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Foreword

:2022(E)

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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ctrotechnical standardization.
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de
dif
ed
Atf
pa
an
on

Anl

copstitute an endorsement.

For

ex
the

scribed in the ISO/IEC Directives, Part 1. In particular, the different approval criterianeed
ferent types of ISO documents should be noted. This document was drafted in accordanc
torial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ention is drawn to the possibility that some of the elements of this document'may be the
fent rights. 1SO shall not be held responsible for identifying any or all such patent rights.
) patent rights identified during the development of the document wilkbe in the Introducti
the ISO list of patent declarations received (see www.iso.org/patents))

y trade name used in this document is information given for the convenience of users an

an explanation of the voluntary nature of standards, the meaning of ISO specific
bressions related to conformity assessment, as wellsas information about ISO's ad
World Trade Organization (WTO) principles in“the Technical Barriers to Trade (
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Thijis document was prepared by Technical Committee ISO/TC 221, Geosynthetics.
This first edition of ISO/TS 20432 cancels and replaces ISO/TR 20432:2007, which has been t

rey

Th

An

complete listing of these bodies can be found at www.iso.org/members.html.

w.iso.org/iso/foreword.html.

rised. It also incorporates the Technical*Corrigendum ISO/TR 20432:2007/Cor 1:2008.
e main changes are as follows:

Subclause 7.4 has been medified to further detail and clarify the fitting of linear regress
to time-temperature bldck shifted creep-rupture test results.
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Guidelines for the determination of the long-term strength
of geosynthetics for soil reinforcement
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[struction with reinforced soil.

is document describes a method of deriving reduction factors for geosynthetic soil-rein
terials to account for creep and creep rupture, installation damage and weathering, and
1 biological degradation. It is intended to provide a link between the test data and the

th as geogrids, woven geotextiles and strips, where the reinforcing component is made from

l polyamides 6 and 6,6. This document does not cover the strength of joints or welds
synthetics, nor whether these might be more or less durable than the basic material. N

F consider any change in mechanical properties due to soil temperatures below 0 °C, nor th

zen soil. The document does not cover uncertainty in the design of the reinforced soil stru
human or economic consequences of failure.

Normative references

e following documents are referred telin the text in such a way that some or all of the

athetics for

forcement
chemical
codes for

geosynthetics covered in this document include those whose primary purpose is reinforcement,

polyester
, aramids
between
or does it

bly to geomembranes, for example, in landfills. It does notcover the effects of dynamicloading. It does

e effect of
cture, nor

ir content

copstitutes requirements of this document. For dated references, only the edition cited applies. For
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dated references, the latest editioh\of the referenced document (including any amendment

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

Terms, definitions;,"abbreviated terms and symbols

Terms and.definitions

" the purpaesés of this document, the terms and definitions given in ISO 10318-1 and the
ly.

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

5) applies.

following

PSSes:

oA YWa Y H 1. H | PN lalal £ lors Ll H [ola
SUUTIITITCT UT O WSTITS PIATTUT . av aIrduTC at Ittt P S. 77 VW W W.1S5U. UL 570U

—+

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

3.1.1

long-term strength
load which, if applied continuously to the geosynthetic during the service lifetime, is predicted to lead
to rupture at the end of that lifetime

© IS0 2022 - All rights reserved
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3.1.2

reduction factor
factor (= 1) by which the tensile strength is divided to take into account particular service conditions in
order to derive the long-term strength

Note 1 to entry: In Europe, the term 'partial factor' is used.

3.1.3

characteristic strength
95 % (two-sided) lower confidence limit for the tensile strength of the geosynthetic, approximately

equa] to themean cfr‘ﬂngfh less two standard deviations

Note 1 to

try: This should be assured by the manufacturer’s own quality assurance scheme or by independent

assessmeng.

