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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
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Introduction

The most commonly used drainage geosynthetics are the geocomposites which are produced by
laminating one or two geotextiles, with a filter function, onto a drainage core. Examples are included in

Figure 1.

a) Geonet core b) Geomat core c) Cuspated core d) Perforated tybe core

Figure 1 — Examples of drainage cores

The components generally have the following characteristics undet operating conditions:
—| filtering component:

— adequate permeability to gases and liquids in the.direction perpendicular to the filter plane;
— retention capacity of the soil particles;
—| drainage core:

— adequate permeability to gases andliquids in the direction planar to the drainage stfucture;
— adequate compressive strengthiand creep resistance for the loads to be applied.

The geocomposites are often definéd,by the drainage cores: geomats (GMA), geonets (GNT), geospacers
(G$P), multi-linear drains.

© IS0 2023 - All rights reserved v
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TECHNICAL SPECIFICATION ISO/TS 18198:2023(E)

Determination of long-term flow of geosynthetic drains

1 Scope

This document specifies methods of deriving reduction factors for geosynthetic drainage materials to
account for intrusion of filter geotextiles, compression creep, and chemical and biological degradation.
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Thiis document does not cover the strength of overlaps or joints between geosynthetic d
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intended to provide a link between the test data and the codes for design with geosynthe

geosynthetics covered include those whose primary purpose is planar drainage,such a
bpated cores only, or cuspated cores combined with laminated filter geotextiles, and'drain
ere the drainage core is made from polypropylene and high-density polyethylene. Thg
geosynthetic drains are geocomposites with geotextiles laminated to a_drainage cors
portant, where possible, to consider the drainage behaviour of the geocomposite as a wh
in the behaviour of the component parts in isolation.

ether these might be more or less durable than the basic material. Itdoes not apply to geom
example, in landfills. It does not cover the effects of dynamic loading nor any change in
perties due to soil temperatures below 0 °C, or the effectsf frozen soil. This documen
ber uncertainty in the design of the drainage structures,fiorthe human or economic conse
ure. Design guidance for geosynthetic drains is found:in [SO/TR 18228-4.
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following documents are referred to inithé text in such a way that some or all of the

dated references, the latest edition of the referenced document (including any amendment

10318-1, Geosynthetics — Part I: Terms and definitions

Terms and definitions
" the purposes of this'document, the terms and definitions given in ISO 10318-1 apply.

and IEC maintain terminology databases for use in standardization at the following addr

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

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

tic drains.

s geonets,
hge liners,
majority
and it is
ole rather

rains nor
bmbranes,
lechanical
t does not
quences of

ir content

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

5) applies.
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4

Test equipment and procedures for determination of short-term in- pl3

ine

water flow

4.1 Measurement of maximum hydraulic transmissivity and flow rate

The primary function of geosynthetic drains is to convey or transmit fluid within the flow direction(s)
of a drainage layer. The discharge capacity can be given in terms of:

©lI

Specific flow rate, which is the discharge per unit width in the geosynthetic drain, under a specified

hydraulic gradient, as per Formula (1):
Q=q/B

SO 2023 - All rights reserved
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Some users of flow tests desire to index the discharge rate per unit width to the applied hydraulic

energy or

hydraulic gradient at which flow is measured. In this case:

— Hydraulic transmissivity, which is the discharge per unit width of the geocomposite and per unit of
hydraulic gradient, as per Formula (2):

6=(q/B)/i

(2)

The concepts of transmissivity and flow capacity were developed specifically to avoid consideration
of the thickness as it is often difficult to specifically define the thickness of a geosynthetic drain in

applicatiop.

Transmiss
transmiss
gradients

The disch
ISO 12954

4.2 Tes

421 U

The appaf
discharge
head duri

the geosy

QO' ot
Where

Qo,i,t,b

ivity is equal to flow rate only at a gradient of 1. Note also that the numerical,'value
ivity can be very different than the numerical value of the specific flow rate at small hydray
(e.g. ati= 0,1 transmissivity is 10 times the specific flow rate).

arge capacity test for a geosynthetic drain is performed in accordance with ISO 12959
-2 or ASTM D4716.

t equipment

hidirectional flow

atus for these test methods are relatively simplistic in their design and ability to measur
capacity or flow rate per unit width or transmissivity,(Figure 2). By maintaining a const
g the test, at a given normal stress, boundary conditions, and seating time, the flow rate (
hthetic drain can be determined using Formula (3):

