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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for 1ts further maintenance are described
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Introduction

The ISO 18228 series provides guidance for designs using geosynthetics for soils and below ground
structures in contact with natural soils, fills and asphalt. The series contains 10 parts which cover designs
using geosynthetics, including guidance for characterization of the materials to be used and other factors
affecting the design and performance of the systems which are particular to each part, with ISO/TR 18228-1
providing general guidance relevant to the subsequent parts of the series.

The series is generally written in a limit state format and guidelines are provided in terms of partial material
factors and load factors for various applications and design lives, where appropriate.

Ultimate limit state (ULS) design is necessary for some applications, e.g. slab foundation design, working
platform design etc., but usually must be proven separately. This document is a state of practice regort and
informdtion is provided in terms of the application of the mechanisms and design methods. A'discugsion on
separatfion, filtration and other relevant engineering issues addressed with geosynthetics @se’addr¢ssed in
the sepfrate parts of ISO 18228.

This dpcument includes information relating to the stabilization function. De%ails regarding| design
methodologies adopted in a number of regions are provided.

© IS0 2025 - All rights reserved
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cument provides a summary of general guidance for the design of geosynthetics to fulfil the f|
lization of granular layers in contact with natural soils, fills, asphalt or other materjals.

cepts of the summarised guidance are based on installed materials, the installation process
he strength or deformation behaviour, or both, of geosynthetics.

cument provides general considerations to support the design of tinbound layers of pay
d roads, working platforms and foundations utilizing the stabiljzation function of geosyn
ypically for the serviceability limit state (SLS).
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wing documents are referred to in the text in such a way that some or all of their content con
ments of this document. For dated references, only.the edition cited applies. For undated ref¢
st edition of the referenced document (including-@ny amendments) applies.

18-1, Geosynthetics — Part 1: Terms and definitions

rms and definitions
purposes of this document, the tepms and definitions given in ISO 10318-1 apply.
IEC maintain terminology databases for use in standardization at the following addresses:

Online browsing platform: available at https://www.iso.org/obp

Electropedia: available at https://www.electropedia.org/

ncepts and fundamental principles
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brences,

There 2

réAwo primary mechanisms by which geosynthetics can improve the performance of a

ranular

layer, the confinement mechanism and the tensioned membrane mechanism. The distinction between these

two me

chanisms and their relevant applications must be understood.

The first mechanism provides stabilization by way of particle confinement, or lateral restraint. By
minimizing the movement of aggregate particles, confinement increases the shear resistance and widens the
load distribution angle, improving the mechanical properties of the granular (i.e. aggregate) layer, thereby
controlling deformation under load (i.e. SLS).

The second mechanism provides reinforcement by way of friction, or interlock, or deforming, or a
combination of these three, out of the plane under load. In this case, the geosynthetic material is anchored on

© IS0 2025 - All rights reserved
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each side of the loaded area to create a tensioned membrane. In doing so, it provides support to the granular
(i.e. aggregate) layer, thus decreasing deformations (i.e. SLS) and increasing bearing capacity (i.e. ULS).

Figure 1 illustrates the difference between the two mechanisms.

a) Lateral restraint

b) Tensioned membrane

© IS0 2025 - All rights reserved
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1  wheel load creates stresses which, unchecked, cause 6 wheel path rut
strains as shown

stabilized composite layer of aggregate and geosynthetic 7 geosynthetic

geosynthetic can be within or beneath the layer of 8 membrane tension in geosynthetic
aggregate to provide lateral restraint, inhibit strains, and
thereby support the vertical load

subgrade 9 vertical support component of membrane
5  wheelload

NOTE
granula

In stabi

Stabilization is less influential in designs where high levels of strain are anticipated: Where high 1
strain dre anticipated, the tension membrane effect (reinforcement) is dominant;

nce of a

Figure 1 shows the primary mechanisms by which geosynthetics can improve the performa
" layer.

Figure 1 — Mechanisms to improve the performance of a granular layer

flization (i.e. confinement), the geosynthetic operates most effectively at relativelylow levels o

f strain.
evels of

There is considerable discussion in the literature about the relative maghnitude of the strain within the

geosyn

strain ¢nvelopes of these two mechanisms and the nature of any transition between them has n
fely defined by any research to date. This is partly because’jt is extremely difficult to meadure the
strain of a buried geosynthetic. This means that, a universally recognised design methodology based

adequa
level of
on this

The dedign life of the projectis also suggested as a key consideration and, as a result, the rate of defor
Designing for geosynthetic stabilization results in thesticcessful control of the rate and level of

deform

hetic in the stabilization and reinforcement mechanisms. The boindary between the ope

parameter is not yet available.

htion to that which is tolerable within the designife of the project.

rational
pt been

mation.
system

The terjsioned membrane mechanism can require-large deformations to mobilize the tensile strength of

the gedsynthetic for it to be effective. Due to the importance of the tensile strength, the geosynt

a tensi

the only mechanism through which geesynthetics perform the reinforcement function and the
is refefred to ISO/TR 18228-7 where‘\other situations are described. However, because the te

membr
the ten

4.2 Benefits

Geosyn
layers

ned membrane mechanism is considered to be performing a reinforcement function. Thi

hne mechanism can be used in the application of unpaved roads, for ease of reference, a discul
ioned membrane reinfor¢ement mechanism is provided in Annex A of this document.

hetics are utilized to facilitate construction and improve the performance of unbound ag

hetic in
5 is not
reader
hsioned
ssion of

cregate

ver subgrades-of varying strength. The benefits of geosynthetics have been well documgnted in

numerdus case histories. These cover the range of full-scale laboratory experiments to instrumented field

studies

togethdr form.a stabilized layer.

Many of\these are highlighted in the Bibliography. In these cases, the geosynthetic and ag

oregate

Furthey, ‘stabilization of the unbound aggregate leads to an enhancement in both the surface pesilient
modulus of unbound layers or subgrade and bearing capacity of the stabilized layer. The composite structure
of aggregate fill, geosynthetic and subgrade must:

a) effectively withstand service-loading pressures;

b) control subgrade and unbound aggregate layer deformation within a range suited to the in-service
requirements;

c¢) not progressively deteriorate over time through either aggregate deformation, breakdown or
contamination.

© IS0 2025 - All rights reserved
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The corresponding functions of separation and filtration can also contribute to an improvement in
performance where site conditions require them to be provided.

4.3 Confinement and particle restraint

4.3.1 General

Stabilization by geosynthetics necessitates the minimization of particle movement through confinement.
Minimization of particle movement is achieved by particle restraint. For geosynthetics to provide particle
restraint, they must have adequate tensile stiffness and sufficient interaction with the soil.

Confindment is the dominant stabilization mechanism at Tow Ievels of strain (typically ITess thdn 1 %,
but pogsibly up to 2 %) of the geosynthetic within or beneath the aggregate layer, depending(@lsq on the
importfnce of the stabilized system (e.g. highway versus haul road) and the position of the)geosynthetic
within [the stabilized system (usually at lower levels higher strains are acceptable). If strain values are
expectdgd to be above this, the designer can consider whether other mechanisms need €9 'be included. For
the purfposes of this document, two types of confinement have been considered and, named interpal and
externgl.

4.3.2 [Internal confinement — Description of mechanism

Internall confinement is the intimate interaction of a two-dimensional g€osynthetic with aggregate in or
underngath a compacted granular layer thereby creating a pseudo-composite material of improveld shear
strength and stiffness. The interaction can occur via interlock, surface friction or both. For interlo¢k to be
effectivie, the geosynthetic must have apertures (e.g. a geogrid) into)ywhich granular particles can penetrate.

While lertically loaded, additional shear stress is transmitted:from the aggregate to the geosynthetic which
in turn|results in deformation (strain) in the geosynthetic. "The shear resistance caused by frictjon and
mecharfical interlock generates a lateral restraint of the-dggregate particles. The stiffness provided by the
geosynthetic reduces development of lateral deformation in the base aggregate over a defined height above
the geopynthetic (the stabilized or "confined zone")dy preventing the development of explicit displagements
of the apgregate.

The corffined zone has a limited thickness. Above it, a transition zone is developed which extends until there
is no inffluence on the granular (i.e. aggregate) layer from the geosynthetic (i.e. unconfined zone). Higure 2
illustrages the various zones.

The efficiency of confinement andithickness of the confined and transition zones varies with different
geosynthetic and soil types. The-details therefore are usually defined for each type of geosynthgtic and
soil indfividually. From Figure, 27it is evident that, when a relatively high aggregate thickness is rqquired,
designipg with multiple lajers of geosynthetics allows a reduction in or elimination of the unconfingd zone,
thus affording a more effective stabilization.

nitude by which the horizontal and vertical strain in the aggregate layer can be reduced depgends on
the stiffness of the‘composite layer. This is, in turn, a function of the geosynthetic tensile stiffness rgquired
stress-equilibrium (especially at low strain levels) as well as on the efficiency of the aggregate and

During 3 sraHar{-e—ageres &y £—tFa g ion), the
interaction discussed above distributes stress throughout the stabilized granular (aggregate) layer and
geosynthetic, thus reducing any stresses transmitted to the underlying subgrade. The limitation of movement
under load provided in this way via a geosynthetic is referred to as the provision of lateral restraint.

The creation of the confined zone with limited particle movement naturally limits the deformation of the
granular (i.e. aggregate) layer as a whole. The resultant reduced stress transmission to the subgrade limits
its deformation. It is typically the underlying subgrade that is the weakest material in the construction
section and one of the principle aims in developing a confined and stabilized granular (i.e. aggregate) layer is
to limit any stress and strain transmission to this weaker layer.

