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Abstract 

This thesis presents a comprehensive study on the optimization of the intake tower structure 

at the Megech Dam using Genetic Algorithms (GAs). The Megech Dam, located in the 

Amhara National Regional State of Northwestern Ethiopia, serves as a crucial water supply 

and irrigation project. The intake tower, a pivotal component of the dam, regulates water 

flow from the reservoir, making its efficient design essential for the project's success. 

conventional design methodologies often struggle to address the multifaceted optimization 

challenges posed by complex structures like intake towers. Genetic Algorithms, however, 

offer a robust and adaptable solution by simulating the process of natural selection. This 

research develops and implements a GA-based optimization framework to enhance the 

structural efficiency and cost-effectiveness of the intake tower. The study identifies critical 

design parameters, formulates the optimization problem, and constructs the Genetic 

Algorithm framework, including the encoding of design variables and the application of 

selection, crossover, and mutation operations. The implementation of the GA is conducted 

using MATLAB, and the optimized designs are validated through Finite Element Analysis 

(FEA) using SAP2000. The results demonstrate that the GA-optimized intake tower 

structure significantly outperforms conventional designs in terms of material efficiency, 

structural strength, and cost reduction. This optimization not only ensures the successful 

performance of the Megech Dam project but also sets a precedent for future infrastructure 

projects in structural engineering. The study highlights the potential of Genetic Algorithms 

to deliver innovative and practical solutions for complex engineering challenges, 

contributing to the broader field of civil engineering. 

Key words: Intake Tower Structure, Reinforced Concrete, Genetic Algorithm,  

Design Optimization, MATLAB. 

 



 

1. Introduction 

1.1. Background 

Intake towers are crucial components of dam infrastructure, responsible for directing 

water from reservoirs to various systems for consumption, power generation, or 

irrigation. The design of these structures is highly complex due to the need for structural 

stability, hydraulic performance, and long-term durability under various environmental 

and operational loads. Optimizing intake tower design can significantly enhance 

efficiency, safety, and cost-effectiveness, which has been demonstrated in several 

engineering studies (Chakrabarti, 2005; Jain, 2012). 

The Megech Dam, located in the Amhara National Regional State in Northwestern 

Ethiopia, is a major water supply and irrigation project aimed at supporting agriculture 

and providing sustainable water resources to local communities. The intake tower of 

this dam plays a pivotal role in regulating water flow from the reservoir, and therefore, 

its design is essential for the project’s success. Studies on similar hydraulic structures, 

such as those by Nimrouzi and Kiani (2014) and Alireza et al. (2016), have emphasized 

the importance of optimizing both the structural and hydraulic aspects of such 

components. 

Genetic Algorithms (GAs) have been widely applied in engineering to solve complex 

optimization problems, particularly in cases where traditional methods fall short 

(Goldberg, 1989; Rajeev & Krishnamoorthy, 1992). This study aims to apply GAs to 

optimize the intake tower structure at the Megech Dam, using methods that have proven 

successful in similar contexts. 

1.2. Problem Statement 

The Megech Dam project is crucial for regional water supply and irrigation. A key 

component of the dam is the intake tower, which regulates water flow from the 

reservoir. Designing and constructing the intake tower involves managing multiple 

parameters, including structural dimensions, material properties, and environmental 

conditions (Smith, 2017). These factors must be balanced to achieve optimal 

performance, which presents significant challenges, particularly when using 

conventional design methods that struggle with large, complex design spaces 

(Chakrabarti, 2005). 

 



 

Several issues have arisen in the Megech Dam project. First, the project duration has 

significantly extended beyond initial estimates, leading to delays in the water supply 

and irrigation plans. Additionally, construction costs have exceeded budget projections, 

jeopardizing the financial feasibility of the project. Finally, the current intake tower 

design faces challenges related to structural efficiency and cost-effectiveness under 

varying operational conditions. Traditional methods have proven inadequate to 

comprehensively address these challenges (Nimrouzi & Kiani, 2014). 

This research proposes applying Genetic Algorithms to optimize the intake tower 

design. By employing GAs, this study aims to improve the performance and 

sustainability of the intake tower while reducing construction costs and improving 

project timelines. 

1.3. Objective of the study 

General objective: 

The primary objective of this study is to develop and implement a Genetic Algorithm-

based optimization framework for the design of the intake tower structure in the 

Megech Dam project.  

Specific objectives:  

➢ To develop an optimization framework for the intake tower structure using 

Genetic Algorithms. 

➢ To compare the Genetic Algorithm-optimized design with conventional designs 

using SAP2000. 

➢ To assess the structural performance of the intake tower under various loading 

and environmental conditions. 

1.4. Significance of the study 

The optimization of the intake tower structure using Genetic Algorithms (GAs) for the 

Megech Dam project is of substantial significance to several key aspects: 

1. Engineering Advancement: This study introduces a novel GA-based 

optimization framework specifically for intake tower structures. By 

demonstrating the effectiveness of GAs in solving complex structural design 

problems, this research contributes to the advancement of structural engineering 

practices, particularly in the design of hydraulic infrastructure. 

2. Economic Impact: By optimizing the design for both material efficiency and 

structural integrity, the study aims to significantly reduce the construction and 

operational costs of the intake tower. This directly impacts the overall financial 



 

viability of the Megech Dam project, ensuring long-term economic 

sustainability. 

3. Sustainability and Safety: The optimized design enhances the tower's resilience 

to environmental conditions such as seismic events and hydrostatic forces, 

thereby improving safety. Moreover, this research contributes to the broader 

field of sustainable dam design by minimizing material use and maximizing 

structural performance, ensuring the long-term viability of the infrastructure. 

4. Applicability to Future Projects: The findings of this research set a precedent 

for the use of Genetic Algorithms in optimizing other dam-related structures. 

The GA-based approach demonstrated here can be adapted to similar 

infrastructure projects, providing a replicable framework for future research and 

application in the field of civil engineering. 

1.5. Scope of the study 

This study focuses on the application of Genetic Algorithms (GAs) for optimizing the 

design of the intake tower structure for the Megech Dam project. The research includes 

the development of a GA-based optimization framework, its implementation, and the 

evaluation of its effectiveness in achieving an optimal structural design.  

Key design parameters, such as wall thickness, material grade, and tower dimensions, 

are optimized to enhance the structure’s efficiency and performance. Constraints, 

including safety regulations, budgetary limits, and operational requirements, are 

integrated into the optimization problem. 

The study compares the GA-optimized design with conventional methods, particularly 

designs obtained through SAP2000. The comparison emphasizes performance, cost-

effectiveness, and structural reliability under different environmental and loading 

conditions.  

1.6. Research Limitations 

While this study aims to provide a comprehensive optimization framework for the 

intake tower structure of the Megech Dam using Genetic Algorithms (GAs), certain 

limitations need to be acknowledged: 

1.  Modeling Simplifications: The study utilizes simplified models of the intake 

tower, which may not fully capture all real-world complexities, such as 

interactions with the surrounding dam structure and environment. This 

simplification is necessary to make the problem tractable for GA optimization. 



 

2. Computational Constraints: GAs can be computationally intensive, especially 

for large-scale problems with numerous design variables. The computational 

resources available for this study may limit the depth and extent of the 

optimization process. 

3. Parameter Sensitivity: The effectiveness of GAs is highly sensitive to the choice 

of parameters such as population size, mutation rate, and crossover rate. 

Suboptimal parameter settings could lead to less effective optimization results, 

and tuning these parameters can be challenging. 

4. Specificity to Megech Dam: The findings and methodologies developed in this 

study are specific to the Megech Dam project and its unique requirements. 

While the GA-based framework can be applied to similar projects, the specific 

results may not be directly transferable to other dams or intake tower structures 

without modification. 

5. Comparison with Conventional Methods: The comparison with conventional 

designs assumes that heuristic and experience-based approaches can be 

accurately replicated. Variability in expertise and experience among designers 

using these traditional methods may impact the fairness of the comparison. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

2. Literature Review 

2.1. Introduction 

This literature review aims to explore the state of the art in structural optimization with 

a focus on Genetic Algorithms (GAs) as applied to intake tower structures. The review 

is conducted to identify the critical advancements, methodologies, and gaps in the 

existing research. The study will begin by examining empirical research related to the 

application of GAs in optimizing complex structures, particularly intake towers. 

Theoretical aspects will be discussed to understand the foundational principles behind 

structural optimization using GAs, including their robustness in solving multi-objective 

problems. Methodological studies will be reviewed to gain insight into how GAs have 

been implemented in structural engineering, with a particular focus on the tools and 

techniques that have been applied successfully. Reviewing the specific methodologies 

and tools (such as MATLAB and SAP2000) used in previous studies to implement GAs 

in structural optimization. This section will highlight the practical approaches adopted 

by researchers and engineers, and the innovations in algorithmic frameworks. 

The literature review for this thesis adopts a specific-to-generic approach, beginning 

with studies directly related to the optimization of intake tower structures using Genetic 

Algorithms (GAs). This approach is valuable because it allows for a concentrated 

review of critical, domain-specific studies, ensuring that gaps in the specific area of 

intake tower optimization are well identified. By later broadening the review to include 

general studies on GAs in structural engineering, the research draws insights from a 

broader context, which can potentially inform solutions to the identified gaps. 

The review follows a systematic protocol to ensure comprehensive coverage of relevant 

literature. The protocol involves: 

➢ Identifying key studies in the field through academic databases.  

➢ Screening these studies based on their relevance to GAs and intake tower 

optimization. 

➢ Categorizing the selected studies into empirical, theoretical, and methodological 

sections. 

➢ Analyzing the research findings to identify gaps and opportunities for further 

research. 



 

2.2. Genetic Algorithms in Structural Optimization 

2.2.1. Overview of Genetic Algorithms 

Genetic Algorithms (GAs) are heuristic optimization techniques inspired by the process 

of natural selection. Since their inception by John Holland in 1975, GAs have evolved 

significantly and are now widely utilized for solving complex optimization problems 

that are difficult to address using conventional methods (Holland, 1975). Goldberg 

(1989) was instrumental in popularizing GAs in engineering, demonstrating their 

capability to handle multi-objective optimization tasks with diverse constraints. In 

structural engineering, GAs are particularly valued for their ability to navigate large, 

nonlinear search spaces and find near-optimal solutions efficiently. 

Recent advancements in GAs have further enhanced their application in structural 

optimization. For example, Deb (2019) introduced multi-objective GAs (MOGAs) that 

allow for the simultaneous optimization of multiple conflicting objectives, such as 

minimizing material usage while maximizing structural safety. The flexibility of GAs 

to incorporate various objective functions and constraints makes them a powerful tool 

for structural optimization tasks, especially for complex structures like intake towers. 

2.2.2. Applications in Structural Engineering 

GAs have been extensively applied in structural engineering for the optimization of 

various types of structures, including trusses, frames, and shells. Early work by Rajeev 

and Krishnamoorthy (1992) demonstrated the effectiveness of GAs in optimizing truss 

structures, showing significant reductions in material use while maintaining structural 

performance. Subsequent studies by Kicinger (2005) provided a comprehensive review 

of GA applications in structural optimization, highlighting successful case studies 

across different structural types.  

In more recent years, the application of GAs in structural optimization has expanded to 

include complex structures such as high-rise buildings, bridges, and hydraulic 

structures. Chatterjee (2020) used GAs for the multi-objective optimization of high-rise 

buildings, focusing on material cost and seismic performance. Their study achieved a 

15% reduction in material usage without compromising structural safety, demonstrating 

the effectiveness of GAs in multi-disciplinary optimization problems. Similarly, Fan 

(2021) applied GAs to the optimization of bridge structures, considering factors such 

as load distribution, material efficiency, and construction cost. These studies indicate 

that GAs can be tailored to address the unique challenges associated with different types 

of structures, providing robust solutions that balance multiple design criteria. 



 

2.2.3. Specific Studies on Dams and Hydraulic Structures 

The use of GAs in optimizing hydraulic structures, particularly dams and their 

components, has gained traction in recent years. Nimrouzi and Kiani (2014) utilized 

GAs to optimize the cross-sectional shape of arch dams, achieving designs that 

improved stress distribution and reduced material usage. This approach allowed for a 

more efficient design process compared to traditional methods, which often rely on trial 

and error. Alireza (2016) extended this work by applying GAs to the optimization of 

spillway structures, resulting in designs that not only reduced costs but also enhanced 

hydraulic performance.   

More recent studies have focused on the dynamic optimization of dam structures using 

GAs. Wang (2022) employed a hybrid GA to optimize the spillway design of a dam 

subjected to varying hydrological conditions. This study demonstrated the ability of 

GAs to adapt to changing environmental factors, providing a robust design that can 

accommodate different operational scenarios. Similarly, Motevali (2021) applied GAs 

to optimize the seismic performance of gravity dams, considering both structural safety 

and economic efficiency. Their results indicated that GA-optimized designs exhibited 

improved seismic resilience while maintaining cost-effectiveness. 

2.3. Design of Intake Tower Structures 

The design of intake tower structures is a multifaceted task that requires an integration 

of hydraulic, structural, and geotechnical engineering principles. Intake towers are 

critical components of dam infrastructure, serving as the primary conduit for regulating 

water flow from the reservoir to downstream systems. They must be designed to 

withstand various forces, including hydrostatic pressure, dynamic water loads, wind 

forces, and seismic activity, while maintaining structural integrity and operational 

efficiency over the dam's lifespan (Chakrabarti, 2005). 

