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In this presentation are going to be 

presented the most significant aspects: 
 

  Presentation of  the FEM MODEL 

  ELEMENT SIZE effects 

  BOUNDARY CONDITIONS effects 

  FURTHER IMPROVEMENTS 

  CONCLUSIONS 

INTRODUCTION 

Summary 
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INTRODUCTION 
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For Dam assessment two different approaches should be followed: 

• Serviceability Limit State (SLS)   evaluation of  stresses over the dam body (, ) 

• Ultimate Limit State (ULS)   evaluation of  global stability, sliding and overturning (N, V) 

Italian Codes 

N.T.C. 2018 

Structures and Infrastructures 

N.T.D. 2014 

Specific regulamentation on Dam design Appendix to N.T.D. 2014 related 

to seismic analyses on dams 

(July 2018) 
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General description 

FEM MODEL 
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Plain strain elements; 

Dam: 3 m wide elements; 

Foundation: 3 to 30 m wide elements; 

Reservoir with fluid-structure interface to model 

the dynamic effect; 

Direct contact between Dam and Foundation; 

2% Rayleigh damping for dynamic analyses 



Roller BCs were adopted at the external foundation edges 

FEM MODEL 

Static Boundary Conditions 
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Interface 
properties  

Non-
reflecting 

Stiff 

Normal stiff. 
[N/m3] 

1 1 

Shear stiff. 
[N/m3] 

1 9.34∙109 

Normal damp. 
[Ns/m3] 

7.86∙106 7.86∙106 

Shear damp. 
[Ns/m3] 

4.82∙106 4.82∙106 

Non-reflecting interface were adopted at the external foundation edges 

FEM MODEL 

Dynamic Boundary Conditions 
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Two approaches were used for the Static analysis: 

 Analytical: Gravity Model (GM) 

 Numerical: Finite Element analyses (FEA) 

 

Three approaches were used in Dynamic analysis: 

 Analytical: Gravity Model (GM) pseudo-static 

 Numerical: Finite Element analyses (FEA) pseudo-static 

 Numerical: Finite Element analyses (FEA) with time-history 

FEM MODEL 
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Loads 

  Self-Weight (SW) 

  Hydrostatic pressure (Pr268) on dam face and  

  reservoir bottom 

Results 

FEM MODEL 

Horizontal displacement 

(mm) 

Static analysis 
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Pseudo-static analyses were run 

with the Spectral acceleration 

associated to the 1st Mode 

FEM MODEL 

Modal analysis 
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FEM MODEL 

Dynamic analysis 
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The seismic effect increased the 

horizontal displacement from 8mm 

(static displacement) to 37mm (dynamic 

displacement) 

Numerical analyses highlighted a peak 

of  stresses at the contact dam/foundation; 

 Numerical pseudo-static analyses 

highlighted lower stresses in the dam body 

with respect to analytical GM method; 

 Time-history analyses highlighted peak 

of  stresses  in the upper part, due to modal 

shape; 



Fine mesh - 1÷10m 

10112 elements 

70h of  computation 

Reference mesh - 3÷30m 

1224 elements 

1.15h of  computation 

Coarse mesh - 6÷60m 

340 elements 

0.35h of  computation 

Different mesh sets were used: 

 Fine mesh (1 to 10m) 

 Refernece mesh (3 to 30m) 

 Coarse mesh (6 to 60m) 

ELEMENT SIZE effect 
S

tr
es

se
s 

Coarse mesh leads to less refined results 

with respect to the other ones; 

Fine mesh leads to higher 

computational effort with respect to the 

other ones; 
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Non-reflecting BCs Roller BCs 

BOUNDARY CONDITION effect 

Reference BCs: 

Non-reflecting interface 

at the foundation edges 

Roller BCs (same as static analysis): 

Vertical restraint at the bottom edge 

and horizontal restraint at the side 

edges. 

Simplified “Roller BCs” leads to  

much more higher horizontal 

displacements and  stresses 
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Dam-Foundation interface 

V/N Static Pseudo static 

FEA 0.29 0.65 

GM 0.31 0.78 

Limit 0.75 

Interface properties  Normal stiff. [N/m3] Shear stiff. [N/m3] 

Dam-Foundation Interface 
2.4∙109 

No-tension 
1.2∙109 

No-tension 

FURTHER IMPROVEMENTS 

Contact interface
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V 

Interface elements lead to a reduction of  

the stress peak at the dam-foundation 

contact   

Possibility to adopt the model for the 

evaluation of  global forces at the base of  

the dam 
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Boundary 

Conditions  

Fixed BCs leads to an amplification of  input 

signal 

Non-reflecting BCs is strongly recommended 

Size-effect Join the computational advantages of  a coarser 

mesh with the benefit in term of  stresses 

evaluation given by a finer mesh.  

Size equal to 2.5% of  dam height 

Static 

behavior 

Numerical and Analytical model leads to similar 

results 

Sophisticated method adoption is not necessary 

Dynamic 

behavior 

Numerical analyses leads to more conservative 

results than Analytical one 

Importance of  investing on more sophisticated 

methods (such as FEA) 

CONCLUSIONS 
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“…it makes sense to invest in a more advanced and time-

consuming calculation if  this can show that an existing 

structure is reliable enough and does not need strengthening.” 

Professor Joost C. Walraven, TU DELFT 
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