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 Abstract:  This paper aims to show nonlinear earthquake analysis of Oued Fodda concrete 

gravity dam, which is located in Chlef town at northwestern Algeria. For this purpose, linear 

and nonlinear analyses are performed for dam-foundation rock coupled system using two-

dimensional (2D) finite element model. The Druker-Prager and the multilinear kinematic 

hardening models are employed in the nonlinear analysis for dam concrete and foundation 

rock, respectively. Water in the reservoir is represented by added mass using the 

Westergaard approach. All numerial analyses are carried out using ANSYS calcul code. The 

maximum displacements and principal stress components in concrete dam body attained 

from linear and nonlinear analyses are compared each other. Material nonlinearity of dam-

foundation system can generally decrease the seismic response of the dam. The study 

demonstrates the nonlinear analysis importance of the dam-foundation rock coupled 

system. 
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1. Introduction 

There are various factors affecting the dynamic analysis of 

concrete gravity dams, i.e., the dam-foundation rock 

interaction, dam-reservoir interaction and material 

nonlinear response of dam-foundation rock system. The 

dynamic dam-foundation rock interaction phenomenon 

was studied and published by several researchers (Chopra 

and Chakrabarti 1981; Bayraktar et al. 2005; Saleh and 

Madabhushi 2010; Lebon et al. 2010; Burman et al. 2012; 

Ouzandja et al. 2014; Ouzandja et al. 2018). Burman and 

Reddy (2008) investigated response of concrete gravity 

dams to ground motion considering foundation rock 

nonlinearity. The results illustrated that nonlinear behavior 

of foundation rock affects seismic response of dams. 

Influence of materially nonlinear properties of Sarıyar 

gravity dam subjected to seismic loading was performed by 

Akköse and Simesk (2010). The study demonstrated that 

the concrete dam nonlinearity has a significant effect on 

response of dam-water-foundation system. Burman et al. 

(2010) presented finite element analysis of dam-

foundation system considering effect of materially 

nonlinear foundation. Taking into account the nonlinear 

material response of foundation generates higher 

displacements and stresses in the dam compared to the 

results obtained from linear analysis. The seismic 

performance of concrete gravity dams was presented by 

Wang et al. (2015) using both linear and nonlinear 

approaches. Ouzandja and Tiliouine (2015) investigated 

effect of conditions of contact at dam-foundation on 

concrete gravity dam seismic behavior employing linear 

and nonlinear analyses. Their results showed that 

nonlinear analysis produces lower responses compared to 

linear analysis. Yazdani and Alembagheri (2017) utilized 

the material and geometric nonlinearities to study the 

https://www.sciencedirect.com/topics/engineering/geometric-nonlinearity


2 Ouzandja et al. / ICGSAME 2021 
 

67.5 m 67.25 

m 

67.25 m 

1
0
1

 m
 

9
6
.4

 m
  

4
.6

 m
  

5 m 

Dam 

Foundation 

0.675 

1 

0.1 

1 

0.000 0.001 0.002 0.003 0.004

0

10000

20000

30000

40000

50000

60000

S
tr

e
s
s
 (

K
N

/m
2
)

Strain (%)

seismic response of Pine Flat dam. Poul and Zerva (2018) 

conducted nonlinear seismic analyses of concrete gravity 

dams considering the domain influence of foundation rock.   

This paper presents linear and nonlinear time history 

responses of concrete gravity dams considering dam-

foundation rock interaction during earthquake. For this 

purpose, two dimensional finite element model of dam-

foundation rock system is employed in analyses using the 

ANSYS sofware (2013). Oued Fodda concrete gravity dam, 

located in Chlef town at northwestern Algeria, is chosen in 

this study. The Druker-Prager (Druker and Prager 1952) 

and the multilinear kinematic hardening models are 

considered in the nonlinear analysis for dam concrete and 

foundation rock, respectively. The dynamic effect of the 

reservoir during the analysis is modeled by the 

Westergaard approach (Westergaard 1933) based on the 

added mass concept. Nonlinear seismic analysis of the 

Oued Fodda dam-foundation rock system is carried out. 

The results obtained from linear and non-linear analyses 

are compared each other. 

