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 Abstract:. This study presents the seismic response of concrete gravity dams considering 

welded contact and friction contact and along dam-foundation rock interface. Friction 

contact is provided using contact elements. Two-dimensional finite element model of Oued 

Fodda concrete gravity dam, located in Chlef at the northwestern part of Algeria, is used for 

this purpose. Nonlinear analyses of dam-foundation rock system are performed using ANSYS 

software. The reservoir water is modeled as added mass using the Westergaard approach. 

The Druker-Prager model is employed in the nonlinear analysis for dam concrete. The 

surface-to-surface contact elements based on the Coulomb's friction law are used to 

describe the friction. These contact elements use a target surface and a contact surface to 

form a contact pair. According to this study, when the friction contact is considered in joints, 

sliding displacement of dam base occurs along the dam-foundation rock interface. The dam 

sliding along its foundation decreases the deformation response in the dam body and shear 

force at both the heel and toe of the dam. 
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1. Introduction 

Several studies were carried out on the effect of conditions 

of contact in the interface between the concrete gravity 

dam and its foundation rock (Leger and Katsouli 1989; 

Chavez and Fenves 1995; Azm and plautre 2002; Viladkar 

and Al-Assady 2012). Hall et al (1991) investigated the 

sliding failure of pine Flat dam during earthquake. The 

study illustrated tha there is a permanent deformation at 

the base due to dam sliding. Other investigators studied 

the seismic sliding at the concrete gravity dam base using 

analytical methods (Chopra and Zhang 1991) and empirical 

laws (Danay and Adeghe 1993). Arabshahi and Lotfi (2008) 

used interface elements to present sliding at dam base. 

The results shown that sliding reduces seismic response of 

the dam.  Ouzandja and Tiliouine (2016) studied influence 

of friction coefficient variation at dam-foundation rock on 

earthquake behavior of Oued Fodda dam. The work 

demonstrates that the use of contact elements, which 

represent the friction coefficient, affects the earthquake 

performance of the dam. 

This paper shows the effect of contact friction along the 

dam-foundation rock interface on the earthquake 

response of concrete gravity dams. The Oued Fodda dam is 

taken into account in the numerical analyses. For this 

purpose, two-dimensional finite element model of dam-

foundation rock system is employed. The hydrodynamic 

pressure of the reservoir water is modeled utilizing the 

added mass concept (Westergaard 1933). In the nonlinear 

analysis, the Druker-Prager model (Drucker and Prager 

1952) is used for dam concrete. Welded and friction 

contact are considered in the joints along dam-foundation 

rock interface. Surface-to-surface contact elements based 
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on the Coulomb’s friction law are used to describe friction 

using ANSYS software (2013).  

2. Surface-to-surface contact elements 

To model a contact problem, we first must identify the 
parts to be analyzed for their possible interaction. If one of 
the interactions is at a point, the corresponding 
component of our model is a node. If one of the 
interactions is at a surface, the corresponding component 
of our model is an element: either a beam, shell, or solid 
element. The finite element model recognizes possible 
contact pairs by the presence of specific contact elements. 
These contact elements are overlaid on the parts of the 
model that are being analyzed for interaction. There are 
various contact elements. The surface-to-surface contact 
elements based on the Coulomb's friction law are used to 
describe the friction. These contact elements use a target 
surface and a contact surface to form a contact pair (Fig. 
1). 

 

 

 

 

 

 

 

 

Fig. 1. Target and contact surface elements. 

 

 

3. Oued Fodda concrete gravity dam-foundation 

system 

3.1. Material properties  

The selected dam in this study is located approximately 20 

km of Oued Fodda (Chlef), in northwestern Algeria, 

founded over a massive limestone known as “Koudiat 

Larouah”. The reservoir is mainly used for irrigation 

purposes. 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 geometry of the dam-foundation rock 

system is shown in Fig. 2. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2. Geometry of dam-foundation rock system. 

The material properties for both the concrete gravity dam 

and foundation rock are reported in Table 1 below. The 

cohesion and the angle of internal friction of dam concrete 

requis in nonlinear response according to the Drucker-

Prager model (Drucker and Prager 1952) are taken as 2.50 

Mpa and 35°, respectively.  

