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ABSTRACT

Geotextile tubes are increasingly used in coastal protection structures, such as revetments, breakwaters
and partition bunds. In these coastal environments, the geotextile material that makes up the tubes are
exposed to harsh environmental conditions such as UV exposure and wave action. This paper focuses on
geotextile tubes used as a partition bund, where it is expected to be exposed to a significant amount of UV
radiation during its service life. With the design life of these critical structures being typically 50-years or
more, it is imperative to investigate the long-term durability of geotextile materials when used in these
climate conditions.

A study was conducted on the condition of 6-year-old aged geotextile samples. These samples were
collected from a series of geotextile tubes that was part of a 100m long partition bund located near the
northeast coast of Singapore. The geotextile material has been exposed to Singapore’s climate and
weather conditions including direct UV exposure over a 6-year period, from 2017 to 2023. Samples were
taken from multiple locations along the bund. At each location, samples were retrieved from 3 different
portions with different facing orientations at that section of the geotextile tube — the top, diagonal and
side-corner facing portions. In each sample collected, the Machine Direction (MD) and Cross Machine
Direction (CD) of geotextile were clearly identified. The aged samples were then brought back to the
laboratory and tested. Parameters such as the mass per unit area, thickness and tensile strength (MD and
CD) were tested and evaluated.

Compared to virgin samples of the same product, test results of aged samples show that there was an
increase in the mass per unit area. Aged samples also showed a decrease in thickness. The tensile test
results show a retained tensile strength of between 18-80%. In general, samples in the MD direction were
observed to have a lower retained strength compared to samples in the CD direction. A comparative study
of a similar geotextile but with stronger grade was also conducted. Comparison between the two different
geotextile grades were done. A takeaway lesson was summarized.

During the collection of geotextile samples, it was observed that there is a large variety of vegetation,
shrubs and small tress growing around the geotextile tube bund. A vegetation survey was conducted, and
findings were summarized and discussed.
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1 INTRODUCTION typically have a design life of 50 years or more, it is
imperative to investigate the long-term durability of
geotextile materials when used in Singapore’s
local climate condition. This paper focuses on
geotextile tubes being used as a partition bund,
where it is expected to be exposed to a significant
amount of UV radiation during its service life.

Geotextile tubes are increasingly used as an
important component in coastal protection
structures, such as revetments, breakwaters or
partition bunds in reclamation projects. In these
coastal environments, the geotextile material that
makes up the tubes are exposed to harsh
environmental cond|t|0n§ such as d!rect uv > PROJECT SITE OF AGED GEOTEXTILES
exposure and wave action. To investigate the
viability of geotextile tubes being used to replace In 2017, a geotextile tube partition bund was
long term coastal protection structures, which constructed near the northeast coast of Singapore
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for a field trial study. The field trial involved the
installation of four rows of geotextile bunds to
evaluate the feasibility of replacing traditional
seawalls with a geotextile tube-based seawall
system. The geotextile bunds were constructed
using geotextile tubes infilled with lightly cemented
soft soil (5% cement content of soft excavated soll
material) that were stacked to form into a bund
structure (Fig. 1). Each geotextile tube had a final
height of ~2m and widths of ~6.5m. Both sides of
the bunds were backfilled with soft soil up until the
mid-height of the third layer of geotextile tubes.
This leaves the top half of the third layer exposed
to weathering elements over a period of 6 years,
from 2017 till 2023.
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Fig. 1. Stacked tubes layout (Chew et al., 2022)

In September 2023, geotextile samples were
retrieved from the exposed section layer of
geotextile tube. These 6-year-old aged samples
have been subjected to various environmental
factors, including wind, rain, humidity, and UV
radiation. Both aged samples and virgin samples
of the same grade were subjected to physical and
mechanical testing.

The aged geotextile samples were taken from 4
different sections (labelled A, B, C and D) along
the bund as shown in Fig. 2. Each sample was
first marked on the geotextile tube and then
carefully cut using a heat cutter. This method helps
prevent the yarns along the edges from fraying.
For each section, samples were taken from the top,
diagonal, and side-corner facing orientations of the
geotextile tube (Fig. 3).

