
1 INTRODUCTION

No reduction in strength was recorded for polyester
based reinforcement exhumed over a 28 year period
from a mechanically reinforced soil wall constructed
at the Transport Research Laboratory (TRL) (Naughton
et al., 2005). A conventional design assessment, based
on a limit equilibrium approach with appropriate partial
factors applied to materials strengths (BS 8006, 1995
and GeoGuide 6, 2002), would suggest that the strength
should have reduced considerably over this time frame.

In a limit equilibrium approach the strength of
polymeric reinforcement at the end of the structure’s
design life is determined by applying partial material
factors for durability, installation damage and creep
to the short-term strength of the reinforcement.

This paper reviews why the strength of the polyester
reinforcement elements had not reduced over time
and presents an alternative method for assessing the
design strength of geosynthetics. It is suggested that
the current method of applying partial material factors
is overly conservative and that lifetime prediction
based on the generic properties of the reinforcements
is more appropriate.

2 TRIAL WALL AT THE TRL

A full-scale, 6 m high, instrumented trial mechanically
reinforced soil wall was constructed at the TRL, UK,

during the summer of 1977. Information on the
construction, instrumentation and reinforcing elements
used in the wall are given in Boden et al. (1977) and
Naughton et al. (2005).

Samples of the polymeric reinforcing straps were
exhumed, from a depth of approximately 1 m, at
time intervals over the past 28 years, and the residual
strength determined. The backfill soil consisted of
silty clay.

The residual tensile strength of the exhumed
samples was determined using a modified ISO EN
10319 (1996) method at the University of Leeds, UK.
The mean stress-strain relationship indicated that no
reduction in the mean ultimate tensile strength and
corresponding strain occurred, Table 1, and the stress-
strain curve had not changed, Figure 1, over the
intervening 28 years. Where individual test results
were below the original short-term strength of the
reinforcement, 30 kN, the reduction in strength was
attributed to damage inflicted during installation or
extraction of the specimens, in-service degradation
and experimental error in the testing process between
all time periods (Greene and Brady, 1999).

Significant research has been performed on the
family of geosynthetics used in the TRL wall since
they were first used in geotechnical applications in
the early nineteen seventies. Naughton et al. (2005)
reviewed recent and historic data and suggested
suitable partial material factors for estimating the
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long-term strength at 100 years for both the 1977
and the current grades of polyethylene and polyester
used in the manufacture of the geosynthetic, Table 2.
Application of these partial material factors would
suggest that the residual strength should be
approximately 20.5 kN/m after a 28 year service life.

cause an instantaneous loss of strength in the
reinforcement once installed in the ground. It is also
assumed that each form of degradation is independent
of the others. However, the actual degradation of
strength in polymeric reinforcement is not actually
instantaneous with time but follows one of three
possible modes, Figure 2 (Greenwood et al., 2002).

Table 1. Mean ultimate tensile strength and corresponding
elongation of exhumed samples.

Year Mean ultimate Corresponding
exhumed tensile strength elongation
and tested Value % initial Value % % initial

kN strength elongation, %

Initial 31.30 100.0 11.40 100.0
1984 30.60 97.8 12.10 106.1
1990 31.40 100.3 12.80 112.3
1994 30.90 98.7 12.10 106.1
2005 31.04 99.2 12.68 111.2

Figure 1. Stress-strain relationship of esxhumed samples (after
Naughton et al., 2005).

Table 2. Appropriate partial material factors for 28 and 100
year design lives (after Naughton et al., 2005).

Partial material factor Design life

28 years 100 years

Installation damage 1.00-1.05 1.00-1.05
Durability 1.04 1.04
Creep 1.41 1.45

3 DETERMINATION OF PARTIAL MATERIAL
FACTORS

Current methods for determining the long-term
strength of polymeric reinforcement assume that the
effects of installation damage, creep and durability

Figure 2. Possible modes of degradation (after Greenwood
et al., 2002).

