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Introduction

What is the factor of

big destruction? The retrofitting method?

Scale of earthquake at Geo-textile?

itag?
these sites” Compaction?

?
Ground water table- Foundation improvement?

"
Geology, topography* Drained material?

Shape of embankment?

etc.

Quality of operation?

etc.

A situation of those days is irreproducible!

=

Analytical examination is performed using FLAC3D.



The 2007 Noto Earthquake
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Occurrence 9:42am, 25th March, 2007
Magnitude = 6.9 (the Richter scale)

Maximum seismic intensity = 6+ (the JMA scale)
Dead: 1

Injuries: 2,224
Completely collapsed houses: 649
Partly collapsed houses: 25,940




Damages to Engineering Structures and Buildings




Highway Road Embankments Failures

This highway connects

main cities in the Noto
Epicente %% . .
ji- Peninsula to Kanazawa city.
i o This highway was an
HYy s |Road closed .
BT " X AW A Alernate route Important route for recovery,
A — |NO10 ighway ]
prtecural roa It needed to be made to
8 |erchenge restore promptly.

Noto Highway: 11 big embankment failures



Highway Road Embankments Failures
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Highway Road Embankments Failures

Embankment failure at site T6 ’



Highway Road Embankments Failures

After Emergency Restoration
(2007.8.10)
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Outline of Talk

2.Field Observation on the Embankment
Damages of the 2007 Noto Earthquake

3. Analysis of a Road Embankment Failure
using FLAC3D

4.Conclusion
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Field Mapping of the Embankment damage at Site T6
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Cross Section of Embankment damage at Site T6
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Cross Section of Embankment at Site T6 ~B
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Rainfall at Noto Peninsula Area
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Properties of Solil at the Failure Surface of T6

The soil samples were collected from the site using
thin wall steel pipe with a diameter of 75 mm.

Property

Dry density at site (ton/m?3) 1.09
Wet density at site (ton/m?3) 1.54
Water content at site (%) 41.45
Maximum dry density (ton/m?3) 1.25
Minimum dry density (ton/m?3) 0.91

Density of soil particle (ton/m3) 0.75
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Results of one-dimensional compression tests

Effective vertical stress, o' (kPa)
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The results of the tests on the dried soil sample with the relative
density of 60% were used in the analysis.



Results of direct shear tests

Vertical displacement (mm)

Shear stress (KN/m?)
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Outline of Talk

3. Analysis of a Road Embankment Failure
using FLAC3D

4.Conclusion
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Parameter of a Road Embankment Failure using FLAC3D

59.6

Unit length in y-direction
Plane strain condition

Mohr-Coulomb material

< >
148.4 unit : m
Soil density (ton/m3) 1.54
Saturated soil density (ton/ms3) 1.69
Bulk modulus (kPa) 1457
Shear modulus (kPa) 627
Friction angle (degree) 38.04

Cohesion (kPa) 0.4
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Results —ground water table after failure

Height (m)

No. 1

Ground water table used
in parametric study

IMagfac = 0.000:+000

0.0000e+000t0 0.0000e+000
0.0000=+000t0 1.0000s+002
1.0000e+002to 2.0000e+002
2.0000e+002t0 3.0000e+002
3.0000e+002t0 4.0000e+002
4.0000e+002to 5.0000e+002
5.0000e+002t0 6.0000e+002
6.0000e+002t0 7.0000e+002
7.0000+002t0 8.0000s+002
8.0000e+002t0 9.0000e+002
9.0000e+002t0 1.0000e+003

FOS =1.61

|| 1.0000e+003to 1.1000e+003
1.1000e+003to 1.2000e+003
I 1.2000e+003to0 1.3000e+003
1.3000e+003to 1.3880e+003

- - - - Failure surface

— — -Embankment slope before failure
N @® Investigation borehole

“

Ground water table measured
one week after Noto earthquake
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Safe?

But...
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Parametric Study Results (include equivalent static hor. acc.)

Magfac = 0.000e+000
0.0000e+000to 0.0000e+000
0.0000e+000t0 5.0000e+001
5.0000e+001to 1.0000e+002

FOS =1.02

1.0000e+002 10
1.5000e+002 t0
2.0000e+002to
2.5000e+002t0
3.0000e+002t0
3.5000e+002t0
4.0000=+002to

1.5000s+002
2.0000e+002
2.5000=+002
3.0000=+002
3.5000=4002
4.0000e+002
4.3000e+002

4.5000e+002 to 2.0000s+002
5.0000e+002to 3.5000e+002
5.5000e+002to 3.68942+002

Equivalent static
horizontal acc. = 150 gal

As the reason decided to be 150gal, Again trial and error adjustment of the
acceleration was carried out until the safety factor of the embankment is nearly
equal to 1.0

But...
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Parametric Study Results (include equivalent static hor. acc.)

IMagfac = 0.000e+000

FOS =1 02 0.0000e+000t0 0.0000=+000
0,0000e+000 to 5.0000=+001

5,0000e+001 to 1000064002
1.0000e+002 t0 1500024002
15000e+002 to 2.00002+002 : .

2m=002t0 250004002 EQJUIVAlent static

1500024002t 3000084002 .

som=+02te 350004002 NOFizontal acc. = 150 gal
3500024002t 4000024002

4,00002+002 to 4.5000e+002
4500024002 to 5.0000e+002
5,0000e+002t0 5,50002+002
5.5000e+002t0 5589424002

Engineering bedrock at T6 Ground surface of borehole No. 1
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The equivalent static horizontal acceleration is quite small compared with
estimated dynamic excitations at the embankment. This is thought to be due to
the kinematic effect of the dynamic problem is not taken into account in the
analysis.



Parametric Study Results

—considering the difference between water table level

IMagfac = 0.000s+000

0.0000e+000to 0.00002+000
0.0000e+000to 5.00002+000
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1.0000e+001 to 1.5000+001
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= 504 :
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T | " Parametric study . -~ trial and error adjustment of
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Comparing the calculated resulting failure surface at the site, the failure surface
due to the effect of pore water pressure is similar in shape.
The excess pore water pressure generated during earthquake is one of the key
influential factors of the embankment failure.
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Conclusions

®There were failures of road embankments In some
localities In the earthquake region during the 2007 Noto
earthquake.

®The geomechanical parameters were obtained from the
laboratory tests of the soil sample collected from the site.

®The excess pore water pressure generated during
earthquake is one of the key influential factors in the
failure of embankment.



Thank you for your
attention!



Question?

Please contact via e-mail:
kitiyodom@yahoo.co.jp
or

murata@t.kanazawa-u.ac.jp
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Input Dynamic Excitation

Acceleration (gal)
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