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1. Main Features of Aratozawa dam
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2. Location of Aratozawa dam
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6. Investigation with numerical analysisegs

(1) Why such peculiar phenomenon occurred ?
(2) What caused the permanent deformation ?

3-D FEM model

< > Equivalent Linear Analysis
92)
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= 8 > 'g
o c O c
L »m Q3
S a
>

a) Stability analysis based
on circular slip surface
b) Deformation calculation

Analytical Model based on the theory of
cumulative damage
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6-1 Procedure of numerical analysis

(1) Go Identification

1 |

(2) Reproduction of earthquake
motion at the bottom of model

]

(3) Identification of reference strain
and damping ratio

|

(4) Simulation of the dynamic behavior
in lwate-Miyagi Nairiku earthquake

]

(5) Calculation of permanent deformation
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6-2 ldentification of initial shear moduli G

0 G = L V2
3 —unsaturated rock ) s
-5 R . ——saturated rock g

Earthquake records
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Measurement of shear wave velocity
S Case of Miho dam
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Measurement of shear wave velocity
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Measurement of shear wave velocity
Case of Miho dam
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TABLE 4. Data from six earthquakes at Miho Dam for comparison with those from laboratory

Name of . 1st natural - Shear Reduction of
earthquake Date Magnitude-  frequency strain shear modulus

1 Izu Peninsula Off 29 June 1980 6.7 1.95 6.37 X 107 0.91

2 East Yamanaghi 14 April 1981 4.5 1.86 5.40 X 1073 0.82

3 West Kanagawa 8 Aug. 1983 6.0 1.81 1.63 X 107 0.78

4 Chiba West Off 17 Dec. 1987 6.7 2.00 4.00° X 107 0.95

5 Hakone -5 Aug. 1990 5.1 1.86 5.35 X 107° 0.82

6 Tokyo Bay 2 Feb.'1992 5.7 2.05 2,22 x 1073 1.00




Measurement of shear wave velocity
8 o Case of Miho dam
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Measurement of shear wave velocity
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Measurement of shear wave velocity

Case of Shichigasyuku dam
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6-3 Reproduction of Earthquake Motion
at the Bottom of the Analytical Model

/—\ Earthquake record {fr}
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Earthquake motion
G=5500 N/mm? at the bottom of model
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6-4 Boundary condition (1/2)

First, input the earthquake wave (W) to the bottom of free field,
to get the velocity response (Vf) and the displacement response (Uf)
of the free field.

Free field
Vi Uf Vs=1440m/s
_AVAVB_) _AVAVB_) G=5500 N/mm?
0=261t/md

S N

| As & & &
Energy
Radiation inflowing (W)

W is reproduced based on the
earthquake record of the foundation (F)

damping
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6-4 Boundary condition (2/2)

Then, input the earthquake wave (W) to the bottom of foundation, and
at the same time, input the responses of the free field (Vf, Uf) to the
lateral boundary of the foundation, to get the responses of the whole

.”

Radiation

damping
|
Vs=1440m/s %
G=5500 N/mm? o =
0=261t/md Q0
o
et
(19

Energy

inflowing(Vf, Uf) Energy

inflowing (W)
Radiation
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6-5 Identification of reference strain
and damping ratio (1/2)
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6-5 Identification of reference strain
and damping ratio (2/2)
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6-6 Damping and it’s nonlinearity

Rayleigh type
[C]° = alM]° + BIK]° 2
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Based on the frequency independency of
internal damping of soil materials
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7-1 Acceleration response (1/3)
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7-1 Acceleration response (2/3)

Cross Stream Direction

Record Max:455 Min:-437

1(&';(')/52) Crest(T) Analysis Max:614 Min:-472
500
0
-500
_1 ooo | | | | |
P 1 0 2 4 6 8 10 (sec)
. / i
g Record Max:478 Min:-380
P i ; -
.~ (cm/s2) Middle(M)  Analysis Max:272 Min:-258

N 0 2 4 6 8 10 (sec)
A
1 Record Max:899 Min:-713
1(83:)/52) Foundation(F) Analysis Max:868 Min:-624
— Record 500 -
— Analysis o
-500
-1000 I I I I I

0 2 4 6 8 10 (sec)




7-1 Acceleration response (3/3)
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7-2 Spectra & transfer functions (1/6)

Stream Direction % 300 Crest(T)
£
)
P 200
-
("]
E 100
v 3
/'/. IE 0 H
L~ 0 5 10 15
F T Frequency(Hz)
3 300 Foundation(F)
T £
g ===c=c==c ; s < 200
— ) e ¢ EE— B s e— > g
(]
" 100
0
T
3 0 S
L (] 5 10 15
Frequency(Hz)
4 Transfer Function
c
— Record %
— Analysis L 2 ﬁ :} I
i VoL
E o AL AAN W
0 5 10 15
Frequency(Hz)

The reproduction analysis of Aratozawa dam during the 2008 Earthquake



%\&“ ZP

71 )
7-2 Spectra & transfer functions (2/6)
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7-2 Spectra & transfer functions (3/6)
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7-3 Spectra & transfer functions (4/6) *
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7-3 Spectra & transfer functions (5/6)
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7-3 Spectra & transfer functions (6/6) *
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7-4 Comparison of relative displacement
In stream direction
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7-5 Distribution of the max. acceleration

(cm/sec?)
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7-6 Distribution of the max. shear strain
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8. Mechanism of permanent deformatio

8-1 Stability analysis based on circular slip surface

1 0.839 0.0006
Upstream 2 2.027 -
side
3 2.395 -
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8-2 Deformation calculation based on
the theory of cumulative damage

4.26 cm 6.81 cm

Output Set: CASE- 1
Deformed(6.813): Z Displacement

P
¥TASE- 1
(6.978): Displacement
Ny o —

Deformation after the earthquake

U=U-U,
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8-3 Distribution of the max. shear strain
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9. CONCLUSIONS

Mechanism of the peculiar seismic behavior
Large shear strain occurred near the rock
contact surface, which reduced the stiffness and
increased the damping of the embankment.
The material near the crest and the slope
surface became loosely during the earthquake,
hence, the high frequency components lost.

Mechanism of permanent deformation

Permanent deformation was mainly due to the
shaking subsidence of the soil materials. Sliding
phenomenon did not occur during the earthquake.
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