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1. Introduction 

Cored earth dam is one of the most widely used dams, the construction of which is highly accepted among 
dam designers. The construction of these structures is very expensive, so optimizing the cost of design and 
construction of earth dams can be so helpful. 

Today, many optimization problems cannot be solved in practice with traditional optimization methods due 
to their large size and complexity. For this purpose, metaheuristic algorithms can be used, of which PSO is one. 
In the present study, the cross-sectional optimization of earth dams as the main part of the dam cost has been 
investigated by controlling the stability of slope in steady-state seepage condition. 
 

2. Methodology 

2.1. The process of finding the optimum cross-section of an earth dam 

In this research, for optimizing the cross-section of an earth dam a finite element software was used to 
control the slope stability (Brinkgreve, 2006), a statistical software was used to formulate the stability 
reliability and finally a metaheuristic algorithm was used to optimize the cross-section of the earth dam. The 
flowchart of optimization of the present study for determining the optimum cross-section is shown in Fig. 1. 
 

2.2. Specifications of Farrokhi-Qaen dam 

Farrokhi-Qaen dam is an earth dam with a vertical clay core with a height of 19 meters from the riverbed, 
normal height of 14 meters, reservoir volume of 9 million cubic meters, crest length of 927 meters and crest 
width of 8 meters. This dam is in the north of South Khorasan province. The geometric characteristics of the 
dam are shown in Fig. 2 and the properties of the used materials are presented in Table 1 (Kavosh-peye-
Mashhad Consulting Engineering, 2009). 

 

3. Results and discussion 

3.1. Selecting constant and variable design parameters 

To optimally design the cross-section of earth dams, as shown in Fig. 1, it is necessary to first divide the 
required data into two categories: fixed and variable. Fig. 3 shows the variables required in the dam geometry 

to obtain the cross-sectional area of the dam. Some variables related to soil properties also include core internal 
friction coefficient (ɸcore), core cohesion coefficient (Ccore), dry specific weight of the core (γdry-core), wet specific 
weight of the core (γwet-core), dry specific weight of the shell (γdry-shell), wet specific weight of the shell (γwet-shell) 
and shell internal friction coefficient (ɸshell). 
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Fig. 1. The flowchart of optimization of the earth dam in the present study 

 

Fig. 2. Geometric characteristics of Farrokhi-Qaen earth dam (Kavosh-peye-Mashhad Consulting Engineering, 2009) 
 
 

Table 1. Geotechnical characteristics of materials used in Farrokhi-Qaen earth dam 

(Kavosh-peye-Mashhad Consulting Engineering, 2009) 

Poisson's ratio 

ᶹ 

Wet specific 

weight (γ) 

(KN/ m3) 

Saturated specific 

weight (γ) 

(KN/ m3) 

Modulus of 

elasticity (E) 

(KN/ m2) 

Cohesion(c) 

(KN/ m2) 

Internal friction 

angle (°ϕ)  Layer 

0.4 20.5 21.2 3000 

CUU = 42 

CCU = 45 

CCD = 45 

ϕUU = 0 

ϕCU = 21 

ϕCD = 22 

Clay Core 

0.37 22 22.4 30000 0 41.5 Shell 

0.35 20.5 21 10000 0 30 Filter 

0.35 22 23 10000 0 32 Drain 

0.35 20 21 8000 0 30 Alluvium 
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Fig. 3. Geometric variable parameters considered in the modeling process of the present study 

 

3.2. Optimizing the cross-section of an earth dam 

Initially, after validation of PLAXIS software for Farrokhi-Qaen earth dam and ensuring its proper 
performance, the factor of safety (F) under steady-state seepage condition were extracted for 50 hypothetical 
dam models, all of which had toe weight and berms. Next, in SPSS software, a mathematical model for 
calculating F as a linear function of the considered variables was obtained (Eq. 1).  

 

𝐹 =  −3.118 + (0.006. 𝐵𝑢𝑝−1) − (0.007. 𝐵𝑢𝑝−2) + (0.006. 𝐵𝑑𝑜𝑤𝑛−2) + (0.013. 𝐵𝑑𝑜𝑤𝑛−1) − (0.037. ℎ𝑢𝑝−1) −
(0.020. ℎ𝑑𝑜𝑤𝑛−1) − (0.004. 𝐵𝑏𝑜𝑡𝑡𝑜𝑚−𝑐𝑜𝑟𝑒) + (0.01. 𝐻) + (0.001. 𝐵𝑅𝑜𝑐𝑘𝑡𝑜𝑒) − (0.001. ℎ𝑅𝑜𝑐𝑘𝑡𝑜𝑒) + (0.003. ɸ𝑐𝑜𝑟𝑒) +
(0.015. 𝐶𝑐𝑜𝑟𝑒) − (0.009. 𝛾𝑑𝑟𝑦−𝑐𝑜𝑟𝑒) + (0.098. 𝛾𝑤𝑒𝑡−𝑐𝑜𝑟𝑒) + (0.088. ɸ𝑠ℎ𝑒𝑙𝑙) − (0.083. 𝛾𝑑𝑟𝑦−𝑠ℎ𝑒𝑙𝑙) + (0.031. 𝛾𝑤𝑒𝑡−𝑠ℎ𝑒𝑙𝑙)          (1) 
 

Then, using MATLAB software and implementation the PSO algorithm, the cross-section optimization of the 
earth dam was performed with the condition of controlling the slope stability of the dam. The objective function 
was to minimize the cross section of the dam (Eq. 2) and the variables included 17 main characteristics related 
to dam geometry and soil features.  

 

(2) 

Function Y=AREA (u) 

𝑌 = (
𝐵up−1×ℎup−1

2
) + (4 × ℎup−1) + (

(ℎup−1+𝐻)×𝐵up−2

2
) + (𝐵𝑐𝑟𝑒𝑠𝑡 × H) + (

(H+ℎ𝑑𝑜𝑤𝑛−1)×𝐵down−2

2
) + (4 ×

ℎ𝑑𝑜𝑤𝑛−1) + (
𝐵down−1×ℎ𝑑𝑜𝑤𝑛−1

2
) + (𝐵Rocktoe × ℎRocktoe) ;  

 end 
 

In order to ensure the stability of the dam slope, the constraint was entered into the optimization algorithm 
as a safety factor greater than 1.5. Also geometric constraints and constraints related to soil characteristics 
were applied based on the recommendations of reputable references so that the results obtained for the 
optimal dam have the characteristics of a real dam. 

Finally, the optimal model was tested on Farrokhi-Qaen Dam. The results showed a 13% reduction in cross-
sectional area and 138,000 cubic meters of optimal dam volume compared to the constructed dam. 

 

4. Conclusions 

In general, the research results can be summarized as follows: 
- Using the information of the dams modeled in PLAXIS software as inputs of SPSS software, a linear 

mathematical relation can be created to calculate the stability safety factor of cored earth dams. The values of 
the error indicators obtained from the validation step showed the validity of the obtained equation and its 
generalizability. 

- The PSO algorithm had an acceptable performance in optimizing the cross section of the earth dam. 
- The generated model is used to optimize the earth dam at any height. It has the ability to extract the optimal 

cross-section variables of the earth dam. 
- Using the obtained modeling framework to optimize the cross section of the earth dam for Farrokhi-Qaen 

dam was able to reduce the cross section of this dam by 13%, which indicates the efficiency and generalizability 
of the optimal model on any earth dam with a vertical core. 
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