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Introduction
Liquefaction of saturated loose sandy deposits is a major cause for
large ground deformations and catastrophic failure of natural and
manmade slopes, embankments, levees etc. during and after
earthquakes.

Purpose of this study was to investigate failure mechanisms
associated with very loose Toyoura sand (Dr = 24-30%) with initial
static shear. Furthermore, to compare the strength characteristic
between loose and medium dense Toyoura sand subjected to the
same amount of initial static shear and earthquake cyclic loading.

In loose sand three different types of failure mechanisms 
were defined:
 Cyclic liquefaction
Cyclic liquefaction occur, when the shear stress induced
by slope (τstatic) is smaller than the shear stress applied
by earthquake (τcyclic) i-e τcyclic > τstatic
 Rapid flow liquefaction
This is the most critical failure pattern and ground can
deform extensively in few earthquake cyclic loading. This
failure pattern can occur when τstatic = τcyclic
 Shear failure
This type of failure occur, when τstatic > τcyclic, shear
stress induced by the slope is larger than the, cyclic
stress due to earthquake

2003 Tokachi-Oki Earthquake: liquefaction  and
gentle-slope sliding in the Kyowa area, Tanno Town

Stress - Strain relationship of three different failure 
mechanisms

Failure Mechanism in Loose Sand

Symbols: Cyclic stress ratio (CSR = τcyclic/p0’), Static stress ratio (SSR = τstatic/p0’), Single amplitude shear Strain or Residual shear strain (γSA or γR)

Research Objective

Cyclic Strain Resistance 
Analogous to medium dense sand, cyclic resistance of
loose sand, decrease with increase in static stress for
reversal loading (τcyclic > τstatic ) and increases for non-
reversal loading (τstatic > τcyclic). However, cyclic strain
resistance of loose sand is much lower as compared to
medium dense sand.
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Stress conditions in sloped ground before and during earthquake
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Cyclic Liquefaction
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Reversal

A strong earthquake with a magnitude in the range of 7 and
8, which usually produces 10-20 cycles of large amplitude
shear stress can produce a large deformation in gentle
slope with loose sandy deposits/backfill.

Comparison of CSR of medium and loose toyoura sand
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