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ABSTRACT: This study aims to confirm the effectiveness of applicability of pile foundation to reinforced
soil structure by geogrid in order to improve the lateral stability. This paper reports the effectiveness and dy-
namic interaction between pile and Geo-wall, which are confirmed from a dynamic centrifuge model test
(25G), and numerical simulation of the experiment’s results by using two-dimensional dynamic FEM analysis
with considering three-dimensional effect of pile foundation.

1 INTRODUCTION

High ductility of soil structure reinforced by geogrid
is well known and it is also possible to build inde-
pendent soil structure. The independent reinforced
soil structure by geogrid, which is termed “Geo-
wall” in this paper, can be applied to earth retaining
wall, rockfall protection structure and others, as rea-
sonable one because it can be built by use of existing
soil at the construction site.

However, wide Geo-wall with using spread foun-
dation is designed in general, thus the application of
Geo-wall to narrow construction site, such as on a
slope or beside mountainous road, is too difficult. If
pile foundation can be applied to Geo-wall, wide-
range narrow width Geo-wall, even though the con-
struction site is on a slope, can be achieved.

Therefore, the application of pile foundation to
Geo-wall, which is termed “Piled Geo-wall” in this
paper, as shown in Figure 1, has been studied by au-
thors.

Embankment
built on slope

Reinforced
soil structure

./

e

Pile foundation

Corroboration of Pile and
Reinforced soil structure
(Piled Geo-wall)

Figure 1. Image of Piled Geo-wall.

In this study, the effectiveness of applicability of
pile foundation to Geo-wall in order to improve the
lateral stability was confirmed from a dynamic cen-
trifuge model test (25G). And a numerical simula-
tion was carried out in order to propose a design
method of Piled Geo-wall. In the numerical simula-
tion, two-dimensional dynamic FEM analysis with
considering three-dimensional effect of pile founda-
tion was adopted from view point of practical design.

2 EFFECTIVENESS OF APPLICABILITY OF
PILE FOUNDATION TO GEO-WALL

A dynamic centrifuge model test (25G) was carried
out to confirm the effectiveness of applicability of
pile foundation to Geo-wall, and dynamic interaction
between pile and Geo-wall.

2.1 Dynamic centrifuge test model

In this test, two Geo-walls, piled Geo-wall and nor-
mal one (without pile), as a countermeasure to re-
strict deformation during earthquake of road em-
bankment built on slope were modeled in a steel box
compartmentalized in two space, as shown in Figure
2, and the differences of the seismic responses of
road embankment, Geo-walls, geogrid and pile
foundation in the two models were compared. The
measurements are shown in Figure 2(b) and 2(c),
and Table 1 and Table 2 show the geotechnical and
the structural parameters adopted in this test.
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Figure 2. Experiment model (1/25 scale model).

Table 1. Geotechnical parameters*

Elastic Cohe- Internal fric-
modulus | sion tion angle
kPa kPa Deg.
Slope 326x 10° 55 0
Embankment | 3.0 x 10* 0 40
Geo-wall 3.0x 107 0 40
Table 2. Structural parameters*
Elastic sectional Moment of
modulus area inertia
kPa m?/m m*
Pile 20x10° [ 479x107 | 2.04x 10™
Geogrid 8.0x10° [ 1.0x10° -

* converted value to actual scale

Where, the Geogrid that has equivalent initial
elastic modulus to actual geogrid, which is con-
verted by EA, as shown in Figure 3, was adopted.
Geo-walls were built at every step as same as actual
execution as shown in Figure 4. Furthermore, longi-
tudinal additional geogrid, in particular, were in-
stalled at every layer, as shown in Figure 5, in order

to transmit the load to pile from Geo-wall body
smoothly. Figure 6 shows input earthquake wave in
this test.
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Figure 3. Tensile stiffness of geogrid.
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Figure 4. Procedure for building Geo-wall.
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Figure 5. Additional geogrid to unify piles and Geo-wall.
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Figure 6. Input wave

