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Foreword

ISO (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 prog¢edures used to develop this document and those intended for its further maintenance ate
describefd in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO document should be noted. This document was drafted in accordancge with the
editorialrules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

[SO drays attention to the possibility that the implementation of this document may,involve the ug
of (a) patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimg
patent rights in respect thereof. As of the date of publication of this document, 4SO had not receive
notice of| (a) patent(s) which may be required to implement this document. However, implementers a1
cautione(d that this may not represent the latest information, which may be,obtained from the patel
databasg available at www.iso.org/patents. ISO shall not be held respornsible for identifying any or 3
such patgnt rights.

== 0 o

Any trade name used in this document is information given for the.Convenience of users and does n¢t
constitute an endorsement.

For an ¢xplanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressipns related to conformity assessment, as well "as information about ISO's adherence fo
the Worlld Trade Organization (WTO) principles inthe Technical Barriers to Trade (TBT), see
www.isd.org/iso/foreword.html.

This document was prepared by Technical Commnittee ISO/TC 221, Geosynthetics, Working group WG p,
Design uing geosynthetics.

Alist of 3ll parts in the ISO/TR 18228 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body.|A
completg listing of these bodies Caii'be found at www.iso.org/members.html.

iv © IS0 2023 - All rights reserved


https://www.iso.org/directives-and-policies.html
http://www.iso.org/patents
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=d0787fc9c2eccf77edd17a536c75f4c5

ISO/TR 18228-6:2023(E)

Introduction

The ISO/TR 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 characterisation 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
nfaterial factors and load factors for various applications and design [1ves, where appropriate.

This document includes information relating to the use of geosynthetics in a protective fihctign.
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Design using geosynthetics —

Part 6:
Protection

Scope

bosynthetics to fulfil a protective function to any surface or material placed dn’contact with the
Fotective element.

1
This document provides general considerations to support design guidance for tlie”evalgation of
g
p
Normative references

bnstitutes requirements of this document. For dated references,only the edition cited applies. For

2
The following documents are referred to in the text in such a way that some or all of their content
c
uhdated references, the latest edition of the referenced documenty(including any amendments) applies.

[§0 10318-1, Geosynthetics — Part 1: Terms and definitions

[§0 10318-2, Geosynthetics — Part 2: Symbols and pictograms

3| Terms, definitions and symbols

[98)

1 Terms and definitions

3]

br the purposes of this document, théterms and definitions given in ISO 10318-1 apply.

et

§0 and IEC maintain terminology-databases for use in standardization at the following addregses:

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

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

w

.2 Symbols

z3]

br the purpeses of this document, the symbols in ISO 10318-2 apply.

Concepts and fundamental principles

; sfor-protection{protectorsiarefrequenty ated-withothergeosyntheties and soil
components in barrier systems. The objective of any barrier protector is to ensure that the stresses and
strains encountered during the construction phase and operational life of a site pose no significant risk
of damage to the barrier. The aim of the geosynthetic protection layer is to limit damage to the barrier
caused by the drainage aggregate placed above the barrier (see Figure 1 and Figure 2). Designers would
normally assess the potential for stresses and strains in the protector. This document covers the use of

geosynthetics as a protection layer for barriers.

©1S0 2023 - All rights reserved 1
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Figure 2 — Placement ainage aggregate
K\
The purpose of the protective layer is to: \O

o5
— minimize the risk of barrier damage @g’ncture during construction i.e. placement of the aggregate
draipage layer (dynamic loads) (statictoads). The test methods described in Clause 4 don’t cover thjs
aspdct of the design. Test pads g the actual geotextile grade, drainage aggregate and placement
equipment are normally perfo@l d in order to assess the minimum aggregate placement thickneg
FiguEe 3 shows barrier damage from a rounded river gravel due to trafficking with <150 mm covejr;

N

and

— minjmize the locali
conthinment facili
exarmple, envir

strains in the barrier during the subsequent operation and life of the
. Hence reducing the risk for future mechanical damage forming due to, for
ental stress cracking.

2 © IS0 2023 - All rights reserved
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>

Qs

geosynthet@l provide some stress reduction (Figures 4 and 5) however, this layer alone W
brmally ?élied upon to reduce all stresses from the barrier. While strain minimization is d

psigne

Re

Figure 3 — Barrier damage due to construetion traffic

X
_ ¢°

N
Figure 4 — Defor&@m without protection layer

xO

N
O

.

Figure 5 — Deformation with protection layer

S

ould normally be aware that zero strain is unlikely to be achieved.

