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ABSTRACT 
 
 The 2011 Great East Japan Earthquake caused significant soil liquefaction, and many residences 

were damaged as a result of associated settlement and inclination. This highlighted the importance 

of seismic countermeasures for small-scale structures. One such measure involves driving logs 

into the ground to add density. As trees store carbon during growth, logs placed underground 

below the water table are not prone to deterioration. Based on this characteristic, subterranean log 

piling represents a dual measure against both global warming and liquefaction. Since log piles can 

be set only in ground around existing houses rather than directly beneath them, the effect of the 

resulting densification is limited. However, rigidity added using this approach and the associated 

partial densification of soil can be expected to have a certain effect in suppressing ground 

deformation. In this study, numerical analysis was conducted to clarify the effects of log piles 

placed around existing houses. 

 

Introduction 

 

The 2011 Great East Japan Earthquake caused significant soil liquefaction around Tokyo Bay 

and the downstream part of the Kanto region’s Tone River (Yasuda et al. (2012)). Many houses 

and other small-scale structures were damaged by the resulting settlement and inclination 

because liquefaction countermeasures for such structures and smaller areas had not been 

introduced. This created a pressing need for a rational approach to the problem. The authors 

previously developed a liquefaction countermeasure based on the use of logs for large and small 

structures (Numata et al. (2012)). The principle of the technique involves adding soil density by 

piling logs (Fig. 1 a). As trees store carbon during growth, logs placed underground below the 

water table are not prone to deterioration (Numata et al. (2009)), and add density to loose soil. 

Based on these characteristics, subterranean log piling represents a dual measure against both 

global warming and liquefaction (Numata et al. (2009)). A variety of shaking table tests have 

been conducted to verify the validity of this approach (Numata et al. (2012)), Riaz et al. (2014)). 

In situ experiments were also conducted by Numata et al. (2014), and the method has been 

adopted in actual construction as reported by Miwa et al. (2014). For existing houses, measures 

for city block units are currently in the implementation stage. However, for an existing house, 

none of the methods proposed to date has been quantitatively verified as effective and applicable 

at reasonable cost.   
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The authors previously proposed a measure involving the piling of logs in the ground around an 

existing house to reduce liquefaction-related damage (Fig. 1 b) and qualitatively clarified its 

effects in shaking table tests (Yoshida et al. (2012), Yoshida et al. (2014)). The results showed 

that shear deformation and settlement of soil under the house were reduced by the restraining 

effect of the log wall and the density added by its presence. However, for generalization and 

quantification of related effects, it is necessary to consider a variety of conditions. In this study, 

numerical analysis was conducted to clarify the effects of log piling around an existing house. 

 

Numerical Analysis 

 

The study focused on a typical Japanese two-story house with a floor area of 80 m2 on 

liquefiable ground. The weight of the house and its foundation produced a ground load of 4.97 

kN/m
2
,, respectively. The foundation was a concrete mat type modeled on rigid elements with a 

distributed load. The house was modeled with a concentrated mass at a height of 5.5 m supported 

by a beam element  as shown in Fig. 2.  

 

 
 

Figure 2. Model of residential house 

 

The liquefiable layer was 10 m thick, and was supported by a non-liquefiable layer with a shear 

wave velocity of 310 m/s and a thickness of  5 m.  Table 1 shows the soil properties.  
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Figure 1. Log Piling method for residential house as a countermeasure for liquefaction 



 
 

The relative density of the liquefiable soil was 50%, and that of the soil densified by log piling 

was 75%. Determination of liquefaction resistance was based on the relationship between 

relative density and liquefaction resistance after Numata et al. (2004), and the simulation 

parameters were set in line with the target liquefaction strength as shown in Fig. 3. The authors 

verified that the results of a large-scale shaking table test (Riaz et al. (2014)) were approximately 

reproduced by simulation using liquefaction resistance determined using the same method. Table 

2 shows the specifications of the logs, whose diameter was 14 cm at the bottom and increased by 

1 cm/m from the bottom upward．The bottoms of the logs were set at a depth of G.L.  -8 m (i.e., 

2 m above the base of the liquefiable layer). JMA Kobe acceleration data recorded in the 1995 

Hyogoken-Nambu Earthquake were adopted for input motion (Fig. 4). The details of the 

numerical analyses are shown in Table 3. Three-dimensional FEM effective stress analysis (Iai et 

al. (1993)) and two-dimensional FEM effective stress analysis (Iai et al. (1990)) were conducted 

to clarify the effects of log piling around an existing house. 

