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ABSTRACT

When designing reinforced soil structures with geosynthetics, in some instances, Engineers have to
consider specific soil treatments such as chemical stabilization to make locally available soil usable by
improving their mechanical performances. One of the challenges posed by the chemical stabilization
techniques is represented by the soil reactions that occur and result in a highly alkaline environment (in
some cases showing a pH starting above 12 and decreasing over time).

In alkaline soils (with pH> 9) a second form of degradation occurs at the same time as internal hydrolysis
and may affect polyester (PET) based soil reinforcement. The “external” hydrolysis typically results in the
degradation of the PET fibres, reducing the strength proportionally to the change of the cross-sectional area.
The impact of alkaline hydrolysis is strongly depending on the transport by convection and diffusion of
hydroxyl ions to the geosynthetic. The effect of degradation on PET reinforcement geosynthetics due to
high-alkalinity environments is an important factor that Engineers should consider when designing
reinforced soil structures, and when assessing long term tensile strength of geosynthetics. Additionally,
according to ISO/TR 20432 standard, PET-based reinforcement geosynthetics shouldn’t be used in alkaline
environments (pH>9) unless proof of their durability and behavior when exposed to alkaline environment is
be provided.

This paper summarizes the findings of a recent test campaign run on a number of geogrids exhumed from
basal reinforcement and reinforced soil retaining structures jobsites in UK and Italy, ranging from 4 years to
18 years old.
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1 INTRODUCTION

Embankment construction typically requires
soils with high geomechanical and drainage
properties, which are often sourced from quarries
located at considerable distance from the
construction site. This can have a negative impact
on the environmental sustainability and economic
viability of the project. Hence, there is an increasing
demand for the use of locally available soils.
However, site won soils are often not immediately
usable due to their cohesive nature and require the
application of physical and chemical stabilisation
techniques to make them suitable for use as backfill
in construction.

Chemical stabilisation leads to a modification of
the soil characteristics by improving its workability
and strength. To achieve this effectively, the type

commonly utilised. Their use results in a permanent
change in the surface mineralogy and water
content of the treated soils, reducing their plasticity
index and improving their workability.

In addition to the positive effects mentioned
above, the addition of stabilisers such as lime and
cement also creates a highly alkaline environment,
which can have a negative effect on the mechanical
properties of the geosynthetics that are typically
used as reinforcing elements in reinforced soil
structures. It is therefore essential to carefully
select the reinforcing material to ensure that the
necessary  mechanical performances are
maintained over the long term.

2 HIGH ALKALINE ENVIRONMENTS IMPACT
ON POLYESTER GEOSYNTHETICS

and quantity of stabilizer to be used need be
carefully determined based on the characteristics of
the soil. Lime and cement are among the most

Polyester (PET) geosynthetics can be severely
affected by highly alkaline environments. The
mechanisms governing the degradation of PET
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fibres in such conditions have been widely
described in various publications. Among these, a
comprehensive overview of the test methods and
evaluation procedures used to analyse the
degradation mechanisms affecting polymer
durability, which for PET fibres are mainly due to
hydrolysis mechanisms, is provided by CUR Report
273 "Durability of Geosynthetics" Greenwood et al.
(2012). A distinction can be made between internal
and external hydrolysis. Internal hydrolysis takes
place under acidic or neutral conditions and is
correlated with the number of carboxylic acid end
groups present in the polymer chains. External
hydrolysis, on the other hand, occurs under alkaline
conditions, but only in the presence of soil moisture,
as it is highly dependent on the transport of
hydroxyl ions to the geosynthetic by convection and
diffusion. External hydrolysis typically results in the
erosion of the surface of the PET fibres and the
consequent reduction in their cross-sectional area,
leading to a degradation of the original mechanical
performances. In order to protect PET fibres from
the significant loss of tensile strength determined by
high alkaline environments, the industry has
adopted dedicated coatings and manufacturing
techniques. However, it should be noted that the
effectiveness of these methods can vary
considerably.

