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Dam construction projects are considered among the most 

extensive and expensive projects. It is always appropriate 

and optimal for such concrete structures to reduce the 

volume of concrete and consequently reduce construction 

costs. In this study, invasive weed optimization software 

GNU octave was used to find the dimensions of the concrete 

gravity dam Koyna located in India optimized stability 

constraints. For this purpose, a cross-section with a length 

unit consisting of eight geometric parameters was used as 

input variables, and other geometric parameters were defined 

using these variables. The result showed that invasive weeds 

are well-optimized dimensions of the dam as the volume of 

concrete in the construction of the dam at the current level 

measures 3633 cubic meters that optimal dropped 3353 cubic 

meters, which is a mean of 7.7% of the value of the objective 

function (the volume of concrete in dams) is reduced. This 

amount of concrete decreased the construction of the dam, 

saving the cost and is more economical. 
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1. Introduction 

The operation of dam reservoirs is one of the water resources managers goals, and various 

methods have been proposed to solve such problems. With increasing dimensions, the number of 

variables, and constraints, the possibility of solving such problems with conventional 

optimization and explicit computational methods is reduced. It is challenging to achieve an 

optimal solution in these conditions. Thus, the use of meta-exploration methods or evolutionary 

algorithms, which of course, do not guarantee the achievement of an absolute optimal solution, 

but can create different answers [1–6] have received much attention [7] using the quasi-

programming algorithm. Simoes 1994 [8] obtained the optimal shape of a weighted concrete dam 

under the influence of static and dynamic forces. Cai et al. combined the GA algorithm with 

linear programming and successfully solved significant nonlinear water resources management 

problems [9]. Chen used this algorithm to obtain the command curves of a single-reservoir 

system and evaluated it as very effective for optimizing completely nonlinear systems [10]. 

Mollazadeh et al. determined the cross-section of a weighted concrete dam by a genetic 

algorithm [11]. Bozorg Haddad et al. [12] used the bee mating optimization algorithm (BMO) in 

the problems of optimal operation of dam reservoirs. They obtained encouraging results 

compared to other meta-exploration algorithms in solving problems. 

In a study, Kumar et al., 2006 [13] used a genetic algorithm to optimize the performance of the 

Matlab Raha single-purpose dam reservoir for irrigating crop plants. The results showed that the 

optimal performance is obtained using linear programming. Afshar et al., 2007 [14] presented an 

extended bee mating algorithm and used it to optimize a continuous single-reservoir system with 

nonlinear limit functions. 

Comparing the results with the results obtained from Lingo software has shown that this 

algorithm's convergence to the absolute optimal solution is very fast. Dariane and Moradi [15] 

used the continuous ant algorithm in optimizing the operation of the Karkheh basin reservoirs 

and compared the results with the genetic algorithm. This short-term model showed the 

superiority of the continuous algorithm over genetics in their studies compared the dimensions of 

a weighted concrete dam using a genetic algorithm and a particle swarm optimization algorithm 

and compared the two algorithms in terms of accuracy and speed of response. Azarfza et al. [16] 

optimized the reservoir for the 5-year flow of the Chai River to meet downstream needs, 

including drinking, agriculture, and the environment. This study compares annealing algorithms, 

genetics, and particle swarm, and the particle swarm optimization algorithm is more effective 

than other methods. Dariane and Farahmandfar [17] used a bee optimization algorithm to 

optimize the operation of the Karkheh multi-reservoir system in southwestern Iran. After 

comparing it with particle swarm algorithms and genetics, they concluded that Bee optimization 

has been more efficient. Ghodousi and Oskouhi [18] optimized the Koyna concrete weight 

barrier dimensions using the nonlinear LINGO11 model. Their research showed that optimizing 

the dimensions of the dam compared to the actual model has decreased by 2.26 percent. Based 

on previous research, the invasive weed optimization algorithm has not been applied to 
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optimizing the dimensions of a weighted concrete dam, so this study aims to utilize the invasive 

weed algorithm (IWO) optimization method for the optimal construction of Koyna weight 

concrete dams located in India in order to reduce the amount of concrete used to build the 

structure and reduce costs associated with its construction. Alikhani., 2019 [19], in a study, used 

the ABC artificial bee colony method to optimize the double-arched dam. Also, the number of 

divisions n = 5 leads to a decrease of 23.14% compared to the actual volume of the dam. 

In the design of gravity dams, several geometric parameters are taken into account depending on 

the design criteria, the site specifications, and the height requirements. An executive option is 

one that is both sustainable and cost-effective. Considering geometric parameters as decision 

variables, barrier weight was regarded as the objective function. The geometric parameters of the 

dam are determined by the model in order to minimize the number of materials used in the 

construction. For the evaluation of the proposed method, the Koyna dam dataset was used, and 

the results were compared with those obtained from genetic algorithms (GA), honey bee mating 

(HBMO), and colonial competition (ICA). 

Based on the results of the EA method, the volume of concrete used and the area of the Koyna 

dam have been reduced by 9.87 and 10.40 percent, respectively. Compared to genetic 

optimization (GA), honey bee mating (HBMO), and colonial competition (ICA), the EA 

algorithm demonstrated better efficiency in achieving the optimal dam section dimensions. In 

addition, the EA algorithm improves by 8%, 6%, and 11% compared to ICA, HBMO, and GA 

algorithms, respectively [20]. 

