Durability of a polypropylene geotextile in marine
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J.R. Carneiro

Construct-Geo, University of Porto — Faculty of Engineering, Portugal (rcarneir@fe.up.pt)
M. Morais

University of Porto — Faculty of Engineering, Portugal (Imiguel.morais@gmail.com)

M.L. Lopes

Construct-Geo, University of Porto — Faculty of Engineering, Portugal (Icosta@fe.up.pt)

ABSTRACT: The geosynthetics can be used for the construction of many marine and coastal
engineering structures. In these applications, the materials can be in contact with some agents
capable of causing unwanted changes in their properties. In this work, a nonwoven polypro-
pylene geotextile (stabilised with 0.4% of Chimassorb 944) was exposed in situ to some deg-
radation agents often present in marine environments. The geotextile was exposed to weather-
ing, immersed in seawater and exposed to the action of tides. These exposures were carried
out in Portugal (Archipelago of the Azores, Pico and Faial Islands) and lasted for 3 years. The
damage occurred in the geotextile (during the degradation tests) was evaluated by monitoring
some physical (mass per unit area and thickness) and mechanical (tensile behaviour) proper-
ties.

Keywords: geotextiles, durability, weathering, seawater, Chimassorb 944

1 INTRODUCTION

The geosynthetics can be used in the construction of marine and coastal protection structures,
such as: dykes, groynes, jetties, breakwaters or revetments. The advantages of using these ma-
terials include: ease of installation (and removal, if needed), low-cost, high efficiency and low
environmental impact. The functions of the geosynthetics in these applications include: ero-
sion control, reinforcement, waterproofing, separation or drainage.

In marine environments, the geosynthetics can be in contact with many damaging agents,
like: solar radiation and other weathering agents, biological agents, seawater, oxygen and the
action of waves, tides and currents. A prolonged exposure to these agents may cause undesir-
able changes in the physical, mechanical and hydraulic properties of the geosynthetics, affect-
ing their performance and shortening their lifetime.

The polymers used for the production of geosynthetics are normally very resistant against
many chemical species and against biological degradation. However, their resistances against
oxidation and ultraviolet (UV) radiation are often lower (Carneiro, 2009). The oxidation pro-
cess can be induced by heat (thermo-oxidation) or by UV radiation (photo-oxidation). In most
cases, the geosynthetics are exposed to UV radiation during a short period of time (during the
installation process), being subsequently covered by soils or by liquids. Yet, in some applica-
tions they can be total or partially exposed during longer periods of time. The damage caused
by oxidation and by UV radiation can be retarded by adding chemical additives (such as anti-
oxidants or UV stabilisers) to the composition of the geosynthetics (Carneiro, 2009).
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The durability of geosynthetics can be understood as their capacity to maintain key prop-
erties during time. The expected lifetime for geosynthetics may be over 25 years in many ap-
plications and, therefore, they must have a good resistance against degradation. This way, it is
important to identify exactly the conditions to which they will be submitted and estimate how
those conditions will affect their properties.

In Eurogeo 5, our research team presented some results about the resistance of geotextiles
against degradation agents present in marine environments (exposures in situ during 1 year to
weathering, seawater and action of tides) (Carneiro et al., 2012). This paper extends the pre-
vious work, presenting the results obtained after 2 and 3 years.

2 EXPERIMENTAL PROGRAM

2.1 Geotextiles

This work studied a nonwonven geotextile (designated by geotextile G4) made from polypro-
pylene (PP) fibres (75 mm long, 8 denier) with 0.4% (w/w) of Chimassorb 944 (C944). C944
is @ HALS-type UV stabiliser. The main characteristics of geotextile G4 can be found in Ta-
ble 1.

Table 1. Main characteristics of geotextile G4.

% of Chimassorb 944 (w/w) 0.4
% of polypropylene (w/w) 99.6
Mass per unit area (g.m2) (EN 1SO 9864) 263 (20)
Thickness (mm) (EN ISO 9863-1) 3.17 (0.14)
Tensile strength* (kN.m™) (EN 29073-3) 13.3 (1.6)
Elongation at maximum load* (%) (EN 29073-3) 75.8 (6.1)

*machine direction of production
(in brackets are the obtained standard deviations)

The sampling process (for the characterisation and degradation tests) was carried out accord-
ing to EN ISO 9862. The specimens (prepared in the machine direction of production) were
cut from positions evenly distributed over the full width and length of the geotextile (supplied
in roll), but not closer than 100 mm to the edges. The specimens for the same degradation test
were taken from different longitudinal and transverse positions of the roll.