%)peion annroaches for protection
O rr T

rould not
esirable,

J

Table 1 outlines some of the common issues designers normally consider in selecting the most effective
geosynthetic for protection.
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Table 1 — Issues considered by designers

Environment Issue

— The likely stresses and strains imposed during the
construction period.

— The likely stresses and strains imposed by
settlement and movement.

— The likely stresses and strains imposed by the

materiale nlacod in contact with tho gogcunthaoti
¥ o J

particularly any drainage stone.

Physical — The duration of exposure to ultraviolet light:

— The likely temperatures expected adjacent to th|
geosynthetic and whether these are| likely to hay
a damaging effect upon the material properties i
any way.

= (D (D

— Theinterface friction angles between the material
around the geosynthétics and the geosynthetig
themselves, particulatly on slopes.

v wn

— The likely interaction between the geosyntheti
and the matépial around the geosynthetic. It i
usual for thiere to be little or no interaction.

[Z0g)

— The polymeric structure of the geosynthetic itse

and whether it will be prone to degradation whic
Chemical would affect its ability to protect the barrier. Thj
polymeric structure would normally be such a
to cover the predicted life of the geosynthetic an
barrier.

=% =

— The effects of mineral precipitation on thie
geosynthetics performance.

—

— The effects of microbial growth on the polymer d
the geosynthetic.

Biological

— The effects of microbial growth on the
characteristics of the geosynthetic.

Currentlly there are two main approaches regarding the design of protective geosynthetics: strajn
minimizftion and resistdange to puncture.

Strain minimization considers whether the protective effect of a protection layer is sufficient if the lod
distribufjion is dispersed to such an extent that only slight indentations arise in the barrier. By limitiy
the straip of a bartier to within a strain limit, damage can usually be prevented in the microstructut
of the mjaterial that would otherwise develop when strains exceed this limit. Excessive strain cg
sometimjes develop into macroscopic stress cracks. Conversely, stress crack formation is impossib
when deformations stay below this [ImIting strain, regardless ol the Stresses Imposed.

o =5 @09 &

A limiting value for the permissible deformation can be derived another way. Koch et al.[1] suggested
that tensile stresses be considered. These arise from different deformation events, taking stress
relaxation in the barrier into account. The stresses are then compared with the stress level that the
HDPE material can tolerate over the long-term without stress crack formation (long-term pipe pressure
tests).

Narejol2l defined levels of protection against puncture for barriers under typical loading conditions as
follows:

— Level I: typically applied to barrier systems for hazardous waste facilities. This level requires that
the barrier system be designed such that less than 0,25 % localized strain (average strain over the

4 © IS0 2023 - All rights reserved
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length of the indentation measured in 3 mm increments) occurs in the barrier from the
loading.

imposed

Level II: (intermediate protection level) for non-hazardous waste facilities. The “intermediate

protection level” lies between level I protection and the yield of an GBRP. The yield of GBRPs in the
puncture mode is considered as a failure of level II protection. In other words, the liner system is
allowed to have barrier strains greater than 0,25 %, but not if it results in yielding of an GBRP.

Wilson-Fahmy et al.,[3] Narejo et al.,[4] Koerner et al.l2] and, more recently, Koerner et al.lel provide a
basis for protection layer design consistent with this philosophy.

T
(I

St

he maximum of 0,25 % local strain (€;) was proposed by the German “Quo Vadis worﬁb}% group”
e

Dixon, ].H., von Maubeuge, KIZ1.), explained by Seeger, S. and Miiller, WI8]. and in Miiller, \Ag
rain limit of HDPE lies within the range of 3 % to 5 %. If these strains are exceeded-darhage
the microstructure and stress cracks can develop. The value of 3 % to 5 % o bec

critical
develops
bmpared

ith the edge deformation () of a local strain (€;). For example, the outer pa the bent barrier is

retched, and the inner part compressed due to the bending. '\Q)

gure 6 shows an example of an FEM calculation with a local strain (€}) ;25 %. The figure
me parts edge or bent deformations () of * 4 % (lower left cornela)}\n 1,0 % to 3,6 % (up

brner).
s
o)

.<0

0-1

. 1_3‘6

shows in
per right

Figure 6 — Elongation in the tangential plane £ (%) when & = 0,25 % (picture courtesy of

Naue)

The upper limit for the local strain (€}) in Figure 6 was set with 0,25 % as it was shown that this value is
similar to a bent deformation (€j) of 3 %, which is a critical deformation value for HDPE.