Diagonal - ‘, g

Side-Corner

Fig. 3. Top, Diagonal, and Side-Corner facing positions on
the geotextile tube
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3 SAMPLE PREPARATION FOR PHYSICAL
AND MECHANICAL TESTS

In preparation for testing, the aged geotextile
samples underwent a light cleaning process. This
involved gently brushing the surface of the material
to remove excess sand without disturbing the yarn
structure or embedded sediments within the yarns.
Each sample was then marked and cut to a width
of 100 mm. The prepared samples were subjected
to physical tests before conducting tensile strength
assessments. Fig. 4 provides an illustration of the
sample preparation steps.

i MA‘- 4
:"’" BEFORE CLEANING

AFTER CLEANING

1. Clean Samples
Fig. 4. lllustration of steps involved in sample preparation

2. Marking and Cutting of samples

4 TEST PROCEDURES

A series of physical and mechanical tests were
conducted on the aged geotextile samples. The
physical tests included measurements of thickness
and mass per unit area, while the mechanical tests
assessed the wide-width tensile strength of the
samples. Virgin geotextile samples of the same
specifications, produced at about the same time by
the same manufacturing line, were tested as a
control to provide a basis for comparison. The
results of the aged samples were analysed in
relation to the properties of the virgin samples to
evaluate the extent of degradation due to
environmental exposure.

The thickness of the geotextile samples was
measured in accordance with ISO 9863, while the
mass per unit area was determined following 1SO
9864. The tensile strength of the sample was
determined using the tensile wide width test,
following ISO 10319 after the physical tests were
completed.

5 RESULTS AND ANALYSIS

5.1 Evaluation of physical properties of aged
samples

The results of laboratory tests conducted on the
6-year-old geotextile samples are presented. Each
data point represents an average of 4-5 samples
tested with the same facing orientation within the
same section.

Visual comparison between the aged geotextile
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samples and virgin samples revealed that the aged
samples appeared less glossy (Fig. 5).
Additionally, fraying of the geotextile fibres was
observed, indicating material degradation. This
deterioration is likely a result of prolonged
exposure to environmental weathering conditions,
including UV radiation and repeated wetting and
drying cycles caused by rainfall and sunlight.
These environmental factors likely contributed to
the breakdown of the geotextile's outer coating
over time. Furthermore, the aged samples were
noticeably less rigid than the virgin samples. This
reduction in rigidity can be attributed to
weathering-induced damage, which caused fibre
breakage that is not visible to the naked eye.

Fig. 5. Visual Comparison of Virgin (Left) and Aged (Right)
Samples

Fig. 6 presents a comparison of the mass per
unit area between virgin and aged geotextile
samples. The aged samples generally exhibit a
higher mass per unit area as compared to the
virgin samples. This increase is likely due to the
accumulation and trapping of soil particles on both
the surface and within the fibres of the aged
geotextiles over time.

Fig. 7 shows a comparison of the thicknesses
between aged and virgin geotextiles under vertical
stresses of 2 kPa and 20 kPa. The results indicate
that the thickness of all aged geotextiles,
regardless of vertical stress applied, was
consistently lower than that of the virgin samples.
Additionally, the reduction in thickness caused by
the increase in vertical stress from 2 kPa to 20 kPa
was less significant for aged geotextiles than that
for virgin geotextiles.

The reduced thickness in aged samples is likely
attributed to the weathering of the geotextile fibres
and prolonged stretching, which may have caused
broken fibres to detach over time. This degradation
results in aged fibres becoming smaller in
cross-sectional diameter, contributing to their
reduced rigidity. Thinner fibres likely create larger
voids between them, which are subsequently filled
with fine sand particles. The presence of
incompressible fine sand and dirt within these
voids could explain the smaller reduction in
thickness when vertical stresses were increased
for the aged samples. In contrast, the voids in
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virgin samples remained unfilled, allowing for
greater reduction in thickness under increasing
vertical stress.