Table 1. Material properties of Oued Fodda gravity dam. 

 

3.2. Finite element modeling of dam-foundation rock 

system 

This study considers two-dimensional finite element model 

of Oued Fodda concrete gravity dam (Fig. 3). In this model, 

if the height of the dam is indicated as “H”, the foundation 

rock is extended as “H” in the gravity direction. Besides, 

foundation rock is extended as “2H” in the width direction. 

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. 10 contact-target element pairs are 

employed to model the joints along dam-foundation rock 

interface. The surface-to-surface contact elements based 
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on the Coulomb's friction law are used to describe the 

friction. These contact elements use a target surface 

(Targe169) and a contact surface (Conta172) to form a 

contact pair.  

 

 

 

 

 

 

 

 

 

Fig. 3. Finite element modeling of dam-foundation rock 

system. 

4. Nonlinear seismic response of Oued Fodda dam 

This study investigates the seismic response of Oued Fodda 

concrete gravity dam considering base sliding. For this 

purpose, the 2003 boumerdes earthquake horizontal 

component with peak ground acceleration (PGA) 0.34 g 

(Fig. 4) is utilized in analyses. Nonlinear time-history 

analyses are performed using ANSYS (2013). The horizontal 

displacements and principal stress components in dam 

body are presented in both welded contact model and 

friction contact model. 

 

 

 

 

 

 

 

Fig. 4. Time history of horizontal component of the 2003 

boumerdes earthquake. 

4.1. Displacements  

The envelopes of maximum horizontal displacement of the 

dam are presented in Fig. 5 for welded and friction contact 

models. Horizontal displacements obtained from friction 

contact model are slightly smaller than ones obtained from 

welded contact model. It can be seen in Fig. 5(b) that dam 

can slide along its foundation having the motion of rigid 

body in its response. When friction contact is applied at 

dam-foundation rock interface, sliding phenomenon of 

dam base is occurred, which is resulted from shear failure.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Maximum horizontal displacement envelopes of the 

dam: (a) welded contact model; and (b) friction contact 

model (Unit: m).  

Fig. 6 represents the time history of horizontal 

displacement at the dam crest for both two models. The 

horizontal displacement at the crest decreases from 3.82 

cm for welded contact model to 3.35 cm for friction 

contact model. On the other hand, the time history of 

sliding displacement at the dam heel is depicted in Fig. 7. 

The sliding displacement at the heel is negligible (0.32 cm) 

for welded contact model, while this is 3.23 cm for friction 

contact model due to existence of contraction joints along 

dam-foundation rock interface decreasing the contact 

zone rigidity.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Time history of horizontal displacement at dam 

crest for welded and friction contact models. 
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Fig. 7. Time history of sliding displacement at dam heel for 

welded and friction contact models. 

References 

ANSYS (2013) Theory user’s manual. Swanson Analysis 
Systems Inc., Houston, USA.  

Arabshahi, H., V. Lotfi (2008) Earthquake response of 

concrete gravity dams including dam-foundation interface 

nonlinearities. Eng. Struct. 30(11): 3065-3073. 

Azmi, M., P. Paultre (2002) Three-dimensional analysis of 
concrete dams including contraction joint nonlinearity. 
Engineering Structures 24 : 757-771. 

Chopra, A.K., L. Zhang (1991) Earthquake-induced base 

sliding of concrete gravity dams. J. Struct. Eng. 117(12): 

3698-3719. 

Chavez, J.W., G.L. Fenves (1995) Earthquake analysis of 
concrete gravity dams including base sliding. J. Struct. 
Eng. ASCE 121(5): 865-875.  

Danay, A., L.N. Adeghe (1993) Seismic induced slip of 
concrete gravity dams. J. Struct. Eng 119(1): 108-129.  

Drucker, D.C., W. Prager (1952) Soil mechanics and plastic 
analysis of limit design. Q. Appl. Math. 10(2):157-165.  