3 TESTED POLYESTER GEOGRIDS FAMILY

Among the geosynthetics currently available on
the market for soil reinforcement applications, a
family of high-strength PET bonded geogrids
protected by a low-density linear polyethylene
(LLDPE) coating has been submitted to several
tests since 1999 to evaluate the impact of high
alkaline environments on their performance. The
tests result clearly indicated that the thick LLDPE
coating does not experience significant alterations
when exposed to alkaline environments. The
contribution of the geogrid configuration in
controlling the penetration and diffusion of the
aggressive alkaline liquors within the geogrid itself
was also highlighted. In fact, in the family of
geogrids tested, the high tenacity PET tendons are
fully encased in a thick and durable LLDPE sheath
as shown in Fig. 1 below.

Fig. 1. Cross-section of the tested family of geogrids.
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A such kind of geogrid configuration effectively
prevents the dissolution of the PET fibres and the
consequent degradation of their mechanical
characteristics

4 LTDS CALCULATION ACCOUNTING FOR
HYDROLYSIS

ISO/TS 20432 is the standard currently available
for determining the long-term design strength of
geosynthetics used in soil reinforcement
applications accounting for all the potential
mechanisms that may cause a reduction in the
original tensile strength. Among the other
mechanisms, hydrolysis is considered to be the
primary degradation mechanism for PET
geosynthetics.  Although fully coated PET
geosynthetics may exhibit a minor susceptibility to
degradation induced by alkaline environments, the
standard specifies that PET geosynthetics should
not be used in soils having a pH greater than 9,
unless their durability can be proved by conducting
specific tests on samples exhumed from similar
environmental conditions to determine the relevant
degradation rate. To ensure consistency of results,
the standard requires that the number of samples
to be tested should take into account statistical
variability, and that the observation period should
be sufficiently long to allow extrapolation of the
expected service life.

5 TESTING CAMPAIGN

An extensive testing campaign was undertaken,
during which several geogrid samples were
exhumed from projects where they had been
exposed to highly alkaline environments for up to
18 years. This was done to determine the
degradation rate due to hydrolysis in accordance
with the above standard

5.1 Samples retrieval from UK project sites
The first series of tests was conducted in the UK
at three different sites.

Fig. 2. Soil reinforced slope at Barrhead project site.
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A geogrid belonging to the family described above,
with a characteristic short-term tensile strength of
50 kN/m, was used at all sites in combination with
a double-twisted hexagonal mesh retaining
structure with a rock or vegetated facing.

The first sample excavation was carried out at
Moodiesburn, near Glasgow, where geogrids were
installed in 2020 using in-situ soil as backfill
material and adding lime to improve the mechanical
properties. As a result of the stabilisation, the pH of
the treated soil at the time of construction was
between 11 and 12. At the second site located in
Barrhead, also near Glasgow, the installation of the
geogrids took place in 2018. Here, the site won soll
was stabilised by addition of lime and cement,
resulting in a pH value between 11 and 12 at the
time of installation of the geogrids. The third sample
extraction was conducted at Napier Park, near
Luton, where the geogrids were installed in 2019
using locally available soil mixed with cement to
construct the retaining wall, resulting in a pH value
still in the range of the previous mentioned sites.

The retrieval and sampling procedures,
including the correct labelling of samples for testing,
were supervised by a British Board of Agreement
(BBA) officer to assess and validate the accuracy
of the entire process. The geogrids and soil
samples were then taken to a third-party accredited
laboratory for testing in accordance with relevant
standards.

Table 1. Summary of the results of the UK testing campaign.
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Table 1 shows that in two out of three cases the pH
value decreased. In one case, the pH value
remained almost unchanged. The geogrids residual
tensile strength, consistently exceeding 96% of
their characteristic tensile strength, demonstrates
as the geogrids were subjected to a minimal
degradation in reason of the highly alkaline
environment. At the first site, the residual tensile
strength appeared to be equal to the characteristic
tensile strength, probably because the actual short
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term tensile strength of the product was slightly
higher than the characteristic value (95%
confidence limit) reported in the BBA certification.
To be highlighted also that residual strength was
definitely higher than the expected tensile strength
calculated using an overall reduction factor
respectively equal to 1.36, 1.46, 1.45 estimated as
per BBA certificate in accordance with the relevant
standard.

