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Introduction
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Earthquakes and Japan
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Japan � an area of high seismicity with a long history of earthquake
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� Illustration of tectonic plate movement in Japan

http://geographymapsjapan.weebly.com/landscape.html
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Map of all types of dams Map of earthfill dams
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Many dams in Japan

� Localisation of main dams in Japan

Japan � many acceleration history measurements available during 
earthquakes

http://maps.ontarget.cc/dams/en.html



JCOLD / CFBR collaboration
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� Share data and experiences in design

+

� Improve the calculation procedures using data from real seismic events 

with high energy earthquake
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Aratozawa Dam
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Description of Aratozawa Dam
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Aratozawa 
Dam

� Localisation of Aratozawa dam
http://maps.ontarget.cc/dams/en.html



Description of Aratozawa Dam
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� Localisation of Aratozawa dam
http://maps.ontarget.cc/dams/en.html
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Description of Aratozawa Dam

Height: 74,4m Lenght: 413,7m

� Geometry of Aratozawa dam (Ohmachi and Tahara, 2011)

Accelerometers
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Description of Aratozawa Dam

� Main earthquake (Ohmachi and Tahara, 2011)
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Description of Aratozawa Dam

� Main earthquake episods(Omashi 2011)

uw

Vs

At the end of the earthquake:
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Description of Aratozawa Dam

� Main earthquake episods

uw Vs

At the end of the earthquake:

How to explain these phenomena?

Anisotropy?

Irreversible plasticity ?
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Dynamic analysis 

of Aratozawa Dam
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� Construction

Elastic

Mohr coulombMohr coulomb

Double 
Yield

Constitutive models

Dynamic analysis of Aratozawa Dam

RockfillRockfill
Clay 
Core
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� Main stages in the numerical model calculations

Stage Hydraulic
Mechanical 

calculation
Comment

1 -

construction

No flow.

Initialisation of suction in each 

layer

Yes (undrained)

Outside core : MC model

Core: DY model with elasticity (κ, ν)

The model is loaded by step. Each new layer is 15

m thick. No pore pressure in rockfill.

2 -

impoundment

No flow

Initialisation of pore pressure

No Pore pressure = the ones measured before strong

earthquake.

3 -

impoundment
Pore pressure unchanged (stage 2)

Yes (drained)

Outside core : MC model

Core: DY model with elasticity (κ, ν)

Calculation of deformations and new balance

after the pore pressure change.

4 –

earthquake 
No flow

Yes (undrained)

Outside core : MC model with

(G/Gmax, ν)

Core: DY model with (G/Gmax, ν)

elasticity

Comparison with measured acceleration time

history, settlements, pore pressures and Vs.

Irreversible pore pressure change due to

hysteretic law and isotropic hardening
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� Construction

Numerical construction by step

Dynamic analysis of Aratozawa Dam
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� Construction

Skeleton compressibility parameters in the core of the dam parameters

Dynamic analysis of Aratozawa Dam

λ κ comment

Fine soil

fraction of the

core

0.14 0.025

PI=32.

WL = 32/0.73+13 = 57 (estimated from

Casagrande, 1947)

Correlations using WL and PI : Biarez and

Favre (1975), Fleureau and al. (2002), Favre et al.

(2002)

Real soil of the

core

Assumption 1

0.035 0.006

λ real soil= λ fine soil fraction* µcl

κreal soil= κfine soil fraction* µcl

µcl = 25%

Real soil of the

core

Assumption 2

0.14 0.025

λ real soil= λ fine soil fraction* µcl

κreal soil= κfine soil fraction* µcl

µcl = 100%

� p’c = 250 kPa (WOPN + 1%)
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� Construction

Skeleton compressibility parameters in the core of the dam parameters

Dynamic analysis of Aratozawa Dam

Boutonnier 2007

p’c = 250 kPa

p’c = 150 kPa

Parametric study

Uncertainty

WOPN + 1%? 
WOPN + 3%?
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� Construction

Fluid compressibility 

Dynamic analysis of Aratozawa Dam

Soil near to saturation with 
occluded air

Soil near to saturation 
with occluded air

Saturated soil

Dry soil

Unsaturated soil
D1

D2

D3

D4

Optimal 

compaction

Modified Proctor 

curve

Normal proctor 

curve

Dam compaction 

area

� Prediction of pore pressure build-up in the core 

=∆uw/∆σ
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� Construction

Dynamic analysis of Aratozawa Dam

Soil near to saturation with 
occluded air

Soil near to saturation 
with occluded air

Saturated soil

Dry soil

Unsaturated soil
D1

D2

D3

D4

Fluid compressibility 
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� Construction