2.2 Results
2.2.1 Effectiveness of pile foundation

Photograph 1 shows the state of road surface after
shaking. And residual deformation of the Geo-walls,
transition of earth pressure on the back of the Geo-
walls, and distribution of the strain in depth occur-
ring in the pile are shown in Figure 7 to Figure 9, re-
spectively. According to the results, the effective-

1954



ness of the application of the pile to Geo-wall was

confirmed as follows;

a. The load of embankment was transmitted to the
piles from the view point of strain occurring in
the piles as shown in Figure 9.

b. As the above result, the Piled Geo-wall received
larger earth pressure than the normal one without
pile as shown in Figure 8.

c. And, the residual displacement of the Piled Geo-
wall is smaller than the normal one without pile
as shown in Figure 7.

Conclusively, the deformation of the road surface

could be reduced as shown in Photograph 1.
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Figure 7. Deformation of Geo-wall.
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Figure 8. Transition of earth pressure on back of Geo-wall.
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Figure 9. Strain occurring in the pile.

Figure 10 shows the transition of the strain oc-
curring in the longitudinal additional geogrid. Ac-
cording to the result, it was confirmed that the
geogrid is effectiveness to transmit the load of the
back embankment to the piles through the Geo-wall
from the result that large strain occurs in the geogrid.
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Figure 10. Strain occurring in the additional geogrid.

2.2.2 Interaction between pile and Geo-wall

The distribution of the displacements in depth of the
pile and the Geo-wall is shown in Figure 11. Ac-
cording to the result, because of high ductility of re-
inforced soil structure by geogrid, relative deforma-
tion between pile and Geo-wall is not small though;
it was considered that Geo-wall can transmit the
force to pile foundation
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Figure 11. Displacement distribution of pile and Geo-wall.

3 NUMERICAL SIMULATION OF THE TEST

In order to propose a design method of Piled Geo-
wall, a numerical simulation of the centrifuge test
results was carried out.

3.1 Simulation model

From the view point of practical design, two-
dimensional elasto-plastic dynamic FEM (Wakai et
al. 2004) was adopted for the simulation. Figure 12
shows FEM mesh of the experiment’s simulation.

120m

Figure 12. Simulation model.
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3.2 Three dimensional effect of pile foundation

In case of adopting two-dimensional (2D) FEM for
design of Piled Geo-wall, three-dimensional (3D) ef-
fect of pile for modeling of the piles as a continuous
wall in 2D analysis has to be considered. More spe-
cifically, the 3D effect can be established by the
flexural stiffness of the continuous wall (2D model-
ing of pile) from the comparison with static 3D and
2D analysis (Hara et al. 2009), which the Geo-wall
deformation analyzed by 3D analysis (each pile
modeling) can be reproduced by 2D analysis (con-
tinuous wall modeling).

Figure 13 shows the example of 3D effect study
for the experiment’s case. According to the result,
0.2 times of flexural stiffness (EI) of the equivalent
continuous wall of the actual piles was established
as 3D effect of piles for 2D modeling in this case.
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Figure 13. An example of 3D effect study.

3.3 Reproducibility of the design method

Comparisons of the results obtained from the pro-
posed design method and the experiment, residual
deformation of Geo-wall and road surface, maxi-
mum deformation and bending moment of the pile,
are shown in Figure 14 to 16, respectively. Where,
UWLC (Lee 2000) was adopted as an elasto-plastic
dynamic FEM design tool. According to the results,
the analysed responses comparatively good repro-
duce the observed ones.
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Figure 14. Residual deformation of Geo-wall.
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Figure 15. Residual deformation of road surface.
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Figure 16. Maximum deformation and bending moment of pile.

4 CONCLUSION

This paper can be concluded as follows;

- The effectiveness of the applicability of pile
foundation to Geo-wall in order to improve the
lateral stability was confirmed from a dynamic
centrifuge model test (25G).

- The seismic response of Piled Geo-wall can be
simulated by 2D FEM analysis.
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