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The Formulation of Countermeasures against the “Liquefaction Phenomena” Starts with a Thorough Simulation Study
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The most threatening aspect of an earthquake is not only the
vibration of the tremor, but also the damage caused by the
liquefaction phenomena. It is widely known that the sand bed
below underground water level is subject to liquefaction during
earthquake vibrations, causing disruptions on the ground surface.
This is a serious problem for Japan, as she is an island nation,
surrounded by water and many of her major cities located in
coastal areas. Thus, the formulation of countermeasures against
the phenomena of liquefaction is important to the Japanese. This
is particularly true in developed waterfront areas constructed
upon sand bed foundartions. In short, it is of great importance that

We at Takenaka have been researching structural safety assurance,
as well as, the development and implementation of construction
methods for taking countermeasures against the phenomena of
soil liquefaction. This is accomplished through the development
of a simulation program for ground behavior during earthquake
vibrations. The “MuDIAN", which is introduced here, is a “Lique-
faction Phenomena Simulation System” which has reached a very
high level of development. With Takenaka acting as the core
research entity, in cooperation with various industrial and univer-
sity teams in Japan and Professor Zienkiewicz, university college
of Swansea in United Kingdom, this system was developed.

a solution is found to this dangerous phenomena.
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Our Analysis Covers Problems of Pore Water Flow and Nonlinear Properties

W EHOMEER SR A Wik T A Lo Lk ) FHA, T
MR AP L, JAUEEUNSHERT - SR L, DX & HuiE
W B XS BRI S 5 2 X T

LBHN TI2—F1 71l INEFTHYIzL—Lari
AT AT TEL STz, HWFKE Z O~ R4 R
L, MBS & 2 IUE X v BERT B ik L T 2 9
F2a—T 4 T w13, CRDACEREIZT & a5 L L7z aMiliis
DR, SRR L 2871 allel, S8/ R Gk
D), FERALATE Lo 208, DAk 8/ iR Dk £ T2
JHTEAMPNA S I 2 —2 27075 ATT,

O HERDEIE Ia—T 4T LB DE W
Conventional Analysis vs “MuDIAN”
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Conditions After the Occurence

Non-Liquefaction
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Analysis Process of “MuDIAN” (including construction stage)
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An Analytical Example of Slope Failure by the

Design against liquefaction is accomplished through surveying the
condition of the ground and predicting behavior of the ground
and structures in order to improve countermeasurcs against
liquefaction.

Takenaka’s “MuDIAN" is able to evaluate the influence of interac-
tions both between pore water and sand skeletons and between
structures and ground by overcoming the difficult problems of the
non-linear property of the ground.

The degree of liquefaction, the efficacy of the countermeasures
and the soil condition after the liquefaction all of these can be
evaluated by Takenaka’s new system “MuDIAN". It is superior to
the conventional evaluation methods which could simulate only
the horizontal layers of the soil.
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“MuDIAN” Verified with Many Data Is Applied in Design and Construction Stages
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“MuDIAN" has been improving the reliability of the analytical
approaches and the system itself through the repeated verification
studies of the analysis method and the constitutive models
of materials.

As examples of the verification, here the results obtained from
the shaking table test of structure standing on bearing stratum and
the centrifugal test of an embankment situated in a water deposit
are introduced. Various other examples exist as described below:

@ Centrifuge test of the sand bed under the concrete dike

@ Various types of soil element tests

@ The liguefaction simulation of the ground at Kawagishi-cho, Niigata city,
Japan

@ Centrifuge test of soil-structure coupled vibration

@ The simulation of the shaking table test for the improved anti-liquefaction
soll
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Simulation of a Shaking Table Test

Centrifuge Test of an Embankment Situated in Water (Centrifugal Force: 42G)
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A simulation of a shaking table test during and after an earthquake,
are shown as the following.
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