.RT

_ 4
P~ B

is the numerical value of the ifi-plane water flow capacity per unit width at a defined str
o, gradient i, seating time.under load prior to flow measurement t and boundary conditiq

b, [1/(m-s)]

is the numerical value of the discharge capacity for a geosynthetic drain of width B me
ured in the test{l/s);

is the numerical value of width of flow (m)

is thé.numerical value of the correction factor converting to a test temperature of 20 °(.

of
1lic

1,
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(3)
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1 | water supply 7  water reservoir
2 | water collection 8 normal compressive load
3 | upstream water head manometers / piezometers 9  overflowweirs
4 | specimen 10 effective flow length (= 300 mm)
5 | material used as boundary (e.g. soil) 11 , water head of discharge
6 | loading platen 12,, downstream water head (< 100 mm)

Figure 2 — Example of test apparatus in horizontal test configuration

©1S0 2023 - All rights reserved 3
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[SO 12958 / ASTM D4716

manoineters

1

2 normdl compressive loading ram
3 testbgx

i H/L=Hydraulic gradient

B width pf flow (m)

Q rate of flow (m3/sec-m)

Figure 3| — Exampléof test equipment for water flow capacity of planar drainage geosynthetic

The test ¢quipment shown in Figure 3 has the ability of constructing specific design cross-sectigns
within th¢ apparatus and then applying the required load(s) to the product, for which the geosynthatic
drain shall perform in the proposed design. The normal load is applied vertically across the entire
sample cross-section, typically by a pneumatic bladder or loading piston. The hydraulic gradient for the
test is set by adjusting the hydraulic head H prior to the start of the test.

While sharing a number of common technical features for measuring flow, a specific flow capacity test
as performed may differ slightly in testing details and prescribed procedural approaches. Depending
on which manner a test is performed, the resulting data may be either of “index” type suitable for
use in manufacturing quality control (see ISO 12958-1 or ASTM D4716), or of a “performance” type
suitable for use in design and performance verification (see ISO 12958-2 or ASTM D4716). ISO 12958-1
prescribes flow measurements at predetermined hydraulic gradients and normal compressive stresses,
as well as standardized superstratum and substratum (closed cell foam materials or rigid boundaries).
The procedures in ISO 12958-2 and ASTM D4716, instead, invite the user of the test to determine all
of the test parameters specific to the designed drainage application. For performance testing, as an
example, the following test parameters or variables should be specified so as to represent anticipated

4 © IS0 2023 - All rights reserved
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or site-specific conditions such as: compressive load, hydraulic gradient, temperature, site-specific
superstratum, site-specific substratum, and seating time prior to flow measurement.

4.2.2

Index and performance tests

Manufacturers typically quantify the relative capacity of their geosynthetic drainage products via index
testing and document this performance on marketing documents and material data sheets. However,
manufacturer’s testing often reflects the flow rates of the product tested between two rigid plates, or
standardized closed cell foam pads, under a specific load and gradient, and with a limited seating time
(i.e. 15 min, 1 h, etc.). Thus, the manufacturer’s data typically represents the short-term flow capacity
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the product and serves to confirm production quality control.

approach an understanding of the performance-related flow capacity of the geosynthet
11l be tested using test parameters representative of field service conditions. Testing to g
imate of performance flow is described in ISO 12958-2 and ASTM D4716.

berformance flow test should allow materials above and below the geosynthetic drain
0 the void space of the product under compressive load to simulate reabproject conditi

ic drain it
rovide an

fo intrude
bns. Sand,

example, placed above the drain and loaded to design conditions will cause the upper filter

textile to elongate and intrude into the space between each parallelstrand of a geonet or
the cuspated core. The degree of intrusion has a direct relationshipto the structural prop
hding/no bonding and type of bonding (to the core) of the geotéxtile specified for the drail
amount of normal load applied to the design cross-section~Rlease note that the design eng
ed to supply the testing laboratory with a sufficient volume-of representative soil sample t
number of required tests. The compaction requirements for the soil shall also be specifig
Ket-up the test section to reflect the design conditions! If a geosynthetic clay liner is adjac

the cusps
erties and
h core and
ineer will
o perform
d in order
ent to the

synthetic drain, the degree of saturation shall be.§pecified along with the load at hydratian, prior to

cement of the normal load on the design cross-section test sample.