© IS0 2025 - All rights reserved
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eogrid
eocells

unconfined zone

transition zone

confined zone

Figure 2 — Interaction of granular (aggregate) material with geosynthetics

Reducing the horizontal strain leads to a decrease in the Poisson ratio of the soil and geosynthetic composite

materi
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horizontal stiffness which means that the geosynthetic stabilized soil layer is able to distribute the

stresse

5 0,0 applied at the top surface on a wider area, as shown in Figure 3.

In ternis of the well-known concept of load distribution angle, for the unstabilized soil layer the
stress dn the subgrade o, will have a load distribution angle «,, [Figure 3a)]; while forthe’two dimg
and three-dimensional geosynthetic stabilized soil layer, the vertical stress on the subgrade o, wil

ses the
vertical

vertical
nsional
| have a

much wider and more uniform distribution according to the increased load distribution angle a, [Figiires 3b)
and 3c)|.
On the pther hand, it is evident that at equal maximum value of 6, and o, the load that the stabiliged soil

layer cgn support will be much higher than the load supported by the unstabilized soil layer. In othe
the imgroved vertical load distribution on the subgrade affords a higher bearing capacity of the st

system

These

compared to that of the unstabilized system.

oncepts have been demonstrated by research and monitored stabilized versus unstabili

layers ynder different types of loads and are widely used in ,the'presently available design methods.

4.3.3

External confinement — Description of mechanism

Externgl confinement occurs when a volume of material is confined by a three-dimensional geosy

system

which can be made of a geocell or a factory or in-situ three-dimensional assembling of geosy

components. For ease of use, reference will bé\made to geocells only in this document, although the

apply e

qually to the factory and in-situ 3D assembling of geosynthetic components.

The gegcell stabilization mechanism limits horizontal infill soil deformation via the geocell walls,

confini

a) Ho

g the infill soil. The limitation of horizontal deformation is based on four factors.

bp tension forces in the cell'walls.

b) Registance from the sarrounding cells.

c¢) Fri

Ction between<ell'walls and infill material.

d) Comnection stréngth of joined walls.

Under verticalload, horizontal earth pressure is restrained by the cell walls. The resulting strains in
walls nobilize hoop stresses within the loaded cell (Figure 4). The magnitude of the activated hoo

depend

words,
hbilized

red soil

mthetic
mthetic
details

thereby

the cell
b stress

of the applied load, type and properties of infill material, and the foundation characteristics.

5 on the geocell material, stress-strain behaviour, magnitude of load, number of load cycles, location

The hoop stresses and resistance provided by surrounding cells restrict lateral deformation of the fill by
producing confining stresses o5, [Figure 3c)]. The intensity of the confining stresses depends on the height
to diameter ratio of the geocell, the height of surcharge and the tensile properties of the geocell.

The confined zone shown in Figure 3c) includes two parts.

1) Cel

1 height.

2) Limited thickness above and, possibly, beneath the geocell.

© IS0 2025 - All rights reserved
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Above the confined zones, a transition zone is developed which extends until there is no influence on the
granular (i.e. aggregate) layer from the geocell (i.e. unconfined zone). Figure 3c) illustrates the increased

load spread angle under load.
VN e

a) Unstabilized granular (aggregate) layer

Jldd 7

b) Two-dimensional confinement of granular (aggregate) layer

© IS0 2025 - All rights reserved
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VN il

\
/ N\
@ AN

c) Three-dimensional confinement of granular (aggregate) layer

Key
ov0 vertfical stress applied at the top surface
o0,, Vverfical stress on the subgrade with unstabilized granular (aggregate) layer
»s verfical stress on the subgrade with stabilized granular (aggregate) layer
loadl spreading angle with unstabilized granular (aggregate) layer

loadl spreading angle with stabilized granular (aggregate) layer

azp loagl spreading angle within three-dimensional structure

1  corfined zone

Figure 3 — Increase of the load distribution angle for bearing capacity increase

a) External vertical stress

b) Lateral stress on cell walls

¢) Lateral confinement or restraint — Hoop tensile stress in cell walls

Figure 4 — Confinement mechanisms in geocells: Development of cell hoop stress by external
vertical stress

© IS0 2025 - All rights reserved
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4.4 Vehicular action

Vehicular loads applied to the road surface create stresses within the aggregate. As the wheels approach and
then pass a given location along the pavement, the main principal stress for an individual aggregate particle
is increasing and additionally rotating. This stress rotation is linked to a strong horizontal force component
(i.e. shear stress), which finally leads to lateral spreading (i.e. shear strain) of the base aggregate particles.
Geosynthetics are used to limit these deformations and the adverse effects related to it (e.g. surface rutting
and decrease of bearing capacity).

When the unbound aggregate is installed and compacted on top of geosynthetics, shear resistance is
generated between the two components because of frictional interaction. Other modes of interaction can
be based_on ape e _interlocking or geog id 0 ell and confinemen ixation Qr-geoce In such
penetrate through the geogrid apertures or into the geocells and

) 9

One or| both interaction mechanisms, friction or interlocking, are a prerequisite forlimiting| lateral
movement of the aggregate particles on top of the geosynthetic. At the initial stage, where the fill material
above the installed geosynthetic is compacted, the geosynthetic can be put intg fension which| causes
develogment of corresponding strain and stress. The amount of strain depends onrséveral factors, with the
ctors being the stiffness of the subsoil, the degree and efficiency of intepaction between aggregate
and gedsynthetic and intrinsic properties of the geosynthetic, in particular thé'stiffness.

4.5 Lpading conditions (cyclic and static)

For sonje of the systems under discussion, the loading conditions immiediately beneath the surface arg cyclic.
As vehifles continue to traffic a pavement overlying unbound aggregate the stress distribution angl¢ within
the unHound aggregate typically decreases (see Figure 5) duetocyclic loading. The accumulation of plastic
deformptions due to loading and unloading cycles normally{deads to a reduction of the shear strength of the
base course material. As a result, the maximum stress at the base and subgrade interface tends to ipcrease
over time.

1
3 2
N
x/// \\\\ “ c
Ny 7 W\,
/ \

8 9
Key
1  wheel load P 6  distribution at failure
2 tyr¢ contact area 7  base
3  surkaee 8 gegounthetic
4  initial distribution 9  subgrade
5 distribution after N passes

NOTE See Reference [1] for further information.
Figure 5 — Stress distribution angle

Bearing capacity failure of the subgrade occurs when the stress distribution angle decreases to a point at
which the stress at the interface exceeds the mobilized shear strength of the subgrade.lll The utilised shear

© IS0 2025 - All rights reserved
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strength of the subgrade depends on the undrained shear strength of the subgrade, the surface deformation
or rut depth, the tyre contact area, and the thickness of the base.[1]

Under staticloading conditions, the load distribution angle remains the same over time for an uncontaminated
layer of unbound aggregate.

4.6 Multi component systems

Multi-component geosynthetic systems typically increase the thickness of the stabilized layer and provide
improved confinement. As a result, a multi-component geosynthetic system normally results in improved
performance.

A mult}-component system can be either multiple layers of the same geosynthetic which provid¢ either
internal or external confinement only, or one which contains layers of different geosynthetics, thereby
providiphg both internal or external confinement (or both) within a single system.

4.7 Static loads — Settlement control and limitation

The degree and extent to which loads are transferred from the surface of a stabilized layer to the underlying
foundation soil is directly related to the amount of overall settlement that will occur over the lifg of the
structufre. For building loads and paved or unpaved roads constructed gn\embankments, refer to the
appropriate national standard that highlights the design approach for @stimation of settlement and the
limitatipns of the approach. For each of these cases, the designer normally considers the loading afea and
amoun{ of load transferred to the subgrade. However, for paved or(unpaved roads, rutting poteptial or
reductipn in surface deformation is generally of greater concern.

4.8 Reduction in deformation from trafficking

As stat¢d, confinement has been identified as the geosynthetics stabilization mechanism. In simplesf terms,
the geasynthetic restricts the lateral movement of aggregate fill placed upon or inside it. Many fyll-scale
trials hhve shown that geosynthetic stabilized aggregate layers are significantly more resistant to [surface
deformption than non-stabilized layers when subjected to repeated trafficking loads. Furthermorg¢, it has
also beg¢n shown that deformation of the subgrade beneath the stabilized layer is also significantly reduced.
This dgformation reduction relies heavily on-effective lateral restraint of the aggregate particles pnd the
resulting confinement which creates a stiffer or higher modulus composite layer. Since elastic stiffness or
resilient modulus of unbound aggregate'is proportional to its confining pressure, the net effect of ingreasing
the fill'§ modulus or stiffness is a spreading of the vertical stress distribution and a corresponding reduction
in the deformation on top of the(subgrade.[l2] So, under repeated traffic loading, the geosynthetic ot only
restrictfs the movement of aggregate particles and thereby reduces deformation of the aggregate layer, the
stiffer Jomposite stabilized layer also restricts deformation of the subgrade.

4.9 Reduction in uhbound aggregate degradation

The redults of medelling and those of full-scale laboratory testing and traffic studies have demonstrated a
positivg¢ improvement in the amount of trafficking that can occur over stabilized layers in compatison to
control|sections of non-stabilized granular structures. Comparing a non-stabilized and stabilized aggregate
layer i dfull-scale study has shown both life extension and improved aggregate performance [for the
stabilizeddayerti-Mere-aggreg g ROTH in-the-control-seetions-thanthe-stabilized
test sections.[4]

It is accepted that degradation of granular (i.e. aggregate) material increases the content of fines, reducing
the water permeability and increasing the sensitivity of the granular (aggregate) material to reduced
bearing capacity by increased water content and pore water pressure. For this reason, in addition to
lateral confinement, the positive influence of separation, filtration and drainage geosynthetics can become
significant.
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4.10 Extension of design life

It follows from the preceding sections that retention of unbound aggregate particle shape, size and
grading as well as minimization of particle movement will occur through lateral confinement, and where
required, separation and filtration. The lateral confinement is provided by both particle to particle and
particle to geosynthetic interaction. The degree of interaction is affected by aggregate quality, geosynthetic
characteristics, placement conditions and level of compaction.