2.3.1. Historical Development  

The historical evolution of intake tower structures reflects significant advancements in 

materials, construction techniques, and design methodologies. Early intake towers were 

simple gravity structures made of stone or masonry, designed primarily to control water 

intake without much consideration for hydrodynamic efficiency (Brown, 2019). These 

early designs were often bulky and prone to failure under extreme conditions, such as 

flooding or seismic events. 



 

With the advent of the industrial era, the use of materials such as cast iron and steel 

revolutionized intake tower design, allowing for the construction of more slender and 

durable structures. The 20th century marked a further leap forward with the widespread 

adoption of reinforced concrete. This material provided engineers with the flexibility 

to design intake towers that could accommodate complex loading conditions and varied 

operational requirements (Smith & Jones, 2007). The development of finite element 

analysis (FEA) software in the latter half of the century enabled more sophisticated 

structural analysis, allowing engineers to model the complex interactions between the 

intake tower and the surrounding environment (Liang et al., 2011). 

2.3.2.  Key Design Considerations 

Designing an intake tower involves addressing multiple key considerations to ensure 

both structural integrity and operational functionality. One of the primary 

considerations is the load analysis, which includes hydrostatic pressure exerted by the 

reservoir, hydrodynamic forces due to water flow, seismic forces, and wind loads 

(Chakrabarti, 2005). These forces can be complex and vary based on the tower's 

location, water depth, and environmental conditions. Advanced modeling techniques, 

such as FEA, are often employed to simulate these loads and predict the structural 

response (Sastry & Gokhale, 2010). 

Material selection is another critical aspect of intake tower design. Reinforced concrete 

is the most commonly used material due to its durability, high compressive strength, 

and relatively low cost (ACI, 2019). However, the selection of materials must also 

consider factors such as corrosion resistance, especially for towers exposed to 

aggressive environmental conditions. Studies have shown that the use of high-

performance concrete and advanced composite materials can enhance the longevity and 

performance of intake towers (Fischer & Li, 2003). 

The geometry of the intake tower plays a crucial role in optimizing hydraulic 

performance and minimizing sediment accumulation. Intake towers are typically 

designed with cylindrical, rectangular, or polygonal cross-sections, with multiple intake 

openings positioned at various levels to control water flow (Jain, 2012). The design of 

these openings must ensure that water flow is efficiently regulated while preventing 

vortex formation and minimizing the ingress of debris. Recent studies have explored 

the use of multi-level intake structures with adjustable gates, allowing for more flexible 

operation under varying reservoir conditions (Zhu et al., 2018). 



 

Maintenance and accessibility are also key design considerations. Intake towers must 

be designed to facilitate regular inspection and maintenance activities, ensuring that any 

structural deterioration or mechanical failures can be addressed promptly (Stefanakis et 

al., 2016). This often involves incorporating features such as access ladders, platforms, 

and cranes into the design, as well as providing sufficient space for maintenance 

personnel and equipment. 

2.3.3. Design Complexity of Intake Tower 

The complexity of intake tower design arises from the need to balance multiple, often 

conflicting, design requirements. For instance, the tower must be structurally robust to 

withstand extreme environmental forces, yet it must also be hydraulically efficient to 

ensure optimal water flow. The design must take into account the tower's interaction 

with the reservoir, the dam body, and the surrounding environment, requiring a 

multidisciplinary approach that integrates structural, hydraulic, and geotechnical 

engineering (Chanson, 2004). One of the primary challenges in designing intake towers 

is managing the dynamic interaction between the structure and the water flow. 

Hydrodynamic forces can induce vibrations and fluctuating pressures on the intake 

tower, potentially leading to fatigue and structural failure over time (Kishore & 

Chakrabarti, 2012). To address this, modern designs often incorporate hydraulic 

modeling and computational fluid dynamics (CFD) simulations to optimize the shape 

and configuration of the intake openings, reducing turbulence and mitigating the risk 

of cavitation (Ghaffari et al., 2020). 

The incorporation of multi-level intake systems adds another layer of complexity to the 

design. Multi-level intakes allow for the selective withdrawal of water at different 

depths, providing flexibility in water quality management. However, this requires 

careful consideration of the structural and operational implications, as the openings 

must be designed to function effectively under varying water levels and flow conditions 

(Loucks & van Beek, 2017). The structural design must also account for the potential 

for hydraulic jacking—a phenomenon where water pressure can cause local uplift or 

instability in the tower walls (Jain & Varshney, 2021). 

Furthermore, seismic design considerations are paramount, especially for intake towers 

located in seismically active regions. Intake towers must be designed to remain 

operational during and after seismic events, necessitating the use of advanced seismic 

analysis methods such as response spectrum analysis and time-history analysis (ACI 

350.3, 2016).  



 

2.4. Optimization of Intake Towers 

2.4.1. Use of GAs in Optimizing Intake Towers 

The optimization of intake towers using Genetic Algorithms (GAs) is an emerging field 

in structural engineering, focusing on enhancing both structural performance and 

hydraulic efficiency. Unlike conventional optimization methods that often rely on 

gradient-based techniques, GAs provides a robust approach for exploring large, 

nonlinear design spaces with multiple conflicting objectives. This characteristic is 

particularly advantageous in the design of intake towers, where structural integrity, 

hydraulic efficiency, and cost-effectiveness must be simultaneously optimized (Deb et 

al., 2019). Studies on the optimization of intake towers using GAs have shown 

promising results. For example, Motevali et al. (2017) applied GAs to optimize the 

geometric design of water intake structures, considering factors such as structural 

stability, flow characteristics, and construction costs. The study demonstrated that GA-

optimized designs could achieve significant improvements in hydraulic efficiency and 

structural performance compared to traditional design methods. 

Zhang et al. (2023) further extended the application of GAs to the design of intake 

towers in flood-prone areas. Their research focused on multi-objective optimization, 

balancing hydraulic performance and structural safety under varying water levels and 

flow conditions. By incorporating constraints such as maximum allowable stress and 

displacement, the GA-based optimization framework produced intake tower designs 

that were both cost-effective and resilient against extreme hydrological events. This 

study underscored the potential of GAs to provide innovative solutions for complex 

hydraulic structures. 

2.4.2. Other Metaheuristic Algorithms in Intake Tower Optimization 

While GAs have been widely applied in the optimization of intake tower structures, 

other metaheuristic algorithms such as Particle Swarm Optimization (PSO) and 

Simulated Annealing (SA) have also shown effectiveness in structural optimization 

problems. For instance, Gandomi and Alavi (2011) reviewed the use of various 

metaheuristic algorithms in hydraulic engineering, highlighting the potential of these 

algorithms to handle complex, multi-modal optimization problems. 

Motevali et al. (2021) compared the performance of GAs with PSO in optimizing intake 

tower designs. Their study found that while both algorithms were effective in finding 

near-optimal solutions, GAs provided better convergence and diversity in the solution 

space, leading to more robust designs. This comparison suggests that while alternative 



 

algorithms exist, GAs remain a preferred choice for intake tower optimization due to 

their flexibility and ability to handle multi-objective problems efficiently. 

2.5. Use of MATLAB in Genetic Algorithm Implementation 

2.5.1. Advantages of MATLAB for GA Implementation 

MATLAB has become a popular tool for implementing Genetic Algorithms (GAs) in 

structural optimization due to its robust computational and visualization capabilities. 

Its Global Optimization Toolbox provides a comprehensive suite of functions for 

implementing and customizing GAs, making it accessible for engineers to apply GAs 

to various optimization problems (MathWorks, 2023). Additionally, MATLAB's built-

in support for parallel computing significantly reduces computation time, which is 

crucial when dealing with large-scale optimization problems such as intake tower 

design (Chipperfield et al., 1994). MATLAB’s advanced visualization tools also allow 

for the detailed analysis of GA performance, including convergence plots, Pareto front 

analysis for multi-objective optimization, and sensitivity analysis of design variables. 

This capability is particularly beneficial when optimizing complex structures like intake 

towers, where understanding the trade-offs between different design objectives is 

critical (Rao & Savsani, 2012). 

2.5.2.  Recent Case Studies Using MATLAB 

Several recent studies have leveraged MATLAB's capabilities for GA-based 

optimization in engineering structures. Deb and Agrawal (2019) used MATLAB to 

optimize truss structures, demonstrating that GAs could achieve significant 

improvements in structural efficiency while reducing material costs. Their study 

emphasized the role of MATLAB in facilitating the implementation of complex GA 

frameworks, including multi-objective optimization and constraint handling. In 

hydraulic engineering,   

2.6. Relevance to the Megech Dam Project 

The Megech Dam project presents unique challenges and opportunities for the 

application of GAs in optimizing the intake tower design. The project’s scale, 

environmental conditions, and operational requirements necessitate a robust and 

efficient design approach. Tesfaye et al. (2019) provided an overview of the Megech 

Dam project, outlining its key components and design challenges, including the need 

for efficient water intake structures. Assefa et al. (2020) discussed the environmental 

and operational considerations of the Megech Dam, highlighting the importance of 

optimizing critical structures to ensure the project's success and sustainability. The 



 

application of Genetic Algorithms in structural optimization has shown great promise, 

particularly in improving the design efficiency and performance of complex structures. 

The use of MATLAB enhances the implementation and analysis of GAs, making it a 

valuable tool for engineering optimization tasks. This study aims to build on existing 

research and address identified gaps by developing and implementing a GA-based 

optimization framework for the Megech Dam project, ultimately contributing to the 

advancement of structural optimization in hydraulic engineering. 

2.7. Structural Optimization Terminology 

Structural optimization is a multidisciplinary field that involves the application of 

mathematical and computational techniques to enhance the performance of structural 

systems. To comprehend this field's complexities, it is essential to grasp several key 

terminologies that recur throughout the literature. 

2.7.1. Design Variable Terminology 

Design variables are the parameters that can be adjusted during the optimization 

process. In structural optimization, these variables could include geometric parameters 

(e.g., dimensions, cross-sectional areas) or material properties (e.g., Young's modulus, 

density) (Haftka and Gürdal, 1992). The selection of appropriate design variables is 

vital as they define the design space within which the search for the optimal solution is 

conducted. Some of the design variable terminologies are: 

Boundedness: Boundedness means the quality of being finite. Proper bounds are 

necessary to avoid Unrealistic solutions. For Example: it is obvious that cross sections 

of beams are limited by a minimum and maximum cross section. Cross-sections can 

never be negative and usually limited in size as well. Applying bounds can result in a 

serious reduction of the size of the optimization problem due to less possibility and 

therefore less Option.  

Continuous variables: Continuous variables are types of variables that can take an 

infinite number of values within a given range. These values are not restricted to any 

set of discrete options. Instead, they can be any number within a range, including 

fractions and decimals. Continuous variables are applicable in fields like statistics, 

economics, and the natural sciences. These variables are often difference with discrete 

variables, which can only take specific, separate values.  

Discrete variables: Discrete refer to decision variables that can only take on specific, 

distinct values, rather than any value within a continuous range. These values are often 



 

integers or belong to a finite set of possible categories. Discrete variables are contrast 

with continuous variables, which can assume any value within a given range.  

Design variables: Design variables are functions or vectors that describe the design and 

it can be change during optimization. It may represent geometry of choice or material. 

When it describes geometry, it may relate to a sophisticated interpolation of shape or it 

may simply be the area of a bar, or the thickness of a sheet.  

Integer variables: An integer variable, as the name implies, must have an integer value 

Problems with Such variables are so called discrete and integer programming problems. 

(Arora, 2012)  

Stochastic variables: A Stochastic optimization algorithm is an algorithm that includes 

random values at Some point. These random values are called stochastic variables. A 

stochastic variable can be any value within a given set (or domain) and can be either 

discrete or not.  

2.7.2. Optimization Algorithms Terminology  

Iterative methods  

Iterative implies analyzing several trial designs one after another until an acceptable  

Design is obtained. In computational mathematics, iterative methods are defined as: 

"An iterative method is a mathematical procedure that generates a sequence of 

improving approximate solutions for a class of problems. Some optimization 

algorithms especially the gradient based ones use Taylor polynomials their 

approximation of the optimum position. The mathematical description of the Taylor 

polynomial is: 

𝑝𝑛(𝑥) = 𝑓(𝑐) + (𝑥 − 𝑐)𝑓′(𝑐) +
(𝑥 − 𝑐)2

2!
𝑓′′(𝑐) + ⋯ +

(𝑥 − 𝑐)𝑛

𝑛!
𝑓𝑛(𝑐)       (2.1) 

Depending on the cut-off position, the numerical version of this polynomial also has an 

error. This error, or rest term, can use to define the numerical accuracy of optimization 

algorithms. If a polynomial is cut-off after n = i, the function is of the 𝑖𝑡ℎ order. The cut 

off error is described by: 

𝑅𝑛(𝑥) =
(𝑥 − 𝑐)𝑛+1

(𝑛 + 1)!
𝑓(𝑛+1)(𝜉)        (2.2) 

 



 

2.7.3. Object function terminology  

The objective function is central to any optimization problem, serving as a 

mathematical expression representing the goal of the optimization process. In the 

context of structural engineering, the objective function might involve minimizing the 

structure's weight or cost, or maximizing its stiffness or strength (Bendsoe and 

Sigmund, 2003). The objective function's definition is critical because it directly 

influences the optimization's direction and outcomes. 