As concrete is increasingly used in construction and infrastructure, global pollution has 

increased. Thus, the construction industry must always use its raw materials sustainably without 

compromising the functionality of the structure. For facilities that are being constructed, the goal 

of design optimization is to provide an engineered solution that is both reliable, environmentally 

sustainable, and cost-effective. In conjunction with appropriate algorithms, ANSYS has been 

used to model and analyze the non-overflow section of the concrete gravity dam. In order to 

minimize the volume of concrete, while meeting the loading and factor of safety requirements 

specified in the IS codes, the geometrical properties of the dam are taken into account as design 

variables (for a fixed height and freeboard). 

As part of our current research, we are attempting to reduce the volume of the non-overflow 

section of a concrete gravity dam in order to reduce its weight, which is always directly 

proportional to its volume. As a matter of economics and sustainability, it is imperative to reduce 

the dam's weight [21]. 

It is important to take into account uncertainties such as material randomness, manufacturing 

anomalies, and external loads when designing engineering structures. As a result, reliability-

based design optimization (RBDO) is frequently used to ensure economic aspects without 

compromising safety [22]. 
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As a result of the research conducted by scientists over the past few years, many empirical 

models have been presented attempting to estimate the longshore sediment transport rate, but 

these methods have been calibrated and applied to specific bed profile and sediment size 

conditions. An empirical relationship between sediment transport and observation and 

measurement data is commonly calculated through linear or exponential regression, but a soft 

computation approach may produce more accurate predictions. Comparisons will be made 

between the results and the top three most popular empirical equations. Four stations were 

sampled daily between March 2012 and June 2012. ANFIS's adaptive structure allows it to better 

fit complex systems than existing regression-based empirical equations for estimating alongshore 

sediment transport rates [23]. 

It is useful to have an accurate correlation for smooth sphere drag coefficients in particle 

technology. The purpose of this study is to develop highly accurate drag coefficient correlations 

for Reynolds numbers from low to very high (up to 106) by using a multi-gene Genetic 

Programming (GP) procedure. In GP, the structure and parameters of the model are 

simultaneously determined. Traditionally, regression analysis involves imposing a model 

structure and assigning parameter values. Thus, it is possible to optimize not only the parameters, 

but also the structure of a model with the GP approach. We have developed two new, highly 

accurate models during this study, one for the region before drag dip, the other for the entire 

Reynolds number range up to 106, including the transient region between laminar and turbulent 

flows [24]. 

In cross-sectional mixing, the longitudinal dispersion coefficient plays a crucial role in 

determining the distribution and transmission of pollution. There is, however, great uncertainty 

associated with existing prediction techniques. Modeling was conducted using the Bayesian 

network (BN) approach. The best model structure was determined by examining dimensional and 

dimensionless input variables. Using the clustering method, the data were categorized into 

groups of similar characteristics to increase the model's performance [25]. 

In this study, we aim to improve the accuracy of tunnel boring machine (TBM) performance 

predictions, which is one of the most challenging and important aspects of tunnel construction. A 

novel methodology based on dimensional analysis (DA) and multi-gene genetic programming 

(MGGP) is proposed in order to obtain an accurate and practical model for predicting TBM 

performance. In order to predict TBM performance more efficiently, DA enables the introduction 

of three dimensionless parameters. Various features associated with TBMs and rocks can be 

represented by these parameters [26]. 

The use of spillways with labyrinths remains a popular control method. Based on the angle 

between the crest alignment and flow direction, the relative depth of flow over the spillway, and 

the height of the crest, an Adaptive Neural Fuzzy Inference System (ANFIS) model was 

developed for the labyrinth spillway. By considering certain hydraulic conditions as constraints 

to the optimization process, differential evolution (DE) and genetic algorithms (GA) were used 

to minimize spillway costs [27]. 
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The grasshopper algorithm was compared with the particle swarm optimizer (PSO), Gray Wolf 

optimizer (GWO), and LINGO11 algorithm. It can be concluded from the results that the 

grasshopper algorithm's optimization method is superior to other methods. A comparison of the 

optimized concrete volume with the PSO method found a volume reduction of 378 cubic meters, 

10.4%, 431 cubic meters, 11.86%, 82 cubic meters, 2.25%, and 498 cubic meters, 13.7%. By 

considering seismic forces, the volume of concrete was reduced by 10.99%. Based on the 

grasshopper algorithm, the best model has a 13.7% reduction in concrete volume, equivalent to 

498 cubic meters, when applied to a situation without seismic forces. As a result of the 

construction of the Koyna dam, 3633 cubic meters of concrete were used, of which 3551 cubic 

meters were optimized using the LINGO11 method within the GWO method 3255, within the 

PSO method 3202, and within the GOA method 3138, which, in general, resulted in 82, 378, 

431, and 495 cubic meters of optimization [28]. 

2. Study limitations 

In this research, the invasive weed algorithm has been used to achieve the best dimensions of the 

Koyna weight concrete dam and achieve near-optimal solutions so that the studied dam has the 

most suitable volume of concrete consumption. 

A concrete gravity dam located in India, called Koyna, was optimized based on dimensions using 

GNU octave's invasive weed optimization program. Using eight geometric parameters as input 

variables, a cross-section with a length unit was used to define other geometric parameters. 