5.2 Samples retrieval from ltalian project sites

The fourth and final samples exhumation was
completed on the Forli-Ravenna bypass in lItaly,
where geogrids, still from the same family, were
installed between 2005 and 2008 as basal
reinforcement on piles in both transverse (550
kN/m) and longitudinal (150 kN/m) directions and
as primary reinforcement of a reinforced soail
embankment with double-twisted hexagonal mesh
vegetated facing (150 kN/m). Soil available on site,
stabilised by the addition of lime to improve its
mechanical properties, resulting in a pH between
11 and 12 at the time of the installation, was utilised
as backfill.

Fig. 3. Geogrids installation at the Forli - Ravenna Bypass.

The retrieval of the samples required the
approval of the competent road authority (ANAS)
and the provision of a dedicated steel support
structure to stabilise the excavation and facilitate
the removal of the samples.

Fig. 4. Cross section of the embankment (left) and of the
excavation steel support structure (right).

As with the UK projects, retrieval, sampling and
labelling was carried out under the supervision of a
BBA representative and samples were then sent to
an independent accredited laboratory for testing in
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accordance with the relevant standards.

The results of the pH tests, carried out on the
stabilized soil samples according to EN ISO
10390:2022, were consistent with the degradation
trend documented in the literature describing pH
change over time.

Fig. 5. pH of stabilised soil at the time of extraction
compared with pH degradation trend from literature.

The average pH value at the time of sampling the
stabilised soil was in fact 11 and then aligned with
the expected value based on the pH value at the
time of the installation and the time in between.

The results of the initial lime consumption (ILC)
test, conducted on unstabilised soil samples as per
the methodology proposed by Eades & Grim (1996)
and in accordance with the relevant standards to
determine the minimum amount of lime required for
stabilisation, were consistent with project
specifications. An addition of 2% lime would be
required to reach a pH of 12.7 after 1 hour from an
initial value of 8, in accordance with the indications
included in the project documentation.

The results of the tests performed on the
exhumed geogrids samples are presented in Table
2 below.

Table 2. Summary of the results of Italian testing campaign.
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The geogrids residual tensile strength

consistently exceeding 99% of their characteristic
tensile strength indicates as the geogrids were
subject to a minimal degradation in reason of the
exposure to high alkaline environment along the
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burial time. To be highlighted also that residual
strength was definitely higher than the expected
long-term tensile strength if this was to be
calculated from the short-term tensile strength and
applying an overall reduction factor equal to 1.48,
following the methodology set out in ISO/TS 20432.
The mentioned total reduction factor is estimated
from the latest BBA certificate of the exhumed
geogrids.

6 CONCLUSIONS

Research findings emphasise the need to
regard geosynthetics as a system including
polymeric fibres constituting the reinforcing
element, manufacturing process and, in general, a
protective coating. By employing this approach, a
more accurate evaluation of the durability can be
obtained, particularly when geosynthetics are
installed in potentially aggressive environments.

As is well known and highlighted in the technical
literature, PET geosynthetics are subject to a
significant degradation of their mechanical
performance due to hydrolysis when exposed to
highly alkaline environments. The paper highlights
as both protective coatings, such as the LLDPE one
protecting the family of geogrids tested in this study,
and geosynthetic configurations have proven to be
highly effective in limiting the penetration and
aggression of alkaline liquors, thereby preserving
the mechanical properties of the reinforcement over
the long term.

The extremely positive results of the tests
conducted on geosynthetic samples exhumed from
project sites seem suggesting the opportunity of
recalibrating durability standards, which are
primarily focused on wuncoated fibres, by
incorporating a more realistic assessment of the
impact of the various exposure conditions, such as
the aggression of alkaline solutions and their
interaction with coating materials, which may be
potentially limited by the type of coating and the
geosynthetic configuration as presented in this
paper.
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