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Abstract.  The sudden release of water from a dam failure can trigger bores on a flat surface and exert 
substantial impact forces on structures. This flow poses a high-risk flood hazard to downstream urban areas, 
making it imperative to study its impact on structures and devise effective energy dissipators to mitigate its 
force. In this study, a combination of Genetic Algorithm optimization and numerical modeling is employed 
to identify the optimal energy dissipator. The analysis reveals that a round arc-shaped structure proves most 
effective, followed by a triangular shape. These shapes offer wide adaptability in terms of structure 
dimensions. Structures with higher elevation, especially those with round or triangular shapes, demonstrate 
superior energy dissipation capabilities. Conversely, square-shaped structures necessitate minimal height to 
minimize impact forces. The optimal width for dissipating energy is found to be 0.9 meters, allowing for 
effective wave run-up and propagation. Furthermore, the force exerted on structures increases with higher 
initial water levels, but diminishes with distance from the dam, highlighting the importance of placement in 
mitigating impact forces. 
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1. Introduction 

 
A dam break flow, stemming from the abrupt collapse of a high dam and the subsequent 

uncontrolled release of impounded water, constitutes a catastrophic event. The instantaneous free 
surface flow profiles of such occurrences exhibit similarities to tsunami flows, capable of inducing 
bores on horizontal beds and exerting high impact forces (Chanson 2006, Jung and Son 2023, Son 
and Jung 2022). This type of flood poses a significant risk to urban areas situated along 
downstream riverines, particularly as urbanization encroaches upon dam locations, heightening the 
potential for catastrophic disasters. 

Understanding the dynamics of dam break flow around structures is paramount for effective 

disaster risk reduction efforts. The analysis of dam break flow has evolved from rudimentary to 

advanced numerical models, with most models employing shallow water equations (SWE) and 

recent advancements incorporating 3D modeling techniques (Hwang and Son 2023, Qian et al.  
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Fig. 1 Search methodology of a GA optimization model 

 

 

2024). Despite varying degrees of complexity, numerical models, even those utilizing simplified 

equations, demonstrate good agreement with analytical and empirical data, underscoring their 

capability to replicate dam break flows (Soares-Frazão and Zech 2008, Putri et al. 2020, Noh and 

Son 2023, Chrysanti et al. 2023). 

The study of dam break-structure interaction faces limitations due to the multitude of variables 

and parameters influencing dam break flow characteristics. Additionally, dam break models are 

inherently complex, incorporating nonlinear correlations among parameters. In response, 

optimization algorithms offer a means to identify optimal parameters and facilitate model tuning. 

This study integrates an optimization procedure with a numerical model to determine the optimal 

shape and layout of structures, serving as effective energy dissipators to mitigate the impact force 

of dam break flows.  

 

 
2. Methodology 

 
2.1 Genetic algorithm 
 

The Genetic Algorithm (GA) is a meta-heuristic technique that employs stochastic search 

principles inspired by genetic populations. Initially proposed by Holland in 1975, GA has found 

wide adoption across various engineering applications, offering an effective and robust 

optimization approach. Central to GA are its genetic operators, comprising three main components: 

reproduction, crossover, and mutation. Reproduction involves selecting parents from a mating pool 

based on their fitness. Crossover entails exchanging segments of genetic information between two 

parent strings. Mutation introduces random changes, typically through bit-flipping, with a 

predetermined probability. The GA procedure is depicted in Fig. 1. 

 

2.2 Numerical model 
 

In this study, the one-dimensional Saint Venant Equation is employed, assuming a hydrostatic 

pressure distribution. By utilizing the governing equation in one dimension, computational time is 

minimized. The application of mass conservation and Newton's Second Law to the control volume  
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Fig. 2 Schematic illustration of idealized dam break model 

 

 

yields the one-dimensional Saint Venant equations, comprising continuity (Eq. (1)) and momentum 

(Eq. (2)) equations, as follows 
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where u is the velocity, h is water depth, g is gravitational acceleration, z is the bed level. The 

proposed numerical scheme uses the finite difference method (FDM) for discretizing the Saint 

Venant Equation. The second-order accurate of Lax-Wendroff scheme is applied in both time and 

space. To avoid the Jacobian matrix in the solving evaluation, two-step procedure is developed. 