3. Methods 

An algorithm for finding an exact or approximate solution to an optimization problem or a search 

problem is called a genetic algorithm. Heuristics for global search are also known as global 

search heuristics. These techniques are derived from evolutionary biology, including inheritance 

mutation, selection, and cross-over. As a result of these algorithms, the program is able to 

automatically improve its parameters. Various applications of genetic algorithms are described in 

this paper, as well as the integration of genetic algorithms with object-oriented programming 

approaches [29]. 

Particle swarm optimization (PSO) is widely used as a swarm-based algorithm. In spite of its 

good optimization performance, the original PSO still suffers from premature convergence. PSO 

has been modified by many researchers. Consequently, many variants perform better by a small 

or significant margin. PSO has been modified in four ways: by modifying its control parameters, 

by combining it with other meta-heuristic algorithms such as genetic algorithms and differential 

evolution, by cooperating, and by using multi-swarm algorithms. The present paper provides an 

overview of PSO, covering basic concepts, binary PSOs, neighborhood topologies in PSOs, 

recent and historical variants, engineering applications of PSOs, and their limitations. We suggest 

eight specific research directions for further improving PSO performance as a final point [30]. 
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Since Direct Torque Control (DTC) offers several advantages over other control methods, it is an 

optimal method for controlling the behavior of alternative motors; however, speed overshoots, 

fluxes, and torque ripples remain the major limitations to its robustness. In linear systems, the 

Proportional Integrator Derivative (PID) controller is known for its higher robustness. However, 

when the parameters of a nonlinear system change, the PID controller is not as responsive. PID 

controllers are often designed to adapt their behavior to the system's nonlinearity when 

perturbations occur internally or externally, using optimization algorithms to generate the 

controller's gains whenever an external or internal perturbation occurs. To achieve this objective, 

this research will analyze and validate the dSPACE Board DS1104 theoretically and 

experimentally by using a new proposed PID speed regulation method, based on Ant Colony 

Optimization (ACO) for DTC, which has been applied to both sides of a Doubly Fed Induction 

Motor (DFIM) to overcome previous limitations. Using a cost function such as Integral Square 

Error (ISE), a new combined ACO-DTC strategy was developed to optimize PID controller 

gains. To validate the objectives of the proposed strategy, an implementation of Matlab/Simulink 

is performed. Using simulations and experiments obtained from Matlab and Control Desk, we 

have demonstrated the effectiveness of the proposed ACO-DTC in dealing with nonlinearities in 

the system. The enhancement of global system performance can be attributed to a number of 

factors [31]. 

By integrating the invasive weed optimization with biomass and product dynamics analysis, a 

waste the product approach was proposed for tuning surroundings-threat soybean husk toward 

lipolytic enzyme. Based on the nonlinear regression model, the invasive weed optimization 

produces a 47 % increase in lipolytic enzyme using the optimization parameters of 7% Sigma 

Final, 9% exponent, 5 Smax, 35 population size, and 99 generations. As a result of the biomass 

study, 0.0239 max, 8.17 XLimst, and 0.852 RFin values have been determined. As a result of the 

dynamic product studies, it has been determined that kst, kdiv, and PFin have kinetic parameters 

of −0.0338, 0.0896, and 68.1, respectively. By introducing the novel approach of "Invasive Weed 

Optimization" coupled with "Biomass and product dynamics" to the field of bioprocessing, the 

present study advanced the zero-waste (soybean husk) to product (lipolytic enzyme) approach 

[32]. 

Koyna concrete dam weighs 103.23 meters and is built on the river Koyna in India. The height of 

flood level and typical of this dam is 103 meters and 91.75 meters, respectively. The width of the 

dam crown is 14.8 meters, and the volume of the reservoir is 2797.4 million cubic meters. The 

exploitation of the dam began in 1964. Table (1) shows the Koyna weighted concrete dam, 2005 

[33]. In Table (1): Hu, the upstream water level of the dam in normal condition, Hd, the 

downstream level of the dam down in the normal state, Huf, the upstream water level in the flood 

state and Hdf, downstream water level in the flooded state, and variables b1 to b8 dimensions of 

the dam Concrete is the weight of Koyna. Figure (1) also shows a two-dimensional view of the 

Koyna weighted concrete dam cross-section. 
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Fig. 1. Two-dimensional view of the cross-section of Koyna weighted concrete dam. 

In general, optimization problems can be divided into constrained and non-constrained problems. 

In optimizing structures such as dams, various variables mainly used to limit stresses and 

deformations are often defined as constrained. One of the new optimization methods is the grass 

optimization algorithm. 

Weeds are plants that are highly stable and adaptable to the changing environment and whose 

invasive growth poses a significant threat to crops. The use of their properties can, therefore, 

result in a robust optimization algorithm. This algorithm attempts to mimic the power of 

adaptability and a random population of weeds in a simple but effective way. This method was 

first proposed in 2006 by Mehrabian and Lucas in an article. They tested the efficiency and 

effectiveness of the weed algorithm using multidimensional pattern functions, known as local 

and absolute extremes. They compared them with standard algorithms, such as genetics and 

incremental refrigeration. Their results showed that the performance of weeds in solving 

continuous and significant problems is better than other algorithms. When determining the 

optimal dimensions of a weighted concrete dam, the size of the dam is an important decision 

variable, as is the coefficient of confidence against overturning and slipping. As the child's seeds 

seek better resources in the environment, a random variable with a normal distribution describes 

their position relative to the parent plant. 

