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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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Slope failure after 2018 Hokkaido Eastern Iburi Earthquake
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Highly crushable volcanic ash soils

Torsional shear behavior
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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)

Two-component

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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soll up to 2000% to 2500% of shear strain




Prediction of residual strength of soil at super large strain level

using the stacked-ring shear apparatus
2T AMBBREICESIBRV T ABIBICE TS5 DZREREDFH

ISLAM Md Ariful
(Outline of Master Thesis, July 2023)

Department of Civil Engineering, The University of Tokyo, Japan

Research Background How to evaluate residual strength?

In recent years, during the 2016 Kumamoto earthquake and onventional Apparatus Stacked Ring

the 2018 Hokkaido Eastern Iburi earthquake, several Unable to apply large mmsses .
landslides occurred on gentle slopes (<10-15 degre_es) with strain  (more  than . T e

remarkable runout distances, sometimes exceeding 100 around 20 %) 15y B ==
meters. Volcanic ash soil played a significant role in these Not a simple shear ! — L SR Ry
extensive landslides on mild inclinations. test T B - [—

(Kawamura 2019) and (Chalro G. et al, 2017)
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distribution
Slope failure associated with large shear deformation. No predetermine shear plane

Evaluation of residual strength at super large strain Possible to apply for super large

level Is necessary to investigate. strain (1200 % or more) and simulate |
Objectives simple shear condition before the strain

1.To investigate the influence of friction, and soil leakage of stacked localization. | Complete view of stacked ring
ring shear apparatus on the stress-strain characteristics of sand . Issues on stacked ring shear apparatus

2.To predict the residual strength of natural volcanic ash soil which Friction between soll and rings
induced large slope failure. Soll leakage

Slope fallure after 2018 Hokkaldo Eastern lburi Earthquake

Prediction of residual strength of volcanic
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Comparison to v'Void ratio is very di.fficult to
evaluated after strain

previous study localization.
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Friction has negligible effect on peak and residual strength.

Dilation characteristics Is strongly influenced by friction. 05 |
. . i .. . Mean Effective Stress, p (kPa)
rings show more dilative characteristics than 11 rings. et el 0" [ades mesheren v/ Tri-axial test may

rings (Watanabe et al.)

Influence of soil leakage (Stacked ring shearapparatus) | N "~ | lead to overestimate

Soll leakage affect the ﬁ‘ﬂ ﬂ _5 = [ the residual strength.
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v'Stacked ring shear apparatus more convenient than tri-axial
apparatus for prediction of residual strength of volcanic ash
soil.
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