For some design situations, there is a direct correlation between one or more geosynthetic characteristics
and performance. However, for other design situations, or for design conditions which are different from
those in the spec1f1c de51gn method an extension in de51gn life can only be determmed by performing full

guidange that can apply for pavement design. There are numerous local and natlonal desigmappfoaches

4.11 Ground and groundwater conditions

For stabilization, the geosynthetic must work in combination, as a composite, with"aggregate fill to support
applied|loads (see Reference [5]). With respect to building over soft soils, either bearing-capacity-based (see
Referer]ces [2] and [6]) or serviceability-based (see References [7], [8] and J6]),"design methodologies yield
appropriate aggregate fill thickness for a given set of input parameters. kikewise, presuming the sybgrade
is soft because of moisture content, it is important to keep in mind that\the aggregate fill is usually clean
(cohesipnless, with preferably single-digit percent fines) and drainable (see Reference [9]). Insyfficient
thickness, poor quality, or both can compromise the beneficial funetions of the geosynthetic, and jeopardize
stability of the system.

In all ¢ases where a geosynthetic stabilized layer is incerporated within a pavement structyre, the
groundpater typically must remain below the influence of’surface loads within the structural layer gs far as
practicgble. Free drainage of the pavement is normally*essential. If groundwater rises within the layers, the
ability ¢f the aggregate to transfer shear, and consequently maintain bearing capacity, is compromisged. As a
result, proper drainage and inclusion of lateral drain’s is normally essential in the proper functioninlg of the
pavemgnt system.

To ensyre the aggregate fill is not compromised, it is normal to consider including a correctly dpsigned
separatfion or filtration geotextile that,does not clog and allows free movement of water. Djrainage
geocon]posites can also be used to provide separation, filtration and drainage functions.

4.12 Climatic conditions

With refgard to both envirghimental and climatic conditions, Reference [10] reviews 140 long term pgvement
performance (LTPP) sités,for paved roads covering environmental and climatic conditions throughqut New
Zealand. The finding§.suggest that roads in more sensitive climatic zones have an increased rut gate (by
approximately 0,1.m¥m/year) as compared to the more stable climatic areas. For example, at an equiivalent
single dxle load {ESAL) of 400 axles per day, the rut rates are:

— 0,16 mmy/year for low sensitivity (dryer regions on more stable geological formations) areas;

— 0,28 mm/year (0,12 mm difference} for high sensitivity [wet regions on less stable geblogical

...... F—ttt

formations) areas.

However, this research established the fact that the condition and presence of drainage, where needed, was
much more important than just the environmental conditions alone. Observations from the data revealed
that the rut rate of low volume roads was 2,5 times higher on poor drainage sections compared to sections
where adequate drainage was provided throughout the pavement section. The researchers also established
that sections having poor or inadequate drainage deteriorate much faster under heavy traffic volumes.
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4.13 Sustainability

Sustainability is often described as considering three primary principles: social, environmental, and
economic. The goal of sustainability is the satisfaction of basic social and economic needs, both present and
future, and the responsible use of natural resources, all while maintaining or improving the well-being of
the environment on which life depends (see Reference [11]).

Paved and unpaved roads constructed with geosynthetics meet all these objectives by reducing construction
time, the amount of resources required to build these structures and the extension in use of or reduction in
maintenance intervals.

Further, since one role of a stabilized layer is to protect the subgrade, the future rehabilitation of these roads

are noi
costs o
considd
for stal]
margin
than on
Recycli

In term|

a pavelllent lifespan, thereby reducing maintenance costs.[14] The total carbonemission for the const

ofaro
Hence,

mally limited to restoration of the surfacing layers. The carbon emissions and embodied
[ incorporating a geosynthetic are normally seen as integral to a project. The designet,t
s the effect of the geosynthetic and calculates the net effect. For example, inclusion of@ geosy
ilization can potentially result in a reduction in the use of aggregate material or énable th
h1 quality or recycled soils or an increase in the service life of the road.l12] It can‘dlso result
e of these effects.l12] Case studies on the use of geosynthetics have been repgited by the UK
hg and Packaging Organisation [13] and the European Association of Geosynthietic Manufactu

s of economic sustainability, stabilization with geosynthetics reduces dggregate costs and in

, including maintenance etc, up to the end of the design life, is much less when using geosyn
beosynthetics are an effective method for carbon footprint reduction.

414 1

As a practical matter, water cannot be prevented from infiltrating an unpaved road structure, or e
that is paved.[13] Thus, it is prudent to assume that saturated, or elevated, moisture conditions exis{
the upper reaches of the subgrade, particularly if the subgrade exhibits California bearing ratio (CBR|

of less

With a geosynthetic placed directly on top of the'subgrade, the overlying aggregate fill (i.e. either
sub-bage material) is normally sufficiently graded to provide subgrade filtration and prevent soil mi
Filtratipn can be defined as allowing the free'flow of water while separation means preventing interm

adjace
related
underts:

In the ¢
are an
across

5 Ty

51 S

pact of filtration, separation and drainage requirements

an 3 %.

dissimilar soil and fill materials.)For both separation and filtration, a geosynthetic or geosy
product can be used. However; afilter stability calculation on the adjacent soil layers is norn
i ken.

pse of geocells, a semi-uniform perforation along and across the entire cell wall of a proper d
pssential factor for drainage. The hole size is normally small enough to prevent aggregate p
ells and the perforation pattern is normally semi-uniform to allow free drainage.

pical applications

tabilized granular (aggregate) layers in trafficked areas
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Typical

v.-there are three principal design scenarios when considering the use of stabilized granu

lar (i.e.

aggregate) layers in dynamically loaded trafficked areas and highways.

a) Layers are designed to carry the loads from construction vehicles and in-service traffic without
additional bound or unbound pavement layers. Examples include haul roads and minor (perhaps rural)
unsurfaced and unbound roads.

b) Layers are designed to carry the loads from construction vehicles only and overlying pavement layers
is designed to carry all in-service traffic with no influence from the stabilization assumed. Examples
include highways where the stabilized granular (aggregate) layer forms part of the road foundation (base
and sub-base) and bound pavement layers (typically asphaltic or cementitious) are constructed above.
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¢) Layers are the same as 5.1 b), but the design of the overlying pavement includes influence from the
stabilization of the granular (i.e. aggregate) layer.

Key factors influencing design and performance are shown in Figure 6.

.
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ranular

yehicles
brts the

overall

La Lb
6
3 ; 4 g4
’ 22 13
?
! b
8

Key

A boynd pavement layer(s) 4b load and volume or frequency of in-service tra

B  stabilized granular material 5 allowable.deformation

C  subgrade (clay, silt or sand) 6  thickness and properties of pavement layer

1  typg and strength of subgrade 7a loeation(s) of geosynthetic(s)

2 groundwater 7b(“type and properties of geosynthetic(s)

3 typ, compaction and thickness of granular material .88 required design life and maintenance program

4a loagl and volume or frequency of construction traffic
Figure 6 — Factors influencing desiginand performance in trafficked areas on unbound and

overlying bound pavement layers

5.2 Stabilized granular (aggregate) layers in railways

Typically, there are five principal design scenarios when considering the use of stabilized g

(aggregdate) layers in dynatnically loaded rail track-bed applications.

a) Stapilized sub-ballast or foundation layers are designed to carry the loads from construction 1
and to act as &working platform for placement of overlying ballast or bound layer which supp
sle¢pers and.rails and accommodates in service rails loads.

b) Layers‘are same as 5.2 a), but the influence of the stabilization is included in the analysis of the
rail track bed performance and its ability to carry the in-service traffic loads.

¢) Stabilized ballast layer is directly constructed on subgrade and therefore designed to accommodate
construction traffic and in-service rail loads.

d) Both the sub-ballast layer and the bound or ballast layer are stabilized.

e) Stabilization of the ballast layer is for the purpose of reducing ballast particle movement under service

conditions, but with no load carrying benefit assumed.

Key factors influencing design and performance are shown in Figure 7.
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Key

A sle¢per 3  type, compaction and thickness of ballast or sup ballast

B ballast layer: stabilized or non-stabilized load and volume ©nyfrequency of traffic

C stabilized ballast layer(s) 5 allowable defofmation

D  stabilized sub-ballast layer 6a location(s).of geosynthetic(s)

E  subgrade (clay, silt or sand) 6b type afid'properties of geosynthetic(s)

1  typk and strength of subgrade 7  required design life and maintenance programme

2 groundwater

Figure 7 — Factors influencing performance in rail track bed stabilized sub-ballast or ballasg layer

The trajin wheel load is applied on the rail and‘then from the rail to the sleeper. The load then spreadgls, with

a set diptribution angle, from the top to the-bottom face of the sleeper. Hence, the loaded area on top of the

bound ¢r ballast layer is rectangular with-a width equal to the width of the sleeper and length equ3l to the

width df the rail increased according-tothe set load distribution angle in the sleeper. Stabilized layers for
railwayls usually must be designed«or direct construction traffic.