 

Table 2. Properties of log for analysis 
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Table 1. Soil properties for analysis 

 

Liquefiable layer Dr=50% 98 94.8 247 0.33 1.98 0.419 0 39.6

Improved area of

liquefiable layer
Dr=75% 98 106.5 278 0.33 2.03 0.391 0 41.6

Unliquefiable layer - - - 538 0.4 2.00 - - -
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Figure 3. Liquefaction resistance of soil 

 

 
Figure 4. Acceleration time history of input motion  (JMA Kobe) 

 

Three Dimensional Analysis 

 

  
a) (3-1) unimproved b) (3-2) improved 

  
c) (3-3) improved like continuous cement 

mixing wall 

d) (3-4) improved in wide area 

 

Figure 5. Three dimensional model 
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Table 3. Cases of analysis 

 

 
 

The three-dimensional models used are shown in Fig. 5. Calculation was performed for 1) a case 

with no improvement, 2) a case in which width of densification effect is assumed to be 1 m, 3) a 

case in which width of densification effect is assumed to be 2 m, and 4) a case in which logs 

were arranged in a row like continuous cement walls. The improved  area consists of log and 

densified soil is located in 1 m from the perimeter of the foundation. Improved area is located in 

adjacent to the foundation only in 2 m wide case. The pitch of the logs was rather wide at 1 m. 

Figure 6 shows the acceleration time history of the ground surface under the center of the 

foundation, the time history of the excess pore water pressure ratio at G.L. -4 m under the center 

of the foundation, and the time history of settlement at the center of the foundation. Figure 7 

shows residual settlement at the center of the foundation in each case. As the input motion was 

very large with acceleration of up to 818 cm/s/s, liquefaction occurred in all cases. The time 

histories of acceleration and excess pore water pressure are similar for all cases, but those of 

settlement and residual settlement differ. Settlement was reduced to about 3/4 with log piling, to 

14/24 with a dense wall-like log arrangement, and to 11/24 with 2m wide densified area 

including effects from connection of the densified area and the foundation.  

 

Two Dimensional Analysis 

 

 
 

a) Acceleration b) Excess pore water pressure ratio 

 
c) Settlement at the center of foundation 

 

Figure 6 Time histories derived from three dimensional analysis 

  

Case No. Dimension Profile

3-1 unimproved

3-2 improved

3-3 improved　(wall)

3-4 improved widely

2-1 unimproved

2-2 improved

2-3 improved　(with 2 walls out of plane)

2-4 improved　(whole area)

2-5 improved　(log piled near house)

2-6 improved　(only log rigidity)

2-7 improved　(only soil density)

2

3

-200

-100

0

100

200

0 5 10 15 20

A
c
c
e
le

ra
ti

o
n
(c

m
/s

/s
)

Time(second)

G.L.0m

Case 3-1; unimproved

0.0 

0.2 

0.4 

0.6 

0.8 

1.0 

0 5 10 15 20 

E
x

c
e
ss

 p
o

re
 w

a
te

r 
p

re
ss

u
re

 r
at

io

Time (sec)

GL-4.0m

Case 3-1; unimproved

-0.250 

-0.200 

-0.150 

-0.100 

-0.050 

0.000 

0 5 10 15 20 

S
e
tt

le
m

e
n

t (
m

)

Time (sec)

Case3-1; unimproved

Case3-2; improved

Case3-3; improved (wall)

Case3-4; improved widely



 
 

Figure 7. Settlement at the center of foundation 

 

 
 

a) plane view of improved area  

 
b) (2-1) unimproved model 

 

  
c) (2-2) improved model (Cross section A-A’) d) (2-4) improved model (Cross section B-B’) 

 

 
e) (2-3) improved model (Cross section A-A’ with 2 walls out of plane) 

 

Figure 8. Two dimensional model for comparing to three dimensional model 

0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

3-1 3-2 3-3 3-4

S
e
tt

le
m

e
n

t 
(m

)

Case No.

unimproved improved improved 

(wall)

improved 

widely

 

X

Y

Z

V1

A A’ 

A A’ 
Y=5m 

Improved area 
(Dr=75%) 

Foundation

Liquefiable layer 
(Dr=50%) 

Y=0m 

Y 

X Z 

B 

A 

B’ 

A’ 



 
 

a) Acceleration  b) Excess pore water pressure 

 
c) Settlement at the center of foundation 

 

Figure 9. Time histories derived from two dimensional analysis 

 

As calculation in three-dimensional analysis involves a substantial time burden, iteration with a 

variety of conditions is impractical. If a two-dimensional model can be used to adequately 

represent the behavior of a three-dimensional model, calculation can be performed with a range 

of conditions and the effects of various parameters can be examined. It is important in such 

application to consider how the behavior of a three-dimensional model can be expressed in two-

dimensional model. In this context, two-dimensional analysis was first conducted to examine the 

feasibility of such expression. 

