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Introduction

In Japan, recently, the 2016 Kumamoto Earthquake and the 2018 Hokkaido Eastern Iburi

Earthquake, have triggered landslides on volcanic ash soils, even on gentle slopes (10° -
30°) with extensive runout distances, over 100 m.
» Residual strength iIs crucial to determine whether a slope will undergo large deformation or

remain stable after an earthquake. Therefore, evaluating critical state line (CSL) of
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* To Investigate torsional shear behavior of volcanic ash solil under large shear strain
* To evaluate the Critical State Line of volcanic ash soll
 To examine the extent of particle breakage of volcanic soil when subjected to large shearing
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volcanic soll is essential to predict residual strength practically at any confining pressure.
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Slope failure after 2018 Hokkaido Eastern Iburi Earthquake
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Highly crushable volcanic ash soils

Torsional shear behavior

Constant volume test
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« Extremely low residual strength with large strain softening behavior compared to Inagi sand
» Substantial strength reduction along failure envelope, due to significant particle breakage

Constant pressure test
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breakage, which could potentially result in a downward shift of the current CSL

« Strong contraction during shearing, due to particle breakage
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Evaluating Critical State Line of Volcanic Ash Soll by

How to achieve Critical State?

Ng shear apparatus

Torsional displacement
measuring device (Wire

potentiometer)

Vertical displacement
measuring device (2 EDT)
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Two-component |
bottom load cell
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Vertical loading device
(Pneumatic cylinder)

Torsional loading device
(Direct drive motor)
Harmonic drive
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General layout of Stacked-ring shear apparatus
It IS possible to evaluate

» Stress-strain behavior at pre-peak
* Residual strength at unlimited large shear strain
(over 2000%), which is difficult to apply by

normal triaxial test

v Able to reproduce the deformation of solil at
large scale slope fallures and reach critical state
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 The existence of the CSL In sandy volcanic
ash solls Is evident in both Aso and Ta-d (red)
solls, despite their distinct CSL inclinations.

 CSL depends on soll type. One of the possible
Influencing factors is intra-particle void ratio.
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Relative breakage index (Hardin, 1985) at critical state points

Relative breakage ranges from 0.1 to 0.25,
accounting for a single CSL for Aso volcanic
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soll up to 2000% to 2500% of shear strain
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