2. Numerical model of Oued Fodda gravity dam 

2.1. Material properties  

Our dam, located approximately 20 km of Oued Fodda, 
Chlef, northwest of Algeri, was established on Oued Fodda 
River. The reservoir is used for irrigation. The capacity of 
the dam is 125.5 hm

3
. The maximum height 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 geometry of 
the dam-foundation rock sytem is shown in Fig. 1. 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. Dimensions of dam-foundation rock system. 

The material properties of Oued Fodda concrete dam and 

its foundation rock are given in Table 1. The cohesion and 

the angle of internal friction of dam concrete requis in 

nonlinear response according to the Drucker-Prager model 

(Druker and Prager 1952) are taken as 2.50 Mpa and 35°, 

respectively. Nonlinear analysis of foundation rock is 

defined using multilinear kinematic hardening model. The 

uniaxial stress-strain curve for foundation rock is given in 

Fig. 2.  

Table 1. Material properties of the concrete dam and foundation 

rock. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Uniaxial compressive stress-strain relationship for 

foundation rock. 

2.2. Finite element model  

This study considers two-dimensional finite element model 

of Oued Fodda concrete gravity dam (Fig. 3). The effect of 

hydrodynamic pressure is incorporated in the analysis by 

the added mass concept proposed by Westergaard (1933). 

The solid finite elements (Plane 82) are used to model the 

dam and the foundation rock; the structural mass finite 

elements (Mass 21) are used to model reservoir water. In 

the finite element model, dam body has 240, and 

foundation rock has 260 solid finite elements. Besides, 

reservoir water has 20 structural mass finite elements.  

 

 

 

 

 

 

Material 

 

Material properties 

Modulus of 

elasticity (MPa) 

Poisson’s 

ratio 

Mass density 
(kg/m3) 

Dam 24600 0.20 2640 

Foundation 20000 0.33 2000 

https://www.sciencedirect.com/topics/engineering/seismic-response
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Fig. 3. Finite element discretization of dam-foundation 

rock system. 

3.  Earthquake response of Oued  Fodda dam 

The earthquake response of Oued Fodda concrete gravity 
dam is evaluated for horizontal component of the 1980 El 
Asnam earthquake acceleration scaled by factor of 2.5 
during 12 s (Fig. 4). In 1980, El Asnam City has already been 
shaken by strong earthquake (M7). We only have 
unfortunately a record of a replica of this earthquake with 
peak ground acceleration (PGA) 0.132 g. We consequently 
chose the record of replica earthquake with a scaling 
factor of 2.5 to have an earthquake acceleration record 
with PGA 0.33 g, equal to PGA of record of the strong 
earthquake (M7) which occurred in 1980. Linear and 
nonlinear time-history analyses are performed using 
ANSYS (2013). The horizontal displacements and principal 
stress components in dam body attained from linear and 
nonlinear analyses are compared each other. 

 

 

 

 

 

 

 

 

 

Fig. 4. Time history of horizontal component of 1980 El-

Asnam earthquake record scaled by factor of 2.5. 

3.1. Displacements 

Fig. 5 shows the envelopes of maximum horizontal 
displacement of the dam in linear and nonlinear transient 
analyses. As can be seen, horizontal displacements 

obtained from nonlinear analysis are slightly smaller than 
ones obtained from linear analysis.  

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Maximum horizontal displacement envelopes of the 

dam: (a) linear analysis; and (b) nonlinear analysis (Unit: 

m).  

The time history of horizontal displacement at the dam 

crest is presented in Fig. 6 for both linear and nonlinear 

analyses. The horizontal displacement at the crest 

decreases from 4.11 cm in linear analysis to 3.56 cm in 

nonlinear analysis. Therefore, a variation of 13.40 % is 

observed between the displacement results of the two 

analyses. Material nonlinearity of dam-foundation rock 

system can lead to decrease or increase the dam 

deformations according to ground motion characteristics 

and mechanical properties of both the dam and 

foundation rock (Leger and Katsouli 1989; Halabian and 

Naggar 2002). 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Time history of horizontal displacement at dam 

crest using linear and nonlinear analyses. 

3.2. Stresses 

Figs. 7 and 8 represent the envelopes of maximum 
principal stresses of the dam in linear and nonlinear 
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transient analyses. As can be seen, principal tensile and 
compressive stresses obtained from nonlinear analysis are 
smaller than ones obtained from linear analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Maximum principal tensile stress envelopes of the 

dam: (a) linear analysis; and (b) nonlinear analysis (Unit: 

Pa). 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. Maximum principal compressive stress envelopes of 

the dam: (a) (a) linear analysis; and (b) nonlinear analysis 

(Unit: Pa). 