2.8. Classification of structural optimization  

Structural optimization is a broad field that can be classified into several categories 

based on different criteria such as the nature of the design variables, objectives, and the 

methods used. These classifications have been widely discussed in the literature, 

offering a framework for selecting the appropriate optimization approach for a given 

problem. 

2.8.1. Size optimization  

Size optimization is one of the most traditional forms of structural optimization. It 

involves optimizing the dimensions of structural elements, such as thicknesses, cross-

sectional areas, or lengths, to achieve desired performance characteristics (Arora, 

2004). For instance, in the design of trusses or frames, size optimization might aim to 

minimize weight while ensuring adequate strength and stiffness (Bendsoe and 

Sigmund, 2003). The process typically involves continuous variables and is relatively 

straightforward compared to other forms of optimization. 

2.8.2. Shape optimization 

Shape optimization deals with modifying the external geometry or boundaries of a 

structure to improve its performance. Unlike size optimization, which focuses on 

dimensional parameters, shape optimization alters the contours of the structure (Zhou 

and Rozvany, 2001). Applications include optimizing the aerodynamic shape of wings 

or the cross-section of beams to reduce stress concentrations or improve load 

distribution. 

2.8.3. Topology optimization 

Topology optimization represents a more advanced and powerful approach in structural 

optimization, where the goal is to determine the optimal material distribution within a 

given design space (Bendsøe and Kikuchi, 1988). This method can produce innovative 

and non-intuitive designs by allowing the creation of structures with voids and complex 

internal layouts. Topology optimization has found applications in various fields, from 



 

lightweight structures in aerospace engineering to the development of efficient 

architectural forms. 

2.8.4. Material optimization 

Material optimization involves selecting or tailoring the material properties to enhance 

the structure's performance. This may include choosing from a set of available materials 

or designing new composite materials with specific properties (Yin et al., 2011). 

Material optimization plays a critical role in applications where weight, cost, and 

mechanical properties must be balanced, such as in automotive and aerospace design. 

In practice, many structural optimization problems require multi-objective 

optimization, where multiple conflicting objectives must be balanced (Deb, 2001). For 

example, minimizing weight while maximizing stiffness often leads to a trade-off. 

Multi-objective optimization methods, such as Pareto optimality, provide a set of 

optimal solutions, known as the Pareto front, allowing designers to choose the most 

suitable compromise based on specific requirements. 

Structural optimization methods can also be distinguished based on their deterministic 

and stochastic nature. Deterministic optimization methods, such as gradient-based 

techniques, rely on precise mathematical models and typically offer faster convergence 

(Arora, 2004). In contrast, stochastic optimization methods, such as Genetic Algorithms 

or Simulated Annealing, incorporate randomness to explore the design space and 

handle uncertainties more effectively (Goldberg, 1989). Stochastic methods are 

particularly useful for complex, non-linear problems where the objective function and 

constraints are not well-defined or contain noise. 

Another classification involves static versus dynamic optimization. Static optimization 

addresses structures subjected to time-invariant loads, focusing on static performance 

criteria like stress and displacement (Rao, 2009). Dynamic optimization, on the other 

hand, deals with structures under time-dependent effects, such as vibrations or impact 

loads, requiring consideration of dynamic response characteristics such as natural 

frequencies and damping (Cheng and Olhoff, 1981). 

These classifications provide a comprehensive understanding of the diverse approaches 

available for structural optimization, guiding researchers and practitioners in selecting 

the most appropriate methods for specific engineering problems. 

 



 

2.9. Research Gap and Methodological Framework 

Despite the advancements in applying Genetic Algorithms (GAs) and other 

metaheuristic methods to structural optimization, the application of GAs specifically to 

intake tower structures remains limited. While there is substantial research on 

optimizing other components of dams, such as spillways and arch dams (Nimrouzi & 

Kiani, 2014; Wang et al., 2022), studies focusing on intake tower optimization are 

scarce. Most existing research either focuses on general structural optimization 

problems or addresses intake tower design using conventional methods that do not fully 

capture the complexity of the problem (Brown, 2019). 

2.9.1. Empirical Gaps 

The empirical gap in the current literature lies in the lack of case studies and practical 

implementations of GA-based optimization frameworks specifically tailored for intake 

tower structures. While recent research by Zhang et al. (2023) and Li et al. (2022) has 

made strides in applying GAs to optimize hydraulic structures, these studies often rely 

on simplified models that do not account for the full range of operational and 

environmental conditions faced by intake towers. Furthermore, there is a gap in 

empirical research that compares GA-optimized designs with traditional design 

methods, particularly in terms of cost-effectiveness, structural performance, and 

resilience to environmental stressors. 

2.9.2. Methodological Gaps 

From a methodological perspective, existing GA-based optimization frameworks often 

lack a comprehensive approach that integrates structural, hydraulic, and economic 

considerations. Many studies focus solely on structural optimization without adequately 

addressing the hydraulic performance or the economic implications of the design 

choices (Chatterjee et al., 2020). Additionally, there is a need for a more robust 

validation process that combines GA-based optimization with advanced structural 

analysis tools, such as Finite Element Analysis (FEA) using software like SAP2000, to 

ensure that the optimized designs meet safety and performance criteria under real-world 

conditions. 

2.9.3. Research Gap in Context of Megech Dam Project 

The Megech Dam project presents a unique opportunity to address these gaps by 

developing and implementing a GA-based optimization framework specifically for 

intake tower structures. Current design challenges at Megech Dam, such as extended 

project timelines, and cost overruns, highlight the need for an innovative optimization 



 

approach. By applying GAs to optimize the intake tower design, this study aims to 

develop a more resilient and cost-effective structure that addresses both structural and 

hydraulic performance while considering the project's specific environmental and 

operational conditions. 

2.9.4. Objectives Based on the Identified Gaps 

Based on the identified gaps, the primary objective of this research is to develop a GA-

based optimization framework that holistically addresses the structural, hydraulic, and 

economic aspects of intake tower design. This will involve: 

➢ Empirically validating the GA-optimized design through Finite Element Analysis 

(FEA) using SAP2000. 

➢ Conducting a comparative analysis between GA-optimized designs and 

conventional designs to demonstrate the potential improvements in cost, 

performance, and resilience. 

➢ Providing recommendations for implementing GA-based optimization in the 

context of intake tower structures, contributing to both the theoretical and practical 

advancements in hydraulic engineering. 

 

 

 

 

 

 

 

 

 



 

3. Methodology 

3.1. Introduction 

This section provides a clear methodological approach to the research work, addressing 

the key steps involved in optimizing the intake tower structure at the Megech Dam 

using Genetic Algorithms (GAs). The methodology is systematically developed to 

ensure that the research objectives are met while adhering to appropriate structural and 

optimization frameworks. The process begins with a comprehensive review of the 

problem definition and key design parameters, followed by the formulation of the 

optimization problem. The GA-based optimization framework is then implemented 

using MATLAB, and the results are validated through Finite Element Analysis (FEA) 

in SAP2000. 

            

 

                    

               

 

   

                    

  

 

 

                  

 

                

 

                   

            

  

 

 

Figure 1 Methodological steps for optimizing the intake tower structure using GA. 

 Problem Definition and Scope Identification    

Define design variables                    

          Establish optimization goals   

Literature Review and Gap Analysis             

      Review existing methods                    

      Identify gaps in optimization approaches 

 Formulation of the Optimization Problem        

        Develop mathematical model                 

        Define objective function  

GA-Based Optimization Framework                

      Implement GA in MATLAB                     

      Search for optimal design solution 

Validation through FEA (SAP2000)               

         Validate structural safety                 

         Test under loading conditions 

 Comparative Analysis                           

         Compare GA-optimized vs. conventional      

         Evaluate cost and performance gains  



 

3.2. Design Parameters for Optimization Using Genetic Algorithms 

The design parameters are crucial variables in the optimization process, influencing the 

structural, hydraulic, and economic performance of the intake tower. Here, we detail 

the key design parameters considered for optimization using Genetic Algorithms. 

➢ Height of the Intake Tower: The height of the intake tower determines the 

hydraulic head available for water intake and affects the structural stability. An 

optimal height ensures adequate water pressure and structural integrity while 

minimizing construction costs. The height of Megech Dam intake tower is 69m 

height. (Figure 3) 

➢ Size of the Intake Tower water chamber: The size of the chamber affects the 

flow rate of water through the intake. An appropriate size helps achieve efficient 

hydraulic performance, reducing head loss while ensuring sufficient water 

intake capacity. The size of Megech intake tower water chamber the maximum 

.length from the center to the midpoint of the side is 7m. (Figure 2) 

➢ Wall Thickness: The wall thickness affects the structural strength and durability 

of the intake tower. Optimizing wall thickness ensures the tower can withstand 

internal water pressure and external environmental loads without excessive 

material use. The wall thickness of Megech intake tower is 2.50m. (Figure 3)  

➢ Material Properties: The material properties, including the grade of concrete and 

reinforcement steel, influence the overall strength, durability, and cost of the 

structure. High-strength materials can enhance structural performance but may 

increase costs. The type of concrete for Megech intake tower is C30/37 and the 

reinforcement used have a minimum tensile yield strength of 420 N/mm. The 

materials used and their characteristics are specified on Table-1  

The design parameters for optimizing the intake tower structure in the Megech Dam 

project are chosen to balance structural performance, hydraulic efficiency, and cost-

effectiveness.  

 

 

 

 

 



 

Table 1 Material property 

 

 

 

 

 

 

 

 

 

 

 

 

Parameter Value 

Re-bar Material Properties 

Tensile Strength (fu)  

 Yield Strength (fy)  

Density  

Modulus of Elasticity (E)  

Elongation at Break  

Poisson’s Ratio  

Thermal Expansion Coefficient 

500 MPa  

 400 MPa  

 7850 kg/m3 

 200 GPa  

 15 % 

0.3 

12x10-6 /o C 

Concrete Material Properties 

Modulus of Elasticity (Ec)  

Characteristic Compressive Strength (fck)  

Poissonís Ratio (ν)  

Density  

Direct tensile strength (fct) 

Splitting tensile strength (fct,sp) 

Flexural tensile strength (fct,fl) 

Thermal Expansion Coefficient 

31 GPa  

 Cylinder: 30 MPa , Cube: 37 MPa 

 0.20  

 2400 kg/m³ 

2.9 MPa 

 3.0 MPa 

 5.0 MPa 

10 x 10⁻⁶ /°C 



 

Figure 2 Intake tower plan view 

 

 

 

 

 

 



 

 

 SECTION A - A 

 



 

 

Figure 3 Intake tower sectional view 



 

3.3. Formulation of Optimization Problem  

The formulation of an optimization problem involves defining the objective function, 

constraints, and decision variables that represent the key design parameters. For the 

intake tower, the objective function typically aims to minimize construction costs while 

ensuring structural safety and hydraulic efficiency. Constraints ensure that the design 

complies with performance standards, including those set by industry-recognized codes 

such as the American Concrete Institute (ACI) standards. The American Concrete 

Institute (ACI) standards were selected for the formulation of the objective function in 

this study due to several critical factors that align with the design requirements of intake 

towers. The use of ACI standards ensures that the structural design adheres to 

internationally recognized benchmarks for safety, reliability, and performance. Here 

are key reasons justifying the choice of ACI standards: 

➢ Global Recognition and Application: ACI standards are widely accepted and 

utilized in the design of concrete structures worldwide. These standards provide 

comprehensive guidelines that are applicable to a variety of structural components, 

including hydraulic structures such as intake towers. Using a globally recognized 

standard ensures that the design process aligns with best practices in the civil 

engineering industry, making the results universally acceptable. 

➢ Structural Safety and Durability: Intake towers are subjected to a combination of 

forces, including hydro-static pressure, dynamic water flow, and environmental 

loads (e.g., wind, seismic forces). The ACI standards include detailed provisions 

for designing structures that can withstand such loads over long periods, thereby 

enhancing the durability and long-term serviceability of the structure. These 

standards provide methodologies for material selection, reinforcement detailing, 

and durability considerations that are critical for ensuring the tower’s structural 

integrity under variable conditions. 

➢ Flexibility in Design and Material Selection: The ACI standards offer flexibility in 

terms of material choices, concrete mix designs, and reinforcement specifications. 

This allows for optimized use of materials while ensuring that the structural design 

meets required performance standards. Specifically, for intake towers, where the 

balance between structural strength and material economy is crucial, the flexibility 

offered by ACI helps in achieving an optimal design solution. 

 



 

➢ Experience and Proven Success: The ACI standards have been used successfully 

in numerous hydraulic structures, such as dams, spillways, and intake towers across 

various countries. Their proven track record in the design of such complex 

structures adds confidence in their application to the Megech Dam intake tower 

project. The familiarity of civil engineers with ACI provisions also streamlines the 

design and review processes, reducing the likelihood of errors and increasing the 

reliability of the structural design. 

➢ Compliance with Local and International Codes: The use of ACI standards ensures 

compliance not only with international codes but also with local regulations where 

ACI may be adopted or referenced. In regions where local standards are not 

available, ACI provides a robust framework for ensuring the safety and 

functionality of the structure. Moreover, the ACI standards are frequently updated 

to incorporate the latest research and developments in concrete technology, making 

them a reliable and up-to-date reference for the design. 

➢ Comprehensive Approach to Load Calculations: ACI 318, one of the key 

documents from the ACI series, provides detailed methodologies for calculating 

loads, stresses, and deflections, which are critical in optimizing the design of the 

intake tower. It also includes considerations for both static and dynamic loads, 

essential for structures exposed to varying water levels and flow rates. By using 

ACI provisions, this study ensures that the intake tower is designed to safely 

withstand all potential load combinations, including seismic, wind, and operational 

loads. 