2.2 Outdoor degradation tests

The geotextile was exposed in situ to three degradation tests: (1) exposure to weathering (near
the sea), (2) immersion in seawater and (3) exposure to the action of tides. These tests were
carried out in Portugal (Archipelago of the Azores, Pico and Faial Islands) and had a duration
of 3 years (samples collected for characterisation after 1, 2 and 3 years of exposure).

The geotextile was exposed to weathering in Pico Island (latitude of 38°25°N, longitude
of 28°24°W, 24 m above sea level). The test-samples were installed in exposure stands facing
south with an inclination of 30°.

The immersion in seawater (depth of about 4 m) was performed in the Horta harbour
(Faial Island) (latitude of 38°31°N, longitude of 28°37°W). Regarding the action of tides, the
geotextile was installed on the inner wall of the northern basin of the Horta marina (Faial Is-
land) (latitude of 38°32°N, longitude of 28°37"W). The test-samples were orientated to su-
southeast (160°) with an inclination of 32.5°. The geotextile was completely immersed in high
tide (exposed to the action of seawater) and totally emerged at low tide (exposed to the action
of sunlight and other weathering agents).



2.3 Evaluation of the damage suffered by the geotextile

The damage suffered by the geotextile (in the degradation tests) was evaluated by monitoring
some physical and mechanical properties. Physical characterisation included determination of
mass per unit area (EN 1SO 9864) and thickness (EN 1SO 9863-1). Mechanical characterisa-
tion was carried out by tensile tests (EN 29073-3). The experimental conditions of the physi-
cal and mechanical tests are summarized in Table 2.

Table 2. Experimental conditions of the physical and mechanical tests

Test Mass per unit area Thickness Tensile test
Test standard EN ISO 9864 EN I1SO 9863-1 EN 29073-3
Specimens size 100 mm x 100 mm 100 mm x 100 mm 50 mm x 200 mm*
Number of specimens 10 10 5
Pressure 2 kPa
Test speed 100 mm.min‘*

*length between grips

The parameters determined in the physical tests included mass per unit area (ua, in g.m?) and
thickness (t, in mm). Some results are presented in terms of variation of mass per unit area (Apla) and
variation of thickness (At), obtained by the following equations:

AMA = PA Exposed - HA Reference 1)
At = texposed — Reference (2)

where, A reference 2N treference represent the properties before the degradation tests (undamaged
samples) and [ exposed 2N tExposed Frepresent the properties after the degradation tests.

The mechanical parameters determined in the tensile tests included tensile strength (T, in
kN.m™) and elongation at maximum load (Em, in %). Some results are presented in terms of
retained tensile strength (RTS, in %), obtained according equation 3:

RTS = (Texposed / TReference) X 100 3)

where, Treference aNd Texposed deNote, respectively, the tensile strength of the geotextile, before
and after the degradation tests.

3 RESULTS AND DISCUSSION

3.1 Evolution of physical properties

The geotextile G4 acquired a greyish coloration (its original colour was white) during the ex-
posure to weathering. This colour change occurred due to the accumulation of small particles
(dust and dirt) between its fibres. Contrarily to the exposure to weathering, the immersion in
seawater did not led to relevant changes in the colour of geotextile G4, but promoted the ac-
cumulation of sand within its nonwoven structure.

Like the exposure to weathering, the action of tides also provoked colour changes in geo-
textile G4. Indeed, it acquired green, grey and brown tones due to the attachment and growth
of algae at its surface and due to the accumulation of dirt within its nonwoven structure. The
evolution of mass per unit area and thickness of geotextile G4 during the exposures to weath-
ering and to the action of tides can be found in Tables 3 and 4, respectively. Due to the accu-
mulation of high amounts of sand (which influenced the determination of mass per unit area



and thickness due to the continuously release of sand), the physical properties were not moni-
tored during the immersion in seawater.

