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1 Introduction
Since more than two decades, the ability of high
strength geosynthetics to improve significantly
the stability and the cost efficiency of the whole
structure has been demonstrated. Embankments
on soft soils, on piles or bridging voids are
applications where geosynthetics are used as
basal reinforcement.

Table 1 - Function-related characteristics and test methods to be used for the reinforcement
function

A proper design of a geosynthetic solution should
establish the link between the measurable
characteristics of the product and the performance
expected for the structure. Particularly in
Europe, the application standard EN13251 gives
the characteristics of geotextiles and geotextile
related products required for use in earthworks,
foundations and retaining structures. Design
standards and guidelines allow calculating the
design values for each relevant characteristic.
Strength, stiffness, soil interaction or hydraulic
properties are characteristics that need to be
verified by measurement on the product.
1.1 Requirements from application standard
Table 1 gives the main characteristics of
geosynthetics required for the reinforcement
function. Reinforcement is indeed the
main function of the geosynthetic in basal
reinforcement, but sepa-ration or filtration can
be required as secondary functions, particularly
when the geosynthetic is between two layers of
different particle sized materials.
1.2 Requirements from design standards:
reduction factors
Tensile strength, elongation at maximum load and
stiffness at 2%, 5% and 10% are characteristics
used directly in the calculations to ensure the
stability and serviceability of the structure. All
characteristics related to the durability needed to
assess the long term behaviour of the product are
expressed as a reduction factor. They generally
follow the ISO/TR 20432 guideline on durability,
but could have different names, depending on the
design standard or guideline used as shown in
Table 2.

Characteristic

Test method

Tensile strength

EN ISO 10319

Elongation at maximum load

EN ISO 10319

Stiffness at 2 %, 5 % and 10 %

EN ISO 10319

Tensile strength of seams and joints

EN ISO 10321

Friction

EN ISO 12957-1
EN ISO 12957-2

Tensile creep

EN ISO 13431

Damage during installation resistance

EN ISO 10722

Durability

According to Annex B

Table 2 - Characteristics and corresponding reduction factor
Standard or guideline
Characteristic

Mechanical
behavior

Chemical
durability
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Tensile creep

RFcr

A1

Damage during installation resistance

RFid

A2

Tensile strength of seams and joints

A3

Dynamic effect

A5

Resistance to hydrolysis

RFch

A4

Resistance to oxidation

RFch

A4

Resistance to weathering UV

RFw

2 Product characteristics for basal
reinforcement
2.1 Geosynthetics in basal reinforcement
The main tasks of geosynthetics in basal
reinforcement are to carry the load from the
structure that the subgrade cannot; to enhance
arching, to control differential settlements
and resist lateral thrust of the embankment.
Ultimate strength is crucial for Ultimate Limit
State (ULS) analysis as defined in Eurocode
7 EN1997. Additionally, strain criteria’s are
imposed either in direct Service Limit State
(SLS) analysis or by limiting deformation in ULS
analysis. That means that the stiffness is an
important parameter, in addition to the strength.
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2.2 Embankments on soft soil
The design of embankments on soft soils
use slip circle failure models in the ULS. The
main property to determine is the ultimate
tensile strength. However, the serviceability
may require a limitation of the geosynthetic
deformation. Therefore, the choice of the
reinforcement will be based also on the
stiffness behaviour of the product.
2.3 Embankments over piles
In piled embankments, the load transfer
from the embankment to the piles and the
differential settlements between the piles
depend on the geosynthetic deformation. The
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The new CUR226 guideline on basal reinforced
piled embankments (CUR226, 2016, see Van
Eekelen (2016)) adopted a calculation model
that has been validated with measurements
on piled embankments where reinforcement
layers of geogrids were applied, sometimes
combined with a woven (geogrid on geotextile).
The design guideline however accepts piled
embankments with high strength wovens on
top of each other, if additional measurements
and/or suitability tests have been conducted
in representative practical cases with which
it have been demonstrated that the system
comes within the framework of the design
guideline. Such measurements will be carried
out this year on a job site where the behavior of
both the structure and the geosynthetics will
be measured and analyzed by an independent
institute.