Hall, J.F., M.J. Dowling, B. El-Aidi (1991) Defensive design 
of concrete gravity dams. Report no. EERL 91-02. 
Earthquake Engineering Research Center, University of 
California, Berkeley, USA. 

Leger, P., M. Katsouli (1989) Seismic stability of concrete 

gravity dams. Earthq. Eng. Struct. Dyn. 18(6): 889-902.  

Ouzandja, D., B. Tiliouine (2015). Effects of dam-

foundation contact conditions on seismic performance 

of concrete gravity dams. Arab. J. Sci. Eng. 40(11): 

3047-3056.  

Viladkar, M.N., A.M.S. Al-Assady (2012) Nonlinear analysis 

of pine flat dam including base sliding and separation. 

Proceedings of the 15th World Conference on 

Earthquake Engineering (15 WCEE), Lisbon, Portugal.  

Westergaard, H.M. (1933) Water pressures on dams during 
earthquake. Trans. ASCE 98: 418-433.   

 
 
  
 

0 4 8 12 16 20

-4

-3

-2

-1

0

1

2

3

4

H
o
ri

zo
n

ta
l 

D
is

p
la

ce
m

en
t 

(c
m

)

Time (sec)

 Welded contact

 Friction conact



Paper ID
22
28
32

66

78
82
94
98

105
135
136
141
168
174
180
184
213
225
370
284
382
393
398
396
431
432
447
455
465
471
486
527
526
528
538
540
541
543
546
547
579



Paper title 
Fracture parameters formulation for single edge notched of composite plate
Behaviour of semi-rigid steel frames to sequential earthquakes
Experimental study of IPE perfobond connectors in push-out test
Modélisation numérique du comportement mécanique d’une poutre P-FGM en utilisant la méthode des éléments 
finis 3D
 A Pushover Analysis of Different Numerical Models for Predicting the Nonlinear Response of RC Frames
 A New triangular sector element based on the strain approach
Effectiveness of the retrofitting technique on the seismic response of reinforced concrete structures
Evaluation of a new four-node quadrilateral element for analysis of the shell structures
Sliding mode active structural vibration control
Numerical investigation on the thermomechanical behavior of honeycomb core sandwich panels with FRP skin
Design optimization of reinforced concrete beam using PSO algorithm
Modeling the nonlinear bending behavior of functionally graded core sandwich panels with polypropylene skins
Assessment of Plastic hinges models for the prediction of RC/frame structures behavior
Comparative study between two box CFS sections assembled in different ways in bending
Modeling of axisymmetric shell structures by the finite element method
Numerical evaluation of the performance of a reinforced concrete frame subjected to fire
Effect of the soil-tunnel interaction on the over ground vibration due to the surface traffic loading
Effet d’un système passif hybride de type HDRB-FPS sur la réponse sismique d’un bâtiment de moyenne hauteur
Ansys modeling of "rock foundation"-"reservoir water"-" multi-arch dam" interaction phenomenon
 Numerical study on granular materials in a confined media: Effect of an obstacle on the discharge flow
Failure Analysis of Composite Laminated Beams Using Finite Element Method
 Optimum design of laminated plates with holes using genetic algorithm
Bending analysis of FG carbon nanotubes reinforced composite beam: Finite element investigation 
Influence of Masonry Strength and Openings on Infilled R/C Frames Under Seismic Loading
Natural frequency response of circular plate with graded porosity variation
Composite Structures: Study of The Bending Of Laminated Plates And Sandwiches With A Refined Theory
Étude de l’adhérence entre les mortiers autoplaçants de réparation et le substrat de béton
The Effect of Non-Linear Behavior on the Seismic Response of Concrete Gravity Dams
Numerical analysis of the shear behavior of short concrete corbels reinforced by several external reinforcement techniques
Effect of lateral Restraints at the tense flange on the Lateral Torsional Buckling of I beams
Vibration analysis of plates in interaction with a fluid using a strain-based Kirchhoff element
The optimum approach to determine the mechanical properties of Algerian historical masonry materials
Strengthening web post buckling of cellular beam using pultruded GFRP profiles
Dynamic behavior of cracked bridge structures under moving loads
Modelling Of Columns In A Metal Hangar During A Fire
A non-linear geometric and material behavior of a double-layer grid
3D numerical analysis of the effect of deep braced excavation on nearby single pile and pile group
Finite element models for the prediction of thermal response of light gauge steel panels when subjected to fire
Seismic response analysis of concrete gravity dams considering base sliding
Seismic analysis of concrete gravity dams considering material nonlinearity of dam-foundation rock system
Further applications of a solid strain based finite element for static and dynamic plate analysis



