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Abstract 
This study presents a finite element analysis (FEA) of a rectangular block subjected to uniaxial tension, modelled under plane stress conditions 

using MATLAB. The mechanical properties of the material are defined by a Young’s modulus of 200 GPa and a Poisson’s ratio of 0.3, with an applied 
normal traction of 75 MPa along the faces parallel to the x′-axis. The simulation results-including stress and strain distributions-are compared with 
theoretical analytical solutions derived from classical elasticity. The FEA model demonstrates excellent agreement with the theoretical predictions, 
validating the accuracy of the MATLAB implementation. This work serves as a practical exercise in computational mechanics, providing insight into 
stress–strain behaviour and FEA-based validation for linear elastic materials.
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Introduction

Finite Element Analysis (FEA) has become a fundamental 
tool in mechanical and civil engineering for analysing stress and 
strain in complex structures [1]. It provides a numerical approach 
to approximate the solution of boundary value problems in solid 
mechanics, especially when analytical solutions are impractical. This 
study focuses on a simple yet fundamental problem: a rectangular 
block under uniaxial tensile loading. Despite its apparent simplicity, 
this problem provides an ideal benchmark to validate FEA codes 
and assess numerical convergence and stress–strain behaviour in 
linear elastic materials [2-4]. The analysis of a block under uniaxial 
tension is a classical problem in elasticity, serving as a foundation 
for understanding more advanced structural behaviours. The 
problem allows researchers and students to verify computational 
accuracy while examining the influence of parameters such as 
material stiffness, Poisson’s ratio, and boundary conditions [5,6]. By 
comparing numerical predictions with analytical results, the study 
highlights how FEA captures deformation compatibility and stress 
equilibrium under well-defined loading conditions. Moreover, 
using MATLAB as the computational environment enables full 
transparency of the numerical formulation, offering flexibility 

for educational and research purposes. Unlike commercial FEA 
software such as ANSYS or Abaqus, MATLAB allows direct control 
over element matrices, boundary condition imposition, and post-
processing algorithms. This makes the implementation highly 
suitable for academic exercises in computational mechanics 
courses, where students can explore the numerical behaviour of 
finite element approximations and gain deeper insight into the 
mechanics of materials [7-10].

The objectives of this work are:

•	 To develop a MATLAB-based FEA model of a rectangular 
block under uniaxial tension.

•	 To analyse the stress and strain components obtained 
from the numerical model.

•	 To compare FEA results with theoretical predictions and 
evaluate discrepancies.

Methods

Problem Specification and Theoretical Background

The rectangular block, shown schematically in Figure 1, 
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is subjected to a uniform tensile traction of 75 MPa on the faces 
normal to the x′-axis. The block is assumed to be under plane stress 
conditions. The material parameters are:

	 Young’s modulus,   

	 Poisson’s ratio,  

For a uniaxial tension case, the theoretical stress and strain are 

obtained as:

 Thus, the theoretical strain values are:

These theoretical results serve as benchmarks for validating 
the FEA model.

Figure 1

Figure 1: Schematically of subjected.

Finite Element Modeling in MATLAB

The FEA model (Figure 2) was implemented using MATLAB to 

discretize the block into a structured mesh of quadrilateral plane 
stress elements. The essential steps are:

Figure 2: The FEA model’s mesh.
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•	 Geometry Definition: Rectangular domain representing 
the block dimensions.

•	 Material Properties: Assigned  200E GPa= ,  0.3.v =

•	 Boundary Conditions: Left edge fixed in the x-direction; 
uniform traction of 75 MPa applied on the right edge.

•	 Meshing: Regular mesh of elements generated to ensure 
numerical stability.

•	 Solution: The global stiffness matrix was assembled and 
solved for nodal displacements.

•	 Post-Processing: Stress and strain components computed 
and visualized using MATLAB contour plots.

The MATLAB script was developed to output stress distribution   

( ), ,x y xyσ σ τ  and strain components  ( ), , .x Y xyε ε γ

Figure 2

Result and Discussions 

(Figures 3,4) present the simulation results obtained from 
MATLAB for the rectangular block under uniaxial tension. The 

contour plots of  and  clearly indicate a uniform distribution, 
consistent with theoretical expectations. Minor numerical 
variations (<1%) were observed near boundary regions due to 
discretization effects [11-15].

Table 1

Table 1: Comparison with Theoretical Values.

Quantity Analytical FEA (MATLAB) Error (%)

 (MPa) 75 74.6 0.53

 3.75×10⁻⁴ 3.72×10⁻⁴ 0.8

 -1.125×10⁻⁴ -1.10×10⁻⁴ 2.2

The close agreement between FEA and theoretical results 
validates the accuracy of the MATLAB implementation. The 
model also provides visual insights into deformation behaviour, 
demonstrating uniform elongation along the loading axis and lateral 
contraction due to Poisson’s effect [16-19]. The residual error in 
numerical results is primarily attributed to mesh discretization and 
the linear interpolation used in plane stress elements. Increasing 
mesh refinement or using higher-order elements could further 
minimize this discrepancy [20-22].

Figures 3, 4

Figure 3: Simulation results obtained from MATLAB for the rectangular block under uniaxial tension 
xσ  
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Figure 4: Simulation results obtained from MATLAB for the rectangular block under uniaxial tension xε .

Conclusion

This study demonstrates the successful implementation of a 
MATLAB-based finite element model for analysing a rectangular 
block under uniaxial tension. The numerical results closely match 
the analytical solutions from classical elasticity, confirming the 
model’s accuracy. The project serves as an effective educational 
example for graduate students in computational mechanics, 
highlighting the relationship between numerical modeling and 
theoretical elasticity. Future work could extend this analysis to 
include non-linear materials or 3D stress states.
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