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Introduction 
Among deep soil mixing improvement configurations grid or wall type and columnar type 

have been attempted to decrease the construction costs. In case of grid or wall type the 

rigidity of the improved grid constrains the shear deformation of sand inside the grid (or 

between parallel walls), and consequently the generated pore pressure during strong motion is 

reduced considerably. Using this countermeasure, subsoil liquefaction was prevented and an 

overlying water-front building was protected from seismic damage during the 1995 Kobe 

earthquake [1, 2].  
The columnar deep soil mixing improvement was considered less effective than other choices 

in liquefaction mitigation in spite of its lower installation cost [3]. However, shaking model 

tests performed by Yasuda et al. [4] and Tanaka et al. [5] showed that columns can mitigate 

the onset of liquefaction by constraining the shear deformation of soil. 

Positive influence of changing the configuration of deep mixed soil columns on the behavior 

of quay walls subjected to liquefied soil pressure has been investigated in recent studies [6, 7 

& 8].This paper presents the effects of area ratio of improvement on the performance of soil 

deep mixing in restricting the lateral spreading of liquefied slope. 

 
Area Ratio of Underground Columnar Improvement 
Embedded columns may be positioned in different manners as displayed in Figure 1. The 

irregular and regular configurations are shown in Figures 1(a) and (b). The regular pattern 

indicates a triangular placement of parallel column rows. The irregular pattern is described as 

the positioning of quadruple column groups next to each other. They are arranged in a way 

that the edge of one group is placed in line with centerline of the adjacent groups.  

Arrows in these figures demonstrate the passages of liquefied soil through column spaces. 

Lack of free space in the irregular configuration is expected to restrain cyclic shear 

deformation during shaking. Irregular pattern of underground columns was used in this study.  

It is worth noting that the improvement area ratio (AR) is defined as the ratio of the cross 

section area of columns to the whole area of the improvement zone. Simply it indicates the 

area of improvement per unit area of the soil surface. 
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