The time history of principal stresses at the dam heel is 

depicted in Fig. 9 for both linear and nonlinear analyses. 

Principal tensile and compressive stresses decrease from 

6246.61 and -7313.34 KN/m
2
 in linear analysis to 3021.78 

and -3297.67 KN/m
2
 in nonlinear analysis. Therefore, a 

decrease in nonlinear analysis of 51.63 % and 54.91 %, 

respectively, in the amount of principal tensile and 

compressive stresses is observed. Material nonlinearity of 

dam-foundation rock system can lead to significantly 

reduce the principal stresses in the dam according to 

ground motion characteristics (Leger and Katsouli 1989; 

Halabian and Naggar 2002). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. Time history of principal stresses at dam heel (a) 

principal tensile stress; and (b) principal compressive 

stress.  

4. Conclusions 

Linear and nonlinear seismic responses of Oued Fodda 

gravity dam is investigated considering dam-foundation 

rock interaction. The Druker-Prager and the multilinear 

kinematic hardening models are employed in the nonlinear 

analysis for dam concrete and foundation rock, 

respectively. It is evident the taking into consideration the 

material nonlinearity of dam-foundation rock system can 

reduce the displacements and stresses in the dam 

compared to the linear model in this case study on Oued 

Fodda dam for 1980 El-Asnam earthquake. However, the 

material nonlinearity of both dam and foundation rock can 

decrease or increase the dam response according to the 
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ground motion characteristics and mechanical properties 

of both the dam and foundation rock (Leger and Katsouli 

1989; Halabian and Naggar 2002). Therefore, it is always 

requested to perform nonlinear analysis of dam-

foundation rock interaction system to obtain precise 

response of the studied dam. 
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10:00 - 10:15 ID 389 Spatial analysis and mapping of the susceptibility to landslides: application on the road network of the wilaya of Skikda-Algeria-
Mebirouk Nadjib, Messast Salah, Amrane Moussa 

10:15 - 10:30 Hygro-thermal buckling of FG sandwich plates resting on elastic foundations
S.Refrafi, A.Menasria, A. Bouhadra, A. A.Bousahla, F. Bouazza, A.Tounsi

10:30 - 10:45 Performance study of fiber-reinforced mortars based on dredging sludge
Mohamed Salhi, Toufik Boubekeur, Said Choucha, Amar Benyahia. Hachemi Benaddi

10:45 - 11:00 Debate 

10:00-11:00
Parallel Session 4 - Salle de l'Audiovisuel 

Material theme - Session Chair Pr. Abdelghani Merdas

10:00 - 10:15 Crack propagation behavior of steel fiber reinforced rebars concrete (SFRRC) under flexural loading
Nacira Saoudi, Hayet Cherfa, Tabouche Amarouche,Bensaid Samir



12:00 - 13:30

11:15 - 11:30 ID 284  Numerical study on granular materials in a confined media: Effect of an obstacle on the discharge flow
Mohamed Kechachni, Mohammed Djermane, Mebirika Benyamine 

11:30 - 11:45 ID 486 Vibration analysis of plates in interaction with a fluid using a strain-based Kirchhoff element
Faiçal Boussem Abderahim Belounar, Lamine Belounar, Fortas Lahcene

10:45 - 11:00 Debate 

11:00-12:00
Parallel Session 6 - Salle de projection dept. Architecture 

Structural theme - Session Chair Dr. Mohamed Ouajdi Belarbi 

11:00 - 11:15 ID 593 The Generalized Differential Quadrature for the static and free vibration analysis of doubly-curved shells infilled with smart materials
F. Tornabene1, M. Viscoti*1 and R. Dimitri1

11:15 - 11:30 ID 1523D Nonlinear Numerical simulation on dynamic soil-structure interaction under earthquake excitations
Khadidja Sekhri, Djarir Yahyaoui , Bilel Adeel Withra 

11:30 - 11:45 ID 206 Laboratory study on the mechanical behavior of Chlef sand: Effect of different types of fines
Youcef Mahmoudi, Abdellah Cheriftaiba, Leila Hazout, Amine Taibi,  Hamou Azaiez, Mostefa Belkhatir

