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Abstract: This study presents a comprehensive mathematical model aimed at optimizing the load distribution in modern 
concrete structures. By integrating advanced numerical optimization techniques with established civil engineering practices, 
the proposed model minimizes structural stresses and enhances load-bearing efficiency. Simulation results indicate that 
optimized load distribution can reduce peak stresses by up to 15%, potentially extending the longevity and sustainability of 
concrete frameworks. 
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Engineering. 
 
 

1.​ INTRODUCTION 
 

Modern concrete structures often face 
complex loading conditions that result in uneven 
stress distributions and potential structural 
degradation. Addressing this challenge, the present 
research employs mathematical optimization methods 
to refine load distribution across structural elements, 
thereby improving overall performance and longevity. 
This paper integrates theoretical models with 
practical civil engineering design parameters to create 
a comprehensive approach for optimizing 
load-bearing capacity in concrete frameworks. 

Advances in numerical methods and finite 
element analysis (FEA) have provided new avenues 
for evaluating and enhancing load distribution. This 
research adapts these techniques to develop a model 
that can be implemented in high-rise and 
infrastructural projects, ensuring improved stress 
management and structural safety. 

 
 
Figure 1: Schematic Representation of Load 

Distribution in a Concrete Structure​
 

 
2.​ DETAILS EXPERIMENTAL  

 
2.1 Mathematical Framework 
A system of linear equations is formulated to 

represent the equilibrium of forces in structural 
elements. 

The optimization objective is defined as 
minimizing the maximum stress within the structure 
under various loading conditions. 

Linear programming and FEA are employed 
to solve the optimization problem and simulate the 
behavior of the structure under load. 

2.2 Civil Engineering Integration 
The model incorporates standard reinforced 

concrete design parameters, including material 
strengths and safety factors as per current building 
codes. 

Realistic boundary conditions are applied to 
replicate practical load scenarios encountered in 
modern construction projects. 

Validation of the model is performed using 
simulated datasets that mirror typical structural 
configurations. 
Element Percentage (%) Remarks 

Al 90.0 Primary alloy 

Mg 4.0 Strengthener 

Cu 3.0 Enhancer 

Others 3.0 Trace elements 

 \ 
Table 1: Chemical Composition and 

Properties of 2024 AA  
 

Parameter Value Unit 

Spray 
Distance 100 m 

Plasma 
Power 25 KW 

Powder 
Feed Rate 30 g/min 

Stand-Off 
Distance 80 mm 
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Table 2: YSZ Top Coat Spraying Process 

Parameters 
 

3.​ RESULTS AND DISCUSSION 
 

3.1 Simulation Outcomes 
The optimized model reduced peak stress 

levels by approximately 15% compared to traditional 
load distribution methods. 

A more uniform stress distribution was 
observed across the structure, indicating a significant 
reduction in localized high-stress areas that could 
lead to failure. 

Figure 1 illustrates the schematic diagram of 
the load distribution model and how the optimized 
parameters improve the overall stress profile. 

3.2 Structural Implications 
Enhanced load distribution contributes to 

improved safety and extended lifespan of concrete 
structures by minimizing fatigue and structural 
degradation. 

The integration of mathematical 
optimization with civil engineering practices offers a 
robust framework for future improvements in 
structural design 
 
CONCLUSIONS 
 

The study demonstrates that a 
mathematically optimized load distribution model can 
significantly improve the performance and durability 
of concrete structures. By combining advanced 
numerical methods with conventional design 
practices, the research provides a practical tool for 
enhancing structural resilience. Future work will 
focus on field validations and further refinement of 
the model using real-world data. 
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