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Experimental study to reduce the damage in both quay walls and river dikes
related to the lateral flow of the ground

by Satoshi TAMATE*, Ikuo TOWHATA** Tsuyoshi HONDA**

Abstract: Liquefaction-induced flow causes severe damage to offshore structures and embankment
of river dikes. It became important to assess safety of existing structures against a strong earthquake
after Kobe earthquake 1995. Reinforcement of the ground is needed to ensure stability of the cranes
on quay walls. Many researchers have studied mitigation techniques to reduce the damage. For
example, installation of underground walls such as resistance piles, sheet piles and grouting was
proposed to restrict ground flow behind quay walls and in subsoil of river dikes. This study aims
to estimate the effects of underground walls on the reduction of ground movement. Centrifuge model
tests of quay walls and river dikes were carried out. Additionally, laboratory shear tests and numerical
analysis with distinct element method were conducted to investigate deformation mechanism.

Two series of model test of quay walls were carried out by using two types of soil. In the first
series, coarse sand with relatively high liquefaction resistance was used and resistance piles were
adopted to mitigate ground flow behind quay walls. In the second series, Toyoura sand with the
relative density of 40% was used and models with sheet piles or grouted soil were tested for the
purpose of mitigating movement of quay walls. It was shown that resistance piles could restrict
ground flow behind quay walls in the first series, and that the movement of quay walls could not
be effectively restricted against a strong shaking in the second series.

In the tests of river dikes, sandy silt which was collected from liquefied area in Western Tottori
Earthquake (2002) was used as liquefiable material. The characteristics of this soil are high fines
content and low permeability. Three models were tested. One is a model without mitigation measure.
The others are models of sheet piles with drainage function or grouted soil walls. Test results showed
that mitigation by sheet piles are most efficient in reducing the lateral flow. The results obtained
from numerical analysis with distinct element method were similar to those of model tests. Subsidence
of river dike was reduced in both of mitigation model with sheet piles and grouted soil walls.
Keywords; Lateral flow, Liquefaction, Caisson, River dike, Centrifuge model test, Distinct element
method
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a) Casel Unmitigated model.
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b) Case2 & 3 Mitigation models with resistance piles.
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Fig. 1 Schematic diagram of model grounds.
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a) Case 1 Final ground deformation.
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b) Case 2 Final ground deformation.
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c) Case 3 Final ground deformation.
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Fig.3 ~ Time history of horizontal displacement and

inclination at the center of the caisson.
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Fig.4  Time history of horizontal displacement at the
head of foundation pile.
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Fig. 5  Time history of horizontal displacement at the
head of resistance pile.
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a) Case 4 Unmitigated model.
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b) Case 5 Mitigation model with a sheet pile.
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c) Case 6 Mitigation model with chemical grouting.
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b) Case 5 Mitigation model with a sheet pile.
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c) Case 6 Mitigation model with chemical grouting.
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Fig. 10 Ground deformation and distribution of
principal strains.
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b) Stress - strain at the stress ratio of 0.3.
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c) Stress - strain at the stress ratio of 0.4.
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d) Stress - strain at the stress ratio of 0.6.
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Table 3 Parameters for calculation.
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obtained from DE analysis.
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