Th

characteristics to simulate these field conditions. These “soft” superstratum and substratum,
asgist in replicating test conditions and also avoiding contamination of test water with si
solls. Use of these standardized supefstratum and substratum also enable manufacturers
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ISO 12958-1 test procedure defines closed-cell foam materials meeting specific comp

b-data on their drainage prodicts for product comparison while providing their own
performance flow. ISO 12958-2 and ASTM D4716 allow use of site representative soils
terials to more closely replicate field conditions.

. Normal compreéssive loading and seating time

- performance _testing, the normal stress used during testing should be equal to the
erburden pressure the material may experience during its service life. The practice of sp
t pressurethigher than anticipated field pressure is conservative when following the mos
bign pro€edures. Any uncertainties associated with long-term flow performance under lo
ounted.through a factor of safety rather than a higher than expected normal pressure.

stgeosynthetic drains are constructed of polymeric material, which can deform under loa

Iressibility
materials
e-specific
to publish
estimate
and other

maximum
ecifying a
t common
hd may be

1 and over

time. This gradual deformation oI the polymeric structure under a I1xXed load 1S Known as "C

reep.” The

rate of ductile movement occurs rapidly initially (primary creep) and decreases overtime (secondary
creep).

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=04e67203d469e455c84ee69c7e95944c

ISO/TS 18198:2023(E)

100 -
v oY

96

94

Key

185

D
D,00 1 0,01 0,1 1 10 100 1000y~ 10000 100000 1 000000

X

X  logtinge (h)

Y percey

As compr
the poros
of thickng

tretained thickness
Figure 4 — Example of compressiyve creep curve for a drainage core

essive creep proceeds the thickness of the geosynthetic drain reduces; thereby reduc

ss reduction is dependenten‘the compressive load placed on the product and the physi

compositipn and structure of the geosynthetic drain, and time. Figure 4 illustrates the typical behavi

of a geosy]
the first 1

The requ
communif
Those red
the const
capacity v
required.

nthetic drain core, for which often (but not always), the majority of the creep will occur o
DO h after the design'load is applied.

rement of the~-100 h seating time can be a difficult burden for the geosynthetic test
y, requiring’dedicated test apparatus for over four days prior to performing the tg
uiring the\100 h seating time may allocate a sufficient testing period prior to the start
‘uction preject in order to obtain the conformance test results. The testing period for fl
erification might be significant for large projects where numerous conformance tests may

ty or available cavity through which the liquid can move through the product. The amolgnt

ng

al
ur
er

ng
st.

of
pW
be

4.4 Number of test specimens per sample per test

The ISO 12958-1 test requires flow measurements of three test specimens in both the machine and
cross-machine direction be measured. ASTM D4716 requires the testing of two specimens per sample
in the engineered flow direction to take account of manufacturing variation. Due to how a product is
manufactured, this is an important requirement to obtain an acceptable representation for the reported
test result. Processing parameters and manufacturing settings can have significant impact on drainage
product flow rate capacity and how consistent this capacity is throughout the product structure. The
test requirement for two or three specimens per sample attempts to average the variability in thickness
and porosity of the product. While less of a concern for cuspated cores and prefabricated vertical drains,
this variability should be captured in flow testing of all geosynthetic drains.
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The flow rate of a geosynthetic drain is proportional to the hydraulic gradient i which is defined as in

Formula (4):
where
0y, is the numerical value of the hydraulic head loss along the distance L for the fluid flow in the
geosynthetic (m);
L is the numerical value of the distance between two points along the averagedirectipn of flow
in the geosynthetic (m).
Performance oriented flow capacity tests of geosynthetic drains should be perférmed using a hydraulic
gradient equal to or slightly smaller than sin 8 where f is equal to the slope angle of the gedsynthetic
drain with the horizontal. It is not conservative to test at higher gradiefits/ Note that tranpmissivity
or [specific flow rate is a non-linear function of gradient because the\flow regime with water in a
gepsynthetic drain is typically turbulent.
When performing an in-plane flow capacity test using a hydraulic gradient of 0,1 or less, [it may be

ch
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idients are best established with the aid of accurate digital pressure gauges that enable cor
bradients as low as 0,01.