11:45 - 12:00 Debate 

11:00-12:00
Parallel Session 6 - Salle des soutenances dept. Génie Civil et Hydraulique

Geotechnical theme - Session Chair Pr. Khelifa Abbeche 

11:00 - 11:15 ID 137 Effect of Vegetal Fibers on the Shear Strength of Sandy Soil 
Hachemi Adda Berkane, Noureddine Della, Sidali Denine, Mahdi Missoum Benziane

11:45 - 12:00 Debate 

11:00-12:00
Parallel Session 5 - Salle de l'Audiovisuel 

Material theme - Session Chair Dr. Ahmed Amine Daikh

11:00 - 11:15 Remoted presentation 

11:45 - 12:00 Debate 

Lunch 

14:00-15:30
Parallel Session 7 - Salle de projection dept. Architecture 

Structural theme - Session Chair Pr. Abdelouheb Tati 

11:15 - 11:30 Etude de comportement dynamique des plaques FGM  Sandwich sur fondation élastique variable
A. MESSAOUDI, A. Bouhadra, B. MAMEN,A. Menasria, A. TOUNSI and M. BENGUEDIAB

11:30 - 11:45 Elaboration et étude du comportement mécanique et de durabilité d’une brique de terre crue hautement compressée et faiblement stabilisée à base de terre argileuse et sableuse
BENCHEIKH Mohamed , CHOUKEIR Sawsen, AMRIOU Abderrachid

14:30 - 14:45 ID 528
Dynamic behavior of cracked bridge structures under moving loads

Mahieddine Chettah, Sihem Chaib, Nabil Djebbar, Rachid Lassoued 

14:45 - 15:00 ID 538 Modelling Of Columns In A Metal Hangar During A Fire

14:00 - 14:15 ID 526 Strengthening web post buckling of cellular beam using pultruded GFRP profiles
Guedaoura Hamda, Dr Hadidane Yazide

14:15 - 14:30 ID 527 The optimum approach to determine the mechanical properties of Algerian historical masonry materials
Hatem SEBOUI, Allaeddine ATHMAN, Antonio FORMISANO



08:30 - 09:00
Plenary 
session 

14:45 - 15:00 ID 538
Nadia Otmani-Benmehidi, Wissem Innal 

14:00-15:30
Parallel Session 6 - Salle de l'Audiovisuel 

Material theme - Session Chair Pr. Mohammed Sid Ahmed Houari

14:00 - 14:15
Bending behavior of laminated sandwich beams under hygrothermal loading 

Aman Garg, H.D. Chalak 

15:00 - 15:15 ID 541
3D numerical analysis of the effect of deep braced excavation on nearby single pile and pile group

Tamir Amari, Mohamed Nabil Houhou

15:15 - 15:30 Debate 

14:45 - 15:00 Effect of combined use of tires rubber waste and hydrated cement on properties of self compacting concrete
Amel Bouabaz, Rachid Djebien, Leila Kharef, Mouloud Belachia

15:00-15:15 Hygro-thermo-mechanical loading effects on bending behavior of FG plates resting on Winkler–Pasternak elastic foundation   
Belgacem MAMEN, Abdelhakim Bouhadra, Abderrahmane Menasria, Bouzid Merazka,  Abdelouahed Tounsi

14:15 - 14:30 Thermomechanical response of FG plates on variable elastic foundation
Mohamed ALI_RACHEDI, Abdelhakim BOUHADRA, Abderrahmane MENASRIA , Samir BENYOUCEF, Abdelouahed TOUNSI

14:30 - 14:45
Experimental evaluation of dynamic modulus of elasticity and hygroscopicity behavior of compressed earth blocks (CEBs) based on date palm waste aggregates (DPWAs)

Elhoussine Atiki, Bachir Taallah, Sadok Feia, Kamal Saleh Almeasar, Abdelhamid Guettala

14:15 - 14:30 ID 329 Analysis and prediction of swelling pressure of subgrade clay for flexible pavement design
Adel-Djellali, Debojit Sarker, Rafik-Boufarah, Khaled-Rais, Zied-Benghazi, Ali Hamdane, Mouna-Djellali