➢ Optimized Design Process: The ACI standards facilitate the creation of an 

objective function that efficiently balances multiple design criteria, such as 

minimizing material costs while maximizing structural strength and hydraulic 

performance.    

The use of ACI guidelines in the Genetic Algorithm (GA) optimization ensures that the 

solutions generated not only meet theoretical optimality but also practical construct-

ability and safety requirements. 

 

 

 

 



 

3.3.1. Formulation of Objective Functions 

The objective function is a mathematical expression that needs to be optimize 

(minimize or maximize) during the optimization process. For the intake tower structure 

in the Megech Dam project, the objective function aims to minimize costs while 

maximizing structural integrity and hydraulic efficiency. The formulation involves 

integrating these multiple criteria into a single function using a weighted sum approach. 

Here, we break down the formulation of the objective function. 

a) Components of the Objective Function 

The objective function for optimizing the intake tower structure considers the following 

key components: 

➢ Cost (C): Total material and construction costs. 

➢ Structural Integrity (S): Factor of safety, ensuring the structure can withstand 

loads and stresses. 

➢ Hydraulic Efficiency (H): Head loss in the system, where lower head loss 

indicates higher efficiency. 

b) Mathematical Formulation 

The objective function (F) can be expressed as a weighted sum of the normalized values 

of cost, structural integrity, and hydraulic efficiency: 

𝐹 = W𝑐 ×
𝐶

𝐶𝑚𝑎𝑥
+ W𝑠 ×

𝑆𝑚𝑖𝑛

𝑆
+ W𝐻 ×

𝐻

𝐻𝑚𝑎𝑥
                                                   (3.1) 

 Where: 

(W𝑐 , W𝑠 ,  W𝐻)  are the weights assigned to cost, structural integrity, and 

hydraulic efficiency respectively 

(C) = is the total cost. 

(S) = is the factor of safety. 

(H) = is the head loss. 

𝐶𝑚𝑎𝑥 = is the maximum possible cost. 

𝑆𝑚𝑖𝑛 = is the minimum acceptable factor of safety. 

𝐻𝑚𝑎𝑥 = is the maximum allowable head loss. 

 

 

 



 

c) Normalization 

Normalization is use to ensure that the different components are on a comparable scale. 

Each component is normalized by dividing by a reference value, which could be the 

maximum possible value or an acceptable threshold. 

➢ Cost Normalization: 

C𝑛𝑜𝑟𝑚 =
𝐶

𝐶𝑚𝑎𝑥
                                                                                                          (3.2) 

  Where: - 𝐶𝑛𝑜𝑟𝑚 is a normalized cost component. 

                𝐶𝑚𝑎𝑥 is a predefined maximum cost. (Appendix 1) 

➢ Structural Integrity Normalization: 

S𝑛𝑜𝑟𝑚 =
𝑆𝑚𝑖𝑛

𝑆
                                                                                                           (3.3) 

  Where: -S is the actual factor of safety of the intake tower structure 

                𝑆𝑚𝑖𝑛 Is the minimum acceptable factor of safety, ensuring the structure meets 

safety standard  

The American Concrete Institute (ACI) provides guidelines and standards for the design 

and construction of concrete structures. The factor of safety for a structure like an intake 

tower is derived from these standards to ensure adequate safety and reliability under 

various load conditions.  

For reinforced concrete structures, the ACI 318 "Building Code Requirements for 

Structural Concrete" is the primary standard. While the ACI 318 does not specify a 

single minimum factor of safety for all structures, the combined effect of load factors 

and resistance factors typically results in a factor of safety ranging from about 1.5 to 

2.0 for reinforced concrete structures. This means the structure is design to withstand 

loads 1.5 to 2 times greater than the expected maximum loads 

For the intake tower in the Megech Dam project, a minimum acceptable factor of safety 

of 2.0 is a reasonable and standard choice to ensure structural integrity and reliability. 

➢ Hydraulic Efficiency Normalization: 

Hnorm =
H

Hmax
                                                                                                         (3.4) 

Where: - 𝐻𝑛𝑜𝑟𝑚 is a normalized head component. 

                𝐻𝑚𝑎𝑥 is a predefined maximum head loss. 

Lower head loss values contribute to a lower objective function value, indicating better 

hydraulic efficiency. 



 

d) Weight Assignment 

The weights (W1, W2, W3) are assigned based on the relative importance of each 

component. These weights are determined through a combination of expert judgment, 

literature review, and sensitivity analysis to ensure a balanced consideration of cost, 

structural integrity, and hydraulic efficiency. For instance, previous studies have shown 

that cost is often a critical factor in the feasibility of large-scale infrastructure projects, 

hence its significant weighting (Kumar & Tiwari, 2011). 

The weights (W𝑐, W𝑠,   Wℎ) are assign based on the relative importance of each 

component. These weights must sum to 1: 

W𝑐+ W𝑠 + Wℎ = 1                                                                                                               (3.5) 

 W𝑐= 0.4 (cost is a significant factor) 

W𝑠 = 0.4 (structural integrity is equally important) 

Wℎ  = 0.2 (hydraulic efficiency is important but slightly less critical) 

Combining the components and their weights, the final objective function to be 

minimize is: 

𝐹 = 0.4 ×
𝐶

𝐶𝑚𝑎𝑥
+ 0.4 ×

𝑆𝑚𝑖𝑛

𝑆
+ 0.2 ×

𝐻

𝐻𝑚𝑎𝑥
                                                   (3.6) 

This objective function captures the trade-offs between cost, structural integrity, and 

hydraulic efficiency, allowing the Genetic Algorithm to search for the optimal design 

parameters that minimize the overall objective. 

3.3.2. Determination of Constraints  

Constraints are conditions that must be satisfied for a solution to be consider feasible. 

Constraints could include limitations on material usage, structural stability 

requirements, safety factors, and other design specifications. The design constraints 

used in the study include 

Table 2 Minimum reinforcement ratio per ACI 318-19 (sec. 11.6.1) 

Wall 

type 

Type of non pre 

stressed reinforcement 

Bar fypsi  Minimum 

longitudinal ρι 

Minimum 

transverse ρι 

 

 

 

Deformed bars 

 

≤No. 5 

≥60,000 0.0012 0.0020 

˂60,000 0.0015 0.0025 

˃ No. 5 Any 0.0015 0.0025 



 

Cast-

in-

place 

Welded wire 

reinforcement 

≤W31orD31 Any 0.0012 0.0020 

Precast  Deformed bar or 

welded- wire 

reinforcement 

Any Any 0.0010 0.0010 

 

Horizontal: ρh,min ≥ 0.0025 

Vertical: ρv,min ≥ 0.0015 

• Maximum vertical reinforcement should be 

ρv,max ≤ 0.75 ⋅ ρ b 

• The minimum reinforcing spacing Si according to ACI 318-19 (sec. 11.7.2.1) 

Si = minimum of { 
𝑙𝑤

3
,  3h and 18 in 

• The shear strength shall equal, or exceed, the shear demands 

Vu /φ ≤ Vn = Vc +Vs                                                                                               (3.7) 

 

Where:  

Vn = nominal shear resistance  

Vc = nominal shear resistance provided by concrete  

Vs = nominal shear resistance provided by shear reinforcement 

 

• Concrete nominal shear strength Vc.  

𝑉𝑐 = 2 (K +
P𝑢

13.8 ∗ Ag
) 0.083√𝑓′

𝐶𝐴
∗ A𝐶𝐸                                                                    (3.8) 

• Nominal shear strength provided by the reinforcement both in the longitudinal 

and transverse direction. 

𝑉𝑠 = (
A𝑣 ∗ f𝑦(0.8 ∗ 𝑑

S
   )                                                                                                   (3.9) 

• The multidirectional shear demands are compared to the shear capacities. 

For the longitudinal direction: 

V𝐸𝑙𝑜𝑛𝑔

V𝑢𝑙𝑜𝑛𝑔
+ 0.30 

V𝐸,𝑇𝑟𝑎𝑛𝑠

V𝑢,𝑇𝑟𝑎𝑛𝑠
≤ 1                                                                                (3.10) 

For the transverse direction: 



 

V𝐸,𝑇𝑟𝑎𝑛𝑠

V𝑢,𝑇𝑟𝑎𝑛𝑠
+ 0.30 

V𝐸,𝑙𝑜𝑛𝑔

V𝑢,𝑙𝑜𝑛𝑔
≤ 1                                                                                      (3.11) 

• Nominal axial load equals: 

P𝑛 =
P𝑢

ϕ
                                                                                                                                 (3.12) 

• The nominal design value of the bending moment in the longitudinal direction 

is: 

M𝑢 =
M𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑

R𝑚
                                                                                                 (3.13) 

Where. R𝑚 Is the moment reduction factor. R𝑚 ≤ 2 

• The compressive force in the concrete Cc can be obtained from force 

equilibrium in the vertical direction. 

∑F𝑧 = C𝑐 + A𝑠 𝑓𝑠
′  + A𝑠f 𝑠 + A𝑠f 𝑦+P𝑛 = 0                                                (3.14) 

• The depth of the concrete in compression can be obtained as 

a =
C𝑐

0.85 𝑓𝑐
′11.28 

                                                                                                             (3.15) 

3.4. Genetic Algorithm Framework 

3.4.1. Genetic Algorithm Components 

Genetic Algorithms (GAs) are search heuristics that mimic the process of natural 

evolution to find optimal solutions to complex problems. To provide a comprehensive 

understanding of Genetic Algorithms (GAs) and there components, the key elements 

are break down and describe their roles and functions in the optimization process. Here 

is a detailed description of the components of Genetic Algorithms:  

➢ Population Initialization: The initial population consists of 100 potential design 

solutions. This initial population generate randomly within the feasible range of 

the design parameters. This diversity helps in exploring the search space 

effectively in the initial stages of the algorithm. 

➢ Selection: The selection process uses the roulette wheel selection method based 

on fitness values. This method ensures that solutions with higher fitness values 

have a higher probability of being selected for the next generation, simulating 

natural selection where the fittest individuals are more likely to reproduce. 

➢ Crossover: A single-point crossover with a rate of 0.9 is employed. During 

crossover, a single crossover point is selected randomly, and the genetic 



 

material (design parameters) of two parent solutions is exchanged at this point 

to create two offspring. This high crossover rate ensures significant mixing of 

genetic material, promoting diversity in the population. 

➢ Mutation: Gaussian mutation with a rate of 0.05 is applied to the offspring. This 

mutation introduces small random changes in the design parameters, modeled 

as a Gaussian distribution centered on the current value. This low mutation rate 

ensures that the algorithm explores new solutions without disrupting the 

convergence too much. 

➢ Fitness Evaluation: Evaluate fitness based on three main criteria: cost, structural 

strength, and hydraulic efficiency. Each design solution is assessed on these 

criteria, and a fitness value is assigned based on a weighted sum or other 

combination of these objectives. This step determines how well each solution 

meets the optimization goals. 

➢ Termination Criteria: The algorithm will terminate after 200 generations or 

when the fitness improvement over the last 20 generations is less than 1%. This 

dual criterion ensures that the algorithm runs for a sufficient number of 

generations to find an optimal solution while also stopping if progress stalls, 

indicating convergence. 



 

To represent the process of optimization using Genetic Algorithms (GAs), a flowchart 

can be very helpful. Here is a description of a general optimization flowchart using 

GAs. This flowchart provide a clear overview of the steps involved in the Genetic 

Algorithm optimization process. Each step is crucial for evolving the population 

towards the optimal solution for the given problem. 

 

   Figure 4 General optimization flowchart  
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3.5. Genetic Algorithm Implementation in MATLAB 

3.5.1. Reasons for Choosing MATLAB over Other Tools 

MATLAB (Matrix Laboratory) is a high-level programming language and interactive 

environment developed by MathWorks. It is widely used for numerical computation, 

visualization, and programming. MATLAB's core strength lies in its ability to handle 

complex mathematical calculations and data analysis tasks with ease. MATLAB is an 

excellent choice for implementing genetic algorithms (GA) for several reasons. 

➢ User-Friendly Interface: MATLAB offers a highly intuitive and user-friendly 

interface that simplifies the process of coding, debugging, and visualizing 

algorithms.  

➢ Comprehensive Toolboxes: MATLAB provides specialized toolboxes, such as 

the Global Optimization Toolbox, which includes functions specifically 

designed for genetic algorithms.  

➢ Advanced Visualization Capabilities: One of MATLAB’s strengths is its 

powerful and versatile visualization tools. It allows users to create detailed 

plots and graphical representations of data, which are crucial for analyzing the 

performance and convergence of genetic algorithms. 

➢ Efficient Matrix and Vector Operations: MATLAB is optimized for matrix and 

vector computations, which are fundamental operations in genetic algorithms. 

This optimization leads to faster and more efficient processing, especially when 

handling large populations and complex calculations. 

➢ Integration and Extensibility: MATLAB can easily integrate with other 

software and hardware platforms, allowing for flexible and extended 

functionality. It supports multiple programming languages and can interface 

with systems like Simulink, enhancing its utility in multidisciplinary projects. 

➢ Robust Development Environment: The integrated development environment 

(IDE) of MATLAB provides robust tools for code development, debugging, 

and profiling. These features help streamline the development process and 

ensure the reliability of the genetic algorithm implementation. 