3.1.4

block shifting
procedurg by which a set of data relating applied load to the logarithm of time to rupture, all measured
at a singlg temperature, are shifted along the log time axis by a single factor to eoincide with a secqnd

set meas

3.1.5

red at a second temperature

product ljne

series of i
line come

roducts manufactured using the same polymer, in which thé polymer for all products in the
b from the same source, the manufacturing process is the{same for all products in the line, gnd

the only djifference is in the product mass per area or number offibres contained in each reinforcement

element

3.2 Abbreviated terms

CEG
DSC
HALS
HDPE
HPOIT
LCL
MARV
OIT
PA
PET
PP
PTFE
PVA
SIM
TTS

darboxyl end group

differential scanning calorimetry
Rindered amine light stabilizers

Righ density polyethylene

Righ pressure oxidation induction time
Ipwer confidencelimit

thinimum ayetage roll value
¢xidatieminduction time

polyamide

polyethylene terephthalate
polypropylene
polytetrafluorethylene
polyvinyl alcohol

stepped isothermal method

time-temperature shifting

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=4d9258cff0c61b5f0c177345047c69eb

ISO/TS 20432:

3.3 Symbols

A time-temperature shift factor

b, gradient of Arrhenius graph

ds mean granular size of fill

dgg granular size of fill for 90 % pass (10 % retention)

fs erebrbstely

G H parameters used in the validation of temperature shift linearity (see 7.4)

m gradient of line fitted to creep rupture points (log time against load); jnvierse of d
conventional plot of load against log time.

M, number averaged molecular weight

n number of creep rupture or Arrhenius points

P applied load

Ry ratio representing the uncertainty due to extrapelation

R, ratio representing the uncertainty in strength derived from Arrhenius testing

fr4n reduction factor to allow for chemical and biological effects

frAR reduction factor to allow for the effe¢t of sustained static load

frip reduction factor to allow for theeffect of mechanical damage

frv reduction factor to allow forweathering

Ssq sum of squares of difference of log (time to rupture) and straight line fit

Sy Sxyr Syy  sums of squaresas defined in derivation of regression lines in 9.4.3

o standard deviation used in calculation of LCL

t time, éxpressed in hours

tog tindeto 90 % retained strength

tp design life

Edeb degradation time during oxidation

tind induction time during oxidation

ticL LCL of time to a defined retained strength at the service temperature

tmax longest observed time to creep rupture, expressed in hours

tho2 Student’s t for n - 2 degrees of freedom and a stated probability

tr time to rupture, expressed in hours

t time to a defined retained strength at the service temperature

© IS0 2022 - All rights reserved

2022(E)

radient of


https://standardsiso.com/api/?name=4d9258cff0c61b5f0c177345047c69eb

ISO/TS 20432:2022(E)

Yo
y
Yi

Yo

4 Desi

4.1 Ger
The desig

a) them

load per width

batch tensile strength (per width)
characteristic strength (per width) (see 6.1)
unfactored long-term strength (see 9.4.3)

long-term strength per width (including factor of safety)

residual cfrnngfh

on procedure

jeral
h of reinfonced soil structures generally requires consideration of the following two issues

aximum strain in the reinforcement during the design lifetime;

temperature of accelerated creep test
absolute temperature

LCL of T, due to chemical degradation

har
service temperature

abscissa: on a creep rupture graph the logarithm of time, in hou®s
mean value of x

abscissa of an individual creep rupture point

predicted time to rupture

ordinate: on a creep rupture graph, applied load.expressed as a percentage of tensile streng
or a function of applied load

valueofyat1h (Igt=0)
mean value of y
ordinate of an individual creep’rupture point

value of y at time 0, derived from the line fitted to creep rupture points

b h ot 4 +1o £l 3ot £l ot 141 Jd & 4+ | H +lo A | H Lifats:
t € mmmtin—stY CITgS U Ut T THITUT LTI UTAU T UT T ITCT AU TU T U pPTUT TUUT T T U TS TSI TITCUITITTC.

In civil engineering design, these two issues are referred to as the serviceability and ultimate limit
state respectively. Both factors depend on time and can be degraded by the environment to which the
reinforcement is exposed.

