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Introduction

Current countermeasures against liquefaction and re-

liquefaction remain ineffective due to two key issues:

• Inadequate practical evaluation of liquefaction 

resistance in laboratory settings, particularly 

concerning the effects of gravity and shearing 

modes on liquefaction behavior

• Insufficient understanding of the mechanisms behind 

liquefaction and re-liquefaction, especially related to 

void-based micromechanical responses.

粒状体の液状化および再液状化特性: 実験およびDEMによる研究
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In smaller gravity environments, lower liquefaction resistance is 

observed due to 

• More contractive behavior

• Smaller remaining mean stress and stiffness

,which are attributed to more unstable particles 
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(e.g., in bi-axial test) 

In simple shear mode, lower liquefaction resistance is observed due to 

• More contractive behavior

• Lower mobilized angle of internal friction

,which are attributed to the continuous rotation of the axis of principal 

stresses and the non-coaxiality between stress and voids
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• Lower re-liquefaction resistance is observed in specimens with a higher degree of 

anisotropy, regardless of densification and homogenization

• The degree of anisotropy increases with large strain history, indicating a strain-

dependent development of anisotropy.
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液状化地盤における杭基礎の応答評価による
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研究の概要 実験方法

地盤液状化時の杭基礎の損傷対策として、格子状地盤改良
壁と併用する方法がある。杭基礎及び改良壁それぞれに関す
る研究は多いが、2つを併用した場合を検討したものは少ない。

本研究では、特にL2地震動での挙動について、改良壁内部
は液状化するものの、それでもなお改良壁は杭の変位を抑え
るとの予想を立てた。そのうえで、1G場での模型振動実験を
実施し、杭のひずみから地盤反力・杭変位を推定することで仮
説の立証を試みた。

結果と考察 - 地盤反力の回復

地盤反力が回復する一方、
改良壁には大きな地震時土圧
が作用した。

右図は土圧の深度分布を、
改良壁内の杭基礎の有無で
比較したものである。杭がある
場合、ない場合と比べ、どの深
度においても大きな土圧が作
用している。

改良壁の設計ではこの点に
留意する必要があると言える。

1G場での模型振動実験を実施した。

格子状地盤改良壁内部の地盤は、L2地震動で液状化し
ても、杭がある程度変位すると地盤反力を回復する。

その反面、改良壁には大きな地震時土圧が作用する。

1.5m

8深度で計測

400mm

補間により
連続関数に

地盤反力

杭の地盤に対する
相対変位

2階微分

2階積分

地盤変位

地盤加速度

5次
スプライン
関数

2階積分

杭変位

計算手法

改良壁内地盤 (幅250mm)
杭変位約3mmで地盤反力回復

自由地盤
地盤反力はほとんど0

改良壁内地盤 (幅160mm)
杭変位約2mmで
地盤反力回復

地盤反力と杭の地盤に対する相対変位の関係を、500gal
加振時 (L2地震動) について下図に示す。このとき、地盤は
いずれのケースでも液状化していた。

無対策では地盤液状化後、地盤反力がほとんど消失した。
一方、改良壁ありでは地盤変位が一定値に達した後、地盤
反力が急激に回復していた。この地盤反力回復が生じる杭
変位量は、改良壁の幅が狭いほど小さかった。

この地盤反力回復効果により、杭基礎をより細く低コストに
設計できる可能性がある。また、改良壁の幅が狭いほど、こ
の効果は大きくなると言える。

結果と考察 - 地震時土圧の増大
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加速度計 土圧計 ひずみゲージ間隙水圧計

杭模型 杭模型 杭模型 杭模型

杭模型概要

加振方向 加振方向

160mm

250mm

まとめ

杭に作用する地盤反力 - 杭と地盤の相対変位の関係

模型全体

模型上面図

杭基礎・改良壁模型

加振波形

加振：正弦波、100–600galの漸増波

幅の異なる2種類の格子状
改良壁模型を設置した。
（幅160mm、250mm)

各加速度での加振時における
杭頭変位最大時の

曲げモーメント深度分布
杭模型図

 (赤矢印部でひずみ計測)

水平土圧最大時における
地震時土圧の深度分布

水平土圧増加
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Effects of Fines Content on Uplift Behavior of Underground 

Structures in Liquefied Ground

2022

Vacuum Saturation Method and P-Wave 

Velocity in Fines-Containing Ground

Influence of Fines Content in the Ground on Uplift Behavior

Negative air pressure and degassed water route in vacuum 

saturation method during saturation process.
Uplifted manhole after 2011 Tohoku Earthquake 

(Yasuda and Ishikawa, 2014

One of the most common damage occurred caused by

liquefaction is the uplift of the pipeline. As the soil backfill

density might be too loose, the risk of liquefaction, which

leads to uplift of pipe, should be considered properly.

Vacuum saturation method was implemented to increase the

saturation level of the ground model. P-wave velocity

measurement was conducted later to verify the saturation

level. Ground with non-plastic fines up to 20% successfully

saturated through this experiments.