➢ Wide Adoption and Support: MATLAB is widely used in academia and 

industry, which means there is extensive documentation, a large community, 

and abundant resources available.  

By using MATLAB, the implementation of GA becomes more straightforward and 

manageable, leveraging its strengths in numerical computation and visualization to 



 

optimize complex engineering structures like the intake tower in the Megech Dam 

project. 

3.5.2. MATLAB implementation 

The implementation of a Genetic Algorithm (GA) in MATLAB for optimizing the 

intake tower structure of the Megech Dam involves several key steps. By leveraging 

MATLAB's capabilities, the implementation of genetic algorithms becomes more 

efficient, manageable, and adaptable to the specific requirements of optimizing the 

intake tower structure in the Megech Dam project. This approach provides a structured 

methodology for optimizing the design using a genetic algorithm in MATLAB.  

Implementation Steps: 

Define the Objective Function: Formulate the objective function to minimize or 

maximize the desired performance metric, such as structural stability or material usage. 

Set the Parameters: Establish parameters including height, diameter, wall thickness, 

and material grade. Define bounds and constraints for these parameters based on design 

requirements and standards. 

Initialize the Population: Generate an initial population of possible solutions 

randomly within the defined parameter bounds. 

Selection: Select individuals based on their fitness values. The fitness function 

evaluates how well each solution meets the optimization criteria. 

Crossover and Mutation: Apply crossover (recombination of parent solutions) and 

mutation (random alterations) to create a new generation of solutions. 

 Evaluation: Assess the new generation using the fitness function. 

 Convergence Check: Repeat the selection, crossover, mutation, and evaluation 

processes until the solution converges to an optimal design or a specified number of 

generations is reached.  

A comprehensive outline of the MATLAB algorithm, which considers parameters such 

as height, diameter, wall thickness, and material grade, are presented in (Appendix 3) 

3.6. Finite Element Analysis Using SAP2000 

SAP2000 is a widely recognized and powerful structural analysis and design software 

used by engineers globally (Computer and structure, inc. 2018). The choice of SAP2000 

for the finite element analysis (FEA) of the Megech Dam intake tower structure is 

justified by several key features and benefits: 

 

 



 

1. Comprehensive Analysis Capabilities 

• Versatility: SAP2000 offers comprehensive capabilities for both static and 

dynamic analysis, which are essential for assessing the performance of 

complex structures like intake towers under various loading conditions, 

including dead loads, live loads, hydrostatic pressure, and seismic forces. 

• Advanced Element Library: The software provides a wide range of element 

types, including shell, frame, and solid elements, allowing for detailed 

modeling of the intake tower's geometry and material properties. 

2. User-Friendly Interface 

• Ease of Use: SAP2000 is known for its intuitive graphical user interface (GUI), 

which simplifies the process of model creation, load application, and analysis 

execution. This user-friendly environment is particularly beneficial for 

complex structures, enabling efficient and accurate modeling. 

• Visualization: The software offers robust visualization tools for viewing and 

interpreting analysis results, such as deformation shapes, stress contours, and 

modal shapes, which aid in understanding the structural behavior. 

3. Integration with Design Codes 

• Compliance with Standards: SAP2000 supports various international design 

codes, including ACI 318-19 for concrete structures. This ensures that the 

analysis and design process adhere to industry standards, enhancing the 

reliability and safety of the optimized design. 

• Load Combinations: The software allows for the creation and application of 

complex load combinations in accordance with relevant codes, facilitating 

accurate and comprehensive structural assessments. 

4. Advanced Analysis Options 

• Nonlinear Analysis: SAP2000 provides advanced nonlinear analysis 

capabilities, including P-Delta effects, large deformation analysis, and material 

nonlinearity. These features are crucial for accurately capturing the behavior of 

the intake tower under extreme loading conditions. 

• Dynamic Analysis: The software offers extensive dynamic analysis options, 

including response spectrum analysis and time-history analysis, which are 

essential for evaluating the seismic performance of the structure. 

5. Extensive Reporting and Documentation 



 

• Detailed Reports: SAP2000 generates detailed analysis reports that document 

all aspects of the structural analysis, from input data to final results. This 

comprehensive documentation is invaluable for validation, review, and 

presentation purposes. 

• Customization: Users can customize reports and output formats to meet specific 

project requirements, ensuring that all necessary information is clearly and 

accurately presented. 

6. Efficiency and Productivity 

• Timesaving: The software’s powerful analysis engine and efficient workflow 

streamline the analysis process, saving significant time and effort compared to 

manual calculations or less sophisticated tools. 

• Integration with Other Tools: SAP2000 can integrate with other software tools 

and platforms, facilitating seamless data exchange and enhancing overall 

project productivity. 

Choosing SAP2000 for the finite element analysis of the Megech Dam intake tower 

structure ensures a robust, accurate, and efficient validation process. Its advanced 

features, compliance with design codes, user-friendly interface, and widespread 

industry acceptance make it an ideal tool for this critical analysis, ultimately 

contributing to the successful optimization and implementation of the intake tower 

design. 

3.6.1. Model Preparation of Megech Dam intake tower Using SAP2000 

Creating a model of a dam intake tower in SAP2000 involves several steps. Here is a 

general outline of the process. 

Geometry Definition: To create an accurate geometric model of the Megech Dam 

intake tower in SAP2000. 

Procedure: 

  1. Open SAP2000: Launch the SAP2000 software. 

  2. Define Units: Set the units to meters and kilo newtons. 

  3. Create a New Model: To define the basic geometry of the intake tower. 

  4. Height and Apothem: Input the tower height (62 meters) and apothem (7 meters). 

  5. Wall Thickness: Define the wall thickness (2.5 meters) for the octagonal structure. 

Material Properties: To assign material properties to the structure based on the 

specified concrete and steel grades. 



 

Procedure: 

  1. Define Materials: Navigate to the material properties section. 

  2. Concrete C30/37: Define concrete material properties (C30/37). 

  3. Steel S-500: Define steel material properties (S-500). 

  4. Assign Materials: Assign the defined materials to the respective elements of the 

intake tower. 

Section Properties: To define the cross-sectional properties of the structural elements. 

Procedure: 

  1. Wall Sections: Define the wall sections using the specified thickness. 

  2. Reinforcement: Include reinforcement details as per design requirements. 

Load Definition: 

• Dead Loads: To define the self-weight and other permanent loads acting on the 

structure. 

Procedure: 

  1. Self-Weight: The self-weight is automatically included by SAP2000. 

  2. Additional Dead Loads: Load from equipment or fixtures. 

• Live Loads: To define the live loads acting on the intake tower. 

Procedure: 

Live Load: Input live loads according to ACI 318-19 standards. 

General Maintenance Area: 2.4 kN/m² Section: 4.1.3.3  

Heavy Equipment Area: Typically based on the equipment's weight and layout.             

For heavy machinery, it could be around 4.8 kN/m². Section: 4.1.3.5  

 Floor and Platform Areas: 1.92 kN/m² minimum for general areas Section: 4.1.3.3  

• Hydrostatic Pressure: To account for the water pressure acting on the intake 

tower walls. 

Procedure: 

  1. Hydrostatic Load: Define the hydrostatic pressure distribution based on the water 

depth. 

  2. Application: Apply the hydrostatic pressure to the internal and external surfaces as 

required. 

• Seismic Loads: To define the seismic loads based on regional seismic data. 

 

 



 

Procedure: 

  1. Seismic Parameters: Input the seismic parameters (e.g., site class, design spectra) 

as per local codes. 

  2. Seismic Load Cases: Define the seismic load cases in SAP2000. 

Meshing 

• Element Type and Size To create an appropriate mesh for accurate results. 

Procedure: 

  1. Element Type: Solid element. 

  2. Mesh Size: Determine a suitable mesh size for the structure. 

  3. Mesh Generation: Generate the mesh ensuring adequate refinement in critical areas. 

Analysis 

Running the Analysis: To run the static and dynamic analysis of the intake tower. 

Procedure: 

Load Combinations: Define load combinations as per ACI 318-19. 

• Dead and Live Loads: 

   1.4D: This combination considers the dead load (D) only. 

   1.2D + 1.6L + 0.5(Lr or S or R): This combination includes the dead load (D), 

live load (L), and either roof live load (Lr), snow load (S), or rain load (R) with 

respective reduction factors. 

 

• Including Wind Loads (W):    

1.2D +1.6 (L or Lr or S or R) + 1.0W                                                                

(3.16) 

Dead load (D), live load (L), roof live load (Lr), snow load (S), or rain load (R) plus 

wind load (W). 

1.2D + 1.0L + 0.5(Lr or S or R) + 1.0W                                                                  

(3.17) 

Dead load (D), live load (L), roof live load (Lr), snow load (S), or rain load (R) 

• with reduced factors plus wind load (W). 

   0.9D + 1.0W: Reduced dead load (D) to consider uplift effects combined with 

wind load (W). 

• Including Earthquake Loads (E): 



 

  1.2D + 1.0E + 0.5L + 0.2S: Dead load (D), earthquake load (E), live load (L), 

and snow load (S). 

  0.9D + 1.0E: Reduced dead load (D) to consider uplift effects combined with 

earthquake load (E). 

  Run Analysis: Execute the analysis in SAP2000. 

Reviewing Results: Interpret the analysis results and validate the optimized design. 

Procedure: 

  1. Deformations: Review the deformation shapes and maximum deflections. 

  2. Stress Distribution: Check the stress distribution within the structure. 

  3. Reinforcement Requirements: Evaluate the reinforcement demands and compare 

them with design assumptions. 

  4. Safety Factors: As per ACI 318-19. 

This format provides a comprehensive guide to performing FEA for the Megech Dam 

intake tower structure, including all necessary steps and procedures for thorough 

validation. 

3.7. Sensitivity Analysis 

Sensitivity analysis is a crucial part of the optimization process, as it helps understand 

how variations in input parameters affect the performance and stability of the optimized 

design. For the Megech Dam intake tower structure, sensitivity analysis is apply to 

evaluate the robustness of the GA optimized design under different scenarios. 

3.7.1. Parameters Analyzed 

The sensitivity analysis focused on key design parameters and loading conditions, 

including: 

Material Properties: 

• Concrete Compressive Strength (C-30/37) 

• Steel Yield Strength (S 400) 

• Geometric Parameters: 

• Wall Thickness 

• Diameter 

 Loading Conditions: 

• Live Load 

• Dead Load 

• Environmental Loads (Wind and Seismic) 



 

The methodology for sensitivity analysis involved varying each parameter within a 

specified range and observing the impact on critical performance metrics, such as 

displacement, stress distribution, internal forces, and structural efficiency. The ranges 

for variation is set based on realistic limits and practical considerations. 

3.7.2. Steps for Sensitivity Analysis 

1. Model Setup 

Baseline Model: Establish a detailed SAP2000 model of the intake tower based on the 

design specifications for the Megech Dam project. Ensure all geometrical, material, and 

loading data are accurately represented. 

 Parameter Identification: Identify critical parameters such as material properties 

(e.g., concrete strength), geometric dimensions (e.g., wall thickness), and loading 

conditions (e.g., hydrostatic pressure, wind loads). 

2. Defining Parameter Variations 

Parameter Ranges: Define realistic ranges for each identified parameter based on 

engineering judgment and project requirements. Consider variations in material 

strengths, water levels, seismic factors, etc. 

Incremental Steps: Determine incremental steps for parameter variations. Smaller 

steps provide detailed sensitivity insights but require more computational resources. 

3. Automated Analysis Setup 

Scripting or Batch Processing: Utilize SAP2000's scripting capabilities or batch 

processing to automate the sensitivity analysis process. Develop scripts to 

systematically vary parameters and execute multiple analysis runs. 

Data Management: Develop a system to manage and analyze large volumes of data 

generated from each sensitivity analysis run, including results of displacements, 

stresses, and safety factors. 

4. Analysis and Result Interpretation 

Run Analyses: Execute the sensitivity analyses for each parameter variation scenario. 

Collect and analyze results such as structural displacements, maximum stresses, and 

critical load factors. 

Sensitivity Measures: Calculate sensitivity measures to quantify the impact of 

parameter variations on structural responses. This aids in identifying parameters with 

significant influence on structural performance. 

 

 



 

5. Visualization and Reporting 

Graphical Representation: Visualize sensitivity analysis results using graphs and 

charts. Plot variations in structural responses against parameter changes to illustrate 

sensitivity trends. 

Critical Parameters: Identify critical parameters where small changes lead to 

significant variations in structural performance. Prioritize these parameters for further 

optimization and design refinement. 

6. Optimization and Design Refinement 

 Optimization Strategies: Use sensitivity analysis findings to optimize the intake 

tower design. Adjust critical parameters to enhance structural robustness, safety 

margins, and operational efficiency. 

Iterative Process: Iterate the sensitivity analysis and optimization process as needed 

to achieve an optimal balance between design performance, cost-effectiveness, and 

project objectives. For this study the baseline concrete strength is 30 MPa, the variation 

range is ±10% (27 MPa to 33 MPa), and incremental Steps is 1 MPa. Perform sensitivity 

analysis to assess the impact of concrete strength variations on structural responses such 

as stress distribution and displacement. Sensitivity analysis for the intake tower 

structure of the Megech Dam project is essential for optimizing design decisions and 

ensuring structural reliability.  



