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Abstract 

Gravity dams are fluid – structure – soil interaction problems. One of the most 

important problems in evaluation of dynamic behavior of concrete gravity dams 

is soil-structure interaction phenomenon. A parametric study was performed in 

the present work to view the combined effect of soil foundation. the Oued Fodda 

concrete gravity dam located in Chlef (northwestern Algeria)  is selected as an 

example. 

 Three approaches are adopted to investigate the soil-structure interaction 

phenomenon: the fixed support foundation, the massless soil foundation and the 

mass soil foundation and also the hydrodynamic pressure of the reservoir water 

is modeled as added mass using the Westergaard approach. 

 As conclusion, it is clear that taking into account the soil structure interaction 

effect leads to a decrease in the modal frequencies even if the reservoir water is 

present. 
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- Introduction 

 

Concrete gravity dams represent complex constructive systems of strategic importance. They are 

particularly used for electricity generation, water supply, flood control, irri-gation, recreation, and 

other purposes. They are a fundamental part of the society’s infrastructure system .. 

The response of a structure during an earthquake depends on the characteristics of the seismic signal, 

ground of foundation and of the structure itself. Thus, movement of the foundation is usually different 

from the movement in free field. This is due to the soil-structure coupling during the earthquake, this 

phenomenon is known in the literature as "Soil-structure interaction" also in case of the fluid exists, 

the phenomenon becomes more complicated, known as the "soil-fluid-structure interaction", Concrete 

gravity  dams are part of this phenomenon [1], [2], [3]. 

The richness of literature on the soil-structure interaction reflects both the complexity and the interest 

on phenomenon which have gained more researches about it. 

In consideration of the soil-structure interaction for the purpose to include in the deformation modes, 

the movements at the base of the structure, is a way to get a better approximation of the frequency of 

vibration of the coupled system which will be shorter than the system frequency with rigid base. In 

the literature, there are three models for modeling the soil-structure interaction phenomenon: the 

model of a fixed base, the second model with foundation modeled without taking into account its 

mass, and the third model with foundation taking into account its mass. 

The dam reservoir interaction problems can be analysed using the three famous approaches: 

Westergaard, the approach of Lagrange and that of Euler. 

In this paper, influence of the foundation soil on the modal response of the Oued Fodda   
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dam-foundation soil is investigated. For the modeling of the different cases of the dam in question, the 

finite element code ANSYS has been chosen. 

 

- Dam-foundation Soil Finite Element Models 

 

.1.  Material properties of Oued Fodda dam  

 

The Oued Fodda concrete gravity dam is located approximately 20 km of Oued Fodda (Chlef), in 

northwestern of Algeria, and founded over a massive limestone known as “Koudiat Larouah”. The 

capacity of the dam is 125.5 hm3 . The maximum height  “H” and base width of the dam are 101 m 

and 67.5 m, respectively. The dam crest is 5 m wide and the maximum height of the reservoir water is 

considered as 96.4 m. The material properties of Oued Fodda dam including its foundation are 

reported in Table 1 below: 

 
Table 1. Material properties of Oued Fodda concrete gravity Dam 

Material 
Material properties 

Modulus of 
elasticity (MPa) 

Poisson’s ratio 
Mass density 

(kg/m3) 

Concrete (dam) 24600 0.20 2640 

Rock (foundation) 20000 0.33 2000 
 

.2.  Finite Element Model of Dam-Foundation System 

 

The effect of soil-fluid-structure interaction on the behavior of the Oued fodda dam has been modeled 

and studied using the ANSYS code. Three approaches are adopted to investigate the soil-structure 

interaction phenomenon: 

- The fixed support foundation. 

- The massless soil foundation, neglecting the mass of this foundation and therefore of the inertial 

component of the interaction. 

- The mass soil foundation, taking into account the mass of this foundation and therefore the inertial 

component of the interaction. 

The dam-foundation soil structure is investigated using three 3D finite element models, The 

SOLID185  type element available in the ANSYS code library was used to model the body of the dam 

as well as the foundation soil.    

The figure 1 shows  the fixed support foundation, without taking into account the phenomenon of soil-

structure interaction: 

 

 
Fig.1. 3D finite element model of Oued Fooda  dam without adjacent soil 
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The figure 2 represents the model of the dam with soil of foundation,  the dimensions of the soil 

according to x, y and z were chosen after a study of sensitivity of the model to the dimensions of the 

soil,the extensions of the foundation soil are 3h of the dam in all directions: 

 

 
Fig.2. 3D finite element model of Oued Fooda  dam with adjacent soil 

 

For the fluid, the model of added masses (equivalent to the westergaard approach) using the SURF 

element available in the Ansys code library was used. 

 

3. Results  and discussions 

 

3.1.  Modeling of soil-structure interaction 

 

The Figures 3, 4 and 5 respectively show the fondamental mode of the dam alone (fixed base), dam 

with soil without mass (not heavy) and dam with soil with mass (heavy). 

 

 
Fig.3. Dam without soil foundation 
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Fig.4. Dam with massless soil foundation 

 
Fig.5. Dam with mass soil foundation 

 
 

Fig.6. Effect of soil-structure interaction on behaviour 

Figure 6 represents the modal frequencies for the case of dam with fixed support with empty 

reservoir, the case of dam with  massless soil foundation with empty reservoir and the case of dam 

with mass soil foundation with empty reservoir, it should be noted that the number of modes is chosen 

in such a way that the sum of the masses trained by these modes reached 90% of the total mass. 