Author(s) 
Mostefa Lallam, Abdel Kader Djebli, Abdel Hamid Mammeri 

Mohamed Saadi, Djarir Yahiaoui, Tarek Mansouri 
F. Boursas, D. Boutagouga, R. Boufrah, B. Athmania

Khaled Boumezbeur, Mourad Khebizi, Mohamed Guenfoud

Abdelhakim ZENDAOUI, Djarir YAHIAOUI, Mohamed SAADI
Houssam Khiouani

Souheyla Saddouki, Djarir yahiaoui, Mouhammed.Saaid
ABDERRAHMANI Sifeddine, HAMADI Djamal 

Leyla Fali, Abdelghani Idder, Khaled Zizouni, Ismail Khalil Bousserhane
B. MEZIANI, S. AIT TALEB, A. SI SALEM, M.A. BOUZIDI

Djamel Boutagouga, Farid Boursas, Rafik Boufarh
Sara Medjmadj, Souad Ait Taleb, Abdelmadjid Si Salem and Amar Kahil

Aghiles Nekmouche, Nacim Khelil, Abdelmounaim Mechaala, Youcef Mehani, Mohand Hamizi
Maizi Salah Eddine, Hadidane Yazid

Bachir Labiodh, Mourad Chalane
Ismail Haouach, Belkacem Lamri, Abdelhak Kada 

Abderrahim Achouri, Mohamed Nadir Amrane
Ounis Hadj Mohamed, Zataâr Nassima, Ounis Abdelhafid 

Tahar Berrabah Amina, Belabaci Zeyneb, Djamel Ouzandja,  Moussi Wahiba
Mohamed Kechachni, Mohammed Djermane, Mebirika Benyamine 

Maroua LAYACHI, Abderrahmane GHRIEB, Abdelhak KHECHAI
Abdelhak Khechai, PM. Mohite, Mohamed-Ouejdi Belarbi, Fares Mohammed Laid Rekbi

Mohamed-Ouejdi Belarbi, Hicham Hirane and Abdelhak Khechai
Abdelghaffar Messaoudi, Rachid Chebili and Hugo Rodrigues

S. Zghal and F. Dammak
Frih Ahmed, Bouremana Mohammed and Fouad Bourada 

Amar Benyahia, Mohamed-Si-Ahmed, Mohamed Salhi
Mokhtar MESSAAD, Messoud BOUREZANE, Djamel OUZENDJA, Amina Tahar BERRABAH

Zaioune Hiba, Mezhoud Samy 
BELAID Toufik, SLIMANI Adel, AMMARI Fatiha, BOUKHALFA Dalila, ADMAN Redouane 

Faiçal Boussem0 Abderahim Belounar, Lamine Belounar, Fortas Lahcene
Hatem SEBOUI, Allaeddine ATHMAN, Antonio FORMISANO

Guedaoura Hamda, Dr Hadidane Yazide
Mahieddine Chettah, Sihem Chaib, Nabil Djebbar, Rachid Lassoued 

Nadia Otmani-Benmehidi, Wissem Innal
Tarek Metrouni, Nadia khellaf, Khelifa Kebiche 

Tamir Amari, Mohamed Nabil Houhou
Mohammed Hassoune, Abdelhak Kada, Belkacem Menadi, Belkacem Lamri

