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Model overview

Estimated Vs,min=400m/s, fmax=5Hz
Average element size ≤ 10m 
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Dynamic acceleration inputs (scaled to PGAh=0.26g)
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Material model: HS-small (Hardening Small Strain) model

HS-small = Ordinary elastic-perfectly-plastic with M-C criterion + Cap Yielding 
(hardening) +  small strain depending stiffness 
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Rockfill and drainage
average σ’3 = 100kPa
respectively

Rockfill and drainage
average σ’3 = 300kPa
respectively

Rockfill and drainage layer for the Menta is divided into two 
different materials

• HS-small model are applied to the rockfill and drainage material
• Different permeability is given for the rockfill (10-5 m/s) and drainage (10-4 m/s) material
• Both Rockfill and drainage material is divided into two material due to average normal 

stress. The reason is because the friction angle is normal stress depending.
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Detail inputs 1
Parameters Rock mass 

Concrete 
gallery 

Rockfill/drainage 
average 

σ’3c=100kPa 

Rockfill/drainage 
average 

σ’3c=300kPa 

Material type 
Linear-
Elastic 

Linear-
Elastic 

HS-small, drained HS-small, drained

Unit weight γ 27 kN/m3 24 kN/m3 23 kN/m3 23 kN/m3 

Permeability k 1E-07 m/s 1E-10 m/s 
1E-05 m/s (rockfill) 
1E-04 m/s (drainage) 

1E-05 m/s (rockfill)
1E-04 m/s(drainage)

Elastic modulus E 1E+06 kPa 30E+06 kPa - - 
Poisson’s ratio ν 0.25 0.2 - - 
Cohesion c’ - - 1 kPa 1 kPa 
Friction φ’ - - 48.8° 42.6° 
Dilation angle ψ - - 2° 2° 
Interface 
permeability  

- - Impermeable Impermeable 

Interface strength 
friction reduction 
factor Rinter 

- - 0.5 0.5 

Rayleigh damping 
coefficient α 

  0.124 0.124 

Rayleigh damping 
coefficient β 

  0.003152 0.003152 

 

Detail HS-small model 
input parameters 

Rockfill/drainage average 
Material 1: σ3c=100kPa 

Rockfill/drainage average 
Material 2: σ3c=300kPa 

E50
ref 100E+03 kPa 86.92E+03 kPa 

Eode
ref 80E+03 kPa 69.53E+03 kPa 

Eur
ref 300E+03 kPa 260.74E+03 kPa 

m 0.5 0.5 
νur 0.2 0.2 

G0
ref 375E+03 kPa 446.5E+03 kPa 

γ0.7 0.000223 0.0002783 
 



multiconsult.no

7

Detail inputs 1

Detail HS-small model 
input parameters 

E50
ref 

Eode
ref 

Eur
ref 

m 
νur 

G0
ref 

γ0.7 
 

Eode
ref is estimated as 0.8×E50

ref

Eur
ref is estimated as 3×E50

ref

G0
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Model and inputs 2
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Model and inputs 3

E0
ref, E50

ref and Eur
ref is verified with the Stiff clay, cohesion less, high relative density soil

According to Plaxis Mannual, Vermmer and Cox & Mayne 
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Model and inputs 4
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Boundary condition and construction stage

Compliant base boundary condition

Free field boundary condition (wave
absorbed
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Results-Static
Total settlement after construction 0.46m

Pore pressure after impounding
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Results dynamic – fundamental frequency
EQ Friuli: 2.00 Hz
EQ Central Italy: 0.72 Hz

Verification after the hand calculation (Lambe, T.W., Whitman (1976) summarised in 
Kramer’s book 7.62). Dam fundamental frequency is about 1.6-1.92 Hz
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Results dynamic – Crest to base amplification

EQ Friuli: 3.11
EQ Central Italy: 2.33 Hz  
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Results dynamic – γmax, max. centre line deflection, post-EQ settlement

γmax:
• EQ Friuli: 1.3%
• EQ Central Italy: 0.8 %  

Max. centre line deflection:
• EQ Friuli: 0.37m
• EQ Central Italy: 0.19m  

Post EQ settlement:
• EQ Friuli: 0.21m
• EQ Central Italy: 0.16m  



multiconsult.no

16

Results dynamic – historical plasitc points during the earthquake
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Results dynamic – Bituminous facing
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Thank you for your attention