The first procedure of Lax’s follows at the half timestep and half grid and continues the second 

procedure of Wendroff’s step at the next timestep. Both procedures are described in Eqs. (3)-(5). 
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where f denotes the discretized function based on the momentum equation. Since the 

Lax-Wendroff scheme is noted as an unconditionally stable condition, the stability of the 

numerical model is governed by the CFL (Courant-Friedrich-Lewy) criterion which satisfied 

|𝐶𝐹𝐿| ∆𝑡/∆𝑥 < 1. To further reduce the numerical instability, the numerical filter was adapted to 

reduce the oscillation by the high gradient and discontinuity of a shock wave. The Hansen filter 

was adopted as a dissipator and applied at each timestep of all grid domains. Hansen filter 

described in Eq. (6) with the parameter C is set to 0.98. The filter is applied to both parameters’ 

velocity and water depth.  
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Fig. 3 Model validation with analytical result 

 

 

 

𝑓𝑖 = 𝐶𝑓𝑖 + 0.25(1 − 𝐶)(𝑓𝑖−1 + 𝑓𝑖 + 𝑓𝑖+1)     (6) 

The schematic diagram of the idealized dam break model is illustrated in Fig. 2. Prior to the 

application of the optimization, the numerical model is validated using the analytical solution 

described in Delestre et al. (2013) for a dam break case on a wet domain without friction. The 

result can be seen in Fig.3. The result shows good agreement with a relatively low root mean 

square error (RMSE) of 0.0107. 

 

2.3 Coupled GA-numerical model 
 

To evaluate the optimum energy dissipator of a dam break flow, the force acting on the 

structure was evaluated as the fitness function. The force (hydrostatic load and momentum flux 

term) per unit width calculated at the nodes adjacent to the structure (0.05 m from the structure 

surface) estimated by the equation 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒   𝑓(ℎ, 𝑢) = 𝜌𝑔
ℎ2

2
+ 𝜌ℎ|𝑢|2      (7) 

The force exerted in the structure is calculated based on the assumption of hydrostatic pressure 

and the net force perpendicular to the wall of the structure. The force exerted in the structure is 

calculated for every time step for every iteration. The water depth and velocity for the obtained 

minimum force is then abstracted. The decision variables and constraints are consisting of five 

variables described in Table 1. 

The numerical domain was set using the length of 2.5 m, with the grid spacing (∆x) of 0.05 m 

and the time interval (∆t) of 0.01 second. The initial dam water level was initiated at the left side 

of the domain with the fixed water column width set to 0.4 m. The structure of the energy 

dissipator was set as the bed level in the computational domain. Each randomly generated shape 

will create a bed level with random decision variables of structure dimension and location. The 

computational domain and each energy dissipator shape are described in Fig. 4. The x-axis  
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Table 1 Decision variables and variable constraint 

Decision variables Constraint 

X1 = Obstacle location from the dam: Lo
 (m) 1 – 2 

X2 = Initial dam water level: Hi (m) 0.2 – 2 

X3 = Structure dimensions (height): ho (m) 0.2 -1 

X4 = Structure dimensions (width): to (m) 0.2 -1 

X5 = Obstacle Shape ‘Square’, ‘Triangle’, ‘Round’ 

Degree for the triangle shape 200 – 600 

Non-negativity constraints, all the variables (X1, X2, X3, X4, X5 (angle)
) > 0 

 

 
(a) 

 

(b) 

 

(c) 

 
Fig. 1 Grid domain set-up with random choice of energy dissipator shape for round (a), square (b) and triangle 

(c) shape 

 

 

described the distance, and the y-axis denoted the height of water level and bed level. Each 

decision variable also illustrated in the figure.  

