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Experimental study on bearing capacity of geocell-reinforced soil
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ABSTRACT: This paper reports the results from a series of laboratory model tests and in-situ tests carried
out to investigate the performance of the geocell reinforcement for bearing capacity of soils. At first, we carried
out the middle-size model tests for sands to examine the tendency of supporting performance and supporting
mechanisms. The bearing capacity, the vertical displacement under footing and the distribution of the local
deformation are measured. Next, we carry out the in-situ simple bearing capacity tests to investigate the effect
of geocell reinforcement for loam clay.

1 INTRODUCTION

Recently, geocell reinforced method for soils is
developed. The geocell (Horie et al. 2006; Omori
et al. 2006), which is made by high density
polyethylene (HDPE), is one of the three-dimensional
geo-synthetics materials, and is honeycomb-like con-
tinuous cells. Geocells are conventionally filled with
free-drainage material such as sand and gravel. How-
ever, if we can use surplus soil as filling materials in
the cells suitably, it is very useful and has many advan-
tages for natural environments and construction costs.
It is an important problem to utilize the surplus soils
usefully for sustainable society. A series of our study
on geocell aims to use the surplus soil as the filling
materials.

In this paper, we performed a series of laboratory
model tests and in-situ tests carried out to investi-
gate the performance of the geocell reinforcement for
bearing capacity of soils. At first, we carried out the
laboratory bearing capacity tests for sands to examine
the tendency of supporting performance and support-
ing mechanisms. We carried out some cases of the tests
by changing patterns of the arrangements of geocells.
The bearing capacity and the vertical displacement of
footing were measured. In addition, to examine the
reinforced mechanisms, we analyzed the distribution
of the local deformation by using the digital images,
which are taken continuously at the test. Next, we car-
ried out the in-situ simple bearing capacity tests to
investigate the effect of geocell reinforcement for loam
clay. We used the loam clay as the filling materials
that assumed the surplus soils. Moreover, we con-
ducted same experiment to other soil-reinforcement
techniques, such as geogrid-reinforced methods and
gravel replacing, for the comparison.

Figure 1. Model of soil tank.

2 LABORATORY TESTS FOR BEARING
CAPACITY

2.1 Outline

In this study, we use a medium soil tank for laboratory
bearing capacity tests. Figure 1 shows the experi-
mental apparatus. The size of the soil tank frame is
60 cm × 100 cm × 20 cm. The front side of the soil
tank is made from acrylic to take pictures for the PIV
(Particle Image Velocimetry) analysis, which is one
of the digital image analysis method to examine the
distribution of velocity.

We put samples into the soil tank up to
40 cm in depth. The loading plate, whose size is
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Table 1. Fundamental properties of a sample.

Coefficient of uniformity 2.29
Coefficient of curvature 1.21
Density of particles (g/cm3) 2.603
Minimum density (g/cm3) 1.434
Maximum density (g/cm3) 1.639
Maximum dry density (g/cm3) 1.644
Optimum moisture content (%) 15.02

Table 2. Cases of bearing capacity tests.

Case no. Situation of sand Density (g/cm3)

Case 1 Loose sand 1.33
Case 2 Dense sand 1.52
Case 3 One layer of geocell 1.37
Case 4 Two layers of geocell 1.37
Case 5 Three layers of geocell 1.37

1 cm × 15 cm × 20 cm, is put at the center on the sam-
ple. We give a vertical displacement to the center
of the loading plate compulsory. Loading speed is
1.6 mm/minute.

We measure the reaction forces by the load cell,
which is set to the place where displacement is given.
When the reaction force is not changing for three min-
utes, we end the examination. We define the reaction
force at this time as the limit bearing capacity.

We model geocell using celluloid sheets. In this
experiment, a quarts sand is used as a sample. Table 1
shows fundamental properties of it.

We carry out five cases of bearing capacity tests and
the test conditions of each case are shown in Table 2.
Case 1 and 2 are loose and dense state, respectively.
Case 3, 4, 5 have 1, 2, 3 layers of geocell with loose
state of sand, respectively.

2.2 Results and discussions

Relationships between reaction forces and vertical
displacements, which are obtained by the bearing
capacity tests, are shown in Fig. 2. We can understand
from this figure that the limit bearing capacity rises by
geocell reinforcement effectively. We calculate limit
bearing capacities of each case from these results. The
limit bearing capacities are as follows:

Case 1, 146 kgf, Case 2, 159 kgf,
Case 3, 153 kgf, Case 4, 181 kgf,
Case 5, 191 kgf.

The limit bearing capacities of cases reinforced by
geocell, which are Case 3–5, are larger than that of
Case 1 that is non-reinforced state. Moreover, the limit

Figure 2. Load-displacement curves.