4.2 Design lifetime

A design lifetime, ¢, is defined for the reinforced soil structure. For civil engineering structures this
is typically 50 years to 100 years. These durations are too long for direct measurements to be made in
advance of construction. Reduction factors have therefore to be determined by extrapolation of short-
term data aided, where necessary, by tests at elevated temperatures to accelerate the processes of
creep or degradation.

4
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4.3 Causes of degradation

Strain and strength may be changed due to the effects of the following:
— mechanical damage caused during installation;

— sustained static (or dynamic) load;

— elevated temperature;

— weathering while the material is exposed to light;

—| chemical effects of natural or contaminated soil.

4.4 Design temperature

The design temperature should have been defined for the application in hand. In¢he absence of a defined
tepperature or of site specific in-soil temperature data, the design temperature should be taken as the
terpperature which is halfway between the average yearly air temperatire’and the normall daily air
tepperature for the hottest month at the site. If this information is not-available, 20 °C should be used
as the default value.

Mgny geosynthetic tests are performed at a standard temper@ture of (20 = 2) °C. If the design
terpperature differs, appropriate adjustments should be made-t@ the measured properties.

Thijis document does not cover the effects of temperatures.below 0 °C (see Clause 1).

5 [ Determination of long-term creep strain

5.1 General

Th design specification may set a limit pri-the total strain over the service lifetime of the gegsynthetic,
or pn the strain generated between thé end of construction and the service lifetime. In the sefond case,
the time at “end of construction” should be defined, as shown in Figure 1. When plotted against 1g ¢,
eveén a one-year construction period should have negligible influence on the creep strain curye beyond
10lyears.

Leyels of creep strain encountered in the primary creep regime (creep rate decreasing with time) are
thought not to adversely-affect strength properties of geosynthetic reinforcement materials.

© IS0 2022 - All rights reserved 5
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time
strain
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Figure

5.2 Ext

Creep str
may then
procedursg

fit to the (E‘ata, for example, pawer laws. The use of polynomial functions is discouraged since they ¢

lead to un|

5.3 Time-temperature superposition methods

Time-tem
Creep cuy
not excee

laboraftory creep test
load rgmp period on wall

—_

load ramp period in creep test
loading and creep of reinforcement in wall
new time = 0 for post construction creep

N U1 B W

wall construction time

[l — Conceptual illustration for comparing the creep measured in walls to laborator}
creep data

rapolation

hin should be measured (@agcording to ISO 13431 and plotted as strain against the Ig ¢
be extrapolated to theldesign lifetime. Extrapolation may be by graphical or curve-fitt
s, in which the formulae applied should be as simple as is necessary to provide a reasona

ealistic values-when extrapolated.

perature superposition methods may be used to assist with extending the creep cury
ves are measured under the same load at different temperatures, with intervals generd

It

ng
ble
an

es.
lly

ding 10 °C; and plotted on the same diagram as strainagainstlg . The lowest temperatur

is

AAAAAAAAAAAAAAA

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 creep curve
for the reference temperature. The shift factors, i.e. the amounts (in units equivalent to lg t) by which
each curve is shifted, should be plotted against temperature where they should form a straight line or
smooth curve. The cautions given in 7.6 should be noted.

Experience has shown the strains on loading are variable. Since the increase in strain with time is
small, this variability can lead to wide variability in time-temperature shifting (TTS). The stepped
isothermal method (SIM) described in 7.5 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.

© IS0 2022 - All rights reserved
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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. One approach is to use regression analysis
to develop an isochronous load versus strain curve at 0,1 h. The creep curve should then be shifted
vertically to pass through the mean strain measured after 0,1 h.

If the lowest test temperature is below the design temperature, the shift factor corresponding to the
design temperature should be read off the plot of shift factor against temperature. The time-scale of the
master curve should then be adjusted by this factor.