Furthermore, due to thermal variances and chemical attack, the barrier can become more stressed on
site. Allowing for the strains (2,75 %) induced by installation and long-term settlement of the subgrade,

© IS0 2023 - All rights reserved
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the group seta 0,25 % local strain as the limiting value for local deformation (deformations caused by
point loads from drainage aggregate). This is similar to the level I protection proposed by Narejol2l.

6 Laboratory testing for protection

6.1 General

Test procedures used to determine the performance of geosynthetic protection layers are related to
the philr anhv a dpcignpr wishes to follow and the gaverning rpgnlnfm‘v requirements impacting their
design. In order to assess the suitability and ability of a proposed protective geosynthetic a range pf
tests arelavailable. The tests can often take the form of index, performance or field tests.

6.2 Infgex testing

An index design method can sometimes focus solely on the selection of a nonwovemneedle-punchg
geotextile protection layer with sufficient mass per unit area to provide an adequate global fact
of safety] against barrier yield. This approach governs in most of the cases the acceptability of tH
protectign layer (e.g. Richardsonl19]; Reddy et alll1l; Reddy and Saichek[12]; Richardson and Johnson[13]

o =

6.2.1 Burst strength and elongation (ISO 12236)

=

CBR burt strength is a relatively good indicator of puncture perfermance, however the rate at whig
the strength is engaged is also important as geosynthetic protec¢tion would normally have high bur
strength|at low elongation.

UT
ot

6.2.2 Tear strength (ISO 9073-4)

The ability of a geosynthetic to resist tearing will;increase the protection of the barrier during
installat]on. A higher tear strength will provide better protection.

6.2.3 Mass (ISO 9864) and thickness (ISO'9863-1)

Mass alope is not an indicator of protection capacity, a heavyweight but lightly needled-punched (thick)
geotextile can sometimes not perforim as well as the same weight geotextile which has been heavily
needle-punched (relatively thin) of vice versa. There is a point where too much needling will reduce the
bedding leffect for the gravel, so‘an optimum needling rate would normally be determined. A minimum
mass, algng with thickness, is often specified.

6.2.4 Needle free

As proteftive geotextiles are placed adjacent to barriers, it is vitally important that the geosynthetic fis
needle fijee, as broken needles will readily puncture the barrier. As many designs are oriented to achieye
lower bgrriertistrains, the requirement for heavier nonwoven geotextiles has increased. This creatgs
greater iotential for broken needles, and any specification would normally include a requirement that
the geot

xtile be needle free

6.3 Field testing

Where site conditions or the requirements of a protection geotextile are unique, a field test/site trial
is often performed. This would normally be undertaken to ensure the unique criteria are met and that
the trial is carried out in conjunction and with the agreement of the design engineer and any relevant
third parties (such as a government regulator). The pass-fail criteria would normally also be agreed
by all parties. The trial would normally be documented along with photographs showing the trial, the
geotextile and the barrier before and after the trial.

6 © IS0 2023 - All rights reserved
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6.4 Performance-index testing

6.4.1 General

Performance-index tests attempt to mimic site conditions as closely as possible using site

specific

materials and representative operating conditions. The results of such tests are considered the most

applicable to and practical for the selection of field protection layers.

6.4.2 Undertaking and reporting of the cylinder test

eporting
in terms
ains the
bd out at

[he load
e 7 for a

The EN 13719 methodology was developed to provide consistency in the undertaking and-
of the cylinder test. The criteria employed to evaluate the performance of the geotextile'afre
of both damage and deformation of the barrier. EN 13719 outlines an index test-but cont
performance test in Annex B. The index/standard method always requires tests o be carri
lgads of 300 kN/m2, 600 kN/m? and 1 200 kN/m? and always with 20 mm diameter-steel balls
Annex B of EN 13719:2016 describes in detail how to carry out site specific testing.
ehcountered on site, as well as the site specific geosynthetics and gravek.are used. See Figui
general description of both methods.
1
72—
8

3

L

5

6

9 _ —8

\
7
Key
1 npp]ipd load 6 soft metal plm‘n
2 cylinder 7  load cells
3 separation geotextile 8  top and bottom plate
4 20 mm steel balls (index test) or mineral drainage layer9 elastomer pad as base
(Annex B)

5 protection geosynthetic and barrier 10 sand

This content has been reproduced with the permission of CEN. Copyright remains with CEN.