Uplift was initiated when the Factor of Safety

(formulation from Koseki et al., 1997 was used)

value falls below the threshold of 1 regardless

of the fines content.

After the full liquefaction is achieved, the uplift

accelerates faster.

Factor of Safety and uplift displacement time 

history in ground with different fines content 

during 0.1 G and 0.2 G of shaking.

Uplift displacement time history in ground 

with different fines content

Initiation of Uplift Total Uplift Displacement

Higher total uplift displacement was observed in the ground with lower or no 

fines content. The possibility of low soil permeability in ground with high fines 

content may be the reason. In addition, the strong and intense shaking waves 

may rule out the dilatancy effect of liquefied soil.

液状化地盤中の地下構造物の浮上がり挙動に及ぼす細粒分含有率の影響

W =

Q = 

Us =

Ud =

F =

Dead weight of pipe +

overburden soil

Frictional resistance

along slip surfaces

Buoyant force due to

hydrostatic pressure

Uplift force due to

excess pore water

pressure

Seepage force from

lower soil block

Research Introduction

The objective of this study is to find out the influence of the

addition of non-plastic fines in the ground model on the

initiation of uplift and total uplift displacement.

Testing Condition

FINES 

CONTENT (%)

MEASURED P-WAVE VELOCITY (m/s)

BEFORE 

SATURATION

AFTER 

SATURATION

5% 158 1637

10% 184 1712

20% 166 1805

• Constant Relative Density at 50%

• Material:
Silica Sand No. 7 + Fines material (DL-Clay)

(100, 95, 90, 80%) (0, 5, 10, 20%)

• Pipe model: Solid Polypropylene
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Research Introduction

Vacuum Saturation Method

Quantitative Evaluation of Lattice Wall  

Large soil container

Lattice walls as countermeasure against 

liquefaction (Koseki., 2018)

Tilted damage caused by liquefaction 

in Tohoku earthquake (Tokimatsu et al., 2012) 

Structures on liquefiable ground can suffer from severe damage during earthquake. Lattice wall can be used as an effective  

countermeasure against liquefaction. The mechanism of lattice wall is to reduce the shear deformation inside. The research 

objective is to evaluate the effects of the lattice wall quantitatively and to assess its influence on pile foundation.

To conduct the research on liquefaction, it is important to make the ground saturated. The vacuum saturation method is first

used to saturate the 2m×2m large-scale soil container in the Lab.

This is the first case where the effect of lattice wall was

evaluated by the shear strain of the ground during shaking.

Maximum shear strain in free ground is from -12%~12%;

Maximum shear strain inside口 shape lattice wall is from

-8%~8%;

Maximum shear strain inside田 shape lattice wall is from

-2%~2%.

Illustration of vacuum saturation method

In the previous design against L1 

earthquake, the L/H was usually 0.8 or less.

For the performance-based design against 

L2 earthquake, how about the performance 

of the lattice wall with L/H over 1.0?

Negative air pressure pumping route & 

degassed water supply route

Quantitative evaluation of shear strain of the ground, 

inside & outside of lattice wall with different L/H

Quantitative evaluation of the influence of 

lattice wall on pile foundation

Lattice wall with different L/H: Influence on pile foundation:

Excess pore water pressure time history inside 口 shape

lattice wall shows 2 seconds time delay;

Maximum bending moment inside 口 shape lattice wall is

reduced 10% than without lattice wall (obvious cost

reduction).

(格子状改良体で補強された液状化地盤及び杭基礎の動的挙動に関する振動台実験)
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Introduction

Input wave and large shaking table 

Deformation of the embankment in 2D and 3D cases  
Large soil container

Cross-section of the pipeline crossing 3D 

embankment 
Schematic illustration of 2D and 3D Plan view of the 3D embankment 

The purpose of this research is to evaluate the seismic stability of existing three-dimensional embankment, against future 

earthquakes that induce liquefaction of the ground beneath the embankment. Furthermore, even with advanced software 

such as FLIP, it is not possible to simulate or predict such kind of complicated three-dimensional behavior.

From current study using of carbon-dioxide (CO2) and distilled water supply for shaking table test in Hongo campus was

implemented. The purpose of using carbon-dioxide is to achieve high extent of saturation; the pore air in the sample is

removed circulating carbon-dioxide (CO2) gas slowly through the specimen from its bottom to the top.

Regular sinusoidal base acceleration of a frequency of 5Hz was applied. The acceleration amplitude was increased step by

step in 4 stages starting from 100gal 1st stage, 200gal 2nd stage, 400gal 3rd stage and final 800gal 4th stage. In other words,

to witness the ground below and around the embankment to liquefied gradually.

The occurrence of crest settlement larger than half of the embankment height is not unusual (Matsuo, 1999). This type of

embankment failure is called “Slumping” (Type 3). Similar type of failure occurred at the Tokachi river dike during the 1993

Kushiro-Oki earthquake. There were both positive and negative effects by the presence of 3D (three-dimensional) shape of

embankment. The positive effect is that it reduced the horizontal displacement in shaking direction. However, it increased

the total horizontal displacement and settlement of the embankment.
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