5.3 Stabilized granular{aggregate) layers in working platforms

Typically, the types of-loading to be accommodated when considering the use of stabilized granular

(aggregdate) layers in stabilized working platforms are as follows.

a) Dyhamic loads/@ssociated with construction traffic as previous scenarios.

b) Slov mawving, high magnitude low frequency dynamic loads (effectively static) associated with large
items.of plant and machmery travelllng slowly across site, perhaps statlonary for extended jperiods
(dal ] applied ) ) f tyred
machinery and ona rectangular area for tracked machmery

¢) High magnitude medium frequency dynamic loads associated with the operation of large items of plant
(e.g. piling rigs and cranes). These loads are typically imparted via tracks, pads or outriggers and can be
critically high point loads.

d) Parkingdecks, container areas and other situations where a load transfer platform, made from unbound

granular (aggregate) layers, is required. Also, in these cases, loads can be considered as static, with
usually lighter loads than in the above, but can be applied over large areas.
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The design for slab foundation and working platform is normally proven at the ULS in terms of both local

and global stability.
Key factors influencing design and performance are shown in Figure 8.
L
5
3
¢ 4 'df ¢ 4 ' ¢ 4 dA)ﬂ 4 ' ¢ 4
2 & & ¢ q & ¢ q X4 ¢ q & ¢ q

Key

A stabilized granular material 4  magnitude,arid volume or frequency of loading
B subgrade (clay, silt and sand) 5 allowable:deformation and ultimate bearing cq
1  typk and strength of subgrade 6a location(s) of geosynthetic(s)

2 groundwater 6b typeand properties of geosynthetic(s)

3 typp, compaction and thickness of granular material 7 __ (equired design life and maintenance program

Figulre 8 — Factors influencing performance in working platforms with high magnitude ps¢
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sign methods
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ign methods for mafiyyunbound layers (e.g. roadways) are characterized by their empirical

fion and provisiof of standard thicknesses of various layers of aggregate. Others provide ey
-empirical design rules and equations.

bnt, it is.Aot'yet possible to include a single generic product characteristic of a geosynthetic in
gn methods to quantify the stabilizing effect to the construction. Geosynthetics have been inc

some d

of modylus. Evidence of the improvement in system parameters can also alternatively be provided

bsignsito provide an empirically observed improvement of the system parameters, e.g. impra

pacity

budo

origins

n the particular natuire of the experiences in each part of the world. Many methods are based on the

npirical

most of
uded in
vement

by field

and full-scale laboratory testing of the specific product in the appropriate aggregate and loading for the
application.

Clause 6 provides details of some design methods that are adopted in various applications.

6.2 Unpaved roads

6.2.1

Giroud-Han (2004) method

The Giroud-HanlZl method provides a rational empirical framework that makes it possible to quantify
the benefits of all types of geosynthetics for the stabilization of unbound granular (aggregate) layers. It

© IS0 2025 - All rights reserved
15


https://standardsiso.com/api/?name=00fe3bc2caef369b8dc50f0ce64540cf

ISO/TR 18228-5:2025(en)

is important to note that, for valid use and to ensure reliable results, the Giroud-Han method necessitates
calibration for each specific type of geosynthetic under consideration.

The method has only been calibrated for geogrids using the aperture stability modulus (measured by
ASTM D7864) as the characteristic property of the geogrids. Other properties, or groups of properties, can
be used to calibrate the method for all types of geogrids. In the past several years, hundreds of unpaved
roads and areas in the United States, Canada and Latin America have been designed in a consistent manner
using the Giroud-Han method and there have been no reported performance problems on projects designed
using this method.

The Giroud-Han method has been added to the us Federal nghway Admlnlstratlon (FHWA) Geosynthetlcs
Training ] a ossible

to quanitify the 1nf1uence of geogrld and geotextllepropertles
The Giroud-Han method provides the following formula for calculating the required thicknesq of the
unbourld granular (aggregate) layer:
r 1,5
{0,868+CF[Z) }LoglON P
2
h= X nr -1 (1)
{1+0,204[R; -1]} S 2
—_— 1—0,9eXp _(—) NCCM
fs h

where

h is the required compacted aggregate (gravel) thickness (m);

CF is the calibration factor for the geosynthetic usediin design for a “specific set” of punched and

drawn biaxial geogrids;

N is the number of axle passes;

R is the limited modulus ratio of compacted aggregate to subgrade soil (maximum = 5,0);

P is the wheel load (kN);

r is the radius of the equivalént'tyre contact area (m);

S is the allowable rut depth (mm; for rut depths between 50 mm and 100 mm);

fs is the reference rutdepth (75 mm);

N. is the bearingtapacity factor (3,14 for unreinforced; 5,14 for geotextile reinforced; 5,71 for ge-

ogrid reinforced);
C, is theundrained shear strength of subgrade (taken as 30 kPa x CBR of the subgrade soil for CBR’s
between 1 % and 5 %); and
P/1ré A s the tyre contact pressure (kPa), and is equivalent to the tyre pressure (p).

The basethicknessh appears on both sides oI the above equation, which can thererore be solved by iterations.

The original Giroud-Han method, to which Formula (1) refers, has been developed for geotextiles and biaxial
extruded geogrids, hence the method necessitates calibration in the case of extension to other types of
stabilizing geosynthetics.

Limits and applicability of the Giroud-Han method are provided in References [7],[8],[1],[16] and [3].

© IS0 2025 - All rights reserved
16


https://standardsiso.com/api/?name=00fe3bc2caef369b8dc50f0ce64540cf

ISO/TR 18228-5:2025(en)

6.2.2 Leng-Gabr (2006) method

The Leng and Gabr[lZ] method for the design of stabilized unpaved roads shows some similarity to the
Giroud-Han method, but has important differences in the theoretical approach and in the parameters used
to characterize the effect of stabilizing geosynthetics.

The method is based on a simplified analysis of vertical stress diffusion, on the correlation between the
degree of bearing capacity mobilization, and on the elastic secant modulus of stabilizing geosynthetics at
2 % strain (see ISO 10319). The method has been validated with experimental tests results.

In the past several years, hundreds of unpaved roads and areas around the world have been designed in a
consistent manner using the Leng-Gabr method and there have been no reported performance problems on
projectp designed using this method so far.

On the basis of plate loading tests and in-situ tests, it has been demonstrated that the inclusion ef stabilizing
geosynthetics within the base course delays and minimizes the load spreading angle dégrddatign at an
increasjng number of passes. Based on experimental tests and empirical criteria, geegrid inflyence is
introddced through the tensile strength at 2 % elongation T, o, (see ISO 10319). If T}, ¢, is different hetween
the longitudinal and transversal directions, the average value is normally assumed,

The Leng-Gabr method provides the required thickness of the base of an unpaveddoad through the following
formulg:

0,85a(1+k,logN
p|2 a(l+k,logN) P4 (2)
tanoy mN_.C,

k, +(a/h)%081 Max[(o,ss—o,ooo 046T,, > ),0,15] (3)

m= [1—6_0’78(a/h) ]L <1

rCI‘

=0,025-(0,125log N+1,5)

cr

where

h | isthe aggregate base thickness (m);

is the aperture stability modulus (N-m/deg);

s S~

is the tyre pressure (kPa);

a | isthe radijus of tyre footprint (m);

=

is themnumber of standard 80 kN axle passes;

i9the subgrade bearing capacity factor;

- =3,80 (unstabilized base);

- = 5,69 (geotextile stabilized base);

- = 6,04 (geogrid stabilized base);

is the subgrade undrained shear strength (kPa);

@, is theinitial load spreading angle (for N = 1);
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is the coefficient defining the degradation of the load spreading angle with increasing number of

passages;

T, ¢, is the tensile strength of the stabilizing geosynthetic at 2 % strain (kN/m);

r

rCI‘

is the rut depth (m);

is the critical rut depth, reached when the full bearing capacity is mobilized (m).

Note that the base thickness h appears on both sides of the above equation, which can be therefore solved by

iteratio

Refer td

6.2.3

ns.

Pokharel (2010) method for geocells

Based ¢n studies of geocell stabilization mechanisms, numerical modelling and fieldtrials, meth

design
geosyn
depend

Pokhar
geocell

hetic dependent parameters (such as torsional stiffness and tensile strength.at 2 % strain) to

pl[18] modified the Giroud and HanlZl design methodology for use(With geocells. A specifi
products, with specific properties were validated by laboratory.eyclic plate loading tests 4

scale moving wheel tests. In the design methodology, a maximum allowable rutting is set (together

other p

where

kl

Giroud

hrameters) and the pavement thickness is determined by:

_| (0.868+k'logN) P )
1n11+0,204(Rg 1)} 7rr2m5,140u

is the required base course thickness (m);

is the radius of tire contact area (m);

is the number of ESAL;

is the wheel load (kN);

is the undrained cohesion of the subgrade soil (kPa);

is the modulus ratio of base course to subgrade soil;

is the bearing.capacity mobilization factor;

is the conversion factor (0,689 for cyclic plate loading tests, 1,0 for field tests);

isthegeocell calibration factor for the product used in design.

Reference [17] for information regarding the limits and applicability of the Leng-Gabr meth¢d.

pnt parameters (such as elastic stiffness, creep resistance less than 2 % and tensile strength)}

ods for

with geosynthetics were modified and adapted to geocells. The modification$ include changing

geocell

c set of
nd full-
with all

(4)

oA o [7] mvonmacad o Factar (1) that contrnlc tha vrata of vadiction v tha ctrace dictribhitin
He—rah Proe ot ae ot rerSttReate-6+ SHH—te-5tHe55

angle,

ToTtTTTTatto TooroctT < oTrotriooatro

which depends on the (r/h) ratio and the aperture stability modulus of the geogrid. Since the aperture
stability modulus is not suitable for geocells, Pokharell18] proposed a factor (k) to replace the CF (calibration

factor)

for the design of geocell bases over weak subgrade as shown in the equation above.