Dynamic analysis of Aratozawa Dam

Soil near to saturation with 
occluded air

Soil near to saturation 
with occluded air

Saturated soil

Sol sec

Unsaturated soil
D1

D2

D3

D4

Fluid compressibility 
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� Impoundement

Dynamic analysis of Aratozawa Dam

Measured pore pressure 
before earthquake

Pore pressure set up in the numerical model
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� Construction

Elastic

Mohr coulombMohr coulomb

Double 
Yield

Depth z 

                

   (m) 

Clay core Vs  

     (lower bond)                 

 (m/s) 

Clay core  Vs  

     (upper bond)              
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Saturated rockfill+ 
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Dynamic analysis of Aratozawa Dam
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� Dynamic stage (simulation of the earthquake)

acc
V

s
V

b
×××−= ρτ 2

Dynamic analysis of Aratozawa Dam

Attenuation of shear 
modulus G with distortion

Elastic

Mohr coulombMohr coulomb

Double 
Yield
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� Dynamic stage 

α
σ

α 

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
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Elastic parameters

Comparison between Vs from Sawada and Takahashi (1975) and Vs calculated from Gmax(σ’3)

Use of a power law with minor effective stress σ’3  in order to obtain a value 
of Gmax depending on the depht

Dynamic analysis of Aratozawa Dam
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� Dynamic stage (simulation of the earthquake)

Dynamic analysis of Aratozawa Dam
γr = 0.09

γr = 0.12
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� Dynamic stage (simulation of the earthquake)

Crest

Mid core

Gallery
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� Dynamic stage (simulation of the earthquake)

Crest

Mid core

Gallery

Dynamic analysis of Aratozawa Dam

0 2 4 6 8 10 12 14 16 18 20
0

0.5

1

1.5

TOP
MID
BASE

frequency (Hz)

F
o

u
ri

e
r 

tr
a

n
sf

o
rm

0 2 4 6 8 10 12 14 16 18 20
0

0.5

1

1.5

2

TOP
MID
BASE

frequence (Hz)

T
ra

n
sf

o
rm

é
 d

e
 F

o
u

ri
e

r

Measured spectral ratio Calculated spectral ratio



30Dynamic analysis of aratozawa Dam|  2016

� Estimation of pore pressure excess

Dynamic analysis of Aratozawa Dam
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� Estimation of shear wave velocity Vs

Dynamic analysis of Aratozawa Dam
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� Estimation of Settlements at the end of earthquake (before consolidation)

Dynamic analysis of Aratozawa Dam

 

p’c = 250 kPa µcl = 100% 

 

 

p’c = 150 kPa µcl = 100% 

 

 

p’c = 250 kPa µcl = 25% 

 

 

p’c = 150 kPa µcl = 25% 
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� Effect of the occluded air

Dynamic analysis of Aratozawa Dam

Crest Gallery

Evolution of the ratio of 
occluded air as a function of 
depth � dissolution of part of 
the occluded air in the water
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Conclusion
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Conclusion

Dynamic analysis of aratozawa Dam|  2016

• Attenuation of acceleration at mid height and at the crest of the dam = hysteretic 
damping + irreversible plasticity during strong earthquake;

• uw =  the pore fluid compressibility (occluded air) + isotropic hardening in 
the fine soil fraction of the core during earthquake;

• Gmax & Vs <==>          uw

• Vs(t) = Vs(γ,p’(uw))

• Irreversible settlement = isotropic hardening during earthquake + differed 
settlement during dissipation of pore pressure
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µcl = 100% p’c =250 kPa µcl = 100% p’c =150 kPa 

µcl = 25% p’c =250 kPa µcl = 25%  p’c =150 kPa 
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µcl = 100% p’c =250 kPa  µcl = 100% p’c =150 kPa 

µcl = 25% p’c =250 kPa  µcl = 25% p’c =150 kPa 
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µcl = 100% p’c =250 kPa µcl = 100% p’c =150 kPa 

µcl = 25% p’c =250 kPa µcl = 25% p’c =150 kPa 
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µcl = 100% p’c =250 kPa  µcl = 100% p’c =150 kPa 

µcl = 25% p’c =250 kPa  µcl = 25% p’c =150 kPa 
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