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Introduction
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Earthquakes and Japan

= |llustration of tectonic plate movementin Japan

PHILIPPINE SEA “*!APAN

Seismicity Map - 1900 to Present
http://geographymapsjapan.weebly.com/landscape.html

Japan =>» an area of high seismicity with a long history of earthquake
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Many dams in Japan

= Localisation of main dams in Japan

__http://maps.ontarget.cc/dams/en.html
i N BT :

| Map of all types of dams | Map of earthfill dams

Japan = many acceleration history measurements available during
earthquakes
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JCOLD / CFBR collaboration

= Share dataand 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

= |ocalisation of Aratozawa dam

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

e
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Description of Aratozawa Dam

= Localisation of Aratozawadam

http://maps.ontarget.cc/olams/en. html
i 4 1 .
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Description of Aratozawa Dam

= Geometryof Aratozawa dam (Ohmachi and Tahara, 2011)

413, Tm

EL 278 5m | /S-Etllmnl‘. Eaige

Right bank

EL. 279, 4m

1 core :2 Filter 3 tragsitiy

4 inner rockfill |5 outer Nq

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

Accelerometers
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Description of Aratozawa Dam

"= Main earthquake (Ohmachiand Tahara, 2011
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Description of Aratozawa Dam

= Main earthquake episods(Omashi2011) Atthe end of the earthquake:

280 Ik — 280
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Description of Aratozawa Dam

= Main earthquake episods
At the end of the earthquake:
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Dynamic analysis
of Aratozawa Dam
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Dynamic analysis of Aratozawa Dam

=  Construction

Constitutive models
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Dynamic analysis of Aratozawa Dam

" Main stagesin the numerical model calculations

_ Mechanical
Stage Hydraulic ) Comment
calculation

15

ong

e

to
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Dynamic analysis of Aratozawa Dam

=  Construction

Numerical construction by step

Initial state of soil after compaction

)
O pini = —Uw,ini
) )
op,=K0xadg,

o 0.5
K0 = (1 - sin(¢")) = (J, L )

vini
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Dynamic analysis of Aratozawa Dam

=  Construction

Skeleton compressibility parameters in the core of the dam parameters

qt q=Mp A K comment
P1=32.
] ) WL = 32/0.73+13 = 57 (estimated from
” o \0E e Cap pressure Fl-ne ol Casagrande, 1947)
i ) ) fraction of the 0.14 0.025 ) ) )
> Correlations using WL and Pl : Biarez and
> core
Favre (1975), Fleureau and al. (2002), Favre et al.
(2002)
\ Real soil of the )\realsoilz )\fine soil fraction™ He
e A core 0.035 0.006 Kreal soil = Kfine soil fraction* pcl
Koz line (for p’; initial value) Assumption 1 ly = 25%
Real soil of the A realsoi= Afine soil fraction”™ Ml
_I A core 0.14 0.025 Kreal soil = Kfine soil fraction™ He
Assumption 2 He = 100%
11
:
!
I
| 1= 0)
, > p'c = 250 kPa (Wpy + 1%)
p. | In(p)
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Dynamic analysis of Aratozawa Dam

=  Construction

Skeleton compressibility parameters in the core of the dam parameters

Wopy + 1967
WOPN + 3%9 Fm

Boutonnier 2007

Parametric study
) p'c = 250 kPa
p'c = 150 kPa

. e E E —> e ,: échelle logarithmique

Uncertainty

ajustemnent de |:> variation de p’p
P ref OU P ini
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D1

D4

Construction

Fluid compressibility

on'y’
»;

(i

1 Unsaturated soil

= -.-L . ..
r’e ’a-vk
. “\l "
b' ' !
‘. .‘. LS
-’ .' 2 |r Soil near to saturation