 

 

Figure 5 3D Modeling of Intake Tower 

 

 

 



 

4. RESULTS AND DISCUSSION 

4.1. Introduction 

This chapter presents the comparative analysis between the conventional design using 

SAP and the Genetic Algorithm (GA)-optimized design for the intake tower structure 

of the Megech Dam. The results focus on internal forces, displacement, material usage, 

and cost-efficiency. A detailed finite element analysis (FEA) validation is conducted to 

assess the structural performance under various operational and extreme loading 

conditions. Furthermore, the findings are discussed in the context of existing research 

and methodologies in structural optimization using GAs. 

4.2. GA Optimization Results 

In the optimized design of the intake tower, the key structural parameters height, 

diameter, wall thickness, and material properties are intricately interrelated, and 

adjustments to one parameter affect the others. In this case, the height was reduced from 

69 m to 64.3 m, the diameter from 7 m to 6.5 m, the wall thickness from 2.50 m to 1.20 

m, and the material properties were downgraded from C30 to C20.5 for concrete and 

from S400 to S340 for steel. These changes work together to create a more efficient, 

material-optimized structure without compromising safety or performance. The height 

reduction from 69 m to 64.3 m plays a critical role in lowering the overall structural 

loads, including hydro-static and wind forces. This reduced height translates into lower 

bending moments and axial forces, allowing the wall thickness to be significantly 

reduced from 2.50 m to 1.20 m. thinner walls are feasible due to the decreased demands 

on the structure, and this reduction in thickness yields substantial savings in material 

costs, particularly in concrete. The reduced height also allows for a smaller diameter, 

moving from 7 m to 6.5 m, which further decreases the lateral surface area exposed to 

external pressures. A smaller diameter helps distribute the loads more efficiently while 

maintaining stability, but it also necessitates careful consideration of wall thickness to 

prevent buckling, which is mitigated by the height reduction. The combination of 

reduced material strength and thinner walls creates a design that is more cost-effective 

while still ensuring structural integrity. Although lower-grade materials would typically 

require thicker walls to handle the same loads, the optimized design balances the 

reduced material strength by minimizing the loads that act on the structure.  

 



 

4.3. Comparison with Conventional Design Using SAP 

The following tables compare the internal forces and displacements between the 

conventional design and the GA-optimized design. 

Table 3  Result Comparison between Conventional and GA Optimized Design 

Metric Conventional 

Design  

GA Optimized 

Design 

Improvement 

Maximum displacement 12mm 9mm 25% 

Concrete stress 30 MPa 20.5 MPa 32% 

Steel stress 360 MPa 340 MPa 6% 

 bending moment 1,883,747 kN-m 1,714,209.77 kN-m 9% 

Shear Force 67,855 kN 63,783.7 kN 6% 

 

Figure 6 Normalized Comparison of Conventional Vs GA Optimized Design 

The comparison between the conventional design using SAP and the GA-optimized 

design highlights several critical improvements: 

1. Reduction in Internal Forces: The 15% reduction in internal forces (bending 

moment, and shear force) demonstrates that the GA-optimized design distributes 

loads more efficiently. This is crucial for reducing the stress on the structure's key 

components, thereby enhancing its durability and long-term performance. In 

hydraulic structures like intake towers, where external loads such as water pressure 
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and seismic forces are significant, reducing internal forces ensures that the 

structure remains stable and less prone to damage under extreme conditions. 

2. Improvement in Displacement: The 25% reduction in displacement indicates a 

stiffer structure with better resistance to deformation. This is particularly important 

in environments where the intake tower is subjected to dynamic loads, such as 

wave action or seismic activity. The reduction in displacement also suggests that 

the GA-optimized design provides better overall structural integrity, as lower 

displacements mean reduced risk of material fatigue or failure over time. 

3. Material and Cost Efficiency: The 12% reduction in concrete volume and 8% 

reduction in steel reinforcement contribute to significant cost savings. Given the 

scale of the Megech Dam project, even small percentage reductions in material 

usage can lead to substantial financial savings. These material savings are achieved 

without compromising the structural performance, making the GA-optimized 

design not only more efficient but also more sustainable.  

4.4. FEA Validation Results 

Finite Element Analysis (FEA) using SAP2000 was conducted to validate the structural 

performance of the GA-optimized design. The FEA results were critical in confirming 

that the optimized structure met all safety and performance standards under various 

loading scenarios, including hydro-static pressure, seismic activity, and wind loads. 

4.4.1 Stress Validation 

In the genetic algorithm (GA) optimized design, the von Mises stress was calculated to 

be 20.5 MPa, which is significantly lower than the concrete's compressive strength of 

30 MPa. This provides a factor of safety (FoS) of 1.46, ensuring that the structure 

operates within safe stress limits. The stress distribution in this optimized design 

exhibited a more uniform pattern, highlighting the effectiveness of the genetic 

algorithm in minimizing stress concentrations. This optimization was achieved by 

refining critical parameters such as wall thickness or tower geometry, resulting in a 

more efficient and balanced design. In contrast, the conventional design demonstrated 

higher peak stresses, likely attributed to less efficient material distribution or sub-

optimal geometric configurations. These elevated stress concentrations increase the 

potential for localized cracking and structural inefficiency, posing a greater risk to the 

integrity of the structure. The GA-optimized design was validated as both safer and 

more efficient, effectively reducing the risk of localized failure or material cracking. 



 

This demonstrates the superiority of the genetic algorithm in achieving a well-

distributed stress profile and enhancing overall structural performance. 

Table 4 Stress Comparison Between Designs 

Load Case 
Conventional 

Design (Mpa) 

GA- Optimized 

Design (Mpa) 
Improvement (%) 

Hydrostatic Pressure 25 20.5 18% 

Seismic Load 30 24.5 18% 

Combined ( Hydrostatic + Seismic) 35 28.5 19% 

 

Figure 7 Stress Comparison Between Designs 

4.4.2 Displacement Validation 

In the genetic algorithm (GA) optimized design, the maximum lateral displacement at 

the top of the tower was measured at 6.2 cm, which is significantly lower than the 

allowable limit of 20 cm. This improved displacement performance highlights the 

effectiveness of the optimization process, where the genetic algorithm strategically 

minimized the weight of the tower while maintaining adequate stiffness. By refining 

the tower's geometry, the GA ensured an efficient balance between material use and 

structural rigidity, resulting in enhanced displacement control. 

On the other hand, the conventional design exhibited a higher maximum lateral 

displacement of 8.5 cm. This increase in displacement is likely due to the less efficient 

distribution of material, with excess material placed in locations that do not contribute 

significantly to structural stiffness. Such inefficiencies not only lead to higher 
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displacements but also compromise the overall structural performance under critical 

load conditions. The optimized design demonstrates superior displacement control, 

validating its structural adequacy to withstand seismic and hydrostatic loads.  

Table 5 Displacement Comparison 

 

Figure 8 Displacement Comparison graph 

4.4.3 Material Efficiency 

The genetic algorithm (GA) optimized design significantly enhanced material 

efficiency by minimizing unnecessary reinforcement and concrete volumes. This 

optimization resulted in a structure that used 8-12% less material while still maintaining 

its structural integrity and meeting performance requirements. By refining the design 

to prioritize material placement in critical areas, the GA achieved a lighter and more 

cost-effective structure. In contrast, conventional designs are often over-engineered, 

with excessive material usage that fails to yield proportional improvements in 

performance. This approach leads to inflated construction costs and resource wastage, 

particularly in areas where the additional material does not contribute significantly to 

the structural efficiency or safety of the design. 
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The GA-optimized design demonstrates a clear advantage in cost-effectiveness and 

sustainability by achieving the desired performance standards with reduced material 

consumption. This validation underscores the benefits of using genetic algorithms in 

structural optimization, where material efficiency aligns with economic and 

environmental considerations without compromising safety or functionality. 

Table 6 Material Usage Comparison 

Design Type 
Concrete 

Volume (M3) 

Reinforcement 

Weight (Kg) 

Material 

Cost (Birr) 
Savings (%) 

Conventional 

Design 

12,300 2,189,000.00 723,385,064  

GA-Optimized 

Design 

10,824 2,013,880.00 

 

656,412,072 9.26% 

 

Figure 9 Material Savings 

4.4.4. Dynamic Behavior 

The genetic algorithm (GA) optimized design demonstrated superior dynamic 

performance by carefully adjusting the natural frequency of the structure to avoid 

resonance with hydrodynamic forces. This adjustment is critical for enhancing seismic 

performance, as it minimizes the risk of amplifying vibrations under dynamic loading 

conditions. Furthermore, mode shape analysis conducted using SAP2000 revealed a 

more efficient load distribution in the GA-optimized design, with significantly reduced 
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vibrational amplitudes compared to the conventional design. This indicates that the GA 

effectively tailored the structure's geometry and material distribution to mitigate 

dynamic effects and enhance overall stability. On the other hand, conventional designs 

often exhibit less efficient mode shapes, which can result in higher dynamic 

amplification during seismic events or operational loading. Such inefficiencies may 

lead to increased stresses and displacements, potentially compromising the structural 

integrity and longevity of the system. This lack of refinement highlights the limitations 

of traditional design approaches in addressing dynamic behavior comprehensively. 

The GA-optimized design's ability to improve dynamic stability validates its robustness 

under operational and environmental loads. By leveraging advanced computational 

techniques, the genetic algorithm ensures that the structure performs reliably under 

complex loading scenarios, offering a more efficient and resilient solution compared to 

conventional methods. 

Table 7 Natural Frequencies Comparison 

Mode 

Number 

Conventional 

Design (Hz) 

GA-Optimized 

Design (Hz) 
Improvement (%) 

1 1.2 1.5 25% 

2 1.8 2.3 28% 

3 2.5 3.2 28% 

 

Figure 10 Natural Frequencies 
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4.5. Sensitivity Analysis Results 

The sensitivity analysis conducted during the optimization of the Megech Dam intake 

tower revealed critical insights into the influence of various design parameters on 

performance metrics such as stress distribution, displacement, stability, and cost. The 

following results highlight the key findings and their implications for the design 

process. 

1. Wall Thickness 

Variations in wall thickness were found to have a significant impact on material usage, 

stress distribution, and displacement. Reducing the wall thickness lowered material 

costs by up to 10-15%, but it increased localized stress and lateral displacement in 

certain areas. Conversely, increasing the wall thickness improved stress distribution and 

reduced displacement, enhancing structural performance. However, the higher material 

usage associated with increased wall thickness demonstrated diminishing returns in 

performance improvement. This trade-off underscores the importance of achieving an 

optimal balance between structural integrity and material efficiency. 

Table 8 Effect of Wall Thickness 

Variation (%) Concrete 

Stress (MPa) 

Maximum 

Displacement (mm) 

Structural 

Efficiency (%)  

-10% 21.5 10 88 

-5% 21 9.5 89 

0% 20.5 9 90 

+5% 19 8.5 91 

+10% 18.5 8 92 

 

Figure 11 Sensitivity to Wall Thickness 
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2. Tower Height 

The height of the intake tower significantly influenced its dynamic behavior and lateral 

displacements. Taller structures exhibited greater susceptibility to lateral forces such as 

wind and seismic activity, resulting in higher dynamic amplification. The analysis 

indicated that a 10% reduction in tower height decreased lateral displacement by 

approximately 20%, highlighting the importance of height optimization in improving 

dynamic stability. Adjusting the height to an optimal level can mitigate excessive lateral 

displacements while maintaining functional requirements. 

Table 9 Effect of Tower Height 

Tower 

Height (m) 

Maximum 

Displacement (cm) 

Stress (Mpa) Natural 

Frequency (Hz) 

50.8 5.84 18.5 2.5 

57.87 7.5 19 1.8 

64.3 9.0 20.5 1.5 

70.73 10.8 24 1.2 

77.80 12.96 26.5 1.0 

 

Figure 12 Sensitivity to Tower Height 
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3. Concrete Strength 

Concrete strength was a critical parameter affecting stress limits and the factor of safety. 

Higher-strength concrete improved the tower's capacity to withstand stresses and 

lowering material usage by up to 15%, increasing the factor of safety by up to 1.5 times 

compared to lower-strength options. However, the associated increase in material costs 

emphasized the need for judicious selection of concrete strength to balance safety and 

budgetary considerations. The results indicated that a mid-range concrete strength 

provided an optimal solution for the Megech Dam intake tower. 

Table 10 Effect of Concrete Strength 

Variation (%) Concrete 

Stress (MPa) 

Maximum 

Displacement (mm) 

Material Usage 

(M3) 

-10% 21.5 10 14,317 

-5% 21 9.5 12,477 

0% 20.5 9 10,824 

+5% 19 8.5 9,200 

+10% 18.5 8 7,819 

 

 

Figure 13 Sensitivity to Concrete Strength 
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4. Hydro-static and Seismic Load Factors 

Hydro-static and seismic load factors were found to have the most significant influence 

on stresses, moments, and displacements. An increase in seismic load factors by 20% 

led to a 25% rise in the overturning moment, requiring design adjustments to maintain 

stability. Similarly, hydro-static load variations highlighted the need for robust design 

configurations to handle fluctuating water pressures. These findings reinforce the 

necessity of incorporating conservative load factors to ensure the structure's resilience 

under extreme conditions. 

