundary conditions 
1. In examples 1.1 and 1.2, beam is loaded by uniformly distributed transverse load (UDL). In examples 

2.1 and 2.2, plate is loaded by uniformly distributed transverse load. 
 

2. Beam is simply supported in both the ends. Plate is simply supported on all four edges.  
 

 

 

E.g., Examples 1.1 and 1.2 with applied UDL 
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E.g., Examples 1.1 and 1.2 with applied simply supported boundary conditions  

on one of the beam edge 
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10. Results and Discussion 

Screenshots presented below depict maximum deflection for simply supported beams (examples 1.1, 
1.2.1, 1.2.2 and 1.2.3) and simply supported plates (examples 2.1, 2.2.1, 2.2.2 and 2.2.3) under the 
action of UDL.  

 

Examples 1.1 with maximum deflection of 7.524e-8 m  

 

Examples 1.2.1 with maximum deflection of 7.525e-8 m  
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Examples 1.2.2 with maximum deflection of 7.477e-8 m  

 

Examples 1.2.3 with maximum deflection of 7.440e-8 m  
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Examples 2.1 with maximum deflection of 1.623e-8 m  

 

Examples 2.2.1 with maximum deflection of 2.002e-8 m  
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Examples 2.2.2 with maximum deflection of 1.956e-8 m  

 

Examples 2.2.3 with maximum deflection of 1.902e-8 m  
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For examples 1.1, 1.2.1, 1.2.2 and 1.2.3  

 
Maximum non-dimensional beam transverse displacement 

൬
w୫ୟ୶ 𝐸. 𝐼

q୭. Lସ
൰ 

 
h/L C10 (MPa) Abaqus FEA Literature (Ref. [1]) 
0.01 - 0.013167 0.0132 
0.01 10 0.013169 - 
0.01 50 0.013085 - 
0.01 100 0.013020 - 

 

For examples 2.1, 2.2.1, 2.2.2 and 2.2.3  

 
Maximum non-dimensional plate transverse displacement 

൬
w୫ୟ୶ 𝐷

q୭. Lସ
൰ 

 
h/L C10 (MPa) Abaqus FEA Literature (Ref. [2]) 
0.01 - 0.004287 0.00406 
0.01 10 0.005288 - 
0.01 50 0.005167 - 
0.01 100 0.005024 - 
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11. Convergence Study  
Convergence study is performed for example 1.1. The obtained optimum value of element size from this 
study is then utilized for examples 1.2, 2.1 and 2.2. 

 

 

Examples 1.1 with one element on beam cross-section 

 

Examples 1.1 with four elements on beam cross-section 
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Examples 1.1 with twenty five elements on beam cross-section 

 

Examples 1.1 with one hundred elements on beam cross-section 
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12. Conclusions  

1. For examples 1.1 and 2.1 with beam and plate made of linear, elastic, homogenous isotropic 
material; obtained values of maximum non-dimensional transverse displacements using 3D 
FEA match with corresponding analytical results reported in the literature. 

2. For examples 1.2 and 2.2 with beam and plate made of bi-material, obtained values of 
maximum non-dimensional transverse displacement using 3D FEA match to some extent 
with corresponding results obtained for examples 1.1 and 2.1. Reasons for the same are as 
follows: 
2.1 Layer of Neo-Hookean material added on isotropic material has lower value of C10 as 

compared to Young’s modulus of isotropic material. 
2.2 This leads to very small increase in stiffness of examples 1.2 and 2.2 as compared to 

that of examples 1.1 and 2.1.  
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