Table 1 
Geometric-hydraulic dimensions of Koyna concrete weight dam. 
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These seeds play the most crucial role in finding the best environment for living, both in nature 

and in the algorithm. After growing and becoming a plant, each seed reproduces new seeds and 

spreads them in the environment. In the continuation of this process, the weaker plants are 
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eliminated from a specific limit with the increase of the plant population. The best plant is 

selected from the population at the end of each repetition. This algorithm calculates the number 

of offspring for each plant from Equation (1). 

𝑺 =  [𝑺𝒎𝒊𝒏 + (𝑺𝒎𝒂𝒙 − 𝑺𝒎)
𝒇−𝒇𝑾𝒐𝒓𝒔𝒕

𝒇𝑾𝒐𝒓𝒔𝒕−𝒇𝑩𝒆𝒔𝒕
] (1) 

Where 𝑆 is the number of seeds per plant, 𝑺𝒎𝒊𝒏 and 𝑺𝒎𝒂𝒙 are the maximum number of seeds a 

plant can have, respectively, 𝒇 is the fit of each plant, 𝒇𝑾𝒐𝒓𝒔𝒕 , and 𝒇𝑩𝒆𝒔𝒕 are the worst and best fit 

of the plant, respectively. The offspring of seeds with a normal distribution in Equation (2) are 

scattered around the parent plant. 

 ∆𝒙𝒊 = N (0,𝝈𝟐) (2) 

In Equation 2, distance ∆𝑥𝑖 is the distance of the seed from the parent plant in line 𝑖, zero is the 

mean of the normal distribution, and 𝜎2 is the variance of this distribution obtained from 

Equation (3). 

 𝝈𝒕 = (
𝑻−𝒕

𝑻
)
𝒏
(𝝈𝒊𝒏𝒊𝒕𝒊𝒂𝒍 − 𝝈𝒇𝒊𝒏𝒂𝒍) + 𝝈𝒇𝒊𝒏𝒂𝒍 (3) 

Where 𝝈𝒕 is the value of variance in 𝒕 the iteration, 𝑻 is the maximum number of iterations, 𝒕 is 

the number of each iteration, and n is a fixed number that controls the rate of decrease 𝝈. 𝝈𝒊𝒏𝒊𝒕𝒊𝒂𝒍 

and 𝝈𝒇𝒊𝒏𝒂𝒍 are the initial and final values 𝝈, respectively. In the initial repetitions, due to the 

higher value of 𝝈, the dispersion of the child's grains is higher. Then, by decreasing the value of 

𝝈 in each repetition, the dispersion of the child's grains decreases. At the end of each repetition, 

as the population of plants increases from a specific limit, weaker plants (inadequate responses) 

are eliminated, and the most suitable plant (best response) is selected from the population. Figure 

(2) shows the rotation diagram of the algorithm developed in this research. 

4. Problem modeling 

The cross-sectional area of the dam is a function of the objective of the problem, so the aim is to 

reduce the amount of this surface, followed by a reduction in the volume of concrete. A general 

cross-section across the unit's width, including eight geometric parameters (b1 to b2), was 

considered design variables to optimize the dimensions of the studied concrete weight bar. Other 

geometric parameters were considered and defined dependently on these variables. All necessary 

forces and torques were determined according to design variables, normal stresses upstream of 

the dam, and reversal and slip reliability coefficients. The program was developed in the GNU 

Active software environment and was called a subroutine in the developed optimization model. 

5. The forces acting on the cross-section of the weighted concrete dam 

The forces acting on the dam can be generally divided into forces in the direction of stability and 

forces in the opposite direction of stability. The forces acting on the stability of the dam are: the 

force due to the weight of the dam, the vertical component of the hydrostatic force of water 

pressure (downward), and the force due to the pressure of sediments (downward), which is 
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vertical It enters the body of the dam. The forces acting in the opposite direction of the dam 

stability are the horizontal component of the hydrostatic force of the reservoir water pressure, the 

compressive force, the seismic force (in the body and the reservoir of the dam), and the force due 

to the sediment pressure acting horizontally on the body of the dam enters. Loading of dams 

should be based on the most critical state. For this reason, this study to analyze the stability of 

the dam loading compounds in the case of extraordinary loading has been considered [34,35]. 

 
Fig. 2. Flowchart of the Invasive Weed Optimization Algorithm (IWO). 

6. Optimization model of weighted concrete dam dimensions 

In this research, the invasive weed algorithm has been used to achieve the best dimensions of the 

Koyna weight concrete dam and achieve near-optimal solutions so that the studied dam has the 

most suitable volume of concrete consumption. A dam construction problem aims to minimize 

concrete volume, and variables of interest include the weight dimensions of Koyna concrete. 