5.2 Evaluation of mechanical properties of
aged samples

The tensile strength test results for aged and
virgin samples are presented in Fig. 8. The tensile
strength retention of aged samples ranged from
approximately 18% to 80% of the virgin sample
strength, depending on the facing orientation.
Samples from the top-facing orientation showed
the lowest retained strength, followed by those
from the diagonal-facing orientation, with the
side-corner facing orientation samples exhibiting
the highest retained strength. This trend likely
stems from differences in UV exposure across
various parts of the geotextile tube. Samples from
the top-facing orientation are directly exposed to
prolonged sunlight throughout the day, leading to
greater UV degradation. In contrast, samples from
the diagonal and side-corner facing orientation
experience less direct sunlight, as they are partially
shielded at certain times of the day when sunlight
angles vary. Notably, the retained strength in the
top-facing position of Section C was significantly
lower than in other locations. Excluding this result
as a potential outlier, the retained strength after 6
years of weathering is estimated to range between
40% and 80%.

Across all four sections and all facing
orientations, the retained tensile strength of
samples in the machine direction (MD) was
consistently lower than that in the cross-machine
direction (CD). Chew et al. (2022) observed
greater stretching along the circumferential
direction of geotextile tubes. As the MD yarns align
with the circumference of the tube (as shown in Fig.
9), they undergo greater stretching during the
infilling process, resulting in more pronounced
degradation compared to the CD yarns.

Fig. 9. Direction of yarns on thé'gébte.k etube

During the wide-width tensile test of the aged
samples, some soil particles were observed to fall
out when the samples were stretched. This
indicates that there were some accumulation of
sand and dirt particles within the geotextile fibres
during its service life.
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Fig. 8. Tensile Strength of Aged Samples vs Virgin Samples

5.3 Comparison study of a similar geotextile
with stronger grade

A comparison was made with the findings of
another field study conducted in Vietnam, as
reported in Lim et al. (2023). Singapore and
Vietnam share relatively identical climates, with
similar UV exposure levels especially during
summer season. The geotextiles used in the study
by Lim et al. (2023) were of a higher grade as this
stronger product is a woven polypropylene with a
wide-width tensile strength of 200 KN/m compared

to the geotextiles analyzed in this report.

The results from Lim et al. (2023) are
summarized in Table 1. The higher-grade
geotextiles exhibited a smaller reduction in
strength after prolonged UV exposure of 5 years,
retaining between 56.5% and 81.9% of their tensile
strength, with an average retention of 67%. In
contrast, the lower-grade geotextiles in this study
showed a greater reduction in tensile strength,
highlighting the impact of material grade on
long-term durability under UV exposure.
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Table 1. Tensile Strength of 5-year-old Samples with Higher
Grade (Lim et al., 2023)

Sample 1 Sample 2 Sample 3
(Curve) (Top) (Top)

MD  CD | MD  CD | MD | CD

Original Tensile

kN/m | 200 | 200 | 200 | 200 200 | 200
Strength

Retained Tensile

kN/m | 135.1 | 163.8 | 112.9  130.1 114.5|147.6
Strength

Retained Tensile

0y
Strength % | 675 | 819 565 651 573 | 738

6 VEGETATION SURVEY

At the collection site for the aged samples,
significant vegetation growth was observed on the
geotextile tube, particularly around the inlet ports.
The vegetation types were studied to better
understand how they may have propagated onto
the geotextile tube. Additionally, the condition of
the geotextile material at the vegetation growth
sites was examined to assess the potential impact
of plant growth on the geotextile material.

The analysis of vegetation commonly found at
the field test site was conducted. Observations
revealed that several plant species were growing
on the geotextile tube. Fig. 10 shows the most
common plant species found growing on the
geotextile tubes. Tables 2 and 3 provide a
summary of the plant classification, optimal growth
environments, and key characteristics of the
identified plants (National Parks Board Singapore,
2025).
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Fig. 10. Commonly found vegetation on exposed layer of
geotextile tube (a) Mimosa pudica L, (b) Thymophylla
tenuiloba, (c) Chloris barbata, (d) Melothria pendula L., (e)
Nephrolepis biserrata (Sw.) Schott, (f) Imperata cylindrica,
(g) Pometia pinnata J. R. Forst. & G. Forst.