Table 3. Evolution of mass per unit area of geotextile G4 during the degradation tests

Exposure time Weathering Action of tides
(years) Ha(@m?) | Apa(@m?d | pa(@m?d | Apa(g.m?d)
1 310 (11) + 47 629 (127) + 366
2 316 (10) +53 606 (82) + 343
3 287 (22) +24 687 (71) + 424

(in brackets are the obtained standard deviations)

Table 4. Evolution of thickness of geotextile G4 during the degradation tests

Exposure time Weathering Action of tides
(years) t (mm) At (mm) t (mm) At (mm)
1 3.45 (0.14) +0.28 3.61(0.27) +0.44
2 3.32 (0.14) +0.15 3.70 (0.45) +0.53
3 3.22 (0.09) +0.05 3.76 (0.42) +0.59

(in brackets are the obtained standard deviations)

The exposure to weathering provoked an increase of mass per unit area. For example, after 36
months, geotextile G4 had a mass per unit area of 287 g.m (increase of 24 g.m2). Obviously,
the increase occurred in mass per unit area was not due to the gain of polymeric mass, but re-
flected the dust and dirt accumulated in the nonwoven structure of geotextile G4. The expo-
sure to the action of tides also induced an increase of mass per unit area, but much more pro-
nounced. Indeed, after 36 months, the mass per unit area of geotextile G4 was 687 g.m (an
increase of 424 g.m relatively to its original mass per unit area). Again, the increase of mass
per unit area can be explained by the accumulation of dust and dirt in the nonwoven structure
of geotextile G4 and by the growth and development of algae (which completely covered its
surface).

Similarly to what happened for mass per unit area, thickness also increased after the ex-
posure to weathering and to the action of tides (the exposure to weathering caused a lower in-
crease in thickness than the action of tides). The increase in thickness can be explained by the
same reasons pointed before for the increase of mass per unit area (thickness is determined by
applying pressure and the dust, dirt and algae present in the nonwoven structure made the ge-
otextile less compressible).

3.2 Evolution of tensile properties

3.2.1 Exposure to weathering

The exposure to weathering provoked relevant changes in the tensile strength of geotextile G4
(Table 5). Indeed, after 1 year, tensile strength was reduced to 69.2% of its original value. The
increase of the exposure time led to more pronounced reductions of tensile strength (retained
tensile strengths of 55.6% and 40.6% after 2 and 3 years, respectively). Like tensile strength,
elongation at maximum load also decreased during the exposure to weathering (higher reduc-
tions for higher exposure times). Figure 1 shows the mean curves tensile force-elongation ob-
tained for geotextile G4 before and after exposure to weathering. The analysis of these curves
shows that, besides the decreases in tensile strength and elongation at maximum load, the ex-
posure to weathering also provoked an increase in the stiffness of geotextile G4.



Table 5. Tensile properties of geotextile G4 before and after weathering

Exposure time T EmL RTS
(years) (kN.m%) (%) (%)
0 13.3 (1.6) 75.8 (6.1)
1 9.2 (1.0) 44.0 (2.9) 69.2
2 7.4 (1.2) 41.1(2.3) 55.6
3 5.4 (0.8) 34.0 (2.0) 40.6

(in brackets are the obtained standard deviations)
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Figure 1. Mean curves tensile force-elongation of geotextile G4, before and after the exposure to weathering

The deterioration observed in the mechanical properties of geotextile G4 during the exposure
to weathering can be mainly attributed to the damaging action of UV radiation. Other agents
(like rain, dew or temperature changes) can also have contributed, but much less significantly.
Indeed, the harmful effect of UV radiation in the deterioration of PP products is well known.
The presence of the UV-stabiliser C944 was unable to prevent the occurrence of degrada-
tion in geotextile G4 (reduction in tensile strength) during the exposure to weathering. How-
ever, it enhanced the weathering resistance of the PP fibres much significantly, retarding deg-
radation. Indeed, in the absence of C944, the geotextile would be totally destructed (tensile
strength reduced to zero) after 1 year of exposure to weathering (Carneiro et al., 2012).

3.2.2 Immersion in seawater

The tensile strength of geotextile G4 remained practically unaltered during the 3-year immer-
sion in seawater (retained tensile strengths between 104.5% and 109.0%) (Table 6). Contrary
to tensile strength, elongation at maximum load suffered a slight decrease (identical reduction
for all exposure times). The reduction occurred in elongation at maximum load was probably
due to the accumulation of high amounts of sand in the nonwoven structure of the geotextile,
which led to an increase of its rigidity. Globally, geotextile G4 had a good resistance against
seawater (the 3-year immersion in seawater did not cause very pronounced changes in the ten-
sile behaviour of geotextile G4).



