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Abstract. Topology Optimization (TO) is the method used for maximizing the performance of the 
system by optimizing material arrangement inside an appropriate topology design operation, for 
an appropriate set of loads, boundary restraints, and constraints. This helps in the reduction of the 
materials which in turn reduces the cost of materials. In the current scenario, the price of the 
ingredients of the traditional concrete is very high. The implementation of TO gives a good impact 
on the economy of construction, as the materials are optimally placed in the plane of load 
distribution as per various loading condition. The Evolutionary Structural optimization (ESO) is 
used for topology optimization. The main merits of implementing topology optimization are that 
the cost, as well as the weight of the structural member, becomes more effective. Customarily 
MATLAB software is used for analysis and designing the member. This method will highly useful 
for the society and the environment. 
 
Introduction 
Topology optimization is a design process, where a mathematical concept in which the size and 
shape of the member are optimized. In 1994, the concept of topology optimization was introduced 
and implemented successfully at the University of Michigan. At first, the software Opti-struct was 
launched and officially used for topology optimization in the same year. The conventional design 
of the structural members leads to huge usage of materials which is expensive. On implementing 
the concept, the shape and size of the member are optimized which results in the reduction of the 
materials. Hence the total cost of the material will be reduced. This method uses the mechanism 
of finite element analysis. The technology of Topology Optimization (TO) is to increase the 
performance of the system by arranging the materials inside a topology optimization design 
operation, for an appropriate set of loads, boundary restraints, and constraints. This helps to 
reduction of materials which in turn reduces the cost of materials. In the current scenario, the price 
of the raw materials of the traditional concrete is very high in number. 

The implementation of TO gives a good impact on the economy of construction, as the materials 
are optimally placed in the plane of load distribution as per various loading condition. The 
MATLab software is used for topology optimization. The main merits of implementing topology 
optimization are the cost, as well as the weight of the structural member, becomes more effective. 
This method will be highly useful for society and the environment. In TO, the overall structure are 
designed by removing excess material from the structure such that the final design is lighter 
without compromising with the performance.   The   design    is    optimized    using either gradient-
based mathematical program techniques or the method of moving asymptotes or non-gradient-
based algorithms such as genetic algorithms. 

In 3-D TO Perle Geoffroy-Donders, et. al., researched about the homogenization process 
modified and orientated periodic microstructures. using the compliance minimization. Zi-Long 
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Zhao, et. al., deliberated the direct approach to control the topology in structural optimization using 
the control of complexity in the structure. Hao Li, et. al., had studied the multiphase composite 
frequency response structures with level sets using a new multiscale TO method. In a novel study 
of topology optimization, Khader M. Hamdia et al. looked into the flexoelectric nanostructures are 
designed using a computational material design process.. Willem Roux, et. al., studied the spatial 
kernel approach in topology optimization using the simply supported beam with a concentrated 
load. In concurrent optimization Yunfeng Luo et al. explored the discrete-continuous 
parameterization (DCP) in continuous material orientations and structural topologies. The method 
of consecutive iteration of analysis and design for large-scale TO using Eigen frequencies was 
explored by Zhan Kang et al. Shouyu Cai studied the adaptive bubble method in structural shape 
and topology optimization by introducing a hole in the specimen.  Yingjun Wang et al. used a 
multistory mesh, MGCG, and a local-update technique to examine efficient isogeometric topology 
optimization. 

In Bi-material topology optimization Ryan Alberdi, et. al., explored the detrition criteria with 
inertia and material rate effects using finite deformations. Hyeong Seok Koh, et. al., deliberated 
the study of TO in multicomponent structure using sub structuring-based model order reduction in 
an efficient way. Andrew T. Gaynor et al. debated the need of a projection-based TO approach to 
minimize occluded voids in additive manufacturing design. Jackson L. Jewett et. al., used hybrid 
bi-linear topology optimization to study the behavior in deep RC beams of strut-and-tie 
configurations. Weisheng Zhang, et.al, deliberated the study of explicit TO using the MMV 
(moving morphable void) method based on IGA. In inverse topology optimization Tsuyoshi 
Nomura et al. looked into the structure's design and fibre orientation using tensor field variables. 
In a reinforced cement concrete model, Hayoung Chung et al. explored the investigation of level-
set topology optimization utilizing nonlinear thermoelectricity. Yan Zhang, et. al., deliberated how 
to maximize the natural frequencies of non-homogeneous cellular structures using Kriging-
assisted multiscale TO. 

Zeng Meng et al. researched a To discuss epistemic and aleatory uncertainty, a new hybrid 
reliability-based TO technique combines fuzzy and probabilistic models. Using topology 
optimization Quoc Khanh Nguyen et al. investigated the zero lower bound on the physical density 
in material distribution.  In Stiffness-based optimization Vasileios S. Papapetrou, et. al., studied 
the Continuous fibre composites provide a foundation for topology and fibre routes. Siraj-ul-Islam, 
et. al., studied the parameterized level set based on structural optimization for localised radial basis 
functions. Jackson L. Jewett and colleagues investigated how to determine TO design, 
construction, and experimental evaluation of concrete beams.  Lei Zhao et. al., examined the 
structure topological optimization accompanied by dynamic fatigue restrictions under dynamic 
random loads. In topology optimization Jong Woo Lee, et. al., calculated the stress constraint using 
the layer wise theory of composite laminates.  Using regional stress and displacement solidity 
constraints, Haijun Xi et al. investigated uncertainty-oriented TO in parametric structures with 
intervals. In additive manufacturing Baoshou Liu, et. al., studied the TO of structures using local 
material uncertainties.  

