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Soll non-linearity
Granular materials
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Virtual shear mechanism
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Coupling through dilatancy
Anisotropy

(Beyond equivalent linear

analysis)
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Nonlinear Volumetric Mlechanism
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Model Behavior under Cyclic Vertical
Streching and Compression
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Model Behavior under cyclic
Vertical Input Acceleration (0.5g)
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Nonlinear Elastic
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Nonlinear Volumetric Mechanism:
cvidence from the Field

Jul 24, 2008 M6.8
N39.729 E141.639
Depth 108.0 km

Jun 14, 2008 M7.2
N39.028 E140.880
Depth 8.0 km

) I by
) A L~y
Sy

A BN
(’h EJ 6)\

v




0
—
£
L&)
o
c
o
-y
m
A
2
(1]
Q
Q
<

- Surface

I Computed

Max. 61.2 m/s®
Min. -11.2 m/s®
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Velocity (m/s)
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Mechanism of Spikes in Site Response
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Recorded
Shear Strain (%)
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Nonlinearity

Response

Acceleration _ Stress Hard spring type
Hard spring type

Linear type

Linear type
Yielding spring type

Yielding spring type




Conclusions

Gravity—confining stress in the soil
Strong vertical motion (large volumetric
strain)—nonlinear volumetric response
A peak acceleration of 4.0g (2008 Iwate-
Miyagi Inland, Japan, earthquake)
Nonlinearity of hard spring type—spikes
In acceleration