The reduction in the load distribution angle with the number of passes caused by the deterioration of the
base course material under the repeated loading in the laboratory was observed by Gabr(19 for geogrid
stabilization. Recent research showed that geocell confinement slows down the rate of deterioration and

increas

es and maintains the modulus of the base course.
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The modulus improvement factor I; was proposed by Han et all29] to account for this benefit:

It =Ep s /Epey

where E} ¢ and E} ., are the moduli of stabilized and unstabilized base course.

Considering I;, the modulus ratio Ry in the Pokharel formula can be expressed as:

Rg = Ips (Epey /Esg ) =max(10,0; [ (3,48 CBRy, " ) / CBRg |)

(5)

(6)

where (‘RE’.UL and (‘RRDI5 are the CBR values of the unstabilized base course and of the thgmdp

Han et|all20] reported that the modulus ratio with geocell stabilization ranges between 4,8) and 10,0,
suggestling the value for R is limited to no greater than 10,0, depending on the particular geocelt-being used.

The bedring capacity mobilization coefficient (m) can be calculated by:
2 2
S 01-0,9exp| [ Z ] |b=] —2— 1-0,9exp| -| =
fs h 75mm h

s | is the limit rut depth at the top of the stabilized base course (mm);

3
Il

where

fs | is the rut factor = 75 mm.

The fadtor used by Giroud-HanlZl to control the rate of reduction in the load distribution angld, which

dependk on the aperture stability modulus ] for geogrids, has been replaced by the term:

0,8p8+k'log N

(8)

Pokharpl[18] determined that it is possible to use cyclic plate loading tests and full-scale moving whgel tests
to develop a unique geocell calibration factor, (k) for a particular geocell product. Accordingly, designers can

consulflwith geocell product manufacturers;to better understand the suitability of using a specific

k’ for uge in unpaved road design.

6.2.4 |Emersleben (2009) method for geocells

Emersl¢benl21] developed an-SLS design of a geocell stabilized system used for unpaved road constr
The mogdel is verified by large-scale model and in-situ tests and gives the expected settlements for a st
layer d¢pending on the subgrade strength, the traffic amount and the geocell material strength.

a) CaIulation of settlements:

ralue of

ictions.
hbilized

nts.

(9)

The cumnulative.settlements are the sum of settlements within the geocell layer and subsoil settleme
SGer = SG +SU
where

Sges is the cumulative settlement;
Sg  isthe settlement in geocell layer;
Sy isthe subsoil settlement.

b) Calculation of geocell settlement:

© IS0 2025 - All rights reserved
19


https://standardsiso.com/api/?name=00fe3bc2caef369b8dc50f0ce64540cf

ISO/TR 18228-5:2025(en)

The settlement within the geocell and the geocell strains are linked according to the following.

dy+e-dg

d 2
SG,b :{1—ﬁJhol (10)

where

Sgp are settlements within the geocell layer;

dy
&
hy
A

The load dependent strain £ can be calculated for a strain level up to 2 % as indicated'in.formula bel

B (ag +ay) (a +a;)
(<2 %) (
2 2 (al+02)

whgre:

1
a, £ ———- -7z k . d LA
1 0,04 Y pgh "ME "do

1
ay F——C-kyop - Uc-dg-A
2 0,02 pch Hc -dp
a3 £(0y Kogn )-dp - A

For strgins in excess of 2 %, the load dependent strain can be calculated based on the formula below

22 %

1
::E.y.z.kpgh .‘uE

::c'kpch "Hc

is the geocell installation diameter;

1S the geocell material strain dependent on vertical Stress,
is the geocell height at installation;

is the settlement reduction factor (between 0,3 and 0,7).

[2~t~a-E+al+a2—a3] [2-t-a-E+a1+a2—a3] g
a
— + + 3

_ (0y -Kagn —by=by )-dy - A
) [E-a-2-t—(0y-kyg —by ~ by )-do -A]

11)

2)

is the vertical stress on geocell;

is the geocell installation diameter;

is the geocell secant modulus from radial strain tests;
is the area cross-section with provision for perforation;

is the area cross-section without provision for perforation;
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ug is the coefficient for three-dimensional earth pressure;

Uc s the coefficient for three-dimensional cohesion;

¢ isthe cohesion due to geocell soil stabilization.

c¢) Subsoil settlement calculation:

Geocells lead to an improved distribution of applied loads when compared to a non-stabilized soil layer.
This effect can be measured in radial- and vertical strain tests by an increase of measured horizontal soil
stresses in geocell stabilized structures. A safe side assumption for settlement calculations is to use the soil

friction angle as a load distribution angle

1

Key
1  surfogated load area

loagl distribution
loa¢l

2 3 4

35 |10
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~ e
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Figure9 — Load distribution model for a geocell stabilized soil and derived surrogated load anea (4)

Settlerments-of the soil layers below the geocell (S;;) can be approximated using a closed form solutiqn and a
Surrogf tadlaond aran accnardinag +a DNIN 4010 qcindicatad in Farmaila (12)
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where

Sy is the settlement of soil layers below geocells;

0 g is the normal stress on surrogated load area Ag;

bg is the surrogated width using geocell load distribution angle;
E\; is the mean stiffness value of the relevant soil layer;

fo is the settlement factor.

Traffic pmount can be considered using Formula (14) or other available empirical correlations b
static apd dynamic loads.

Oy 4ykl =Ov,stat .N00468 (
where

Oy 4yl 1S the surrogated static load to stimulate N load cycles;

0, dtar. 1S the static reference load;

N is the load cycles;

NO.P468 js the load factor to consider cyclic loads.
6.3 Paved roads

6.3.1 |Modified American Association of State Highway and Transportation Officials (AASHTO
(1993)method

In North America, the state of practice for theldesign of flexible paved roads with geogrid stabiliz
the basg layer is in accordance with the Ametican Association of State Highway and Transportation (
(AASHTO) Guide for Design of Pavement-Structures[22] which has been aligned with the requirement
AASHTD standard practice document.[23] The AASHTO design method was developed in the early
based dn the AASHTO road test and later revised multiple times until the final version in 1993.

The AASHTO method uses empirical equations based on multilayer elastic theory to model the p4

etween

14)

Ation in
fficials
s of the
sixties

vement

cross section. The structuyéyis characterised by a structural number (SN), that reflects the combined

structural capacity of the flexible pavement to carry a predefined traffic load. During the design pro
is selecfed such that thé-pavement cross section will be able to support the anticipated traffic load
experigncing a loss n.serviceability no greater than what established by the project requiremer
requireld SN is determined by solving the following performance equation:

APSI
2,7

ress, SN
Wwithout
its. The

5)

oo
logWsg =Zg S +9,36log(Sn+1)—0,2+ 27

+2,32log My —8,07 &l

)

(SN+1)>1°
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Wig is the number of 80 kN ESAL applications over the design life of the pavement;

is the standard normal deviate;

is the standard deviation;

APSI  is the allowable loss in present serviceability index (PSI);

Once th
SN-

where

Accord

capacit
1) Trq
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sarn

2) Bag
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3) Lay
the)

Each of
of thesg
Specifig
the geo

When (
suggest
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The TB
geosyn

is the resilient modulus of the subgrade.
e required SN is determined, the pavement structure can be designed through a series of iter

a,and a;  are the layer coefficients of surface, base and subbase respectively (relative stre
the layer);

D, and D3 are the thicknesses of surface, base and subbase layers ‘tespectively;

and my are the drainage coefficients of base and subbase.

ng to the GMA white paper,[24] the structural contribution 0f'geosynthetics to the overall sty

y of the pavement structure can be included in the desigh¢hrough three factors.

ffic benefit ratio (TBR): Ratio of number of load applications of the geosynthetic stabilized
r the number of load applications of the unstabilized section with the same geometry, mate
he defined failure state.

e course reduction factor (BCR): Percent reduction in the thickness of the geosynthetic st
e layer compared to an unstabilized one:

er coefficient ratio (LCR): Ratio of the layer coefficient of the geosynthetic stabilized base lay
layer coefficient of the unstabilized one.

these three factors is derived from empirical data specific to each geosynthetic. It means th

parameters must be determined from laboratory and field tests carried out by each manuf
ally, full-scale test trialssindependently certified must generally justify the data properly and
synthetic benefits.

lesigning a geesynthetic stabilized pavement structure, one of the first steps AASHTO R5
s is assessing-the target benefit of using a geosynthetic in terms of service life, reduction
ss or both. TPhis leads the designer to choose whether to apply the TBR, the LCR, or the BCR ap

R can-be modified to evaluate the increased total number of ESAL due to the beneficial effeq
hetics:

ations:

16)
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D-09[43]
of base
proach.

t of the

W18, stabilized = TBR 'W18, unstabilized (1

Typical

TBR values range from 1,5 to 10 for geotextiles and 1,5 to 70 for geogrids.
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On the other hand, if the design target is to reduce the base layer thickness, then the BCR approach can be
followed, where BCR is defined as:

BCR — 1 _ Dstabilized

(18)
unstabilized
This can be modified as:
SN=a,-D;+ L D a, -my + ! D as-m (19)
171 1—BCR2 2,BCR ™2 "'172 1—BCR3 3,BCR "3 "3
When omly-thebasetayerisstabilized the reduced-basetayerthicknesseanbecateulatedasfelews:
_SN-ay-Dy—ag-Ds peg -m3 !
D3 bcr = (20)
BCRZ ~dp -My
Typical|base course thickness savings range between 20 % and 30 % for geotextiles and“30 % to 50 % for
geogrids, resulting in BCR = 0,2 - 0,3 for geotextiles and BCR = 0,3 - 0,5 for geogrids.
In the ICR design approach, the coefficient is directly applied to implement the benefit of the geosynthetic

into the¢ design method to reduce the base layer thickness. However, the LCR‘is calculated from fi
results|as the ratio of layer coefficients instead of layer thicknesses. It therefore represents the imp

a specif
perforn

SN

The LC]
geosyn
(having

Followi}rg this method, the designer can quantify the performance benefits of the geogrid reinfoy

throug
The st4
of the ¢
perforn

The rel

LCH

The LCI
geosyn
direct 1
[25]) tl
consery

ic geosynthetic provides to the layer coefficient of the layer in which the geosynthetic is plag
nance benefits are therefore implemented in the design method as follows:

hetic, two different LCR values are normally usedfor the base (having subbase below) and 5
subgrade below).