Table 6. Tensile properties of geotextile G4 before and after immersion in seawater

Exposure time T EmL RTS
(years) (kN.m%) (%) (%)
0 13.3 (1.6) 75.8 (6.1)

1 14.5 (1.5) 60.7 (3.5) 109.0

2 13.9 (2.1) 61.4 (4.2) 104.5

3 14.2 (1.3) 59.9 (1.9) 106.8

(in brackets are the obtained standard deviations)

3.2.3 Exposure to the action of tides

The tensile strength of geotextile G4 suffered a considerable increase after exposure to the ac-
tion of tides (Table 7). Indeed, after 1 year, the retained tensile strength was 154.9%. Even af-
ter 3 years, the tensile strength was higher than its original value (retained tensile strength of
120.3%). The increase in tensile strength can be explained by the presence, in large amounts,
of algae and dirt in the geotextile. The growth of algae promoted the formation of new bonds
within the nonwonven structure of the geotextile (bonds between the algae and the fibres) and
the accumulated dirt led to an increase in rigidity (such increase was perceptible by touch).

Table 7. Tensile properties of geotextile G4 before and after the exposure to the action of tides

Exposure time T EmL RTS
(years) (kN.m%) (%) (%)
0 13.3(1.6) 75.8 (6.1)

1 20.6 (1.5) 69.6 (6.0) 154.9

2 19.6 (2.0) 63.4 (5.5) 147.4

3 16.0 (1.0) 61.1 (4.9) 120.3

(in brackets are the obtained standard deviations)

Contrarily to tensile strength, elongation at maximum load did not increase after the exposure
to the action of tides. In fact, a slight decrease occurred in elongation at maximum load (after
3 years, reduction from 75.8% to 61.1%). The mean curves tensile force-elongation obtained
for geotextile G4, before and after the exposure to the action of tides, can be found in Figure
2. The analysis of these curves shows that the action of tides caused an increase in stiffness of
geotextile G4 (increase due to the algae and dirt present in the nonwoven structure of the geo-
textile).

During the exposure to the action of tides, the test-samples were exposed for a long peri-
od of time (when they were emerged) to solar radiation and to other weathering agents. The
results previously presented in section 3.2.1 showed that the action of weathering provoked a
pronounced reduction in tensile strength (after 3 years of exposure, retained tensile strength of
40.6%). So, it would be expected that the action of tides could also promote some decrease in
tensile strength (due to the periods in which the test-samples were emerged and in direct con-
tact with solar radiation). However, this decrease did not occur (by contrary, there was even a
pronounced increase in tensile strength). This happened because the surface of the geotextile
was covered by a large quantity of algae, which protected it from being directly exposed to
the damaging action of solar radiation. The dirt accumulated in the nonwoven structure (fill-
ing the empty spaces between the PP fibres) may also have delayed the degradation process
by preventing solar radiation from reaching the geotextile (sunblind effect). Like before, the
action of seawater (during the immersion periods) did not led to a decrease in the mechanical
resistance of the geotextile.
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Figure 2. Mean curves tensile force-elongation of geotextile G4,
before and after the exposure to the action of tides

4 CONCLUSIONS

The outdoor degradation tests (exposures in situ to degradation agents present in marine envi-
ronments: weathering, seawater and action of tides) led to some relevant changes in the phys-
ical and mechanical properties of a nonwoven geotextile. However, the changes provoked by
each degradation test were significantly different.

The exposure to weathering induced a relevant decrease in the tensile strength of the geo-
textile (higher decreases for higher exposure times). Contrarily to the exposure to weathering,
the immersion in seawater did not cause a reduction in tensile strength. By contrast, the expo-
sure to the action of tides led to a pronounced increase in tensile strength. Despite the differ-
ences observed in the behaviour of tensile strength, the degradation tests provoked a decrease
(more or less pronounced) in elongation at maximum load. The degradation tests also caused
an increase in the stiffness of the geotextile (increase due to the dirt, algae or sand accumulat-
ed in the nonwoven structure). Finally, mass per unit area and thickness suffered a “false” in-
crease after exposure to weathering (accumulation of dust and dirt) and after exposure to the
action of tides (growth of algae and accumulation of dirt).

The deterioration of the mechanical properties during the exposure to weathering can be
mainly attributed to the damaging action of UV radiation. The degradation promoted by UV
radiation did not occur (at least, much significantly) during the exposure to the action of tides
because the presence of high amounts of algae and dirt impeded solar radiation from reaching
the nonwoven structure, protecting the geotextile from photodegradation. The algae and dirt
accumulated in the nonwoven structure were also responsible for the increase occurred in ten-
sile strength after the exposure to the action of tides. Globally, the geotextile presented a quite
good resistance against the action of seawater.
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