alternative approach to measuring flow rates atZvery low gradients involves measurin
reral higher gradients (for example gradients at.0,1, 0,25, 0,5 and 1) so as to develop an
ationship between flow rate and hydraulic gradient. The relationship between flow rate anc

Q=a-i"

ere:

Q isthe numerical value/of the flow rate (m?2/sec);
a
i is the numerical value of the gradient (dimensionless); and

n is thénumerical value of the constant (dimensionless).

biven applied pressure, boundary conditionsand seating time, is usually as per Formula (5)):

is the numerical value of the constant equal to the flow rate at unit gradient (m2/sec);

hllenging to ensure the accuracy of the hydraulic gradient using open pipe manometers . These lower

firmation

g flows at
empirical
| gradient,

(5)

- different

'mula 5) has been verified by performing a number of tests on various materials unde
t conditions. Constants a and n depend on type of geosynthetic drain, boundary conditio
ess) and test duration.

1|15, normal

NO

TE The use of this equation for very low gradients can be used with caution as other pheno

menon can

interfere with the actual field performance of the product, such as the contact angle between water and the

pol

5

ymer(s) used to manufacture the geosynthetic drain.

Determination of long-term flow performance

5.1 General

A design service lifetime, tp, is defined for the drainage structure. For civil engineering structures such
as roads and containment facilities, this service life is typically 50 years to 100 years. Some applications
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may require shorter service lives, such as sports fields (20 years to 50 years) or mining heap leach pad
(5 years to 50 years). Additionally, some applications may have service lives lasting 1 year to 5 years.

All of these durations are too long for direct measurements to be made in advance of construction.
There are, therefore, various considerations which may be modelled as reduction factors to short-term
flow measurements which account for the time dependent changes in product performance likely to
occur during service life.

Assessing the long-term flow performance of a geosynthetic drain consists in the comparison of the
required flow rate reqa determined by the application, and the allowable flow rate for the particular

product u
be detern

Fg=Q

The appli
drain incd
effort is 11
excess of {

Because t
and comp
flow may
the time-
ductile cq
dependen

appropriately applied to a relatively long (e.g. 100 h) flow test:

On the ot}
in a relati
potential
the crimp

ISO/TR 1§

5.2 Reg
According

Q=0

ined as per Formula (6):
/ qreqd

ation of a series of reduction factors applied to the initial flow property of the'geosynthe
rporates the consideration of potential causes of reduction of the water flow. In this way
hade to ensure that the geosynthetic drain will always have a flow cdpacity equal to oy
he requirements associated to a particular application.

here are a variety of geosynthetic drain product types having a variety of different structu
ositions, the application of any specific reduction factor for, the ‘determination of long-te

Hependent compressive creep resistance of a single nonwoven geotextile is negligible
mpression under compressive load generally happens, readily and with little or no tin
L resistance. Therefore, a reduction factor associatedwith time dependent creep may not

ter hand, the determination of long-term flowrperformance of a prefabricated vertical dr
yely short service life in a swamp wetland dewatering application would be wise to consi

reductions of flow caused by biological elogging as applied to short terms flows measured
ed configuration.

228-4 provides precise guidance 9n how to establish g, -

Juction factors (Ry)

to ISO/TR 18228-4, the dllowable flow rate is given by Formula (7):

./ Rp

Rein ORF,cr-Q * Recc * Repe ‘REL

sed ina pnrﬁr‘n]ar service environment for a defined service life Qa A factor of cafnfy F'D can

(6)
tic

an

res
rm

be minimal in assigned magnitude, or inappropriate for the{given application. For example,

as
he-
be

hin

ler

mn

(7)

(8)

is the numerical value of the available long-term flow rate for the geosynthetic drain (1/s

m

or m2/s). The long-term planar flow rate that will not result in failure of the geosynthetic
drain during the required design life, calculated on a flow rate per unit of drain width basis;

is the numerical value of the short-term flow rate of the geosynthetic drain from hydraulic
flow tests using site-specific test conditions, i.e. compressive stress, hydraulic gradient,

seating time and boundary conditions 1/s/m or m2/s);

is the numerical value of a combined reduction factor to account for potential long-te
reduction of flow due to creep-induced thickness reduction, intrusion of adjacent materi
(example: geotextile), and particulate, chemical and biological clogging;
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Rgin is the numerical value of the reduction factor for the intrusion of filter geotextiles into the
draining core due to tensile creep of the gtx, occurring after the short term test (dimen-
sionless);