both the increase in service life (i.€) the number of ESAL) and decrease in layer th
ndard practice for all these three approaches is empirical in nature and relies on the exp

esigner and the published data _fiom the manufacturer on full scale test results to detern|
nance benefit coefficients.
hitionship between LCR andBER is derived as follows:
1 .
= (‘
1-BCR

R and BCR approaches are just two faces of the same coin, since LCR and BCR values, for t}
hetic and the same CBR of the layer below, are directly linked by a simple correlation. Hoy
elationshipfcannot be established between LCR or BCR and TBR. It has been shown (see Re
nat TBR~and LCR approaches can be used independently, but the LCR approach leads t
ative\results.

eld test
act that

ed. The

R is usually obtained and plotted as a function of the\EBR of the layer below. Therefore, for the same

ubbase

cement
ckness.
erience
ine the
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le same
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6.3.2

MEPDG methods

In 2008, AASHTO officially adopted the Mechanistic-Empirical Pavement Design Guide (MEPDG). The
method uses mechanistic principles to minimize design reliance on empirical observation and maximize
reliability. Mechanistic properties of materials of each pavement layer are input in the design method.
Therefore, the MEPDG platform is normally considered as better suited to incorporate the benefits of
geosynthetic stabilization. In the available MEPDG models, geosynthetic stabilization is often incorporated
as an equivalent resilient modulus and Poisson ratio. However, depending on the asphalt layer thickness, the
geosynthetic contribution has been incorporated into the properties of the base course also as an equivalent
delay in the onset of fatigue cracking. Therefore, the benefits of the geosynthetic reinforcement have not been
consistently defined (see Reference [26]). The use of the MEPDG method with geosynthetics for stabilization
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necessitates the definition of rut and fatigue laws for stabilized roads, which necessitates extensive testing
on stabilized sections. The application of MEPDG to stabilized roads is still under development.

6.4 Working platforms and load transfer platforms

6.4.1 General

When dealing with working platforms for heavy machinery or with load transfer platforms for parking
decks, container yards and similar applications, the loads can be considered as static.

In these applications, geosynthetics still provide the stabilization function. That is, the confinement
mecharfism and sometimes the tensioned membrane mechanism are provided by the geosynthetics|but the
referenge limit state is the ULS for bearing capacity.

There dre two typical soil conditions which can produce inadequate bearing capacity for a working platform
or a loafl transfer platform.

— Soff silt or clay.
— Logse sand.

These tyvo soil conditions are addressed by two different design methods: the Static method and the BCR method.

6.4.2 |Static method for clay subgrade

When g vertical static load is applied to a load transfer platfofm involving a gravel aggregate and clay
subgradle system, horizontal and vertical stresses are generated. The horizontal stresses in the aggregate
result ih outward shear stresses on the surface of the subgrade: These shear stresses can reduce the pearing
capacity of the clay to as little as one half the value for purely vertical loading. If a stabilizing geosynthetic is
present], these shear stresses can be carried by the geosynthetic (depending on interface friction), allowing
the fullfbearing capacity of the clay to be mobilized.

Resear¢h by Rodinl27Z] and Barenberg,[28] among‘others, showed that the bearing capacity of a spft clay
subgrade, unstabilized granular (aggregate) layer system can be approximated as:

qu £7Cy (23)
while the bearing capacity of a soft-clay subgrade, stabilized granular (i.e. aggregate) layer systenj can be
approximated as:

qr ¥27c, (24)
Rutting and deformations of the granular (aggregate) platform can be limited by reducing the allowable

bearing capacity through a proper factor of safety (FS). An FS of 2 results in good reduction of defornations
and displacements. An FS of 3 is normally selected when allowable deformations need to be minimal;

GQual= % [FS; (25)

qra =9, / FS.

The static method derives from the research given in References [27] and [28], among others, and is
applicable for the design of load transfer platforms built over soft clay soil.

The static method is based on the distribution of pressures generated at the surface of the soft clay layer by
acircular or rectangular loaded area on top of the granular (aggregate) layer through a planar 2D stabilizing
geosynthetic. The design method ensures that the pressure at the top of subgrade is less than the allowable
bearing pressure of the subgrade soil divided by a proper FS. This technique assumes that the vertical
pressures are distributed through the platform soil layer according to the Boussinesq theory for circular or
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rectangular loaded areas. If a vertical pressure (q) is applied, evenly distributed on a circular or rectangular
area, on a homogeneous elastic half space, since the overburden stress (y-h) is constant, the application of
the pressure (q) generates equilibrium conditions in every point of the medium. Hence the vertical stress is
independent of the medium characteristics. The Boussinesq theory provides the stress components at every
point along the vertical line passing through the centre of the circular area or through one corner of the
rectangular area.

The wheel load (P) applied by a vehicle is approximately equivalent to a uniform vertical stress, equal to the
tyre pressure (p), on a circular area where the equivalent radius is:

=

P/rp)*? (26)

Introdu
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of 150 tnm to 300 mm. Further details ¢ap be found in Reference [30].

Other s
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Wester
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effect of the Westergaard assumption is to reduce the stress at the top of layer 2 in Figure 10, belo

obtaine

Wester
horizon
Wester
advisah

cing this into the Boussinesq equation for uniform vertical stress on a circular area and $6l
7), the required thickness of the unstabilized layer is:

r, is the thickness of platform (m) at which the bearing capacity g, becomes equal to the
hduced by the tire pressure p on the circular area of radius r.

uired thickness of the unstabilized layer is:
—2/3 1/2 )
/| (1=ava /02 1] (

formulas, using the Boussinesq equation for uniformivertical stress p on a rectangular are
ion of the required thicknesses z, and z, in the cases’of rectangular loads, like tracks and
be Reference [29]).

ison of z. and z for equal vertical stress and.size of the loaded area show that the platform th
educed by 30 % to 50 % by using planar 2D-stabilizing geosynthetics.

ptting the platform thickness, the stabilizing geosynthetics layout is usually designed. T
are usually obtained with 2 to 3 lay€rs of equally spaced stabilizing geosynthetics at vertical

imilar methods are basedwoh Westergaard’s layered elastic theory for the determinatior
of vertical stress in the.subgrade beneath a stabilized layer, rather than on the Boussinesq
baard’s analysis is based’/on the assumption that the soil on which load is applied is stabil
spaced horizontal Jayers (geosynthetics in this case) which prevent horizontal displacems

d by Boussinesqyequations.

baard’s theory assumes that the Poisson modulus is equal to zero since it assumes that t
tal layers.afford infinite stiffness, that is with no horizontal strain. Hence methods based
paardstheory are less conservative than methods based on the Boussinesq theory. As su
le-to ‘check in advance whether the Westergaard theory is applicable in the considered
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Figure 10 — Example of rectangular loaded area: tracked crane

BCR method for soft sand subgrade

R method assumes that the static load transmitted by uniférmly loaded circular or rectangul:
hetics in the granular (aggregate) layer can increase the bearing capacity through a widsg

hetics allows the load spreading angle to increase from a batter of approximately 2V/1H to
bx. 1V/1H, as shown in Figure 11.

i\ areas

buted throughout the platform structure down to the leose sand layer. The insertion of stabilizing

ning of

d distribution area. Experimental research has.demonstrated that the insertion of stabilizing

h batter

B' = B+ 2tH/2) B'=B+2H

batter of 2V/1H to a batter of 1V/1H

bilized\granular (aggregate) layer is assumed to act as a semi-rigid foundation, whose

Pm a

bearing
e width

 can be calculated with the classical Terzaghi equation. The load spreading angle modifies th

hedength L’ of the load area at the subgrade top surface. The bearing capacity can then be calculated

using the well-known Terzaghi equation, like for a foundation having dimensions B’ and L

Qim =1/27'B'N, s, +c'Ncs.+q'Ngsq

where

Ny

Sq, S

NOTE

N, N,  are the bearing capacity factors;

¢ Sy are the shape coefficients (functions of the ratio B/L’).

For a circular or square loaded area, B’ = L, hence: B/L’ = 1,0.
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Using the Terzaghi equation, the bearing capacity q, and g, can be calculated for the unstabilized and
stabilized granular (aggregate) layer condition, for any value of the deck thicknesses h, and h,.

The FS can then be calculated as:

— unreinforced deck: FS,=q,/04,

—  reinforced deck: FS.=q,/o,.

The BCR can be calculated as:

BCR=FS_ [FS, Z(Qr/qu)'(o-vu/o-vr)

(30)

Optima]l results are usually obtained for BCR = 1,60 - 1,75, affording FS,.= 2,0 - 3,0.

Furthei
6.5 R

6.5.1

As repd
several
the Net

details can be found in Reference [30].
ailways

Network Rail (UK) design specifications

rted by Das,[33] the use of geogrids is beginning to be incorporated-nto the railroad design
countries, particularly in Europe. As an example, Table 1is a summary of the guidelines ado|
work Rail in the United Kingdom.

The philosophy of the Network Rail track bed design is based o achieving certain sleeper support s

targets
as show

for different lines [existing line or green field (virgin ground)]. The Network Rail track bed d
m in Table 1.