Basal reinforcement should be designed following accepted design guidelines or standards.
These guidelines all use calculation models that end up requiring a minimum strength and
stiffness of the material in time. The production technology in itself is not an issue in the
choice of the product applied. This publication highlights the relevant characteristics of
basal reinforcement, their influence on the design and, if the production technology does
matter, how to achieve the needed performance.

Source: Van Eekelen et al., 2012.

main properties to design are the geosynthetic
stiffness and the tensile strength. Scaled
model experiments on piled embankments,
carried out by Van Eekelen et al. (2012),
did not highlight significant differences of
performance between geotextiles or geogrids
having the same mechanical characteristics.
This is shown in Figure 1: load part A is the
load transferred to the piles directly and load
part B is transferred via the geotextile or
geogrid towards the piles.

Figure 1 - load transmitted to the piles (part A) and to the geosynthetics (Part B).

2.4 Embankments over potential cavities
In this application where the geosynthetic will
bridge possible voids under the embankment,
limited deformation at the surface is the major
requirement. The corresponding geosynthetic
strain varies depending on the geosynthetic
stiffness and the thickness of embankment
relatively to the size of the void. When a cavity
grows up to the top of the subsoil, the first
task of a geosynthetic consists of maintaining
the structure above, by combining separation
and reinforcement. Separation is needed,
because any part of the fill falling through the
geosynthetic, will result in more deformation
of the structure above. Only geosynthetics
with a small opening size, such as wovens
or composites, are able to separate and
are suitable when used at the base of the
reinforced structure.
3 Characteristics and geosynthetics type
3.1 Ultimate Tensile Strength
The Ultimate Tensile Strength (UTS) is the
strength at failure of the geosynthetic and
depends on the raw material and the quantity
used. Using weaving or knitting techniques,
very high strength geosynthetic, i.e. above

Figure 2 - Piled embankment for the A15 constructed with high strength woven geosynthetics.
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Figure 3 - High strength woven geosynthetics preventing possible damages to a high speed train line in a French cavity-sensitive area.
Table 3 - Interaction at different interface – Kiwa test report (2015)
Interface Friction
angle δ

Interaction coefficient
α

PET Woven 400/50 vs sand (φ=38°)

31.5°

0.78

PET Geogrid 400/30 vs sand (φ=38°)

31.9°

0.79

2000 kN/m can be manufactured.
3.2 Strain strength curve, isochronous curves
and stiffness
The stiffness characterizes the capacity of a
geosynthetic to resist to the deformation under
load. It depends on the raw material, the quantity
of material and the geosynthetic construction.
It does not matter if one raw material is stiffer
than others, as long as the final product fulfills
the stiffness requirement in the design.
3.3 Interaction
Interaction involves two mechanisms: sliding of
the soil mass on the geosynthetics or vice ver-sa
and pullout of the geosynthetic in the anchorage
zone. Interaction between geosynthetic and soil
depends on the type of geosynthetic,the soil
grain size distribution and the soil strength.
The interaction of geogrids with adjacent soil
is determined by a combination of end-bearing
and surface friction whereas that of woven
geotextiles is by surface friction alone.
However, endbearing occurs only if the
aperture size is sufficient. For high strength geogrids, (eg tensile strength above 400 kN/m),
interaction may occur mainly by friction and

may not differ strongly from geotextiles, wovens
or composites. Table 3 shows that the difference
may be negligible with fine granular soil such as
sand or material containing fines.
4 Conclusion
The use of geosynthetics in the basal
reinforcement of embankments is a common
technique today. The design of the reinforcement
relies on accurate design methods meant for the
applica-tion such as embankments on soft soils,
embankments on piles or bridging voids.
European standards define the design rules,
provide the required level of safety and specify
the decisive characteristics of the geosynthetic .
Geosynthetics have to be chosen for their
capability to fulfill these specifications.
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