The objective function in this problem is calculated as (4): 

C = Min V(x) (4) 
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   𝑽(𝒙) =

[
 
 
 
 (

𝟏

𝟐
× 𝒃𝟏 × 𝒃𝟐) + +(𝒃𝟐 × (𝒃𝟓 + 𝒃𝟖))

+ (
𝟏

𝟐
× 𝒃𝟑 × 𝒃𝟔) + (𝒃𝟑 × 𝒃𝟕)

+ (
𝟏

𝟐
× 𝒃𝟒 × 𝒃𝟕) ]

 
 
 
 

 (5) 

𝑽(𝒙) is the volume of concrete used, and the parameters 𝒃𝟏 to 𝒃𝟖 are the decision variables or 

the exact dimensions of the Koyna weight concrete dam. Another critical factor in developing an 

optimization model is the application of constraints. Obstacles in this issue include the 

coefficient of reliability against slippage, overturning, and stress on the surface of the dam body, 

the allowable value of which must be controlled. 

7. Slip reliability 

Factors that can withstand the slip of the dam are the friction and shear strength between the two 

pieces or between the dam and the foundation at the base, which constitute the slip-resistant 

forces; Each dam must be designed so that these forces are more significant than the sliding 

forces. Accordingly, the slip reliability coefficient will be the ratio of the total vertical slip-

resistant forces to the horizontal slip forces examined in the case. The first case assumes the 

disregard of the cross-sectional shear strength, in which case the slip reliability is obtained from 

Equation (6): 

SFs  = 𝝁 
∑𝑭𝒗

∑𝑭𝑯
 (6) 

Where ∑𝑭𝒗 is the sum of the vertical forces acting on the cross-section; ∑𝑭𝑯 is the sum of the 

horizontal forces acting on the cross-section; 𝝁 is the coefficient of friction between the upper 

and lower sections. The value 𝝁 for concrete, building materials, and stone varies between 0.65 

to 0.8, which is generally chosen to be 0.75. The slip reliability coefficient must be greater than 

one; in this case, if the shear strength is considered, the value of this coefficient will be greater 

than one, 2001 [36]. The second case is if the calculated reliability coefficient is less than one. In 

this case, it is necessary to add the shear friction coefficient of equation 7 by adding the cross-

sectional shear strength: 

𝑺𝑭𝑭 =  
 𝒇 ∑𝑭𝒗+𝒃𝝈

∑𝑭𝑯
 (7) 

Where ∑𝑭𝒗 is the vertical force acting on the dam; ∑𝑭𝑯 horizontal force on the dam; Distance 

𝒃 base length at the studied surface; and 𝝈 is the allowable shear stress of the material at the 

shear surface. The allowable shear stress of concrete is about one-fourth of its shear strength or 

one-twentieth of its compressive strength. The allowable shear stress of concrete is considered 

between 7 and 14 kg / cm2. The static friction coefficient 𝒇  for moving concrete on rock or 

concrete on the concrete surface often varies between 0.65 to 0.75, which is considered 0.7 on 

average. According to the US Civil Aviation Authority standard recommendation for short dams, 

in case of loss of life and property due to the dam's failure, 4 SFF ≥ should be considered., 1987 
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[37]. Another limitation considered in this case is the allowable amount of stress. The stresses 

created in the dam structure should be in a specific range of stresses. They should be designed so 

that the stress at any point of the dam and the foundation does not exceed the allowable stress 

limit and, if possible, all the resistance Used structures and foundations. 

8. Vertical tension in the body of the dam 

To study the vertical stress on the surface of the dam body in the mirage and downstream, two 

equations (8) and (9) are used: 

𝛔𝐮   =
∑𝐅𝐯

𝐛
−

𝟔∑𝐌𝐨

𝐛𝟐  (8) 

𝛔𝐝   =
∑𝐅𝐯

𝐛
+

𝟔∑𝐌𝐨

𝐛𝟐  (9) 

In which 𝛔𝐮 and 𝛔𝐝 are the vertical stresses at the body surface in the mirage and stream, 

respectively; ∑𝐌𝐨 is the total torque of the forces acting on the dam up to the studied surface 

relative to the center of the surface, and ∑𝐅𝐯 is the sum of the vertical forces. This study 

considered forces in the direction of positive gravity, in the opposite direction of negative 

gravity, and torques in the opposite hand. For the dam to be stable against the vertical stress 

created, 𝛔𝐮 and 𝛔𝐝 must be positive when the tank is full or empty, and this value must not 

exceed the allowable compressive strength. Tested concrete compressive strength for dams is 

usually 140 to 350 kg /cm2. 

9. Stability against overturning 

Suppose the anchors resistant to the claw of the dam are about 1.5 to 1.7 times more than the 

overturning anchors to the same point. In that case, the dam remains stable against the 

overturning, the relationship of which is presented in (10): 

𝑺𝑭𝒐 =
∑𝑴𝑹

∑𝑴𝒐
= 𝟏. 𝟓 − 𝟏. 𝟕 (10) 

𝑴𝑹 is the torque of the resisting forces, the Torque of the driving forces entering the dam. 