Rg(r.q  isthenumerical value of the reduction factor for the compressive creep of the geocomposite
(dimensionless);

Rg ¢ is the numerical value of the reduction factor for chemical clogging of the draining core
(dimensionless);

Fbc Te TTUTTeTica jning core
(dimensionless);

Rpy, is the numerical value of the reduction factor for overall uncertainties.on/laboratory data
and field conditions (dimensionless).

NOTE The designer can apply an additional reduction factor R for overall untertainties asso¢iated with
labjoratory testing and actual field conditions being simulated, or set Rg) = 1,0 and-set a minimum value for the
facfor of safety Fs.
Nofte that, in Formulae (7) and (8), both Rg;,, and Ry, have to be valuated starting from (Q;, that is
frgm the short term flow rate obtained from laboratory tests with the appropriate boundary donditions.
The ASTM D7931 guide is applicable to all types of drainage\geocomposites regardless of [their core
configuration or geotextile type. This guide is focused ofi/détermination of a q,,,, valuefusing the
follJowing Formula (9):

Tallow =9 : )

allow — 4100
Rp cr X Rg,cc X Rp,pc X Rp I

where:

Fo

Qalow 1S the numerical value of thetallowable flow rate for a drainage geocomposite,

100 h duration,
Rgcr  is the numericalvalue of the reduction factor for creep to account for long-term b
Rpcc s the nuiherical value of the reduction factor for chemical clogging,
Rppc s théwpumerical value of the reduction factor for biological clogging, and

Rpg <8 the numerical value of the reduction factor for geotextile intrusion past the in
seating time.

- agiven drainage geocomposite product, one measures the 100 h duration flow rate ac

Gip0 is the numerical value of the initial flow rate determined under simulated condlitions for

ehaviour,

tial 100-h

cording to

AS

eotextile

TN NN 4744 Tl rolalicl 4] 1 1 4 laialad H i) Jd 1001 |
TV D7 10 TIITS TS TAUTTSITTS TIIT U A5 T v AaTUTTO WITTTITUT ATITIAgT L UT T LI TT Y DT Yy UITU TU UL, a1

intrusion shall be accounted for. It is recognized that the default duration listed in Test Method D4716
is 15 min. The ASTM D7931 guide purposely requires that the test conditions be maintained for 100 h
prior to measurement of flow, while simulating site-specific loading and boundary conditions.

5.3 Reduction factor for intrusion (Rg;, and Rgg)

When the boundary conditions of the project are both rigid, intrusion cannot occur, neither at short
term nor at long term: hence with both rigid boundary conditions, it shall be Rg;, = R = 1,0.

When the short-term flow rate test is performed using site-specific boundary conditions, i.e. soil, Rg;,
or Rg ¢ is equal to 1,0 at short term. Intrusion can continue over time if one or both the boundaries are
soft, 1.e. soil, hence at long term it will be Rg;, > 1,0 and Rg ¢, > 1,0.

©lI
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Hence this reduction factor is intended to account for the effect on flow rate from the intrusion of
flexible boundary materials into the voids of a particular geosynthetic drain, after the short term
intrusion has already occurred during the flow rate test. Rg;, and R depend primarily on the type of
materials in contact with the two faces of the geosynthetic drain and the applied normal compressive
load. Moreover, the intrusion depends on the structural and physical characteristics of the geotextiles
and/or other material bonded or adjacent to the geosynthetic drainage core.

It is evident that a very rigid material (concrete walls, HDPE geomembrane in landfills, etc.) will
compress the geocomposite very evenly, imparting a homogeneous decrease in its thickness but with
very limited or no geotextlle 1ntru51on into the cavities of the draining core. Hence rlgld materlals
produce - act
with the geocomposite will deform the geotextile, forcing the geotextlle to intrude into the drainjng
core witha resulting reduction in the cross-sectional area of the draining core and associated-décrease
of the flow capacity. Therefore, the reduction factor for geotextile intrusion will be a functien of:

— thickness of the geocomposite;

— distaiice between the support points of the geotextile filter;

— presspre on the filter;

— strength, modulus and tensile creep of the geotextile filter;

— deformability of the material in contact with the geocomposite; and
— roughness of the geotextile filter.