Djamel Ouzandja, Mokhtar Messaad
Djamel Ouzandja, Amina Tahar Berrabah

Lazhar Derradji, Toufik Maalem, Tarek Merzouki, Abderraouf Messai



Author(s) email(s) 
m.lallam@univ-mascara.dz
m.saadi@univ-batna2.dz 

farid.boursas@univ-tebessa.dz

khaled.boumezbeur@umc.edu.dz

a.zendaoui@univ-batna2.dz
houssam.khiouani@univ-biskra.dz

s.seddouki@univ-batna2.dz
sifeddine.abderrahmani@univ-tebessa.dz

fali.leyla@univ-bechar.dz 
mbelka13@gmail.com 

djamel-boutagouga@univ-tebessa.dz
sara.medjmadj@univ-bejaia.dz 
aminenekmouche@yahoo.com

maizisalah24@gmail.com
labiodhbachir@gmail.com
ismailhaouach@gmail.com

abderrahimwiam@gmail.com
ounis_hm@yahoo.fr

amina.taharberrabah@univ-temouchent.edu.dz
kechachni.mohamed@univ-bechar.dz

n.maroualayachi@gmail.com
a.khechai@uni-biskra.dz 

mo.belarbi@univ-biskra.dz 
a.messaoudi@Univ-biskra.dz

souhirzghal@yahoo.fr
frihahmedunvsba@gmail.com

a.benyahia@univ-chlef.dz
mokhtarmsd89@Yahoo.com
hiba.zaioune@umc.edu.dz

belaidrech@gmail.com
fboussem@gmail.com
Seboui.ha@gmail.com

Amirgued.2016@gmail.com
chettah_me@yahoo.fr

benmehidi_nadia1@yahoo.fr 
tarekmetrouni@gmail.com
tamir.amari@univ-biskra.dz

mrhassounemed02000@gmail.com
djamel.ouzandja@univ-msila.dz
djamel.ouzandja@univ-msila.dz

l.derradji@univ-batna2.dz



Affiliation Presentation type
University Mustafa Stmboli Mascara Oral 

University Mustafa Ben Boulaid Batna Oral 
University Larbi Tebessi Tebessa  Poster

University Mentouri Brothers Constantine Poster

University Mustafa Ben Boulaid Batna Oral 
University Mohamed Khider Biskra Poster

University Mustafa Ben Boulaid Batna Poster
University Larbi Tebessi Tebessa  Oral 
University Tahri Mohamed Bechar Oral 

University Abderrahmane Mira Bejaia Oral 
University Larbi Tebessi Tebessa  Oral 

University Abderrahmane Mira Bejaia Oral 
National Earthquake Engineering Research Center CGS Oral 

University Badji Mokhtar Annaba Oral 
University Hamma Lakhdar El Oued Oral 
University Hassiba Benbouali  Chlef Oral 
University Mohamed Khider Biskra Oral 

University Mustafa Ben Boulaid Batna Oral 
University Belhadj Bouchaib Ain Temouchent Oral 

University Tahri Mohamed Bechar Oral 
University Zian Achour Djelfa Poster

University Mohamed Khider Biskra Poster
University Mohamed Khider Biskra Poster
University Mohamed Khider Biskra Poster

University of Gabes - Tunisia Poster
University Djillali Liabes Sidi Bel Abbes Poster

University Hassiba Benbouali  Chlef Oral 
University Mohamed Khider Biskra Oral 

University Mentouri Brothers Constantine Oral 
University of Science & Technology Houari Boumediene Algires Poster

University Ahmed Draia Adrar Oral 
University Badji Mokhtar Annaba Oral 
University Badji Mokhtar Annaba Oral 

University Mentouri Brothers Constantine Oral 
University Badji Mokhtar Annaba Oral 

University Ferhat Abbas Setif Poster
University Mohamed Khider Biskra Oral 

University Saad Dahlab Blida Oral 
University Mohamed Boudiaf M'ssila Poster
University Mohamed Boudiaf M'ssila Oral 

University Mustafa Ben Boulaid Batna Oral 



Did the authors respected the template ?
YES
YES
NO

NO

YES
NO / no full paper sent
YES
NO
YES
YES
YES
YES
YES
YES
YES 
YES
YES
YES
YES
YES
YES
NO / no full paper sent
NO / no full paper sent
NO / no full paper sent
NO / no full paper sent
NO
YES
YES
YES 
NO
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES


	2. Surface-to-surface contact elements