The numerical model and GA then coupled, exchanging information of the new population of 

decision variables and the result of the numerical dam break model. The information exchanged is 

performed in the post-processing step of calculating the water depth and velocity within the 

structure surface based on the initiation of model initial condition by GA. The input matrix (initial 

condition) then replaced by the combination of variables resulted from numerical model and 

deciding parameters to proceed for population evaluation in the GA. The fitness is then calculated 

based on the numerical model result. GA algorithm continues with the evaluation and selection 

using the fitness value and continues to the genetic operator. The GA algorithm will terminate after 

the iteration step is fulfilled. The coupled GA-Numerical model framework can be seen in Fig. 5. 

 

 

3. Result and discussion 

 

Three optimization procedures will be investigated in this study. Since five variables are 

determined as the deciding parameters, solving all parameters at once may be difficult to obtain 

the globally optimal result and not achieve convergence. Three optimization procedures are shown 

in Fig. 6 and described as follows: 
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Fig. 5 The GA-Numerical model coupled framework 

 

 

 

Fig. 6 Optimization procedure 

 

 

Table 2 Input parameter value used in GA 

Scenario 
Structure Shape Structure Dimension Dam initial WL and 

distance 

Maximum number of iterations in GA 100 1000 100 

Generation runs  1 3 10 

Population size 4 4 4 

Mutation probability in GA (Pm) 0.1 0.1 0.1 

Crossover probability in GA (Pc)  0.8 0.8 0.8 
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• Optimum structure shape: The shape of the structure is the decision variables, which will be 

generated randomly at each generation. Once the triangle shape of the structure is selected. The 

random angle will be generated randomly ranging from 200 to 600. The water level and structure 

distance are fixed at 1.5 m and 1 m respectively. The dimensions also remain fixed with the 

dimension of 0.5 m (height) x 0.5 m (width/radius).  

• Optimum structure dimension: The optimum dimension of the energy dissipator will be 

investigated for each shape. The reason for separated investigation in this procedure is since each 

shape has a different characteristic to the wave generated and wave propagation. The initial water 

level and structure distance from the dam are set to fixed remain similar to the first procedure.  

• Optimum initial dam water level and structure location: The last procedure is investigating 

the effect of dam water level and the structure distance from the dam. The shape of the structure is 

selected using the optimum shape resulted from the first procedure. The dimension remains fixed 

at 0.5 m (height) x 0.5 m (radius). 

Since each procedure has a different number of decision variables and the uncertainty of water 

flows characteristics, the number of iterations and generation runs adapted on each procedure. 

However, the minimum number of iterations of all runs is set to be 1000 for each optimization 

procedure. The number of iterations, generation runs, and another parameter used in GA is given 

in Table 2. 

 
3.1 Optimum structure shape 
 

The initial optimization process aims to explore the impact of structure shape as an energy 

dissipator. This optimization runs for a single generation comprising 1000 iterations. Given that 

only one variable serves as the decision variable, one generation is deemed sufficient. Despite 

considering the angle of the triangular shape in this optimization, the results quickly converge to 

an optimal solution within five iterations, evident in Fig. 7. 

 

 

 
Fig. 7 Fitness variation in optimizing structure shape 
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Table 1 Minimum force of each structure shape 

Structure Shape Minimum Force (N) 

Square 87449.13 

Round 80997.25 

Triangle 82723.81 

 

 

To obtain a more precise understanding of the impact of structure shape on exerted force, the 

minimum force for each shape resulting from these iterations is tabulated in Table 3. It's evident 

that the square shape yields the highest force due to the intense vertical impact on the structure, 

resulting in high momentum. Conversely, the triangular shape proves to be a competent energy 

dissipator, resulting in relatively lower force compared to the square shape. Remarkably, the round 

shape exhibits the minimum force at 80 kN. These findings align with previous research in similar 

domains. 

Issakov et al. (2019) investigated optimal structures to minimize maximum pressure through 

numerical simulations utilizing the Volume of Fluid (VOF) method. Their study noted that 

arch-shaped structures may reduce pressure by 2.5 – 3 times compared to triangular shapes. The 

study shows that maximum pressure exerted on the square structure at the first collision, while the 

arched structure provides more pressure distribution on structure surface. The arc shape of the 

structure facilitates easy water propagation, effectively reducing force-velocity during this process. 