S.I Isochronous curves

From the creep curve corresponding to each load, read off the strains for specified durationg, typically
11,10 h, 100 h, etc., and including the design lifetime. Set up a diagram of load against'Strain. For each
dufation, plot the points of load against strain for the corresponding durations (se¢ Eigure 2).[These are
called isochronous curves. Where a maximum strain is permitted over the desigfi lifetime, of between
the¢ end of construction (e.g. 100 h) and the design lifetime, it is possible to.read off the corrg¢sponding
lodds from these curves. Where the strain is measured from zero, note that in'geosynthetics gtrains are
mgasured from a set preload (defined in ISO 10319 and ISO 13431 as 1% of the tensile strgngth) and
that some woven and particularly non-woven materials may exhibit-considerable irreversible strains
below this initial loading. See Reference [2] for additional details o creep strain characterization.
1h 104 100h 1000h 10000h

. N

25 \ 99ﬂ »

20

15

10

5
0
0 5 10 15 X

Key
X | strain
Y Toad

Figure 2 — Isochronous diagram

5.5 Weathering, chemical and biological effects

Creep strain is generally insensitive to limited weathering, chemical and biological effects. In addition,
creep strains are in general not affected by installation damage, unless the damage is severe, or unless
the load level applied is very near the creep limit of the undamaged material. In most cases, the load
level applied is well below the creep limit of the material. See Reference [3] for additional details on this
issue. Thus, no further adjustment is generally required beyond the effect of temperature.

©1S0 2022 - All rights reserved 7
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Note, however, that artificially contaminated soils may contain chemicals, such as organic fuels and
solvents, which can affect the creep of geosynthetics. If necessary, perform a short-term creep test
according to ISO 13431 on a sample of geosynthetic that is immersed in the chemical or has just been

removed from it. If the creep strain is significantly different, do not use this geosynthetic in this soil.

6 Dete

rmination of long-term strength

6.1 Tensile strength

The chardcteristic strength, T, Is taken as the basls for the long-term strength. I . 1s typically a

statistical value generated from the mean strength of production material less two standard deviatigns

sometimep referred to as the minimum average roll value (MARV), unless otherwise defined.

6.2 Reduction factors

T, can fhen be divided by the following four reduction factors, each of whichrepfesents a losq of

strength determined in accordance with this Technical Specification, to arrive atthelong-term strength

Tp:

— frcr ip a reduction factor to allow for the effect of sustained static load at the service temperatufe;
NOTE The effect of dynamic loads is not included.

— fryp i$ areduction factor to allow for the effect of mechanical.damage;

— frw if a reduction factor to allow for weathering duging exposure prior to installation or| of
permanently exposed material;

— frcn Is a reduction factor to allow for reductions in'strength due to chemical and biological effefts
at theldesign temperature (see 4.4).

In additign to the reduction factors, a factor of safety, f,, takes into account the statistical variatjon

in the reduction factors calculated (see 6.1):It does not consider the uncertainties related to the doil

structurejand the calculation of loads.

6.3 Mofdles of degradation

Degradation of strength can be divided into three modes according to the manner in which they tgke

place with time:

— Mode|1l: Immediatejreduction in strength, insignificant further reduction with time.

— Mode|2: Gradual) though not necessarily constant, reduction in strength.

— Mode|3: No'reduction in strength for along period; after a certain period, onset of rapid degradatipn.

For Mode 1 nF ulhlr‘h lncfanahnn r‘aman’n 1san oxamh]o lf lc apprnpv‘lafo o ror‘nr‘n fhn fnncﬂn cfrnnbth

by an approprlate time-independent reduction factor. For Mode 2, where there is a progressive
reduction in strength, the tensile strength will be reduced by a time-dependent reduction factor. For
Mode 3, it is not appropriate to apply a reduction factor to the tensile strength but rather to restrict the
service lifetime.

These modes are depicted schematically in Figure 3.

© IS0 2022 - All rights reserved
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X
Key
X | time
Y | retained strength
1 | mode1l
2 | mode 2
3 | mode 3

7.