10. Discussion 

Using an invasive weed optimization model, the dimensions of the Koyna concrete weight 

barrier were optimized. There are different repetitions and sprayings in the program, and the total 

number of weeds in the program is 200. Presented in Table (2) are the results obtained after 10 

times of program execution and after 150 times of sowing based on the values of the decision 

variables and the objective function. The results are shown in Figure (3). According to the Table, 

the optimal volume of the dam is 3353 cubic meters, i.e., 7.7% less than the existing dam. 
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Table 2 

Existing and optimal dimensions of Koyna weighted concrete dam using invasive weed model (m) 

development. 
Objective 

function 
b8 b7 b6 b5 b4 b3 b2 b1  

3633 64 5/66 5/36 39 19/48 6/5 8/14 63/1 
Available 

value 

3353 1/64 09/66 17/36 09/39 83/47 53/4 39/13 14/1 
Optimal 

value 

 

In a study using the nonlinear LINGO11 model, they reduced the dimensions of the Koyna 

concrete weight barrier by 2.26%. Also, in another study, using the beekeeping mating algorithm, 

they reduced the volume of the Koyna weight concrete dam by 8.82%. Figure (4) also shows the 

objective function changes ten times of program execution and at the end of 150 times of 

sowing. As shown in Figure (4), the best value of the objective function is obtained ten times of 

program execution and different sprays in the 150th spraying, equal to 3353 cubic meters. How 

the objective function changes during spraying are performed 10 times, and different spraying is 

shown in Figure (4). The values of the objective function and the optimal decision variables of 

this problem, obtained in the 150th seed and the tenth iteration of the program, are compared 

with the dimensions in Table (3). 

 
Fig. 3. Diagram of changes in the objective function at ten times of program execution and at the end of 

150 times sowing. 
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Fig. 4. How to change the value of the target function in the scatter plot Differently in the best ten times 

run. 

Table. 3 
Values of decision variables and objective function in 10 times of program execution and at the end of 

150 times of sowing. 

10 9 8 7 6 5 4 3 2 1 

Repetition 

 

14/1 92/0 49/1 07/1 32/1 01/1 56/1 03/1 84/0 47/1 b1(m) 

39/13 54/13 59/13 62/13 41/13 71/13 72/13 94/13 64/13 43/13 b2(m) 

53/4 85/4 67/4 77/4 84/4 69/4 65/4 71/4 74/4 64/4 b3(m) 

83/47 92/47 9/47 85/47 92/47 08/48 84/47 94/47 02/48 68/47 b4(m) 

09/39 19/38 88/38 93/38 02/39 98/38 17/39 05/39 97/38 98/38 b5(m) 

17/36 24/36 35/36 42/36 38/36 40/36 21/36 89/35 03/36 1/36 b6(m) 

09/66 94/65 05/66 13/66 21/66 91/65 66 23/66 96/65 85/65 b7(m) 

1/64 03/64 17/64 06/64 11/64 05/64 9/63 18/64 27/64 23/64 b8(m) 

3353 1/3393 8/3386 3396 6/3387 4/3400 6/3396 5/3431 5/3397 6/3356 
The objective 

function (m3) 

 

In Figures (5) and (6), the dimensions of the Koyna weight concrete dam and the volume of 

concrete used in the existing and optimal sections are compared, respectively. 

Paramet

er 
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Fig. 5. Comparison of Koyna concrete weight barrier dimensions in existing and optimal conditions 

(meters). 

 
Fig. 6. The volume of concrete used in constructing Koyna Dam in the existing and optimal condition 

(cubic meters). 

After calculating the optimal dimensions of the dam, the reliability coefficient against 

overturning and slipping, and stress on the surface of the dam body was also calculated, the 

results of which are presented in Table (4). 

Table 4 

Stress analysis and stability parameters in the existing and optimal Koyna weighted concrete dam 

condition. 

SF SFF 𝝈𝑼 Extraordinary loading 

64/1 58/1 39/90 In the current state 

52/1 54/1 45/129 In optimal mode 

 

In Table (4), SF is the roll-over reliability coefficient, SFF is the slip reliability coefficient, 

𝜎𝑈 According to the mentioned standards, Koyna weighted concrete dam with optimized 

dimensions with the invasive weed optimization algorithm. is the stress at the dam body level. 

The presented results show that the amount of problem constraints after optimization has 

appropriate and reliable values. It remains stable against various forces. 
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11. Conclusions 

As a result of the use of optimal parameters in this issue, the design's accuracy is significantly 

improved as well as the dimensions are selected in a way that reduces the quantity of concrete 

used in the dam's construction. Based on the available parameters and optimal parameters 

obtained using the invasive weed optimization method, the objective function of the Koyna 

weight concrete dam is 3633 cubic meters and 3353 cubic meters, respectively. As a result of the 

optimal parameters, the objective function has been reduced by 7.7% in comparison with the 

existing parameters. The results also show that in the 150th seed and 10 times of program 

execution, the objective function converges to the optimal function. As a result, the invasive 

weed optimization model rapidly converges to the optimal response. 

Funding 

This research received no external funding. 

Conflicts of interest 

The authors declare no conflict of interest. 

Authors contribution statement 

M.A.M., M.K., V.G.: Conceptualization; M.A.M.: Data curation; M.A.M. and V.G.: Formal 

analysis; M.A.M., V.G.: Investigation; M.A.M., V.G.: Methodology; V.G.: Project 

administration; V.G.: Resources; M.A.M.: Software; V.G.: Supervision; M.A.M. and V.G.: 

Validation; M.A.M. and V.G.: Visualization; V.G.: Roles/Writing – original draft; V.G.: Writing – 

review & editing. 

References 

[1] Ghiasi V, Koushki M. Numerical investigation of ground surface settlement due to circular 

tunnelling influenced by variations of geometric characteristics of tunnel and mechanical properties 

of saturated soil and its prediction in the artificial neural network. J Model Eng 2021;19:27–39. 

https://doi.org/10.22075/JME.2019.18022.1735. 