The TO of stress-constrained structural parts was addressed the risk-factor technique by 
Tommaso Pastore et al. Carl-Johan Thore used the inertia relief approach to study the TO of freely 
floating elastic continua. Through snap-through behaviour, Hao Deng et al. investigated TO for 
energy dissipation design of lattice structures. In multiscale optimization Yan Zhang, et. al., 
explored the topological sketch in sandwich structures using graded cellular cores.  Using movable 
morphable components, Xianda Xie et al. checked hierarchical spline-based is geometric TO. 
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Oded Amir studied the procedure in TO for reinforced concrete structures. From the above survey, 
it is understood that many types of research have been done in the field of TO in various types of 
beams in various aspects. 
Mechanism in topology optimization 
The mechanism involved in the topology optimization is the compliant mechanism that is often 
applied in the field of mechanical engineering. This signifies that the compliant mechanism is a 
flexible method that utilizes elastic deformation that transforms force and motion. 
Procedure for topology optimization 
In software, the step-by-step procedure is as follows: 

 Modelling 
 Analysis 
 Optimizing 
 Remodelling 
 Producing manufacturing design 

Modelling: 
A model, in the broadest sense, is a three-dimensional representation of a structure, system, or 
technique. Model-based design is a method of developing digital representations to aid in the 
development of designs and decision-making. The commonly used software for modelling is: 

 ANSYS 
  AUTOCAD 
 ABAQUS 
 SOLIDWORKS, etc. 
 

Analysis: 
The activity of evaluating the effect of loads on structural systems and its constituents is 
characterized as analysis. The output of the study were used to confirm the structure's 
appropriateness for use, usually without the need for physical inspections. 
Optimizing: 
The act of optimization is defined as the process of finding the ideal response from a set of eligible 
selections. In many engineering challenges, the best answer is the problem's objective function's 
minimum or maximum value. 
Remodeling: 
Remodeling is described as the process of creating an optimized model with the same modelling 
software as before. The software used for modelling of the model and remodeling the optimized 
model is the same. 
Producing manufacturing design: 
Once the optimized model is remodeled in the software, it is ready to be fabricated for the 
construction purpose. The fabrication method is typically performed via 3D printing technology. 
In the field of construction, Construction components or complete buildings can be 'printed' using 
3D printing. The development of 3D printing could result in more precise and faster manufacture 
of complicated or bespoke objects, as well as lower labor costs and waste output. 
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Analytical study 
The Evolutionary structural optimization method is used for optimization. The program done in 
MATLAB software was taken from Liang Xia, et. al. in the year 2016. In this program, the function 
of six values is given as input, the material property of the specimen such as young’s modulus and 
poison’s ration is fixed value from the experiment. According to our simply support condition, the 
case falls into third condition. After giving the input the software starts, topology optimization of 
the structural beam element. Here a point to be noted is that general ratio of 1:8 is adopted for 
fixing the dimension of the specimen. Finally, the output obtained from the MatLab software will 
be done experimentally. 

 

 
Fig 1: MatLab program 

 
Output from the software: 
The program done in MATLab software consist of 3 different cases, each has a different support 
condition and point loading conditions.  
 
Case 1:  
The benchmark test conducted for this case, a propped cantilever beam condition, in which PL 
(point load) was put in at the left side of the support.  The corresponding result obtained by calling 
esoL (nelx, nely, volfrac, er, rmin, ctp) was found as shown in the fig 2.  Here nelx and nely are 
the number of elements to be present in vertical and horizontal direction respectively; volfrac 
represents the volume fraction prescribed; er indicates the evolutionary ratio; rmin denotes the 
filter radius; and ctp denotes the benchmark design type. 
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Fig 2: Optimized propped cantilever Beam  
Case 2: 
In the second case, benchmark test was conducted for cantilever beam, the load was applied at the 
free end.  The same six functions were called and the output is shown fig 3. 

 

Fig 3: Optimized Cantilever Beam  
Case 3: 
Simply support condition was considered with a roller-support at one end.  The type of loading 
condition is to be point load at the middle of the span, according to the conditions the output was 
found as shown in fig 4. 
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Fig 4: Optimized simply-supported beam  
Conclution: 
The topology optimization of the beam varies based on the protocols used based on the method 
selection. Here, the principle of mass topology optimization is used in the evolutionary structural 
optimization (ESO) method. The boon in using TO is cost-effective as the materials are provided 
only in the necessary areas. The raw materials get reduced. The design process is very rapid and 
gives a good sustainability. The fabrication process of the optimized beam is typical which the 
only bane in TO is. In this research the TO of beam is done using point load under different support 
conditions. The support conditions used were propped cantilever, cantilever and simply-supported. 
The application of the ESO method is facile. The methodology or the phenomena used is to inflate 
the stiffness and shrink the mass of the element. The load organization is in the form of truss action. 
The materials required for the truss action is retained and the remaining part in the specimen is 
abolished. From the outcomes, it is understood that ESO method optimizes the structural beam 
element based on the principle of truss action. Hence, truss-like topologies are obtained in the ESO 
method. 
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