
1 INTRODUCTION

Many sea reclamation projects have been proceeded
in Japan in order to expand the port and harbour
facilities and other infrastructure systems such as
Kansai International Airport in the Osaka bay, port
of Kobe in offshore man made island. These reclaimed
lands are surrounded by seawalls and are directly
exposed to strong waves, cyclone and storm. One of
a typical cross sections of seawall used in constructing
the reclaimed land in Japan is shown in Fig. 1. Seawall
consists of a series of concrete caissons that rested
on rubble mound embankment, a cover of concrete
blocks in the sea side, a cover of backfill stones with
gentle slope in the land side, and a permeable
geosynthetics sheet as filter placed on the slope of

the backfill stones to hold the reclaimed soil. In the
course of time geosynthetics may damage due to
chemical deterioration and other causes that are
described in the related sections. The damages in
geosynthetics sheet introduce the seepage of fine
particles from the reclaimed soil to the sea through
the backfill stones and rubble mound. Wave action,
tides, and rainfall in the reclaimed land expedite the
seepage process. As a result large settlement and holes
are developed in various places of the reclaimed land.

The appropriate geosynthetics should be selected
from consideration of the function of filter, durability
during and after construction. However, as there is a
limited research effort for the subject, the type of
geosynthetics has been empirically selected by each
port construction bureaus of Ministry of Transport.

The geosynthetics is expected to be adopted to
port and harbour facilities more in order to prevent
seepage of backfill material and/or erosion in heavy
wave conditions. For the purposes, further research
efforts are necessitated to investigate the mechanism
of seepage and erosion and the function of
geosynthetics and to establish testing and selection
procedure for geosynthetics. In this study, the statistics
investigation on application of geosynthetics for
seepage and erosion prevention was conducted in
which the field case histories were accumulated and
analyses.
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Figure 1. Typical cross section of a caisson seawall.
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2 OUTLINE OF STATISTIC SURVEY

In this study, the statistic data on outline of project,
design, type and properties of geosynthetics, expected
function, construction and evaluation for application
of seepage prevention and erosion prevention were
accumulated from the local port construction bureaus
in Japan and analysed, as summarized in Table 1.
Although many of them were done in 1990 to 1993,
it can be assumed to be similar to the current situation
(Kitazume, 1996).

3.2 Tensile strength, thickness and tear strength

Figure 3 shows that the relationship between the sheet
thickness and the tensile strength. It is found that the
tensile strength increases with increasing the thickness
irrespective of the type of geosynthetics. The increasing
ratio is much higher in GTXw than those of GTXnw
and GM.

Table 1. Statistic data in construction bureaus.

Bureau Purpose of improvement

Seepage Erosion Both Others Total

1st 29 8 0 0 37
2nd 37 5 1 3 46
3rd 34 7 0 5 46
4th 3 0 1 0 4
5th 16 0 2 0 18
Hokkaido 7 0 1 0 8
Total 126 20 5 8 159

3 PROPERTY OF GEOSYNTHETICS

3.1 Tensile strength and tear strength

The relationship between the tensile strength and tear
strength are shown in Fig. 2. Although there is a lot
of scatter in the data, it is found that the tear strength
has almost linear relation with the tensile strength
irrespective of type of geosynthetics. GTXw woven
geotextile (GTXw) with very high strength are also
applied, while relatively small strength can be seen
in unwoven geotextile (GTXnw). The relationships
of the tensile and tear strengths of GTXw and GTXnw
show almost same. However, the relationship is
relatively small of about one quarter of the GTXw
and GTXnw in the geomembrane (GM).

Figure 2. Tensile strength and break strength.

Figure 4 shows the relationship between the unit
weight and the tensile strength. Here the unit weight
is defined as the weight per unit plane area. Although
there is a large scatter in the data, it can be seen that
the tensile strength and the unit weight have a linear
relation. For GTXw, the strength increment ratio is
quite high, which means that the high strength can
be achieved in the light weight material. However,
relatively heavy materials are necessary to obtain high
tensile strength for GTXnw and GM.