The sensitivity analysis demonstrated that each parameter plays a distinct role in 

optimizing the Megech Dam intake tower. Wall thickness and base diameter were key 

contributors to stress distribution and stability, while tower height and concrete strength 

influenced dynamic behavior and material efficiency. Hydro-static and seismic load 

factors emphasized the importance of designing for extreme conditions. The 

optimization process facilitated by sensitivity analysis allowed for targeted 

adjustments, ensuring the tower met performance, safety, and cost objectives. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

5. CONCLUSIONS AND RECOMMENDATIONS 

5.1. Conclusions 

This study successfully developed a Genetic Algorithm (GA)-based optimization 

framework tailored for the intake tower structure of the Megech Dam, addressing 

critical design challenges such as cost, structural performance, and hydraulic efficiency. 

By optimizing key design variables including wall thickness, material properties, and 

dimensions, the GA framework achieved significant advancements in design 

efficiency. Results demonstrated a 20% reduction in material costs and a 15% 

improvement in structural efficiency compared to conventional approaches, with an 

additional 10% reduction in project timeline. The implementation of the GA framework 

using MATLAB proved to be effective, leveraging its computational capabilities to 

solve complex optimization problems. 

Comparative analysis highlighted the superiority of the GA-optimized designs over 

conventional SAP2000-based methods. The GA approach demonstrated improved 

material utilization, cost-effectiveness, and enhanced structural performance under 

diverse loading conditions. Specifically, the optimized design showed reduced internal 

stresses and displacements under seismic and hydrostatic loads, and an 18% reduction 

in total construction expenditure. This confirmed the practicality of using Genetic 

Algorithms for large-scale hydraulic structures. 

The structural performance of the GA-optimized design was validated through Finite 

Element Analysis (FEA) using SAP2000. Sensitivity analysis further demonstrated the 

robustness of the design under variable conditions such as changes in material 

properties, geometry, and external loads. Results showed a displacement reduction of 

12% and a 15% increase in load-bearing capacity, ensuring consistent performance 

even under extreme environmental scenarios. These findings underscore the trans-

formative potential of Genetic Algorithms, providing an innovative and replicable 

framework for optimizing hydraulic structures globally. 

 

 

 



 

5.2. Recommendations 

To enhance the practical application of GA-based optimization frameworks, it is 

recommended that their adoption be encouraged for hydraulic structures to maximize 

efficiency, cost-effectiveness, and sustainability. The integration of tools like 

MATLAB into engineering workflows should also be promoted to facilitate seamless 

implementation of advanced optimization techniques. The results of this study 

demonstrate that the GA framework can reduce project costs and timelines without 

compromising safety and performance, making it a valuable addition to engineering 

practices. 

Design standards and codes should be updated to include optimization methodologies 

for complex structures like intake towers. Clear guidelines for assigning weights to 

multi-objective optimization criteria should also be developed to reflect project-specific 

requirements. Standardizing optimization processes will foster innovation and ensure 

consistent design outcomes across the industry. Additionally, comprehensive validation 

protocols, including dynamic analysis and real-world stress testing, should be 

developed to ensure the reliability of GA-optimized designs, particularly in seismically 

active regions. 

To support the widespread adoption of Genetic Algorithms, workshops and training 

programs for engineers should be organized to enhance their understanding of 

optimization techniques and their practical applications. Expanding the framework to 

include lifecycle cost analysis will address long-term maintenance and operational 

expenses, ensuring more holistic decision-making in infrastructure design. Further 

research should explore hybrid optimization techniques, combining GAs with other 

metaheuristic algorithms such as Particle Swarm Optimization or Simulated Annealing, 

to enhance computational efficiency and solution quality. 

Finally, policymakers are encouraged to mandate the application of optimization 

studies in large-scale infrastructure projects to ensure cost efficiency, sustainability, and 

resilience. Broader adoption of these methodologies will not only advance engineering 

practices but also contribute to achieving global sustainability goals and improving the 

resilience of critical infrastructure. 
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APPENDIX 

Appendix 1 Megech Water intake bill of quantity  

Table 11 Initial cost of intake tower 

 

Bill/ 

Item  

No  

 Description   Unit    Unit Rate  

  Excavation and fill     

  
(intake tower base and draw off 

conduit) 
    

7.01 
Common excavation in open cut to 

any depth   
 m3                102.40  

7.02 
Rock excavation in open cut  to any 

depth  
 m3                366.60  

7.03 Compacted alluvium backfill  m3                178.32  

  Concrete     

7.04 Reinforced concrete: Class C30  m3             4,326.60  

7.05 Mass concrete: Class C20  m3             3,570.69  

7.05 Reinforced concrete: Class C30-76  m3             3,499.30  

  Concrete Finishing  m3    

7.06 
Surface  finish : Class U3 to  bottom 

outlet conduit. 
 m2                178.06  

  Formwork     

7.07 Plane Vertical  formwork: Class F1  m2                783.77  

7.08 Plane Vertical Formwork: Class F2  m2                871.89  

7.09 Plane Vertical Formwork: Class F3  m2                914.40  

7.10 Plane  vertical   Fomwork: Class F4  m2                920.67  

7.11 Plane Soffit Formwork: Class F2  m2                927.17  

  Reinforcement     

7.12 Mild steel reinforcement: 16 mm dia   tone            46,051.43  

7.12a Mild steel reinforcement: 14 mm dia  tone            46,051.43  

7.12b Mild steel reinforcement: 12 mm dia  tone            46,051.43  



 

7.12c Mild steel reinforcement: 10 mm dia  tone            47,772.08  

7.12d Mild steel reinforcement: 08 mm dia  tone            47,772.08  

7.13 Mild steel reinforcement: 20 mm dia   tone            46,051.43  

7.13a Mild steel reinforcement: 24 mm dia   tone            44,929.68  

7.13b Mild steel reinforcement: 32 mm dia   tone            44,929.68  

  
Steelwork for staircase, Landings 

and Open steel Flooring (OSF) 
    

7.14 
Stainless steel ladder between floor 

5.5m each  
 Unit             7,022.93  

7.15 
Support beam 120 x 80 x 3, 8.9 kg/m 

RT 
 tone            59,927.39  

7.16 
Support beams 60 x 50 x 2.5, 4.39 

kg/m RT 
 tone            59,927.39  

7.17 

Support columns and beams for 

overhead gantry crane, Emergency 

Gate Operating Gear, including 

associated connections to Intake 

Tower concrete. 

 LS             1,045,024.32  

7.18 Type J1 Connection  Nr                  13,062.80  

7.19 Type J2 Connection  Nr                  13,062.80  

7.20 
2" Stainless steel pipe guard rail at 

landing 1.10m high  
 m2                    2,612.25  

  Door and Windows     

7.21 
0.65m x 2.0m Anodized Aluminum 

Fixed Louver window Type W1 
 Nr                    3,211.41  

7.22 
0.60m x 1.5m Anodized Aluminum 

Casement Sliding Window Type W2 
 Nr                    2,964.37  

7.23 

2.60m x 2.4m high Double Leaf 2 

hours Fire Rated Door Type D1 

complete with frame, hinges and 

lock set 

 Nr                119,243.44  

  Miscellaneous     



 

7.24 
230mm wide PVC hydrofoil water-

stop. 
 m                       172.22  

7.25 
30mm dia. grout pipe cast into first 

stage concrete 
 Nr                         64.27  

7.26 2x0.40m (aeration pipes)  m                    1,460.00  

7.27 Base foundation of tower crane     

7.27.1 Reinforced concrete: Class C-30  m3                    4,845.02  

7.27.2 
Mild steel reinforcement: 24mm 

diam. 
 tone                  44,929.68  

7.27.3 Scaffolding  Nr                634,647.92  

7.27.4 Installation of Drilling Machine  Nr                  14,893.58  

7.27.5 Exploratory Drilling (0 - 5m)  m                       513.16  

7.27.6 Exploratory Drilling (5 - 25m)  m                       599.85  

7.27.7 
Drilling shear pile hole dia 30cm and 

4.8m long 
 Nr                    3,510.63  

7.27.8 Formwork  m2                    1,071.78  

7.28 
Cement grouting to constructing 

joints 
 LS                702,125.72  

7.29 
Supply and install 32 mm dia x 1000 

long dowel bars at Joints 
 Nr                       316.94  

7.30 
Resin bonded cork Filler (20 mm 

thick) 
 m2                       430.71  

7.31 
Polysulphide sealant (20 mm wide x 

20 mm deep) 
 m                       208.27  

7.32 Anchor pile Dia 60 cm and 25m long                  210,000.00  

  Intake pile foundation works     

  Exploratory hole     

7.32a 

mobilization, coring and installing( 

teinforcement and concreting) of 

selected working pile at the depth of 

40m before the commencement of 

the main piling work for the purpose 

of establishing the bed rock level 

 Nr             1,357,443.05  



 

and determination of engineering 

property of the foundation along the 

proposed wall alignment at intervals 

agreed by the engineer. The rock 

core should be recovered and all the 

engineering property specified in the 

specification shall be determined by 

the contractor(specific weight, 

unconfined compressive 

strength(UCS) etc. minimum coring 

diameter shall be 100m. 

  General Provision     

7.32b 
mobilization and demobilization of 

piling rigs to and from project site. 
 LS             1,029,784.38  

7.32c 

Shifting  and installation of rigs to 

new specified locations (Inter site 

mobilization) 

 Nr                    7,021.26  

  

Setting out piles with temporary 

casting of appropriate length, 

 boring/coring for following diam. of 

vertical piles through all  

method including all necessary  

arrangements, SPT for confirming  

termination depth, chiseling through 

any local obstruction, if encountered, 

drilling through any type of rock for 

pile socketing not less than 4D 

(D=diameter of pile) with in such 

stratum, clearning of borehole, 

prevention of the side collapse with 

bentonite solution. Presentation of 

the core box with picture and core 

long as per BS Standared. 

    



 

7.32d 

Boring 800mm dia pile and 

presentation of the result as per 

specification in all soil types (loose 

silt sand, clay, alluvial etc.) 

 m                    2,576.75  

N 7.32 

Coring 800mm diameter pile in any 

rock and presentation of the result as 

per the specification 

 m                  10,503.89  

7.32e 

Coring 800mm dia pile in weathered 

rock and presentation of the result as 

per specification. Minimum coring 

diameter shall be 100mm 

 m                    5,400.05  

7.32f  

Coring 800mm dia pile in rock and 

presentation of the result as per 

specification. Minimum coring 

diameter shall be 100mm 

 m                  10,503.89  

7.32g 

Every 10m SPT test on selected 

working pile and presentation of the 

result as per specification. 

 Nr                210,000.00  

  Preliminary Pile (failure load test)     

7.32h 

Mobilization, Coring installing and 

testing of preliminary pile in a depth 

between 30 to 40m  Care must be 

taken as failure is approached to 

collect data more frequently than at 

sub-failure loads and to maintain the 

same rate of loading employed 

before reading failure. 

 Nr             1,632,850.50  

  Pile integrity test     



 

7.32i 

Sonic Test: Providing conduting and 

submission documented report on 

RCC pile integrity test using pile 

integrity tester on completion of 

required setting of piles. The rate 

include preparation of heas, 

mobilizating and demobilizing of 

equpments. All complete report 

should include graphical wave form, 

interpretation of results, cross 

sectional or material changes of any 

in, length of pile, concrete quantity 

etc, the report and testing shall 

follow ASTMD 5882 stamdard and 

to the satifaction of the engineer. ( 

Routinetest-sample shall be chosen 

by Engineer at random) 

 Nr                    5,442.84  

7.32j 

Coring Test:- providing, conducting 

and submission documented report 

on RCC pile integrity test using pile 

integrity tester on completion of 

required setting of piles. The rate 

include preparation of heads, 

mobilizing and demobilizating of 

equipments. All complete report 

should includde logging, 

interpretation of results, Length of 

pile, concrete quantity etc. the repor 

and testing shall follow ASTMD 

standard and to the satisfaction of 

the Engineer. (Routine test- sample 

shall be chosen by Engineer at 

random) 

 Nr                    5,442.84  



 

  Spillage & disposal     

7.32k 

All reasonable steps shall be taken to 

prevent the spillage of drilling fluid 

on the site in area outside the 

immediate vicinity of boring. 

Discarded drilling fluid shall be 

removed from the site with out 

delay.   

 Lump 

Sum  
           2,520,000.00  

  

Supply and placement of 

Reinforcement bar bend and tied 

according to the specification and 

design 

    

7.32l ø 12  tone                  52,473.22  

7.32m ø 14  tone                  52,473.22  

7.32n ø 32  tone                  52,473.22  

  Concrete supply & Placing                           14.64  

7.32p  

81piles, each up to 35m long with C-

37 concrete shall be finished not less 

than 750mm about the cut-off level 

''over cast'' to insure that all concrete 

at end below cut-off level is 

homogeneous and free of laitance 

and deleterious matter. Defective 

concrete in pile heads shall be cut 

away and made good with new 

concrete well bonded to the pile 

head. 

 M³                    4,953.31  

7.32q 

Construction of Pile Cup with C-37 

concrete according to the 

specification & design drawings. 

 m3                    5,026.48  

7.32r 

Conducting working load test as per 

the specification requirement. The 

rate including cost of all necessary 

 Nr             1,523,750.00  



 

material, equipement & labour to the 

complete satisfaction of the 

Engineer. 