Soil near to saturation with
occluded air

Masse volumigque seche

Modified Proctor
curve

Optimal

compaction

Normal proctor
curve

7S, du,

1
TenEur &n &3u
Dam compaction

area

1 dS,

1
B = =Au,/AC

1+an

Dynamic analysis of Aratozawa Dam

=» Prediction of pore pressure build-up in the core

Dynamic analysis of aratozawa Dam| 2016

20



Dynamic analysis of Aratozawa Dam

= Construction
1 dS,
Fluid compressibility =5 gu. T Cw

Unsaturated soil

D1 -
7%

(PO A

\C LS| Soilnear to saturation with = .
D2 ;i n\;' ‘: occluded air | ¢ =g _ (Sre = Srair) |
»e\‘fi’i:',";;.‘ r = ore — Uy 0
e . wair .
D3 .;’t' < !r Soil near to saturation | ¢ = 1 |
"._'\. with occluded air ST 1—h+ (1 —Syo+ h. Sre) ( Spm T Pa — Uwg ),
- I Sre Uy t+ Spm T Pa — Unyg I
D4 Saturated soll S,,.= 1
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Dynamic analysis of Aratozawa Dam

. &
=  Construction S o
3
. - S5 09
Fluid compressibility 5 hzo
8 fom = 3UM
85, =0.9q=====-=-3
2 ;
0S8, ,;;=0.95 : Correlations from w,_ and WOPN+1% with p, =2,6
1 1
1 1
0.94— '
SO' Sec -400 -200 0 200 400 600 800 1><103
Unair = -350kPa \\/- o pressure uw (kPa)
D1 .
Unsaturated soll _ 4 5
o 3.5x10 7x1
g ]
. . . =) 3x10" J?6x10° w
Soil near to saturation with 5 B | ’ 3
D2 occluded air 2 20 : 2P g
= 2x10°4 b a —ax10° 3
%] °® p4 o
o b Pl S
_ _ g 1.5¢10°4 1% g 310 o
D3 Soil near to saturation S _ D c &
) : o 1x10 .o . #|2x10° =
with occluded air S 1 ’ - 3
§ 5x10 7
(@]
1 -400 -200 0 200 400 600 800 l><1§
D4 Saturated soil

Water pressure uw (kPa)

» ¢+ Coef of compressibility Sre=0.96 Srair 0.95
= Coef of compressibilty Sre=0.99 Srair 0.98
= = |sotropic modulus Sre=096 Srair=0.95
=« = |sotropic modulus Sre=0.99 Srair=0.98
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Dynamic analysis of Aratozawa Dam

" Impoundement

Pore pressure set up in the numerical model

280
m )
g

o 240} 300

2201 580

\

\ Measured pore pressure
before earthquake
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Dynamic analysis of Aratozawa Dam

=  Construction

Elastic parameters

Values of V¢ from Sawada and Takahashi (1975)

Depth z Clay core \{ Clay core Saturated rockfill+ Unsaturated rockfill
(lower bond) (upper bond)  transition \, + transition \/
(m) (m/s) (m/s) (m/s) (m/s)
0-5m
= vV =21 V =24
Gma) p* Vs 2 . 0 < 5
>-30m 035 054 v_ =250z v_ =250z
W Vc =180z Vc =14Qz™ = 031 = 02
b = Vc =200z Vc =250z
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Dynamic analysis of Aratozawa Dam

Dynamic stage (simulation of the earthquake)

Hysteretic damping

Attenuation of shear
modulus G with distortion

gallery max=10.24 m/s]

5 10 _ 15 20 2

Time (8)

IG/GmaX= !
1+(l]
di
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Dynamic analysis of Aratozawa Dam

Dynamic stage

Elastic parameters

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

A/00 900
700 A0
BUU 0
GO0
500 .
) << 500 4
Ea00 £
g o 400
200 ——\s Sawarda mean core > —— Vs Sawada saturated rockdill
300
L . .
200 —t#—calculaled wilh Ku=39kPa, w=0.77 200 —#—calculated with Koo 66kPa, o 0.77
100 100
U t t t i} t t
(] 20 A0 &0 20 40 60
depth [m}) dapth (m)