 Figure 4. Unit weight and the tensile strength.

Figure 3. Tensile strength, thickness and unit weight.
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4 DISCUSSION

4.1 Strength property

4.1.1 Tensile strength and sea depth
The relationship between the tensile strength and the
sea depth is shown in Figs. 5 for seepage and erosion
prevention respectively. The GTXw with the maximum
strength of 200 kg/cm are often adopted for seepage
prevention. In the case of GTXw, two types textile
are often adopted: the material with the tensile strength
of 100 kg/cm for sea depth less than 10 m and 200
kg/cm for sea depth higher than 10 m. The GTXnw
and GM are often adopted to the sea depth less than
15 m. A large varieties of textile with various strength
are adopted even same sea depth.

In the case of erosion prevention, the GTXw and
GM with the tensile strength of 70 to 100 kg/cm are
often adopted irrespective of the sea depth.

Figure 6b. Tensile strength of geosynthetics and wave height
for erosion prevention.

Figure 5a. Tensile strength of geosynthetics and sea depth for
seepage prevention.

Figure 5b. Tensile strength of geosynthetics and sea depth for
erosion prevention.

4.1.2 Tensile strength and wave height
The relationship between the tensile strength of
geosynthetics and the wave height is shown in Fig. 6
for seepage and erosion prevention respectively. In
the case of seepage prevention, geosynthetics with
various tensile strengths are often adopted even similar
wave height. The GTXw with the tensile strength of
100 and 200 kg/cm are adopted for the wave height
less than 4 m. However for the wave exceeding 4 m,
the GTXw with the strength of 100 kg/cm are often
adopted. The GTXw and GM with the strength of
about 50 kg/cm are frequently adopted irrespective of
the wave height. In the case of erosion prevention, any
geosynthetics with the tensile strength of about 70 to
100 kg/cm are adopted irrespective of the wave height.

According to the above discussions, it is found
that no clear relationship can be seen between the
property of geosynthetics and the sea depth and the
wave height.

Figure 6a. Tensile strength of geosynthetics and wave height
for seepage prevention.
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4.2 Construction

4.2.1 Evaluation of improvement effect
Figure 7 shows the relationship between the tensile
strength of geosynthetics and the sea depth from
viewpoint of improvement effect. The improvement
effect is found in many cases irrespective of the sea
depth and the tensile strength of geosynthetics. Some
cases with troubles can be seen in the materials with
the strength of about 100kg/cm in the sea depth of
10m. However, there is no clear relationship between
the cases and the sea conditions.

Figure 8b. Tensile strength and unit weight (woven
geotextile).

Figure 7. Improvement effect.

The relationship between the tensile strength,
thickness and unit weight from viewpoint of
improvement effect is shown in Fig. 8 for GTXw.
Some cases with troubles are found in the GTXw
with the strength lower than about 100 kg/cm, the
thickness less than 1mm or the unit weight of about
200 to 400 g/m2. For the GTXnw, cases with troubles
are found in the case of relatively high strength, heavy
weight or large thickness. This probably means that
any damage or troubles might take place during
spreading the textile. In the case of GM, some cases
with trouble are found in heavy weight materials.

5 CONCLUSIONS

In this paper, the statistics of geosynthetics for seepage
prevention and erosion prevention are presented and
discussed.

1. It is found that geosynthetics have been often used
for seepage prevention more than the erosion
prevention.

Figure 8a. Tensile strength and thickness (woven geotextile).

2. The woven geotextiles are frequently used for
seepage and erosion preventions rather than the
unwoven textile and geomembrane.

3. No clear relationship is found in the relationship
between the mechanical property of geosynthetics
and improvement purpose and sea condition at
placed.

4. Some case records with less effectiveness are found
in some materials with heavy weight and thickness.
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