Figure 7 — Cylinder test according to EN 13719
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For a protection efficiency investigation, a smooth barrier is used. To simulate the expected site
conditions the test runs for 1 000 h at a temperature of 40 °C with 1,5 times the expected confining
stress on site. To enable shorter term testing at 20 °C laboratory conditions, instead of realistic landfill
conditions at 40 °C, the test procedure allows a reduction of the temperature (from 40 °C to 20 °C) and
a shorter testing time (100 h instead of 1 000 h) if the confining stress is increased by an additional
factor of 2,25 or 2,5 (see Table 2). These factors are not only stated in EN 13719:2016, Annex B but
also in German BAM Guidelines for the Certification of Protection Layers for Geomembranes in Landfill
Sealing Systems, Seeger and Muller (2003) and in UK Environment Agency guidance LFE 2.

Fable 2—-Factorsfortong-termbehaviourand-testingload
Test temperature Test duration Testload
40 °C 1000h 1,50 x design load
20°C 1000h 2,25 x design load
20°C 100 h 2,50 x design load

The EN 13719 test method uses a dense rubber simulated subgrade which supports the barrier and
protectign geosynthetic and limits strain development in the liner system;\while the ASTM te
method removes any support from the subgrade transferring all the load to the barrier and protectign
geosynthetic. Results of the two methods are usually not compared and-d€signers normally consider
the effecfs of the test method used to determine strain values.

UT
ot

The EN 13719 method requires the operator to identify the five worst indentations and then measure
the stains developed in two axes on each of the five indentations:

Strain isreported in two ways:

a) local strain: the average strain across the length of the deformation; and

b) incre¢mental strain: the individual strain measured at 3 mm increments along the axis.
ASTM Dp514 method

ASTM D%514 uses an inverted liner profileswhich is constructed in the test chamber (see Figure 8). Two
possiblescenarios are assessed:

a) Increasing applied pressure until’ puncture of barrier occurs.

b) Meafuring strains developed-inder a specific load.

8 © IS0 2023 - All rights reserved
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T )

(J
S~

6
1
8
I
5
24
air pressure sand
pressure gauge geomembrane

geomembraneclamped in position metal sheet

AW N = R
0 N o Ll

drainage aggregate geotextile

Figure 8 — ASTM D5514 test setup

The placement of drainage gravel in this way produces a very aggressive surface profile which does not
mimic actual site conditions well but does produce high strain values.

In a routine application of this test procedure, the test rig uses a 450 mm diameter fixed stone profile
constructed from the proposed site-specific aggregate. Pneumatic pressure is used to load the barrier
to the designated test pressure and push it onto a thin metal strain indicator sheet, protection layer
and drainage stone. Following the test loading period, the test samples are removed and the aluminium
strain indicator sheet is laser scanned to measure the strain in 1 mm increments, Figure 9. The
cumulative strain in the barrier is also calculated in 0,25 % increments. A three-dimensional laser
scan of the strain “record” provides a method of strain analysis across the whole contoured surface of
the barrier rather than relying on traditional methods that require visual pre-selection of the highest
strain regions for detailed manual analysis.

©1S0 2023 - All rights reserved 9
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Figure 9 — Aluminium plate and strain analysis

Strain is|meastred in 1 mm increments over the whole surface of the plate as described in Figure 10
below.

10 © IS0 2023 - All rights reserved
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350

450

Key

-

deformed

N

original

H

calculate the strain as a percentage of the original length%&-in %:

e=[£—1]><100
(0]

OTE The results obtained from the two different test methods cannot be compared as the tesft setup is
fferent and the strain measurement methods are different.

oz

Figure 10)— Laser strain capture and calculation

s discussed, there are a number of methods available to designers, demonstrating that a geogynthetic
rotector will perform aspredicted for the lifetime of a site.

N 14574 is useful for sites where no drainage gravel is used, but for when a protection geosynthetic is

Al

p

EN 14574 method

E

uped againstconcrete in tunnels, for example.

~

Handling and installation

I—most €ases; SCUtCAti}C Pt otectors—arehandled—and—stored—with—eare—to preserve the—material's
properties. Normally, storage is on a flat, draining surface. To keep the geotextile from deteriorating in
the sun's ultraviolet rays, the material is typically transported and stored in light-resistant wrappings.

Normally, the geotextile is installed in a way that minimises the risk of damage. Any blades or sharp
objects are handled with care to avoid damaging the barrier.

Typically, adjacent panels are overlapped or hot-air welded, depending on the design requirements.
Sometimes, welding can stop any materials above the protector from moving under it, which can cause
damage to the barrier. Overlapping can be utilized in situations where settlement is considered likely
to occur.

©1S0 2023 - All rights reserved 11
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