Figure 3 — Retained strength plotted against time for the three Modes of degrad4

Creep rupture

1 General

Cre¢ep rupture, or lifefinre under sustained load, is determined by measuring times to ruptu

at
re

Th

re
of
is

Tuction factorfg tr-

s procedure may be supported by measurements at higher temperatures. Convention
gults obtained on multiple specimens at elevated temperatures provides an improved

the dorig-term behaviour at ambient temperature. In the SIM, the temperature of a single
nCreased in steps. The sections of creep strain curve measured at each temperature ste]

tion

e of up to

east 10 000 h. The results are extrapolated to predict longer lifetimes at lower loads and thereby the

al TTS of
brediction
specimen
b are then

commbimned to predict the tong-termr creep straim and rupture tifetine:

It should be noted that a creep rupture diagram depicts applied load plotted against time to rupture
and is not a statement of the loss of strength under continuous load. It has been predicted on the basis
of accelerated tests that many geosynthetics exposed to sustained load do not in fact significantly
diminish in strength until close to the end of their predicted life. When the strength equals the applied
load, the material ruptures (see Figure 4). Sustained load is therefore a Mode 3 form of degradation.

©
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2 residupl strength
3 applief load
4 lifetime

Figure 4 — Creep rupture-and residual strength as a function of time

The creep rupture curve shows thepredicted lifetime corresponding to a particular applied lopd.
During thiat lifetime, the strength of the geosynthetic follows the residual strength curve, falling to
equal the ppplied load at the moment of rupture.

7.2 Measurement of-Cfeep rupture: conventional method

For limit ftate design,-the creep rupture behaviour of the product should be measured according to
ISO 13431 with atinimum of 12 measurements. As a guide, at least four of the test results should hgve
rupture times between 100 h and 1 000 h, and at least four of the test results should have rupture times
of 1 000 N to10 000 h, with at least one additional test result having a rupture time of approximately
10 000 h (|1,14 years) or more.

Specimens should be tested in the direction in which the load will be applied in use. The tensile
strength of the same batch, T, of the material in the same direction should be determined according
to ISO 10319 using grips similar to those used for creep rupture testing. Loads applied during the creep
rupture tests should be expressed as a percentage of Tz. The nature of the failure should be observed
and recorded.

It is recommended that creep strain is measured as well as time to rupture, since this can assist with
conventional time-temperature strain shifting and in identifying any change in behaviour that could
invalidate extrapolation of the results. This practice will also permit laboratory creep data collected at
moderate differences (plus or minus 10 °C) in test temperature to be corrected to the desired reference
temperature. Similar moderate changes in reference temperature will be facilitated under this practice
as well.

10 © IS0 2022 - All rights reserved
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The temperature should be as stated in ISO 13431 and ISO 10319; if a different temperature, for
example, the design temperature, is used then it should be the same for both tensile and creep rupture
measurements. Further tests at elevated temperature may be used for the purposes of TTS.

Th

e creep rupture data for the product should be tabulated as:
load per width T, as percentage of the batch tensile strength, Tg;
time to rupture, ty, in h;

lg t to rupture;

observations on the failure, including the strain at failure or the strain at the point whe

ductile, semi-brittle or brittle and smooth;

creep strain data, if available, particularly if conventional time-temperature strain
applied;

whether the test was conventional (20 °C), time-temperature accelerated, SIM or was per
a similar material as supporting data.

Indomplete tests may be included, with the test duration replacing.the time to rupture, but

lis
7.1

Th
of
log

ed as such. The procedure for handling incomplete tests is déscribed in 7.3.

§  Curve fitting (conventional method)

e data, including any relevant supporting data, should be plotted asy = T (expressed as a p
T') against x = 1g tp, which should yield a lineak plot (see Figure 5). This is referred to

mdy be necessary to plot the ordinate (y) as afunction of applied load to achieve a linear plot.
the function y =1g T, resulting in a double logarithmic plot, has been shown to apply to polyet}

po
ph

©lI

ypropylene reinforcements. Where a function of T is used, it should preferably be based o
ysical model.

e the rate

of creep starts to increase (tertiary creep) and, where visible, the nature of the fractur€ surface, e.g.

bhifting is

formed on

should be

ercentage
hs a semi-

arithmic plot and has been shown to apply te:polyester reinforcements. If the plot is not linear, it