[2] Ghiasi V, Moradi M. Numerical Modelling of Disconnected Piled-Raft Foundation Systems 

Settlement with an Emphasis on New Definition of These Systems with Hybrid System. J Model 

Eng 2018;16:235–45. https://doi.org/10.22075/JME.2018.12596.1232. 

[3] Rezaei Pajand M, Khaleghi K. Geometrical Models for Optimum Shape of Concrete Arch Dams. J 

Model Eng 2010;8:1–15. https://doi.org/10.22075/jme.2017.1549. 

[4] Ghanizadeh AR, Ziaee A, Khatami SMH, Fakharian P. Predicting Resilient Modulus of Clayey 

Subgrade Soils by Means of Cone Penetration Test Results and Back-Propagation Artificial Neural 

Network. J Rehabil Civ Eng 2022;10:146–62. https://doi.org/10.22075/jrce.2022.25013.1568. 

[5] Rezazadeh Eidgahee D, Jahangir H, Solatifar N, Fakharian P, Rezaeemanesh M. Data-driven 

estimation models of asphalt mixtures dynamic modulus using ANN, GP and combinatorial 



110 V. Ghiasi  et al./ Journal of Soft Computing in Civil Engineering 6-4 (2022) 95-111 

GMDH approaches. Neural Comput Appl 2022;34:17289–314. https://doi.org/10.1007/s00521-

022-07382-3. 

[6] Naderpour H, Sharei M, Fakharian P, Heravi MAMA. Shear Strength Prediction of Reinforced 

Concrete Shear Wall Using ANN, GMDH-NN and GEP. J Soft Comput Civ Eng 2022;6:66–87. 

https://doi.org/10.22115/scce.2022.283486.1308. 

[7] Zeynali MJ, Mohammad Reza Pour O, Frooghi F. Evaluation of Particle Swarm, Genetic and 

Continuous Ant Colony Algorithms In Optimal Operation of Doroodzan Dam Reservoir. Water 

Soil Sci 2015;25:27–38. 

[8] Simoes LMC, Lapa JAM. Optimal Shape of Dams Subject to Earthquakes. Int. Conf. Comput. 

Struct. Technol. - Proc., BHV Topping and M. Papadrakakis; 1994, p. 119–30. 

https://doi.org/10.4203/ccp.25.4.4. 

[9] Cai X, McKinney DC, Lasdon LS. Solving nonlinear water management models using a combined 

genetic algorithm and linear programming approach. Adv Water Resour 2001;24:667–76. 

https://doi.org/10.1016/S0309-1708(00)00069-5. 

[10] Chen L. Real coded genetic algorithm optimization of long term reservoir operation. J Am Water 

Resour Assoc 2003;39:1157–65. https://doi.org/10.1111/j.1752-1688.2003.tb03699.x. 

[11] Mollazadeh M, Barani G, Salajegheh J. Study of Difference Criteria on Optimization of Gravity 

Dams Shape using Genetic Algorithm. Collection of papers of 5th Hydraulic Conference. Collect. 

Pap. 5th Hydraul. Conf., 2005. 

[12] Bozorg Haddad O, Afshar A, Mariño MA. Honey-Bees Mating Optimization (HBMO) Algorithm: 

A New Heuristic Approach for Water Resources Optimization. Water Resour Manag 2006;20:661–

80. https://doi.org/10.1007/s11269-005-9001-3. 

[13] Nagesh Kumar D, Raju KS, Ashok B. Optimal Reservoir Operation for Irrigation of Multiple Crops 

Using Genetic Algorithms. J Irrig Drain Eng 2006;132:123–9. 

https://doi.org/10.1061/(ASCE)0733-9437(2006)132:2(123). 

[14] Afshar A, Bozorg Haddad O, Mariño MA, Adams BJ. Honey-bee mating optimization (HBMO) 

algorithm for optimal reservoir operation. J Franklin Inst 2007;344:452–62. 

https://doi.org/10.1016/j.jfranklin.2006.06.001. 

[15] Dariane AB, Moradi AM. Reservoir operating by ant colony optimization for continuous domains 

(ACOR) case study: Dez reservoir. Int J Math Phys Eng Sci 2009;3:125–9. 

[16] Azarafza H, Rezaei H, Behmanesh J, Besharat S. Results comparison of employing PSO, GA and 

SA algorithms in optimizing reservoir operation (case study: Shaharchai Dam, Urmia, Iran). Water 

Soil 2012;26:1101–8. https://doi.org/10.22067/JSW.V1391I0.16925. 

[17] Dariane AB, Farahmandfar Z. A comparative study of marriage in honey bees optimisation (MBO) 

algorithm in multi-reservoir system optimisation. Water SA 2013;39:327–34. 

https://doi.org/10.4314/wsa.v39i2.17. 

[18] Ghodousi H, Oskouhi M. Determination of optimal dimensions of concrete gravity dams using 

LINGO11 nonlinear modeling. J Civ Eng Urban 2015;5:47–52. 

[19] Alikhani A. Optimization of the cross-section of the two-arched dam by the method of abc artificial 

bee colony. Fifth Conf. Exhib. Iran Dam Tunnel, Tehran, Fan Aria Publishing Art Non-

Commercial Institute; 2019. 