Table 2. Plant Classification & Optimal Growth Environment

Plant Classification | Climate |Sunlight|Freshwater
Type
) Shrub Tropical, | ¢ Little
Sub-Tropical
Grasslands, .
(b) Creeper Desert / Full Mtgé?e{te
Semi-Arid
(c) Grass-like Tropical, Full Moderate
Grasslands
. Tropical,
(d) Climber Sub-Tropical Full Moderate
Tropical, Semi
© Humid | Shade | Moderate
. Tropical,
4] Grass-like Grasslands Full Moderate
Tropical, Moderate /
@) Sub-Tropical Ful Lots

Table 3. Plant Characteristics

Plant Type Pollination Seed Dispersal
@) Wind, Bees, Attaching to
Butterflies Animals
(b) Bees, Butterflies Wind
) Wind, Attaching to
© Wind Animals
(d) Bees, Butterflies Animal Droppings
(e) Spores Wind
U) Wind Wind
(9) Bees Animal Droppings
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The analysis revealed that most of the identified
vegetation species are tropical plants that thrive in
environments with full sunlight and moderate water
availability. The primary seed dispersal methods
for these plants are wind and animal droppings.
There are a few possibilities for the growth of
vegetation from the geotextile tube infill material.
Given that the infill material of the geotextile tube
consists of lightly cemented excavated soft soils
sourced from Singapore's mainland, it is possible
that some seeds may have entered into the soil
during transportation before it was mixed with
cement and pumped into the geotextile tube. It is
also possible that the seeds were introduced to the
infill mixture during the mixing or even after
geotextile tube installation through the inlet ports
through wind or animal droppings. Regardless of
dispersal origins, the site survey has shown that
vegetation growth is possible in lightly cemented
soft soils.

The root structures of the plants were observed
to penetrate the geotextile material and grow into
the lightly cemented soft soil. However, while the
roots grew through the geotextile material, it was
done by pushing the yarn away rather than
damaging the geotextile yarns. Instead, the roots
grew through the gaps between the yarns, and
further growth caused the yarns to stretch slightly
to wrap around the root diameter without breaking
(Fig. 11(a)). As a result, the integrity of the
geotextile material was unlikely to have been
affected by plant growth.

Additionally, beneath the surface of the
geotextile material, the root structures were found
to be extensive, with some plants spreading their
roots across considerable distances (Fig. 11(b)).
These observations demonstrate that geotextile
tubes can support plant growth without damaging
the integrity of the geotextile material, highlighting
their potential as a sustainable and
environmentally friendly solution for long term civil
engineering projects.

2

(b)
Fig. 11. (a) Geotextile yarns around roots growing on
geotextile tube; (b) Extensive root structure beneath
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geotextile material

7 CONCLUSON

After 6 years of exposure to UV radiation,
rainfall, and other weathering factors, the
geotextile material on the geotextile tube exhibited
measurable degradation in  physical and
mechanical properties. Aged samples showed
increased mass per unit area due to solil
entrapment and reduced thickness due to
weathering effects. It was also observed that the
retained tensile strength of the aged samples
ranged between 40-80%, with lower retained
strength observed particularly in facing orientations
subjected to direct and greater UV exposure.

Additionally, the presence of vegetation growth
on the geotextile tubes highlights their ability to
support plant propagation. The root systems of the
plants penetrated the geotextile material without
causing significant damage, suggesting
compatibility between the geotextile structure and
vegetation. This finding underscores the potential
for using geotextile tubes as a green solution for
coastal protection, combining erosion control with
ecological benefits.

These observations suggest that with proper
material selection and design considerations,
geotextile tubes can offer a durable and
environmentally friendly alternative in coastal
protection projects.
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