It is clear that adding soil to dam in the modelling which means taking into account  the soil structure 

interaction effect leads to a decrease in the modal frequencies values  furthermore for the mass soil 
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foundation model.  Adding the foundation soil to the structure, makes the system flexible and 

increases its mass which generates a decrease in system frequency and therefore an increase in his 

period. 

The same results were found for the arch weight dam of el Bayadh [4], [5]. 

According to the three figures: 3, 4 and 5, we note that the modeling of the foundation soil modifies 

not only the values of the frequency  but also the positioning of the fundamental mode. 

 

3.2.  Modeling of fluid-structure interaction 

 

The second application consists in modeling the fluid structure interaction, for this purpose the dam is 

considered full. For each soil-structure interaction model, two analyzes were carried out with and 

without fluid. The added mass approach was used to model the fluid. Using the ANSYS code, the 

SURF154 element available in the ANSYS library allows this approach to be represented. This 

involves distributing the mass of the fluid over the contact surface between the reservoir and the dam 

and / or foundation soil. 

 

 
Fig.7. Dam without soil foundation with fluid 

 
Fig.8. Dam with massless soil foundation with fluid 
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Fig.9. Dam with mass soil foundation with fluid 

Figures 7, 8 and 9 respectively show the fundamental  mode of the dam alone (fixed base), dam with 

soil without mass and dam with soil with mass taking into account the presence of the fluid. 

  

 
Fig.10. Effect of fluid-structure interaction on behavior 

Figure 10 shows the effect of fluid structure interaction modeling on the modal behavior of the dam 

alone, i.e. without soil-structure interaction modeling. It is clear in Figure 10 that the presence of the 

fluid decreases the frequency of the system. 

The same results as those of the fixed base dam have were found for the dam modeled with soil 

massless foundation and massed foundation soil. 

 

3.3.  Modeling of Soil-fluid-structure interaction 
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Fig.11. Effect of Soil-fluid-structure interaction on behavior 

 

Figure 11 represents the effect of interaction soil-structure and the presence of the fluid on the modal 

behavior of the Oued Fodda dam, it shows that the modeling of ISS as that of the fluid have the same 

effect on the modal behavior is to decrease the frequency of the system.  

 

4. Conclusion 

 

In this article, a parametric study was carried out for the concrete dam "Oued Fodda" using the finite 

element code "ANSYS" to see the effect of the phenomenon of soil-fluid-structure interaction on the 

modal behavior of the system.  

The modeling of soil structure interaction modifies the frequency of the dam, knowing that the 

frequency is a dynamic characteristic to be taken into account in the different types of dynamic 

calculation (spectral, transient ...) 

The study had shown that reservoir water presence and soil foundation modelling have the same effect 

on the modal frequencies results which means on the modal behaviour of the concrete  dam, they 

decrease the frequencies values. 
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07 REFRAFI Salah 
Etude du flambement mécanique sur les plaques sandwiches fonctionnellement graduées reposantes 

sur des fondations élastiques 

08 LARDJAME Samia 
Non-linear finite element modeling of cracking thermal loads of GFRP bars-reinforced concrete slabs 

under temperature and mechanical load  

09 ZITOUNI Mohamed Effet de l’ajout de fibres de verre sur le comportement thermique des poutres en béton armé  
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09 December 2021 

Session 2 :  Materials and Environment 

10h00 – 12h00 

N° Author Title 

01 
KOUIDER DJELLOUL 

Omar 

Absorption capillaire et la résistance à la compression de béton autoplaçant à base des granulats 

recyclés  

02 HADID Lamia Analyse numérique des défauts dans les biomatériaux  

03 MESSAAD Mokhtar Modal behavior of Oued Fodda concrete dam 

04 METAHRI Aicha Numerical analysis the effect of ratio of reinforcement of particle on SIF in composite material 

05 GUERBAS Nabil 
Evaluation d’utilisation des additions minérales et organiques sur les propriétés rhéologique d’un 

mortier à base du sable de concassage 

06 TEBBAL Nadia  Effect of high temperature and air entraining agent on the characteristics of the mortar 

07 REBOUH Redouane 
Prévision de la résistance à la compression du béton contenant de la pouzzolane naturelle par 

l’approche hybride « Réseau de Neurone-Algorithme Génétique»  

08 RAMDANE Rihab  Etude d’un béton hydraulique contenant des cendres de biomasse  

09 IRKI Ilyes Activation chimique de la poudre de brique cuite sur le mortier durci 

10 BRAHIMI Mouna L’effet de température et de la vitesse du vent sur le béton au jeune âge  

11 SEBOUI Hatem A review on the estimation of the mechanical properties in historical masonry building 

12 MELAIS Fatma Zohra  Valorisation des coquillages marins dans l’élaboration des bétons drainants  
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09 December 2021 

Session 3 :  Geotechnical and Engineering 

10h00 – 12h00 

N° Author Title 

01 EZZIANE Mohamed Influence des fines siliceuses sur le comportement au compactage des tufs de la région de Chlef 

02 ZAIRI SEYYID-Ahmed Etude du comportement au cisaillement d’un sol sableux de Chlef renforcé par un mélange fines-fibre 

03 DOUIFI Amel Evaluation of Ø-based p-y by predicting the natural frequency of an OWT based on a monopile 

04 MEROUANE Youcef  
Effets des incertitudes des propriétés du sol sur l’allongement de la période d’une structure en tenant 

compte de l’interaction sol-structure 

05 MEZIANI Brahim 
Etude des glissements de terrain à l’aide des données géologiques et géotechniques : Une étude de cas 

du glissement de Boufhima (Tizi-Ouzou, Algérie) 
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