Detailed |guidance for the selection of appropriate intsusion reduction factors are found|in
ISO/TR 18228-4 for drainage. Site-specific factors may .be determined where a performance test is
carried oyt using the actual site-specific superstratum and substratum materials for a given applicatipn.

1

While the ASTM D7931 guide references a table of suggested R values via Koernerlf3],
ISO 12958-1:2020, Annex B presents a procedure-that is used for evaluating the reduction factor ffor
the intrugion of filter geotextiles into the draining core, where Rg;, represents the effect on flow rate
of geotexflile intrusion after the initial intpusion in the short term flow rate test. It is recommended to
fully evalgate R ;, according to ISO/TR 18228-4.

5.4 Reduction factor for creep-(Rg,)

5.4.1 General

The redudtion factor forflow rate reduction due to compressive creep of the geosynthetic drain depends
on the type of productithe applied pressure and the service lifetime of the project. Compressive crgep
tests perfprmed i accordance with ISO 25619-1 or ASTM D7406, determine the thickness reductjon
at an appljed pressure and elapsed time. Hence compressive creep tests define the reduction factor ffor

thickness|Rp 4. as per Formula (10):

> AN L
RF,cr-th =to/ ter { 0)

where

Rpcrtn  is the numerical value of thickness-related creep reduction factor
to is the numerical value of the thickness of the geosynthetic drain before load application;

t is the numerical value of the thickness measured at a specified time (1 year, 10 years, ... 100

years) in compressive creep tests.

cr

The relationship between thickness and flow rate is not linear for all products, hence R .., cannot
be used directly to define Ry, o, which can be obtained by performing flow rate tests at defined
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thicknesses, corresponding to the reduced thicknesses, ., obtained from the compressive creep tests.
From these combined tests, the values of R ., can be obtained for different values of the load duration,
which should correspond to the selected design life of the geosynthetic drain for any specific project.

It was noted that some geosynthetic drains exhibit a majority of their thickness reduction and
associated intrusion within the first 100 h of loading, i.e. approx. all the primary creep. As such, some
determinations of allowable flow incorporate a 100 h flow, q,(, (see ASTM D7931). In these cases, g4
serves to capture the plastic deformation of the geosynthetic drain (and associated intrusion over
100 h, when tested using soil as a boundary) while the creep reduction factor are now determined for a
duration from 100 h to design life duration.

In jorder to establish the creep reduction factor, the compressive creep strain should be g¢asured in
ac¢ordance with ISO 25619. Test results may be plotted as strain against logarithimic\timg log(t). It
mdy then be extrapolated to the design lifetime. Extrapolation may be by graphical ler curve-fitting
procedures, in which the formulae applied should be as simple as is necessary to provide a reasonable
fitlto the data, for example, power laws. The use of polynomial functions is diseouraged sincg they can
lead to unrealistic values when extrapolated.

Exfrapolation of creep compression properties may be challenging and bring calculatipn-related
unfertainties. To avoid such extrapolations, compressive creep properties may also be measured via an
acg¢elerated method, ASTM D 7361, also known as SIM testing, which.js’described in 5.4.2.

It is important to note that, in ASTM D7931, Rg o should be obtdined starting from qy, that |s starting
frgm the flow rate obtained by testing after 100 h seating time} but during these 100 h the applied load
remains constant, hence the thickness get reduced in the same way as in a compressive creep test after
10D h.

Therefore, for the same geosynthetic, RF’CR in Formuda (9), evaluated after flow rate tests with 100 h
seqting time, has a different value than R . in Formula (8), evaluated after flow rate tests|with zero
sedting time.

In pny case, Q, from ISO/TR 18228-4 and. @y);,,, from ASTM D7931 represent the same propg¢rty of the
specific geocomposite under consideration, that is the same long-term flow rate at the same design life,
hyflraulic gradient, applied pressure;anhd boundary conditions. Hence, despite the differenf methods
used, Q, is equal to g, o

Giyen that we can assume Reyi= Rpgp, Rpoe = Rpcer Repe = Rppe, and assuming Rg; = 1,0, cgnsidering
Formulae (4), (5) and (6), it'can be easily demonstrated that:

Q. _ oo (11)

Reer.q  Rrgr

Hepce for evaluafing Q, according to ISO/TR 18228-4, or q,;,,» according to ASTM D7931, it is ¢quivalent
Q. q 9100

Rpcrq Rg cr

5.4.2~ Time-temperature superposition methods

to pse theratios

Time-temperature superposition methods may be used to assist with extending the creep curves, or in
the case of stepped isothermal method (SIM), to rapidly estimate the creep curves.