Figure 3. Effects of geocell reinforcement.

bearing capacities of Case 4 and 5 are larger than that
of Case 2 whose density is dense. In these experiments,
the bearing capacity when three layers of the geocell
is set up is the largest. Relationship between the num-
ber of geocell layers and the limit bearing capacity is
shown in Fig. 3. Relationship between the number of
geocell layers and the displacement when the reaction
force reaches 100 kgf is also shown in Fig. 3. From this
figure, we can understand for limit bearing capacity to
rise when the number of geocell layers is increased and
to be able to restrain vertical displacement. In addition,
when the number of geocell layers is adjusted to two
or more, limit bearing capacity is up by 25%. At this
time, the vertical displacement became about 1/2.

Distributions of local velocities of the sand under
loading, which are obtained from PIV image analysis,
are shown in Fig. 4. The PIV analysis is performed by
using the pictures that are taken at the tests. Figure 4
shows the distributions of velocity at when the vertical
displacement is during the 19.2 mm from 14.4 mm.
The length of vector means speed of motion of the
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Figure 4. Distributions of velocities of sands (vertical
displacement: 14.4–19.2 mm).

sand. The velocity vector distribution in Case 1 shows
that the sands mostly move from loading plate in a
under direction. The speed of motion in this direction
is relatively very fast. However, the velocity vector
distribution of Case 4 shows that the sands under the
loading plate move to the horizontal direction. In the
Case 4, the range of moving area became large though
the speed of each vector became small by the geocell.
From these results, we can say that the displacement is
distributed by geocell and vertical displacement under
loading plate is decreased.As a result, the limit bearing
capacity rises.

3 IN-SITU IMPACT TESTS FOR BEARING
CAPACITY

3.1 Outline

We use a simple bearing capacity instrument (Fig. 5),
which is called CASPOL, in order to measure in-situ
bearing capacity of geocell-reinforced soil. The ram-
mer of 50 mm in the diameter and 4.5 kg in weight is
freely dropped from the height of 45 cm and an impact
value is measured.A coefficient of the ground reaction
is calculated by a following equation.

Figure 5. Simple bearing capacity instrument.

Figure 6. Geocell reinforcement soil.

Figure 7. Geogrid reinforcement soil.

where K30 is the coefficient of the ground reaction and
Ia is an impact value measured by tests. By using the
simple bearing capacity instrument, we can perform a
prompt measurement because carrying is easy. In this
study, we dig a hole on the site ground and construct
the reinforce soil structures. The hole size is 800 mm
in length, 1200 mm in width and 350 mm in depth.

We perform following five cases of tests:

1. Geocell-reinforced soil
2. Geogrid-reinforced soil
3. Geocell and geogrid reinforced soil
4. Re-filling surplus soil
5. Macadam replacement.

Figure 6, 7, 8, 9 and 10 show the outline of these
cases of in-situ tests, respectively.
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Figure 8. Geocell and geogrid reinforcement soil.

Figure 9. Re-filling surplus soil.

Figure 10. Macadam reinforcement.

3.2 Results and discussions

Table 3 shows the ground reaction coefficients K30
obtained by the simple in-situ bearing capacity tests.
We carried out the tests three times in each cases and
calculated the average value. From these results, we
can say that the value of the ground reaction increase
by the reinforcement. The most effective reinforce-
ment in these cases is the method of using the geocell
with geogrid.The ground reinforced by the geocell and
geogrid indicates twice the reaction coefficient com-
pared with the method of re-filling the surplus soils.
K30 of the ground reinforced by only the geocell is
nearly equal to that of the replacement to the macadam.
K30 of the ground reinforced by only the geogrid is
nearly equal to that of the method of re-filling the
surplus soils.

Table 3. Ground reaction coefficient.

Test condition K30 K30 K30 Average

Geocell 23.3 26.3 24.2 24.6
Geogrid 18.3 17.8 16.1 17.4
Geocell and Geogrid 36.8 35.3 31.4 34.5
Re-filling surplus soil 14.5 15.3 18.3 16.0
Macadam 23.7 20.7 32.2 25.5

4 CONCLUSIONS

In this study, we carried out the laboratory and in-situ
tests to examine the effect of the geocell reinforce-
ment for bearing capacity. We confirmed the effect
and mechanism of geo-cell reinforcement for the bear-
ing capacity from the laboratory tests. In addition,
we performed the simple in-situ tests to demonstrate
the effect of reinforcement by the geocell. Moreover,
we compared the effect of reinforcement with other
reinforce method by in-situ test. The results of our
experiments are shown as follows:

1. The limit bearing capacity rises by the geocell-
reinforcement effectively.

2. As the displacement is distributed by geocell, the
limit bearing capacity increases and the vertical
displacement under loading decreases.

3. The most effective reinforcement in this study is
the method of using the geocell with geogrid. The
ground reinforced by the geocell and geogrid has
twice reaction coefficient than re-filling surplus
soils.

4. K30 of the geocell-reinforced ground is nearly equal
to that of the replacement to the macadam.
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