Table 1 — Dynamic sleeper support stiffness (K)

odes of
pted by

tiffness
esign is

Site type Minimum dynamic sleeper s
stiffness (K) - KN/mm/sleeper endb

upport

Existing lines, linespeed < 80 km/h (50 mph) 30 (2,0)
Existing lines, linespeed 80 km to 201 kni/h (50 mph to 125 mph) 60 (1,0)2
Greenfipld sites Up to 160 km/h (100 mph) 60 (1,0)
Above 160 km/h (100 mph) 100 (0,6)
a2 The|required track bed performance can also be achieved on softer formations with the use of Geogrid reinfofcement,
provided that the dynamic sleeper support stiffness is at least 30 kN/mm/sleeper end.
b Figyres in brackets in this column show FWD sleeper deflection in mm.
Based dn the selectéd sleeper support stiffness and subgrade shear strength or modulus, a total thickness of

granula

r layers'can be determined using Figure 12.
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(12,5) (25) (37,5) (50) (62,5)
X
|A| B | C D
Key
X  undrained shear strength - C, (kN/m?2) A softclay
(figures in brackets give approximate sub-grade modulus E
valyies - MN/m?)
Y  dyrjamic sleeper support stiffness K - kN/mm/sleeper end »B*  firm clay
totdl thickness of granular track bed layers (m) C stiffclay
note that this chart does not apply where drainage ispeor D  very stiff
Figure 12 — Determination of thickness of trackbed layers
6.5.2 |Ev2 method
The dedign procedure is usually as follows:
— E_modulus on subgrad€’i§ measured;

research;

— construction layer h. (Figure 14) is to be used, e.g. to achieve frost protection thickness.
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X
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X moflulus on subgrade - E, [MPa] 3"\ stabilization
Y  thigkness of granular or stabilized layer - hg [cm] 4 design from case to case
1 forlvarious E (fill)
2 no stabilization
NOTE The minimum h=15 cm.

Figure 13~~"Typical design chart for determination of hg
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a) Road subbase stabilization — Ev2 method
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c) Multilayered railway or roadcstructures — Ev2 method

e 4 subsoil
bilized layer 5 Dballast
grid 6  construction layer

Eigure 14 — Layers in Ev2 method

Railway ballast stabilization

5 no direct method-for the design of stabilization of railway ballast. However, there are parg
luence the desigh and empirical methods for the design of railway ballast using geosynthetic

principles-that can be applied are as follows:

e service life of the ballast layer can be extended by several years due to restriction of
placement and therefore result in less abrasivity of grains.

imeters

D.

particle

— A geotextile or geogrid can be placed at the base of the ballast layer to restrict particle displacement.

— Ageogrid with compatible aperture size is normally selected to suit the grading of the ballast to be used.

Increasing the thickness of the ballast layer by 5 cm to 10 cm (see Figure 15) avoids damaging the geogrid
during tamping or clearing operations.
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Key
nonmal base 4  geogrid
lowered base, 5 cm to 10 cm 5 subbase
ballast 6  subsoil

Figure 15 — Typical layout of railway ballast stabilization

6.5.4 |Design method for railway stabilization with geocells

A compyrehensive field case study conducted by the US Federal Railwway ’Administration showed thatl geocell
stabilizption performance extended the maintenance cycles (see Reférence [32]).

A primdry contribution of geocells to a railway structure is the.improved modulus (i.e. MIF) of the stabilized
layer, and of layers above it, if they are present. This conceptis detailed in 6.2.3.

Based gqn the MIF value, the geocell stabilization increases the overall stiffness of the sub-ballast stiucture.
The stappilized sub-ballast layer can then be optimised in terms of reduced thickness, and the use o¢f lower
quality|or marginal materials. The design criteria\in such a structure can include the required Ey;, modulus
(modulpis of subgrade reaction measured in a plate loading test) on top of the sub-ballast structure, according
to railway standards (typically between 20 WIPa and 100 MPa).

The different layer moduli can be defined considering that the modulus of each layer is dependent on the
layer umderneath it, as listed in Table 2.

Table 2 — Formulas for different layer moduli

Elasticlty parameters Notes

Base E, =E, x (1+0,006 7xh; [mm]) E,, [MPa] <700
v, =0,35

Sub-bape Eg, = Egg x (1+0,003xhg,[mm]) E4[MPa] <300
Vg,= 0,35

Subgrare Eg,[MPa] = 14 x CBR [%] 2<CBR[%] <12
Vg, = 0,40

SOURCE: Reference [33], reproduced with the permission of the authors.
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is the subbase layer thickness [mm];

is the granular (aggregate) base layer thickness [mm];
is the subgrade elastic modulus [MPa];

is the subbase elastic modulus [MPa];

is the granular (aggregate) base elastic modulus [MPa];

Vi Vsy Vsg  are the Poisson’s ratio of base, subbase and subgrade, respectively.
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Esb;

Once th
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below the centre of the sleeper can be calculated for both stabilized and-uinstabilized railway str

using st

The str
the ind

the number of loading cycles raised to a power A, according to-the following formula:

%1
02
where
oy,
A
If P den|

o1
02

For con|

01
02

Iculating E; and E;, with the formulas in Table 2, it is possible to evaluate the MIF value (b
ific data and parameters for different types of geocells). If the subbase is stabilizeéd with g
ulus of the stabilized subbase E is:

=E, -MIF (

e layer thicknesses and moduli of the unstabilized and geocell stabilized railway sub ballg
t, the vertical settlement on the sub-ballast surface and the vertical stress on the subgrade

andard stress and strain software for railway design.

bss and strain characteristic of a railway substructure is dependent on the frequency and thg
vidual axle load applications. Accordingly, the loading on the subgrade is inversely proport

A
:{&] (
Ny

0, are the vertical stresses corresponding to N1, N2 loading cycles respectively;
is the exponent with a mean value of 0,2.

potes the load per axle and.T’)denotes the daily traffic tonnage the equation above becomes:

(R (

stant axle loads, P; = P, and the equation above becomes:

(2

hsed on
eocells,

1)

st have
surface
uctures

b size of
jonal to

82)

33)

b4)

where

T 15 are daity traffic tonmage correspomnding to vy, V5 toading tycles tespectivety:

The above formulae allow calculation of the improvement in loading cycles and daily traffic tonnage that can
be accommodated by the geocell stabilization design.

6.6 Design of the geosynthetics layout

The above illustrated design methods usually assume that the granular (aggregate) layer is stabilized with
just one geosynthetic layer, but that the required geosynthetic layout is yet to be designed.

© IS0 2025 - All rights reserved
33


https://standardsiso.com/api/?name=00fe3bc2caef369b8dc50f0ce64540cf

ISO/TR 18228-5:2025(en)

Geosynthetics provide the following stabilizing mechanisms:
— Dbase course lateral restraint mechanism for horizontal stresses generated by the soil self-weight;

— base course lateral restraint mechanism for horizontal stresses generated by dynamic or cyclic loading
(typically wheels).

Each of these mechanisms produce tensile forces in the geogrid layers.

The dynamic or cyclic effect of wheel loading is usually considered in the presently available methods
(AASHTO method, Giroud-Han method, Leng-Gabr method, etc.). Therefore, the thickness of the base or
subbase resultlng from such methods is already approprlate for prov1d1ng the structural capacity of the
road to[re ] 3 el passa

When the applied load is static (like in the case of a working platform) or quasi-static (like_in\the|case of
a crawler crane), then the required platform thickness can be calculated with the Static method, the BCR
method, etc., to prevent bearing failure.

Given the base, subbase or the platform thickness, by considering separately the effect of the statjc loads
(applied static or quasi-static loads, soil self-weight and tensioned membrane mec¢hanism) and the|instant
effect df wheel load, it is then possible to calculate the distribution of the horizental tensile forcep in the
whole rpad structure. The overall tensile forces generated in each layer of geosynthetic can also be calculated
and then an appropriate geosynthetic for each layer can be selected based-on_the limit strain criterign.

Rimold} and Scottol34] developed a model consisting of four soil layets and any number of geosynthetic
layers fpr the design of planar 2D stabilizing geosynthetics (see Figure 16):

— asphjalt course (AC);
— base|course (BC);

— subbase course (SB);
— and $ubgrade (SG).

The mogdel assumes that the load is applied as auniform vertical pressure o, = p on a circular or rectangular
area; this load spreads in the 3 layers of the platform structure (AC, BC and SB) according to thgir load
spreading angles ay, a,, as.
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Figure 16 — General scheme of the 4-layers model and of the first geosynthetic layer placed at
subgrade interface

The model allows the calculation of the tensile force in each geosynthetic, produced by the following
mechanism:

— Force due to the horizontal soil trust:
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(i-1)~th_GSY
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is the tensile force generated in the i-th geosynthetic by the soil thrust;

is the reference depth;

Oph.oad 1S the horizontal stress produced soil trust.
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ce due to the horizontal stresses generated by the uniform circular or rectangular loads<t
face:
i—th_GSY
1641604 (Z) G
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ere

is the tensile force generated in the i-th geosynthetic by the circilar or rectangular unifo
at top;

is the reference depth;

oad IS the horizontal stress produced by the circular orectangular uniform load at top.

forces due to membrane mechanism at the interfacewith the subgrade, the first geosynthet
the interface with the subgrade) is the most subject to out-of-the plane deformations dug
hpaction of the first lift of soil on the soft subgrade, while the upper layers of geosynthetics
subjected to vertical displacements.

 tension in the reinforcement can be determined from the following equation:

=Wrej Q-1 (3
Pre
is the tensioned membrane force in the geosynthetic;

is the dimensienless factor of the tensioned membrane theory, function of geosynthetic st

c is the uniforyn vertical load, which is a function of the load cone volume below the loaded ¢

bl horizoental force that the i-th geosynthetic layer has to withstand is then:

-1=T21+Tp1+Tm (:

density;wheel load, subgrade resilient modulus R, and the loaded area of the geosynthetig.

the top

6)

rm load

ic layer
b to the
are far

7)

rain;

irea, fill

8)

where T, applies only to the first geosynthetic layer at the interface with the subgrade, either of the base
course or of the subbase course.