In creep tests at constant temperature, creep curves are measured under the same load at different
temperatures, with intervals generally not exceeding 10 °C, and plotted on the same diagram as strain
against log t. The lowest temperature is taken as the reference temperature. The creep curves at the
higher temperatures are then shifted along the time axis until they form one continuous “master” curve,
i.e. the predicted long-term compressive creep curve for the reference temperature. The shift factors,
i.e. the amounts (in units equivalent to log t) by which each curve is shifted, should be plotted against
temperature where they should form a straight line or smooth curve. Experience has shown the strains
on compression loading are variable. Since the increase in strain with time is small, this variability can
lead to wide variability in time-temperature shifting (TTS).
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The stepped isothermal method[13] avoids this problem by using a single specimen, increasing
the temperature in steps, and then shifting the sections of creep curve measured at the various
temperatures to form one continuous master curve.

If a more accurate measure of initial strain is required, five replicates are recommended at each load.
Some of these can be of short duration (e.g. 1 000 s). At a series of loads, fewer replicates at each load
will suffice if the data are pooled using regression techniques.

Regardless of the compressive creep measurement approach, it is key to perform thickness reduction
monitoring throughout testmg Thls is 1mportant given that compresswe collapse of the geosynthetlc
drain, if realize ure 5.-Thishasbee AL in

capacity. It is useful to design at loads that will not result in time-dependent collapse of the geosynthetic
drain.

10 ;
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D0 \\ \‘\
80 \ \_“
70 —
60
50
4.0
— 48KkPa
BO [— —— 240kPa
— 360 kPa
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0
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1 referehce temperature 20 °C

Figure 5=—Example of time dependent collapse of a various biplanar geonet drains

5.5 Reduction factors for chemical clogging Ry cc) and biological clogging (Rgpc)

There are two types of core clogging that might occur over a long time period. They are chemical
clogging (R ) and biological clogging (Rgy, ), which are related to the chemical and biological content
of the fluid to be drained.

Rg . and R, (reduction factor for particulate clogging) consider that the draining liquid might carry
or prec1p1tate particles, which may clog the drainage core, thus reducing the flow rate. High alkalinity
groundwater will readily precipitate calcium and magnesium in this regard. Total suspended solids, or
TSS, having values of greater than 5 000 mg/l require high reduction factors. Liquids high in microbial
content, such as landfill leachates, agricultural wastewaters, and sewage biosolids, are all troublesome
and result in high measured Rgp values. Values of biochemical oxygen-demand (BOD) greater than
5000 mg/I are considered high warranting concern.
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While the clogging potential on the flow rate of the drainage core depends on the thickness, shape, and
physical-chemical properties of the polymer of the draining core itself, at present there is no general
practice or standardized test for evaluating the clogging potential for geosynthetic drains. This is
due to the difficulty in developing a clogging test program the results of which can then be applied
uniformly to the design process of a geosynthetic drain. Still, as shown in Figure 6, clogging of the drain
is sometimes observed in application.

It is for this reason that most of the published literature on this topic is of qualitative nature as far as its
utilization during the design process is concerned. Still, enough testing and field observation has been
performed to enable researchers to recommend default reduction factors associated with clogging.

Figure 6 — Example of bio‘l&ical (root) clogging of a geosynthetic drain
: O
As|an example, Koernerl13] and o@’ers have recommended ranges of Rg ., Rp.. and Rgp[based on

specific drainage appllcatlons®roud et. alll4l proposed ranges of values for Rg . and Rg ), wjth ranges
for| Rg .. and R, as well. O

A detailed discussion o@ ging related reduction factors can be found in ISO/TR 18228-4:2022, B.2.