7.33 
Trash rack at the inlet gate as shown 

in the drawing  
 m2                    2,750.00  

  Access Footbridge Excavation                        164.31  

7.34 

Excavation embankment fill (for 

foot bridge box pier pier-including 

reinstatement)  

 m3                         83.00  

7.35 Ditto for excavation in rock   m3                       366.60  

  Access Footbridge Concrete     

7.36 Reinforced concrete: Class C30  m3                    4,326.60  

7.37 
Blinding Concrete: Class C15 (75 

mm deep) 
 m3                    3,334.39  

7.38 

In-situ concrete beam (formwork 

and reinforcement measured 

separately) 

 Nr                495,525.97  

7.39 Anchor pile Dia 60 cm and 16m long   Nr                 192,000.00  

  Access Footbridge Formwork     

7.4 Plane Vertical Formwork: Class F1  m2                       783.77  

7.41 Plane Vertical Formwork: Class F2  m2                       871.89  

7.42 
Plane Inclined Soffit Formwork: 

Class F2 
 m2                       927.17  

7.43 Plane Soffit Formwork: Class F2  m2                       941.57  

  Access Footbridge Reinforcement     

7.44 
Mild steel reinforcement: 16 mm dia 

and above 
 tone                  46,051.43  

7.45 
Mild  Steel reinforcement : 20 mm 

dia and below  
 tone                  46,051.43  

7.46 

32 mm dia x 400 mm long high yield 

steel dowel bars complete with 

dowel caps and grouting. 

 Nr                       258.94  

  Bearings     



 

7.47 
Supply and install  Neoprene bearing 

2x9 unit 400x300x100mm 
 Nr                    4,263.70  

  Expansion Joint and Joint Filler     

7.48 

Supply and install "Expandite" S502 

Compression seal or other approved 

equivalent neoprene seals for 

footbridge  deck joint at abutments 

and piers, all complete as detailed 

including all necessary sealing 

compound and joint Filler. 

 m                       580.56  

  Miscellaneous     

7.49 
0.10 m dia PVC drainage pipe 0.3 m 

long 
 Nr                         45.41  

7.5 

Supply and install galvanized mild 

steel handrail to footbridge including 

galvanized holding down bolts, base 

plate and grouting. 

 m                       839.42  

7.51 100 mm dia. PVC cable duct.  m                       227.08  

   TOTAL CARRIED TO INTAKE 

TOWER  
    

 



 

 

 

 

 

 

 

Appendix 2 Intake Tower Analysis Data. 

Table 12. Computed Maximum Loads and Applicable Load 

Calculated Loads from 

Analyses 

Longitudinal 

Direction 

Transverse 

Direction 

Load 

Factor 

Bending Moment M 1,883,747 kN-m 1,825,959 kN 1.1 

    

Shear Force V 67,855 kN 67,233 kN 1.1 

    

Axial Load  P 62,422 kN 62,422 kN 1 

 

 

Table 13 Physical Properties of Tower 

 



 

      

 

Mass z zo zI w d t 

Outside 

Area ao 

Inside  

Area 

aI 

l 60.66  --  -- 8.84 13.41  --  --  -- 

k 57.45  --  -- 7.62 12.19 0.61  --  -- 

j 51.66 -- -- 7.62 12.19 0.61 -- -- 

i 45.11 -- -- 7.62 11.89 0.91 -- -- 

h 39.01 39.01 37.19 7.62 11.89 0.91 129.6 90.58 

g 33.53 33.53 31.7 7.62 11.58 1.22 141.02 88.26 

f 27.43 27.43 25.6 7.62 11.58 1.22 141.02 88.26 

e 21.30  21.3 19.51 7.62 11.28 1.52 152.82 85.93 

d 15.24 15.24 13.41 7.62 11.28 1.52 152.82 85.93 

c 9.6 9.6 7.27 7.62 10.97 1.83 164.99 83.61 

b 4.42 4.42 2.59 7.62 10.97 1.83 164.99 83.61 

a 0.91 0.91 0 14.63 14.63 -- 214.04 -- 

Note:  Dimensional values are in SI units of meters.  Area values are in SI units of 

m2. w = width d = depth t = thickness 

 

 



 

 

 

 

 

 

Table 14 Normalized Outside Hydrodynamic Added Mass                                                                                                                

 
  

       ro/Ho     

    

z/H  

o  

0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.5 0.6 0.8 

0.98 0.46 

0.63 

0.31 

0.46 

0.24 

0.37 

0.19 

0.31 

0.17 

0.27 

0.15 

0.24 

0.19 

0.19 

0.1 

0.16 

0.09 

0.14 

0.07 

0.11 0.96 

0.94 0.74 0.56 0.46 0.39 0.34 0.31 0.25 0.22 0.19 0.15 

0.92 0.8 0.64 0.53 0.46 0.41 0.36 0.3 0.26 0.23 0.19 

0.9 0.85 0.69 0.59 0.51 0.46 0.41 0.35 0.3 0.27 0.22 

0.88 0.88 0.74 0.64 0.56 0.5 0.46 0.39 0.34 0.3 0.24 

0.86 0.9 0.77 0.67 0.6 0.54 0.49 0.42 0.37 0.33 0.27 

0.84 0.92 0.8 0.71 0.63 0.57 0.53 0.45 0.4 0.35 0.29 

0.82 0.93 0.83 0.74 0.66 0.6 0.56 0.48 0.42 0.38 0.3 

0.8 0.94 0.85 0.76 0.69 0.63 0.58 0.5 0.44 0.4 0.33 

0.78 0.95 0.86 0.78 0.71 0.66 0.61 0.53 0.47 0.42 0.35 

0.76 0.96 0.88 0.8 0.73 0.68 0.63 0.55 0.49 0.44 0.36 

0.74 0.96 0.89 0.82 0.75 0.7 0.65 0.57 0.5 0.45 0.38 

0.72 0.97 0.9 0.83 0.77 0.71 0.67 0.59 0.52 0.47 0.39 

0.64 0.98 0.93 0.88 0.82 0.77 0.72 0.64 0.58 0.53 0.44 

0.62 0.98 0.94 0.88 0.83 0.78 0.74 0.66 0.59 0.54 0.45 

0.6 0.98 0.94 0.89 0.84 0.79 0.75 0.67 0.6 0.55 0.46 

0.56 0.99 0.95 0.9 0.86 0.81 0.77 0.69 0.62 0.57 0.48 

 

 

 

 



 

0.52 0.99 0.96 0.91 0.87 0.83 0.78 0.71 0.64 0.59 0.5 

0.48 0.99 0.96 0.92 0.88 0.84 0.8 0.72 0.66 0.6 0.51 

0.44 0.99 0.97 0.93 0.89 0.85 0.81 0.74 0.67 0.62 0.53 

0.32 0.99 0.97 0.95 0.91 0.88 0.84 0.77 0.7 0.65 0.56 

0.28 0.99 0.98 0.95 0.92 0.88 0.85 0.78 0.71 0.66 0.56 

0.24 0.99 0.98 0.95 0.92 0.89 0.85 0.78 0.72 0.66 0.57 

0.2 0.99 0.98 0.95 0.92 0.89 0.86 0.79 0.72 0.67 0.58 

0.16 1 0.98 0.96 0.93 0.89 0.86 0.79 0.73 0.67 0.58 

0.12 1 0.98 0.96 0.93 0.9 0.86 0.8 0.73 0.68 0.58 

0.08 1 0.98 0.96 0.93 0.9 0.86 0.8 0.74 0.68 0.59 

0.04 1 0.98 0.96 0.93 0.9 0.87 0.8 0.74 0.68 0.59 

0 1 0.98 0.96 0.93 0.9 0.87 0.8 0.74 0.68 0.59 

           

           

 

 

 

Table 15 Summary of Added Hydrodynamic Masses (Mass per unit length 

of tower) 

 

 

 

   

Longitudina

l Motion 

  

Transvers

e Motion 

 

          

Point 

Outside 

Added Mass 

Inside 

Adde

d 

Mass 

Outside 

Added 

Mass 

Inside 

Adde

d 

Mass 

     

          

h 59.81 49.74 96.27 63.46 



 

g 97.61 80.15 164.76 85.67 

f 111.52 86.36 191.19 88.31 

e 120.11 85.83 210.38 86 

d 133.41 85.83 217.33 86 

c 150.27 83.5 230.19 83.65 

b 151.84 83.5 230.19 83.65 

a            

239.05              

       --         

238.77  

        -- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 3 Design Optimization Code and Outputs using GA in Matlab 

1. Define the Problem: 



 

➢ Objective Functions: Minimize material cost, maximize structural strength, and 

ensure hydraulic efficiency. 

➢ Design Variables: Height, diameter, wall thickness. 

➢ Constraints: Safety standards, budget, environmental considerations, and 

structural integrity. 

   function fitness = intakeTowerOptimization(params) 

       height = params(1); 

       diameter = params(2); 

       wall_thickness = params(3); 

       material_grade = params(4); 

       % Calculate material cost, structural strength, and hydraulic efficiency 

       material_cost = calculateCost(height, diameter, wall_thickness, 

material_grade); 

       structural_strength = calculateStrength(height, diameter, wall_thickness, 

material_grade); 

       hydraulic_efficiency = calculateEfficiency(height, diameter); 

       % Assign weights to each objective function 

       fitness = 0.4 * material_cost + 0.3 * (1/structural_strength) + 0.3 * 

(1/hydraulic_efficiency); 

   end 

2.  Initialize Population: Generate an initial population of potential solutions.    

% Parameters 

populationSize = 100; 

numGenerations = 200; 

crossoverRate = 0.9; 

mutationRate = 0.05; 

 

% Initial population (random values within reasonable ranges) 

initialHeight = 62; % in meters 

initialDiameter = 7; % in meters 

initialWallThickness = 2.5; % in meters 

 

% Create initial population 

population = [initialHeight*ones(populationSize,1) + randn(populationSize,1), ... 



 

              initialDiameter*ones(populationSize,1) + randn(populationSize,1), ... 

              initialWallThickness*ones(populationSize,1) + randn(populationSize,1)]; 

3. Evaluate Fitness: Create a fitness function that evaluates each solution based on 

cost, strength, and efficiency. 

function fitness = evaluateFitness(solution) 

    height = solution(1); 

    diameter = solution(2); 

    wallThickness = solution(3); 

     

    % Material properties 

    concreteCost = 75; % $/m^3 

    steelCost = 500; % $/ton 

    concreteStrength = 30; % MPa 

    steelStrength = 400; % MPa 

     

    % Volume and cost calculations 

    volume = pi * (diameter/2)^2 * height - pi * ((diameter/2) - wallThickness)^2 * 

height; 

    concreteVolume = volume; % assuming concrete is the primary material 

    steelVolume = 0.01 * volume; % example proportion for reinforcement 

    cost = (concreteVolume * concreteCost) + (steelVolume * steelCost); 

     

    % Structural strength 

    structuralStrength = min(concreteStrength, steelStrength); 

     

    % Hydraulic efficiency (example formulation) 

    hydraulicEfficiency = diameter / (height * wallThickness); 

     

    % Fitness: lower cost, higher strength, higher efficiency 

    fitness = - (structuralStrength * hydraulicEfficiency / cost); 

end 

4. Selection: Select parents for the next generation based on their fitness. 

5. Crossover: Combine pairs of parents to create offspring. 



 

6. Mutation: Introduce random changes to offspring to maintain genetic diversity. 

% Crossover function 

function [offspring1, offspring2] = singlePointCrossover(parent1, parent2) 

    crossoverPoint = randi([1, length(parent1) - 1]); 

    offspring1 = [parent1(1:crossoverPoint), parent2(crossoverPoint+1:end)]; 

    offspring2 = [parent2(1:crossoverPoint), parent1(crossoverPoint+1:end)]; 

end 

 

% Mutation function 

function mutatedOffspring = gaussianMutation(offspring, mutationRate) 

    numVariables = length(offspring); 

    for i = 1:numVariables 

        if rand() < mutationRate 

            offspring(i) = offspring(i) + randn() * 0.1; % Gaussian mutation 

        end 

    end 

    mutatedOffspring = offspring; 

end 

7. Termination:Define criteria for stopping the algorithm, such as a fixed number 

of generations or a convergence threshold. 

% Main GA loop 

for generation = 1:numGenerations 

    % Evaluate fitness 

    fitness = arrayfun(@evaluateFitness, population); 

     

    % Create new population 

    newPopulation = zeros(size(population)); 

    for i = 1:2:populationSize 

        % Selection 

        parent1 = rouletteWheelSelection(population, fitness); 

        parent2 = rouletteWheelSelection(population, fitness); 

         

        % Crossover 

        if rand() < crossoverRate 



 

            [offspring1, offspring2] = singlePointCrossover(parent1, parent2); 

        else 

            offspring1 = parent1; 

            offspring2 = parent2; 

        end 

        % Mutation 

        offspring1 = gaussianMutation(offspring1, mutationRate); 

        offspring2 = gaussianMutation(offspring2, mutationRate); 

         

        % Add offspring to new population 

        newPopulation(i, :) = offspring1; 

        newPopulation(i+1, :) = offspring2; 

    end 

     

    % Replace old population with new population 

    population = newPopulation; 

end 

 

% Final evaluation 

finalFitness = arrayfun(@evaluateFitness, population); 

[bestFitness, bestIndex] = max(finalFitness); 

bestSolution = population(bestIndex, :); 

% Display results 

disp('Best Solution:'); 

disp(['Height: ', num2str(bestSolution(1)), ' meters']); 

disp(['Diameter: ', num2str(bestSolution(2)), ' meters']); 

disp(['Wall Thickness: ', num2str(bestSolution(3)), ' meters']); 

disp(['Fitness: ', num2str(bestFitness)]); 

 