 

The cases examined were 2-1, 2-2, 2-3 and 2-4 as shown in Table 3 and Fig. 8. These were 1) a 

case with no improvement, 2) a case in which the A-A’ section shown in Fig. 8 a was modeled, 

3) a case in which an arrangement of logs at the front and back in the depth direction out of plane 

was modeled, in addition to the case with the A-A’ section, 4) a case in which the B-B’ section 

was modeled corresponding to improvement of the overall house area. Figure 9 shows time 

histories corresponding to those in Fig. 6, and Fig. 10 shows residual settlement at the center of 

the foundation. Settlement in the improvement cases (2-2 and 2-3) is similar to that shown by 

three-dimensional modeling. The effects of log arrangement in the depth direction are unclear, 

but the effect of overall-area improvement is obvious. Settlement in the non-improvement case 

with two-dimensional modeling is smaller than that observed with three-dimensional modeling. 

 

 
 

Figure 10. Settlement at the center of foundation 
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In the non-improvement case with three-dimensional modeling, the load in a limited area, like 

that of the structure, is distributed three-dimensionally into the ground. In the non-improvement 

case with two-dimensional modeling, the load continues in the depth direction, which is 

perpendicular to the analysis section in a plane strain condition, and load dispersion is restrained 

in this direction. Accordingly, confining pressure can be considered relatively large compared to 

that observed in three-dimensional modeling. In the improvement case with three-dimensional 

modeling, load dispersion is limited to the improved area, and confining pressure is relatively 

large compared to that observed in the non-improvement case. In the improvement case with 

two-dimensional modeling, load dispersion is limited to the improved area as with three-

dimensional modeling, and the difference from the results of three-dimensional modeling is 

considered small. In fact, confining pressure in the non-improvement case with two-dimensional 

modeling is around 10% larger than that seen in three-dimensional modeling, which supports the 

above consideration. It can therefore be considered that liquefaction resistance in the non-

improvement case with two-dimensional modeling is greater than that observed with three-

dimensional modeling. As conditions in the other cases were similar between two- and three-

dimensional modeling, it can be inferred that the former can be used in place of the latter. Based 

on this assumption, the other cases are discussed below. 

 

  

a) (2-5) improved (log piled near house) b) (2-6) improved (only log rigidity) 

 

 

c) (2-7) improved (only soil density) 

 

Figure 11. Two dimensional model for comparing of the effects 
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Figure 12. Settlement at the center of foundation 

 

 
 

Figure 13. Relationship between input acceleration and settlement at the centre of foundation 

 

The presence of a rigid wall made by driving logs into a loose soil layer around a house can be 

expected to restrain the shear deformation of the soil under the house and reduce settlement. The 

effects of such a wall are considered to combine the rigidity of the logs themselves and the 

influence of added soil density. The authors conducted analysis to determine which effect is 

greater based on cases 2-5, 2-6 and 2-7 as shown in Table 3. The models considered are shown in 

Fig. 11. In 2-5, the pitch of the logs was 30 cm and the distance from the foundation was 10 cm. 

In 2-6, increased soil density was considered but log rigidity was not. In 2-7, log rigidity was 

considered but increased soil density was not. Here, the logs were arranged in four rows. An 

input motion scale of 100 gal was also examined. Residual settlement at the center of the 

foundation is shown in Fig. 12. The results for the non-improvement case were corrected using 

the ratio of 3D/2D. Placing logs closer together and nearer the foundation enhances the 

improvement effect. With improvement, settlement was reduced to 60% of that seen in the non-

improvement case. The corresponding figure was 70% with consideration of log rigidity only 

and 65% with consideration of added density only. The effect of added density is therefore 

greater than that of log rigidity. With a condition of 100 cm/s/s, the effects are much larger. The 

influence of overall-area improvement is very obvious: settlement is less than half that seen in 

the non-improvement case at 818 cm/s/s and almost zero at 100 cm/s/s. Figure 13 shows the 

relationship between settlement and maximum acceleration of input motion. With overall-area 

improvement, settlement is minimal until 600 cm/s/s. The settlement restraint effect is especially 

large with overall-area improvement despite the presence of 2 m of liquefiable soil under the 

improvement area. The effect of log piling around the house is relatively small, as illustrated by 

the occurrence of settlement with low-level excitation.   
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Conclusions 

 

The study’s conclusions can be summarized as follows: 

 

1) The effect of improvement conducted for the overall area of a house is obvious even with 

remaining liquefiable soil under the improvement area. Settlement was significantly suppressed. 

2) A relatively small effect can be expected from improvement based on log piling around a 

house.  

3) The effect of increased soil density based on log piling to prevent settlement is greater than 

that of log rigidity. 
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