Notably, velocity plays a significant role in force generation, as discerned from Eq. (7). Similarly, 

Saghi et al. (2019) explored various shapes using the VOF model and analyzed forces via entropy 

generation analysis. Their results identified a triangular shape with a 55° angle as the optimal 

dissipator. However, it's worth noting that while their study considered a semi-circular 

upward-rounded shape, the round structure in our study features an arc acting downward, akin to 

the study by Issakov et al. (2019).  

 

3.2 Optimum structure dimension 
 
The optimization of structure dimension may be the most difficult part to find the optimum 

solution. Since the triangle and round are also identified to have a significant reduction effect, 

generation runs of all shapes together may not be able to find the global optimum solution. The 

optimization generation is conducted on each separate shape. Each shape is run for the total 

number of iterations is 3000, which consists of 1000 iteration of 3 generation runs (Fig. 8). The 

fitness value of each shape could be achieved by multiple combinations of structure dimensions 

We collected 30 data of best fitness from all shape and plot the structure dimension in Fig. 9. 

Remarkably, from the simulation runs, it's notable that all shapes yield the same width, 

measuring 0.9 m (Fig. 9). This finding suggests that the structure deck may function as a facilitator 

for wave runup. However, the height of the structures varies among different shapes. To delve 

deeper into the impact of building dimensions, this study employs the building ratio, defined as the 

structure height divided by its width. Despite the force exerted on the structures converging to 

similar values, the building dimensions, particularly for round and triangular shapes, exhibit 

variability. 

The square structure demonstrates the most consistent pattern, with the lowest structure height 

resulting in minimum force. In contrast, the triangular shape exhibits varied structure heights  
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(a) Round shape (b) Triangle shape 

 
(a) Square shape 

Fig 8 Fitness variation in optimizing structure dimension of (a) round shape; (b) triangle shape and (c) 

square shape. 

 

 

 
Fig. 9 Variation of structure dimension on the minimum force acting on the structure 

 
 

ranging from 0.2 m to 0.6 m. The round shape displays a wider range of structure heights, 

spanning from 0.2 m to 0.9 m. This observed pattern elucidates the energy dissipation potential 

inherent in each shape, 
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consistent as discussed in the preceding section. The square shape, being the least efficient 

dissipator, necessitates minimizing structure height to mitigate impact forces. Conversely, the 

triangular shape, as highlighted earlier, demonstrates effective force reduction, allowing for higher 

structure dimensions while still significantly reducing impact forces. The round shape, recognized 

as the most proficient energy dissipator, accommodates a broader range of structural dimensions. 

Consequently, even at maximum dimensions (height equal to width), significant energy dissipation 

occurs. 

 
3.3 Optimum dam initial water level and structure location 
 
The final optimization procedure aims to explore the influence of both the initial dam water 

level and the location of the structure on impact force. This procedure is divided into two sections. 

In the first section, optimization is conducted with the initial dam water level set below the height 

of the structure (0.5 m). Conversely, the second section investigates scenarios where the initial 

dam water level exceeds the height of the structure. Each section runs for 100 iterations across 10 

generations, resulting in a total of 1000 iterations per section. The fitness variation for each 

section's individual runs is illustrated in Figs. 10(a) and 10(b). 

The impact of the initial dam water level in both scenarios exhibits a consistent trend: as the 

initial water level increases, so does the force exerted. The force exerted where the obstacle height 

is higher than the dam water level, the force exerted almost half (25,857 N) than the lower obstacle 

(49,190 N) (refer to Figs. 10(c) and 10(e) axis value). Thus, when the initial dam water level is 

lower than the structure, the force reduction is approximately 53%. This trend aligns with findings 

from prior studies (Phin 2018). Consequently, to minimize force exertion, the structure's height 

must exceed the initial dam water level. However, this trend's significant impact is only apparent 

when the initial dam water level surpasses the structure's height. Negative slope observed for the 

cases where dam water level surpasses the structure's height, indicating an opposite trend.   