14:30 - 14:45 ID 488 Laboratory Study on Undrained Shear Strength Response of Sandy Soils Considering the Influence of Mean Particle Size and Minimum Diameter
Leila Hazout ,Abdellah Cherif Taiba, Youcef Mahmoudi, Mostefa Belkhatir 

15:15 - 15:30 Debate 

14:00-15:30
Parallel Session 7 - Salle des soutenances dept. Génie Civil et Hydraulique

Geotechnical theme - Session Chair Pr. Naima Benmebarek

14:00 - 14:15 ID 266Analysis and prediction of earth dam behavior using monitoring measures and artificial neural network 
Harbi Leyla, Smail Nadia and Rouissat Bouchrit

15:15 - 15:30 Debate 

15:30 16:30 Poster session and coffee break 

Tuesday 7th December 2021

Dr. Siavash GHABEZLOO "behaviour of cement-based materials for integrity assessement of structures"

14:45 - 15:00 ID 347Estimation minimum anchor lengths of anchored retaining walls by improving failure models 
Fatima Zohra Benamara, Lazhar Belabed, Ammar Rouaiguia, Ilham Bahloul

15:00-15:15 ID 23 Insight into the effect of polypropylene fibers on the shear strength of sandy soil
Abdelhamid Flitti, Bilal Abboub, Mahfoudh Rezime, Noureddine Della, Mehdi Missoum Benziane



09:00 - 09:30
Plenary 
session 

09:15 - 09:45

09:45 - 10:00

10:00 - 10:15 ID 543 Finite element models for the prediction of thermal response of light gauge steel panels when subjected to fire
Mohammed Hassoune, Abdelhak Kada, Belkacem Menadi, Belkacem Lamri

10:15 - 10:30 ID 546 Numerical analysis of the shear behavior of short concrete corbels reinforced by several external reinforcement techniques
Zaioune Hiba, Mezhoud Samy 

Pr. Ashraf AYOUB "Earthquake damage mitigation of critical structures
 through vibrationg barriers (ViBa)" 

Professor - City university of London, UK

Debate

Coffe break 

10:00-11:00
Parallel Session 8 - Salle de projection dept. Architecture 

Structural theme - Session Chair Pr. Lamine Belounar 

10:00-11:00
Parallel Session 8 - Salle des soutenances dept. Génie Civil et Hydraulique

Geotechnical theme - Session Chair Dr. Mohamed Sadek Remadna 

10:00 - 10:15 ID 411 Effect of micropiles pre-reinforcement system on the stability of shallow tunnels 
Djamil Nefla, Nasserdine Diaf, Mustapha Hidjeb 

10:30 - 10:45 ID 455 The Effect of Non-Linear Behavior on the Seismic Response of Concrete Gravity Dams
Mokhtar MESSAAD, Messoud BOUREZANE, Djamel OUZENDJA, Amina Tahar BERRABAH

10:45 - 11:00 Debate 

10:45 - 11:00 ID 353 Effect of palm fibers reinforcement on Desiccation cracking in clayey soils
Afaf Zeroual, Sadok Feia, Ahmed Bouazız, Abedali Dadda, Mohamed Nabil Haddoud

10:00-11:00
Parallel Session 7 - Salle de l'Audiovisuel 

Material theme - Session Chair Dr. Samia Hachemi 

10:15 - 10:30 ID 457 Evaluation of pile group efficiency in clay by numerical approach
Abdelkrim FERCHAT, Sadok BENMEBAREK and Mohamed Nabil HOUHOU

10:30 - 10:45 ID 339
Bearing capacity of a strip footing on a reinforced slope

Ahmed A.A. Al-hajj, Mohamed Saddek Remadna, Walid Chaabani, Imad Eddine Debbabi

11:00 - 12:00 Closing ceremony and awards 

10:30 - 10:45 STATE OF THE ART ON THE FUNCTIONALLY GRADED COMPOSITE MATERIALS
Daikh, A.A., Drai, A., Belarbi O, M., Houari, M.S.A

10:45 - 11:00 Debate 

10:00 - 10:15 Effect of proportion of aluminosilicate materials and activator on the mechanical performance of geopolymer mortar composed with local materials
Souheila Semache, Fathe Bouteldja, Mouloud Belachia, Sofiane Amziane

10:15 - 10:30 Lightweight blocks with raw earth incorporating expanded polystyrene
Safa Layachi, Bachir Taallah, Ouarda Izemmouren
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