The partial material factor for Mode 1 takes
immediate effect and is independent of time. The
partial material factor corresponding to Mode 2 is
time-dependent and for Mode 3 the degradation occurs
at the end of the geosynthetic life. The application of
a partial material factor to load is inappropriate and
for this case it is essential to predict the time to failure,
together with its variability. Any partial factor should
then be applied to time and not load (Greenwood et
al., 2002).

4 PARTIAL MATERIAL FACTORS FOR THE
FAMILY OF GEOSYNTHETIC IN THE TRL
WALL

Naughton et al. (2005) showed that the partial material
factors for installation damage for the family of
geosynthetics used in the TRL wall ranged from 1.0
to 1.05 depending on soil type. Testing of the
polyethylene used in the current material and a similar
grade to that used in the 1977 materials indicated
that the long-term durability of the material was not
affected by environmental stress cracking, ultraviolet
light, biological and chemical degradation and
temperature effects. Only hydrolysis and creep were
shown to affect the long-term strength of the
reinforcement.

4.1 Hydrolysis of polyester

Hydrolysis occurs when H+ ions, from water, react
with the polyester molecules; resulting in chain
scission, reduced molecular weight and strength loss
(Koerner et al., 1992). In soil reinforcement
applications it is conservatively assumed that 100%
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relative humidity exists, thus hydrolysis must be
accounted for in design (Jones, 1995).

The properties of the polyester used in the TRL
wall were in agreement with the FHWA (2000)
recommendation on number average molecular weight
(Mn >25000) and carboxyl end group count (CEG <
30).

A study on the hydrolysis of polyester was reported
by Burgoyne and Merii (1993) and showed that
hydrolysis of polyester was a Mode 2 degradation,
with a very low rate of degradation for polyesters
meeting the FHWA (2000) requirements. Where the
number average molecular weight and carboxyl end
group count were outside the FHAW (2000)
requirements the rate of hydrolysis was significantly
higher. No significant difference was observed between
the strength of the fibre in water (pH 7) and those in
solution of NaOH (pH 11) and H2SO4 (pH 4)
(Burgoyne and Merii, 1993).

Data from the Burgoyne and Merii (1993) study
indicated that the ambient temperature significantly
affected the rate of hydrolysis. Table 3 shows the
time for the strength to drop to a given proportion of
the short-term strength for two specific temperatures,
20 and 30°C, over the range 4 ≤ pH ≤ 11.

4.3 Creep

Extensive experimental studies on similar strap
elements to those used in the TRL wall have been
performed for the past 20 years. Naughton et al. (2005)
reviewed creep-rupture data from 12 year sustained
load tests, an extensive residual strength study and
creep data from the stepped isothermal method (SIM).
Based on the experimental data from these studies it
is now understood that the residual strength of the
reinforcement remains unchanged until very close to
failure and that creep is a Mode 3 degradation.

Kempton et al. (2002) and Naughton et al. (2004)
proposed a new method of lifetime assessment for
polyester reinforcements based on the concept of
residual strength. Partial factors are applied to the
design strength to arrive at a time to rupture, which
provides a margin of safety against creep-rupture
occurring during the design life of the structure.

5 LIFETIME ASSESSMENT

It is suggested that lifetime assessment is a more
appropriate method of predicting the long-term
strength for the family of geosynthetics used in the
TRL wall. The proposed lifetime assessment method
accounts for the actual mode of degradation for the
different influences on reinforcement strength.
Installation damage is a Mode 1 degradation, durability
(dominated by hydrolysis) is a Mode 2 degradation
and creep is a Mode 3 degradation.

The new lifetime assessment recommends applying
a suitable partial material factor to account for
installation damage, which is in keeping with existing
procedures. The method proposed by Kempton et al.
(2002) and Naughton et al. (2004) for estimating the
creep limited strength is recommended.

In terms of hydrolysis, it is more appropriate to
compare a limiting strength with the time for the
reinforcement strength to reduce to this level, rather
than to apply a partial material factor to the strength
of the reinforcement.