The analysis of structure distance across both generations reveals a consistent trend: increased 

distance from the structure correlates with increased force exertion. While this outcome might 

seem intuitive, it is essential to note that the furthest distance from the obstacle does not invariably 

guarantee minimal force. Liu et al. (2018) shows the opposing result where the force exerted could 

be significantly reduced when the structure is placed downstream. However, Liu et al. (2018) also 
suggests that the distance have more significant influence in changing the proportion of 

velocity-induced force or pressure force acting on the structure. The efficacy of distance in 

mitigating force relies heavily on flow characteristics, particularly influenced by the dam water 

level. Achieving minimum force on a distant structure hinges on specific flow phenomena, such as 

hydraulic jump and maximum velocity occurrence, preceding the arrival of the dam break flow at 

the structure. In essence, optimal force reduction is attained when these critical flow dynamics 

manifest before reaching the structure. It also should be noted that our optimization is performed 

simultaneously for initial dam water level and structure distance. 
 
 

4. Limitation and possible development 
 

The investigation of dam break flows and their impact on structures remains a compelling area 

of research for many scholars. While this study has yielded several conclusions, it is crucial to 

acknowledge certain limitations and outline potential avenues for future development. 
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(a)  (b)  

  
(c)  (d)  

  
(e)  (f)  

Fig 10 The result of optimizing the initial dam water level and obstacle location; (a) fitness variation 

when initial dam water level is lower than the structure height, (b) fitness variation when initial dam 

water level is higher than the structure height, (c) effect of dam water level to force (WL<Str. Height), (d) 

effect of distance to force (WL<Str. Height), (e) effect of dam water level to force (WL>Str. Height) and 

(f) effect of distance to force (WL>Str. Height) 

 

 

Given the computational demands of optimization, there is a pressing need to reduce 

computational time. Hence, we've employed a 1D numerical model and a simplified numerical 

scheme. However, this approach may lead to inaccuracies due to its failure to account for lateral 

water flow. It's imperative to explore other forces acting around buildings, which may warrant 

expanding the model to 2D or 3D. Additionally, advanced numerical models can enhance accuracy 

in simulating dam break flows. 
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Further studies could delve into multi-building layouts to comprehensively understand lateral 

forces. Such research could offer valuable insights for urban planning and mitigation strategies, 

including evacuation routes. Additionally, future investigations should consider the impact of dam 

break failure mechanisms and reservoir shapes, as these factors significantly influence dam break 

flows, as highlighted in previous studies (Amini et al. 2017, Hu et al. 2020). These endeavors will 

contribute to a more comprehensive understanding of dam break phenomena and aid in the 

development of effective mitigation measures. 

 
 

5. Conclusions 
 

This study undertakes three optimization procedures to determine the optimal shape of an 

energy dissipator for minimizing force due to dam break flows. Among the shapes tested, the 

round shape with the arc facing downward emerges as the most effective dissipator, followed 

closely by the triangle shape. Conversely, the square shape proves to be the least efficient 

dissipator, potentially obstructing water flow and generating high impulse and impact forces. 

While the optimum width remains consistent across all shapes at 0.9 m, the optimal structure 

height varies. The square shape necessitates the lowest height to minimize force, whereas the 

triangle and round shapes exhibit height ranges of 0.2-0.6 m and 0.2-0.9 m, respectively. This 

variation aligns with the potential energy dissipating capabilities of each shape, indicating that 

taller structures using the triangle and round shapes still achieve minimal force. 

The force exerted on the energy dissipator increases with higher initial dam water levels, with a 

notable effect observed when the water level exceeds the dissipator's height. Conversely, when the 

initial dam water level is lower than the structure, force reduction of up to 53% is observed. 

Additionally, greater distance between the energy dissipator and the dam results in higher force 

exerted on the structure. Distance has a more significant influence in changing the proportion of 

velocity-induced force or pressure force acting on the structure.  
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