5.6 Addltlon%ﬁ}mderatlons

5.6.1 De§5§1~fe

A dlesi @etime, tp, is defined for the geosynthetic drain. For civil engineering structur¢s such as
roaén containment facilities this is typically 50 years to 100 years. Other shorter-term agplications
mdy require the function of a geasynthetic drain for shorter periods of time _such as a sportis field (20
years to 50 years) or mining heap leach pad (5 years to 50 years). All of these durations are too long for
direct measurements to be made in advance of construction.

5.6.2 Design temperature

The design temperature should be defined for the application at hand. In the absence of a defined
temperature or of site-specific in-soil temperature data, the design temperature should be taken as the
temperature which is halfway between the average yearly air temperature and the normal daily air
temperature for the hottest month at the site. If this information is not available, 20 °C should be used
as the default value.
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Many geosynthetic tests are performed at a standard temperature of (20 + 2) °C. However, many
geosynthetic drains are required to function at elevated temperatures such as bioreactor landfills and
heap leach mining operations, where operations fluid temperatures may reach 50 °C to 80 °C.

Importantly, elevated temperatures may serve to increase the viscosity and flow rate of the draining
fluid while simultaneously accelerating the compressive creep of the geosynthetic drain and reducing
flow.[11]. [12] A detailed discussion of the effect of viscosity on measured flow rate can be found in
Rimoldi.[1Z] If the design temperature differs from (20 + 2) °C, appropriate adjustments should be made
to the measured properties.

The correctionfactor for temperature and viscosity is cpnrifir‘a”y includedin ISO TR 18228-4

5.6.3 Installation damage

For certaih projects the nature of the fill material and the method of installation may be a consideratipn,
and an additional reduction factor for installation damage, Ry p, may be considered ag a‘cause of flpw
reduction| This may be investigated using a site specific installation damage exposure practice|as
described|in ASTM D5818, which described site specific construction materials“and procedures| to
evaluate iphstallation damage.

When confsidering this potential “damage”, only installation damages affecting the flow capacity nged
to be confidered. If installation damage produces a variation of the gpening size of geotextiles,|as
example, the results would be an increased clogging of the draining cére, which could be addressed|by
assuminglhigher values of Ri .. and/or Rg,..

5.6.4 Dprability of the polymers

Durability of the polymers used to manufacture drainage geocomposites can be evaluated using
techniques which are polymer-specific.

While it i§ obvious that the polymers used to manufacture geosynthetic drains shall have a durability
at least equal to the design life of the project, durability is not the object of the present document. The
manufactyirer should be contacted to obtain polymer-specific information on durability.

6 Alternative procedures to determine Q,

6.1 General

Other prdcedures have been~developed for the determination of Q,. Instead of multiplying several
individually determined{eduction factors to predict long-term flow performance, fewer measurements
are performed to incorporate flow reducing phenomenon. For example, the reduction factor for crgep
may be eyaluated-thirough long term or accelerated creep testing under normal and shear loads,
followed by thickness-dependent flow capacity testing. The following procedures have employed usé¢ of
long-term|creep’testing under normal and shear loads, followed by thickness-dependent flow testing as
follows.

6.2 Long-term reduction of water flow capacity due to compressive creep by the BAM
(Germany) method

As reported by Miiller et al.[16] thickness was measured with a rigid/rigid bedding condition as a
function of normal pressure, p, as shown in Figure 7. Thereby the thickness as a function of pressure
was obtained.
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Key
X | compressive stress (kPa)
Y | thickness (mm)

Figure 7 — Thickness of a GCO as a function of compressive stress at various hydr

gradients for hard/hard bedding

Compressive creep was measured under*various loading conditions (0, S;), (0,, S,), etc,,
in [Figure 8, where o is normal stress.and S is the lateral slope producing shear stress. Th|
thicknesses d;, d,, etc. were extrapolated for the relevant design life.

Thien, the pressures p,, p,, etéy-Which corresponded to the respective residual thicknesses,
frgm the pressure versus thickness curve of Figure 7.

hulic

as shown
e residual

were read
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Figure 8 — Creep curve, i.e. thickness over time, for various mechanical stresses and hard/hqrd
bedding of-a'GCO

Using thege pressures, the water flow capacitiesswere determined for the boundary conditions rigjd/
soft and spft/soft and were considered as the long-term water flow capacities relevant for the loading
conditions (o4, S;), (0,, S,), etc. as shown in Kigure 9.
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