The proposed assessment technique can be broken
down into three steps:

1. The short-term strength of the reinforcement is
reduced to account for installation damage.

2. The creep-limited strength is then determined using
the method proposed by Kempton et al. (2002)
and Naughton et al. (2004).

3. The time for hydrolysis to reduce the strength of
the reinforcement to the creep-limited strength is
determined, based on a suitable design temperature
in the soil mass/structure over the design life. Where
the time for hydrolysis to reduce the strength to
the creep-limited value is greater than the factored
design life hydrolysis will not affect the design
strength.

Table 3. Lifetime prediction for polyester meeting FHWA
(2000) requirement (adopted from Burgoyne and Merii
1993).

Temperature (°C) Strength (% of Lifetime prediction
ultimate strength) (years)

20 90 390
70 1681
60 2738
50 4297

30 90 95
70 390
60 590
50 1000

4.2 Influence of temperature

The temperature at depth within a soil mass remains
constant, whereas near the surface the ambient
temperature may vary depending on the external
temperature and the environment (Jones, 1995). Data
from Murray and Farrar (1988), Howells and Pang
(1989) and Jones (1995) show that the constant soil
temperature may vary from 10°C in temperate climates
to 20°C in tropical climates.

GeoGuide 6 recommends a design temperature of
30°C, which is intermediate between the average soil
temperature 0.5 m into the soil mass of 26°C and the
transient maximum soil temperature immediately
behind the face of a mechanically reinforced soil
wall of 35°C recorded in Hong Kong. The rate of
hydrolysis increases by 300–400% as the temperature
increases from 20 to 30°C.
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Design calculations indicate the reinforcement used
in any particular application is loaded to between 50
and 70% of its short-term strength and that the design
temperature has a maximum value of 30°C for most
regions. This would indicate that the time required
by hydrolysis to reduce the strength to 70% of its
initial values is approximately 390 years for a design
temperature of 30°C and pH in the range 4 ≤ pH ≤
11, Table 3. Therefore, hydrolysis of the polyester
will never be critical to design.

5.1 Example of new assessment procedure

A reinforcement element with a characteristic strength
of 100 kN/m is used in a reinforcement application.
The design life of the structure is 100 years and the
mean ambient soil temperature is 30°C and the pH is
in the range 4 ≤ pH ≤ 11. The partial material factor
for installation damage was determined from on site
trials as 1.05. After installation in the ground (Mode
1 degradation) the available strength of the
reinforcement has reduced to 100/1.05 = 95.2 kN/m.

Assessment of the creep characteristic of the
reinforcement resulted in the following equation for
the creep-rupture line for polyester (Naughton et al.,
2005) σ = 85.4%–2.759% log t, where σ is the creep-
limited strength which caused failure at time t in
hours. Assuming that a factor of safety of 1.16 is
applied to the time to rupture (Kempton et al. 2002)
the design life of the reinforcement increases to 100
∗ 1.16 = 116 year (1.02 million hours), with the
reinforcement loaded to 68.8% of the short-term
characteristic strength. This gives a design strength
of 95.2 ∗ 68.8% = 65.5 kN/m.

Loading the reinforcement to 65.5 kN/m (65.5%
of its short term strength) means that hydrolysis, at a
design temperature of 30°C, will degrade this material
in approximately 500 years, Table 3. Therefore the
load carried by the reinforcement does not need to be
reduced further and the long-term strength in this
example is 65.5 kN/m. This compares with a value
of 100/(1.05 ∗ 1.04 ∗ 1.45) = 63.2 kN/m based on a
conventional partial material factor approach for a
100 year design life.

6 CONCLUSIONS

The residual strength of exhumed samples from a 28
year old mechanically reinforced soil wall displayed
no reduction in strength.

The current method of determining design strength
using partial material factors is shown to be
conservative.

A method of lifetime assessment, based on the
actual modes of degradation is presented which is a

more realistic method of assessing the long-term design
strength. For design applications where the mean
ambient soil temperature is in the range 20-30°C
hydrolysis will not reduce the strength of the
reinforcement over a design life of 100-200 years.
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