[20] Emami S, Parsa J. Optimization of Concrete Gravity Dam Section using New Election Meta-

heuristic Algorithm. J Struct Constr Eng 2022;8:164–83. 

https://doi.org/10.22065/JSCE.2021.253952.2272. 

[21] Satish BJN, Venkatesh C, Reddy BA, Reddy KHK, Bellum RR. Design optimization of non-

overflow section of a concrete gravity dam. J Build Pathol Rehabil 2022;7:31. 

https://doi.org/10.1007/s41024-022-00169-y. 



 V. Ghiasi  et al./ Journal of Soft Computing in Civil Engineering 6-4 (2022) 95-111 111 

[22] Abdollahi A, Amini A, Hariri-Ardebili MA. An uncertainty-aware dynamic shape optimization 

framework: Gravity dam design. Reliab Eng Syst Saf 2022;222:108402. 

https://doi.org/10.1016/j.ress.2022.108402. 

[23] Sadeghifar T, Barati R. Application of Adaptive Neuro-Fuzzy Inference System to Estimate 

Alongshore Sediment Transport Rate (A Real Case Study: Southern Shorelines of Caspian Sea). J 

Soft Comput Civ Eng 2018;2:72–85. https://doi.org/10.22115/SCCE.2018.135975.1074. 

[24] Barati R, Neyshabouri SAAS, Ahmadi G. Development of empirical models with high accuracy for 

estimation of drag coefficient of flow around a smooth sphere: An evolutionary approach. Powder 

Technol 2014;257:11–9. https://doi.org/10.1016/j.powtec.2014.02.045. 

[25] Alizadeh MJ, Shahheydari H, Kavianpour MR, Shamloo H, Barati R. Prediction of longitudinal 

dispersion coefficient in natural rivers using a cluster-based Bayesian network. Environ Earth Sci 

2017;76:86. https://doi.org/10.1007/s12665-016-6379-6. 

[26] Kazemi M, Barati R. Application of dimensional analysis and multi-gene genetic programming to 

predict the performance of tunnel boring machines. Appl Soft Comput 2022;124:108997. 

https://doi.org/10.1016/j.asoc.2022.108997. 

[27] Hosseini K, Nodoushan EJ, Barati R, Shahheydari H. Optimal design of labyrinth spillways using 

meta-heuristic algorithms. KSCE J Civ Eng 2016;20:468–77. https://doi.org/10.1007/s12205-015-

0462-5. 

[28] Seifollahi M, Abbasi S, Abraham J, Norouzi R, Daneshfaraz R, Lotfollahi-Yaghin MA, et al. 

Optimization of Gravity Concrete Dams Using the Grasshopper Algorithm (Case Study: Koyna 

Dam). Geotech Geol Eng 2022:1–16. https://doi.org/10.1007/s10706-022-02227-1. 

[29] Kumar M, Husain M, Upreti N, Gupta D. Genetic Algorithm: Review and Application. SSRN 

Electron J 2010. https://doi.org/10.2139/ssrn.3529843. 

[30] Shami TM, El-Saleh AA, Alswaitti M, Al-Tashi Q, Summakieh MA, Mirjalili S. Particle Swarm 

Optimization: A Comprehensive Survey. IEEE Access 2022;10:10031–61. 

https://doi.org/10.1109/ACCESS.2022.3142859. 

[31] Mahfoud S, Derouich A, Iqbal A, El Ouanjli N. ANT-colony optimization-direct torque control for 

a doubly fed induction motor: An experimental validation. Energy Reports 2022;8:81–98. 

https://doi.org/10.1016/j.egyr.2021.11.239. 

[32] Garlapati VK, Parashar SK, Klykov S, Vundavilli PR, Sevda S, Srivastava SK, et al. Invasive weed 

optimization coupled biomass and product dynamics of tuning soybean husk towards lipolytic 

enzyme. Bioresour Technol 2022;344:126254. https://doi.org/10.1016/j.biortech.2021.126254. 

[33] Calayir Y, Karaton M. A continuum damage concrete model for earthquake analysis of concrete 

gravity dam-reservoir systems. Soil Dyn Earthq Eng 2005;25:857–69. 

https://doi.org/10.1016/j.soildyn.2005.05.003. 

[34] Design of Gravity Dams. United States Department of the Interior Bureau of Reclamation (USBR). 

A Water Resour Tech Press Color 1976. 

[35] Ghodousi H, Oskouhi M. Optimization of optimal dimensions of concrete gravity dams using 

Honey Bee Mating (HBMO) model. Irrig Drain Struct Eng Res 2016;17:1–14. 

https://doi.org/10.22092/ARIDSE.2016.106407. 

[36] Abrishami J. Concrete Dams; Design and Performance. Astan-e-Qods Razavi Press, 2001. 

[37] Design of Small Dams. United States Department of the Interior Bureau of Reclamation (USBR). 

A Water Resour Tech Press Color 1987. 

 


	Optimization of Invasive Weed for Optimal Dimensions of Concrete Gravity Dams
	1. Introduction
	2. Study limitations
	3. Methods
	4. Problem modeling
	5. The forces acting on the cross-section of the weighted concrete dam
	6. Optimization model of weighted concrete dam dimensions
	7. Slip reliability
	8. Vertical tension in the body of the dam
	9. Stability against overturning
	10. Discussion
	11. Conclusions
	Funding
	Conflicts of interest
	Authors contribution statement
	References