700

=——"\f5 Sawada unsaturated rockfill

—f—ralrulated with Ka=3700kPz, n=0.1

20 an &0
depth [m)
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y, = 0.09

Dynamic analysis of Aratozawa Dam

= Dynamic stage (simulation of the earthquake)

000000

=== Rockfill materials {hardin relation) ¥

O Rockfill materials {Schnabel 1873) —core (Hardin relation}) O Core (Omashi 2011)
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Dynamic analysis of Aratozawa Dam

= Dynamic stage (simulation of the earthquake)

1. T T T T T T T L L T T T T T T T T T
FT - Calculated FT - Measured
v e P e FT - Measured c L « - « FT - Calculated
£ 5 1 &
5 5
B s e
2@ 2 ko)
. [T
© _r —— Calculated acceleratipn
— Measured acceleratjon
1 1 1 1
%0 2 4 6 8 10 18 20
Dynamic time (s) Frequency (Hz) Frequency (Hz)
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Dynamic analysis of Aratozawa Dam

= Dynamic stage (simulation of the earthquake)

Measured spectral ratio Calculated spectral ratio
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® g
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Dynamic analysis of Aratozawa Dam

= Estimation of pore pressure excess

400
350
—. 300
£
= 250
g
2
o 200
a
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"
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2
2 50 ...:.-a--.n“
H [ 7 A b diC Y
E = nersss's 'o'c‘f"‘cﬁ
0 4 Xl '.‘ - Excess pore water pressure
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-50
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Depth (m)
==9 Excess pore water pressure DY 2008/06/15 == Excesspore water pressure DY 2003/07/14
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Dynamic analysis of Aratozawa Dam

= Estimation of shear wave velocity Vs

p’c = 150 kPa - u, = 100%

Rul6 - gallery/mid core Ru27 - mid core/crest

6040 T T T

Q) Q)

E € .

¢ = i

8% E&z&%‘%@&
100~ ® oo . .
20 1 1 1 | | |
0 5 10 15 20 0 5 10 15 20
Dynamic time (s) Dynamic time (s)
XXX Vs measure ooo Vs_G calculated with distortion — Vs_Gmax calculated without distortion
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Dynamic analysis of Aratozawa Dam

= Estimation of Settlements at the end of earthquake (before consolidation)

i ' p’c = 250 kPa pcl = 100%
11111
750802
SO0E0
2 30E03
0.00E+00
2 50E02
S00ED2
Hgansn p’c = 150 kPa pcl = 100%
100501
0.00E+00
100E01
F00E01
500E0]
Y00E0]
S00E01
G00E01
700E0]
Step:1912671 p’c =250 kPa pd = 25%

-LO0E0]
7.50E02 -
-5 0E02 1

-2.50E02 =

0.00E+00

2.50E02

uuuuuuu

Step:1912671 p’c = 150 kPa pd = 25%
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Dynamic analysis of Aratozawa Dam

=  Effect of the occluded air

400
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Excess pore water pressure (kPa)

-30

-100

Excess pore water pressure

DY 2008/07/14
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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

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

« —7u,= the pore fluid compressibility (occluded air) + isotropic hardening in
the fine soll fraction of the core during earthquake;

¢ ™ G, &V, <==> —~7 uw

* V() = Vo(y.p'(uy))

* lrreversible settlement = isotropic hardening during earthquake + differed
settlement during dissipation of pore pressure
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pcl = 100% p'c= 150 kPa

pecl = 100% p'c= 150 kPa
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pel = 100% p; =250 kPa

T T
FT - Calculated
P *** FT- Measured

pel = 100% p; =150 kPa
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pel = 100% p, =250 kPa

T
FT - Measure!
P e+ FT- Calculated

pel = 100% p=150 kPa
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pel = 100% p’c =250 kPa pel = 100% p’c =150 kPa
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pel = 100% p; =250 kPa

pcl =100% p=150 kPa
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