The i-th geosynthetic layer is normally able to provide a tensile force equal to or larger than T, at the set
maximum strain limit.

For important structures, the geosynthetic strain is usually limited to 1 % to 2 %, while for less important
structures (or when the design conditions afford slightly larger deformations), a 3 %, 4 % or 5 % limit strain
can be acceptable.
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Further details and all formulas required for the design of planar 2D geosynthetics layout can be found in
Reference [34] for circular loaded area and in Reference [29] for rectangular loaded area.

7 Materials

7.1 Properties of aggregate

An unbound granular (aggregate) layer that is composed of a well graded aggregate plays a structurally
important role by providing load distribution. During the load distribution process, the resilient and
permanent deformation response of the unbound aggregate base course is known to be influenced by many

factors Wmmmmnﬁmmmmmm@Wumatic,
pad foof or steel drum compaction equipment) and grading and fines content (see Reference [351.

7.2 Key properties for geosynthetics - Internal confinement

The precise quantification of individual properties of geosynthetics for inclusionin the desigh of an
internally confined stabilized layer is not widely accepted. However, some properties‘have been identified
which gppear to be important in respect of geosynthetic performance in these, systems and som¢ which
do not.|In the case of properties that appear to be important, the precise quantification of the individual
properties of the geosynthetic is required.

Ultimate tensile strength has not been found to be a predictor of performance for geosynthetics |[in road
applications based on experience of full-scale trafficking trials at low’ deformation levels. Key facfors for
stabilizption (internal confinement) are the long term tensile stiffness of the geosynthetic at low strain
levels and degree and efficiency of the geosynthetic and aggregateé interaction. Full scale trafficking trials
have igﬁntified empirically derived parameters known as the\traffic benefit ratio (TBR), the base course
reductipn factor (BCR) and the layer coefficient ration (LCR}):

Trials used for calibration of TBR, BCR or LCR need tq be as representative as possible of actual conditions
in the fleld. Determination of the design parameters-for a specific geosynthetic can be done using fyll-scale
movingwheel tests which can be supplemented byeyclic plate loading tests. Also, documented case hiistories
can pravide valuable information complementing the data from full-scale tests, thereby contributif’l‘L to the
validatjon of the design parameters for a specific geosynthetic.

In ordef to provide lateral restraint or Confinement to the aggregate particles, those geosynthetic elements
(bars, tibs, bundles, fibres etc.), whi¢h are positioned crosswise or diagonal to the direction of particle
displacement, are subjected to shear:forces. In the case of geogrids, those shear forces are then transferred
into adJacent elements capable~of-resisting these forces via shear at the element junctions. The strength
and stiffness of the connectiens-at the junction area depends upon the manufacturing technology uged. The
overall [stiffness and integrity of the product needs to meet the requirements for the SLS of the stabilized
constryction as well as the-ULS.

The mdgnitude of lateral restraint or confinement is related to the stiffness of the geosynthetiq at low
strain. fAs the quality of interaction between geosynthetic and soil plays a key role in the development of the
confined zone,the soil and geosynthetic interaction is usually considered.

7.3 Keyproperties for geosynthetics - External confinement

The geometry and material properties of the geocell are key properties to maximize the effect of stabilization
and to validate it for the design life of the project.

The key material properties of the geocell, related to hoop tension forces in the cell walls, are its elastic
stiffness and resistance to permanent deformation. These properties contribute to the magnitude of the
stabilization for the design life. Another key property is junction strength.

The stiffer the geocell, the higher the hoop tension stress can be and, thus, the higher the MIF. Material
properties can be measured by the hoop tensile test (wide-width perforated cell wall and junction), dynamic
mechanical analysis (see ISO 6721-1 and ASTM E2254) and accelerated creep test (ASTM D6992 modified
for geocells). The creep test for geocells is normally performed with wide-width perforated cell walls at a
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fixed load that simulates the applied hoop tension forces according to the location of the geocell layer in the
pavement structure. The improvement of the geocell-stabilized layer for the entire design life is dependent
on the geocell material properties (tensile, dynamic stiffness and creep) to assure very low deformation of
the confining cell walls, i.e., less than 2 % accumulated for the entire design life (a higher value can invalidate
stabilization).

The geometry of the geocell including cell size, height, texture and perforation pattern affect the magnitude
of stabilization. The size (diameter) of the cells affects the density of confinement. A small-diameter cell size
with a higher cell wall (depth) provides a larger MIF than a large-diameter cell size with a lower cell wall
height. The perforation pattern is normally distributed as uniformly as possible to maximize the soil-cell
friction interaction, permitting water to flow while preventing particle migration between cells. The geocell

anels aranorially camnactad 1 ool o Ay Ao tn ractkradn Tatrnral and o da ratation b A conpnrectHon
Hre-RHorarry-coRecreaH-SHena-wayaSto-fFeStrathatearaia o aeroatoi-or+tne-conhectgll.

The stiffness modulus is an indication of the relationship between the force exerted on a material pnd the
associafed elastic deformation. The elastic deformation behaviour is the main mechanical prpoperty for all
types df pavement bases, from unbound to bound. The same principle applies to base stabilizatipn with
geocell$. The net dynamic stiffness modulus (DMA-test) is determined by ISO 6721-1 oy ASTM E2254.

Tensile dynamicloading on a geocell can result in a reduction in strength referred to asfatigue. Fatigug testing
of matefials is frequently investigated by applying high dynamic loads, establishing the relationship Hetween
the loaqd and number of cycles and then extrapolating the number of cycles to failure (see Reference [40]).

Simulafling elastic versus plastic behaviour is important to ensure perfofmance in long-term appligations.
Polymefs tend to lose elastic modulus (stiffness) over time, particularly under dynamic loading, anld enter
the plagtic (viscous) range (see Reference [37]).

A geocgll normally maintains stiffness under dynamic loading4yithout significant permanent deformation
or loss pf geometry, which can result in a loss of confinement,invalidate design parameters or cause|failure.
In projgct design, the stiffer the geocell is, the less lateral anid*vertical movement there is, and therefore the
compressive stress is increased. The dynamic elastic behaviour is relevant to the improvement of|geocell
performance as follows (see Reference [38]):

— wider elastic zone endures higher stress withotit permanent deformation;

— lower elastic deformation enables a highervmodulus improvement factor (MIF) and lower settlements of
corlfined infill soil;

— duifability for cyclical loading provides resistance to polymeric fatigue.

8 Testing

8.1 General

Many pprameters of geosynthetics, such as tensile behaviour or interaction, can be evaluated by labpratory
tests, cprresponding to so called index testing. However, these index tests cannot completely reflect the
complek in-situbehaviour of the geosynthetic and soil system. Hence, when required, so called performance
testingfis nefimally carried out for the geosynthetics and for the interaction of geosynthetics and soll (large
scale laperatory tests or in situ tests, or both).

The key properties of geosynthetics defined in this document are normally validated according to standard
testing methods to ensure the design performance for the duration of the project design life.

8.2 Accelerated pavement tests (APT)

For paved roads, AASHTO R 50-0943] references the GMA White Paper I1[39] for specifics on the design
process as it relates to the inclusion of geosynthetics in pavements. Benefits of pavement stabilization
associated with life extension can be incorporated into an empirical design (e.g. Reference [43]) using a TBR
or a BCR or an LCR which accurately represent the additional number of ESALs which can be carried by
the stabilized pavement. Products submitted as equivalent normally have documented equivalent or better
performance in pavement stabilization in full-scale accelerated pavement tests (APT), as well as results
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from completed project experience for the project conditions (base course material and thickness, failure
criterion, subgrade strength, etc.). Results from field performance can include, but are not to be limited to,
static and repetitive plate load testing to confirm material properties at the time of construction, as well as
over the life of the pavement.

APT can be utilized to gather the data needed for developing the design inputs required for the stabilized
layer (TBR, BCR or LCR) and verification of the ability of the stabilized layer to extend the life of a pavement.
A minimum of three full-scale APT sections are usually constructed and tested following the protocol
defined in Reference [40] or other appropriate guidance. The APT tests are usually planned to cover different
ranges of subgrade strengths, variation of pavement and base thicknesses, different type of stabilizing
geosynthetlcs and their locatlon within the pavement section. Further the test sections can be deSIgned and
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ests for geotextiles and geogrids

rt term tensile strength (see ISO 10319), for identification purposes only;

sile creep (see ISO 13431 and ASTM-D6992), only when considering permanent static loads;
sile stiffness (see ISO 10319) at strains appropriate to the stabilization function;

fallation damage resistance (see EN ISO 10722);

fficients of friction and interaction between geosynthetics and soils (see ISO 12957-1);
ability;

resistance (see EN 12224) te.determine the maximum exposure time before covering the geosy

mical durability in contact with soils and ground water (see EN 12447 or ISO 13438).

nally, for geogrids:
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ensions of thegeogrid aperture related to the fill particle size distribution;

tion strength or efficiency (see ASTM D7737).

tests that can be undertaken for both geotextiles and geogrids can include (but are not limit¢
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Typical

tests that can be undertaken for geocells can include (but are not limited to):

— geometry of geocells: determining the cell height and distance between internal junctions;

— single strip tensile strength: testing of strength at yield of the full width of a perforated or non-perforated
cell wall (see ISO 10319);

— junction strength (see ISO 13426-1, Method C) for resistance to relative movement, node rotation, lateral
and vertical movement;
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