The use of
lylene and
h a known
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Figure 5 — Creep rupture diagramwith straight line fit

cht line using statistical regression analysis.In the following, x equals lg t; and y equals 7]
of P. The creep rupture points, total number n, are denoted as (x;, y;). Note that in contr
ientific plots, the independent variable'is plotted on the y axis and the dependent variablg

rchanged.

ht line fit (regression line)-is-given by the formula:

-m(y—y)

1 and )7=—2yi
n n

or
hst
b 1S

the x axis. Formulae (1) to (3) therefore differ from those conventionally found by havinjg x

(1)

sumnred over all points (x;, y;).

m is given

by the formula:

D (% ~X)(yi - )

m=

N (vi-y)

(2)

Because of the interchange of x and y, the gradient of the graph is equal to 1/m. For a semi-logarithmic
diagram, this should be expressed as percentage tensile strength per decade of time. The gradient

should be

12

a negative value.
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The intercept y, on the line x = 0 (i.e. atlg t = 0; t = 1 h) is given by:

Yo=y-x/m (3)

The accepted practice for incomplete tests is as follows. The regression should first be performed with
the incomplete tests excluded. The time to failure for an incomplete test should then be determined for
the corresponding value of T. If the predicted time to failure is less than the duration of the incomplete
test, the point may be added and the regression recalculated. If the predicted time to failure is greater
than the duration of the incomplete test, the point should continue to be excluded. In Figure 5 the
incomplete test shown by an open triangle is included since it lies to the right of the regression line.

Extend the regression line to the design lifetime, for example in Figure 5 where for a design]ifetime of
1400 000 h, T'= 52 % of tensile strength. f (g = 1/52 % = 100/52 = 1,92

Reford the duration of the longest test that has ended in rupture, or the duration of the longest
indomplete test whose duration has been included in the regression calculation:this duration |s denoted

as Frax:

7.4 Curve fitting for time-temperature block shifting of rupture curves

th¢ values of y; and ty as in 7.3 together with the temperatures ;. For each temperature &, assign a
nominal shift factor A;. Assign nominal values to the constantsy;, and m. Include the test poinfts derived
at R0 °C for which 4; = 0. Then proceed as follows.

If data obtained at higher temperatures 6; are to be included for the purposes of acceleratioi, tabulate

For each measured value of ty, calculate the shifted log'time x; =lgtp +4;.

For each value of y;, calculate the logarithm of the predicted time to rupture x, = (yi -Yo )m
2
For each pair of values, calculate the square of the difference (xi —Xp ) .

. . 2
Defive the sum of squares S, =i (xl. —xp) :
Us|ng a spreadsheet optimization programme, minimize Sgqasa function of all A, Yo and m.
Using the optimized values gf #;, recalculate the values of x;.

PIqt y; against the recalculated values of x;. On the same diagram, using the optimised value$ of y, and
m,|add the straight line fit as in 7.3. This line should be used for prediction of the time to fupture at
20|°C.

PIqt the optimized values of 4; against 6;. Check that the line passes through the point (20 °(, 0) and is
then straight\or lightly curved, such that if the curve is approximated by Formula (4):

A(=G(6; ~20)+H(6; -20)" 4)

then -0,003 < G/H < 0,003. If not, the validity of the tests should be reviewed.

This curve may be interpolated or extended to derive the temperature shift factor 4; corresponding to
a different service temperature.

For example, in Figure 6, the regression creep rupture lines for 20 °C, 40 °C and 60 °C are assumed to be
parallel. The 40 °C and 60 °C lines and associated points have been shifted to the right until they coincide
with the 20 °C line to which they form an extension. Temperature steps <10 °C are recommended for PE
and PP.

This procedure assumes that the creep rupture curves at all temperatures are linear and parallel, which

has been found empirically to apply to polyester (semi-log plots) and polypropylene (log/log plots). It
should be pointed out that the theory of Zhurkov[4l in the Bibliography, which assumes that the fracture
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process is activated thermally with the additional effect of applied stress, predicts that the creep
rupture characteristics should be straight when plotted on a semi-logarithmic diagram, and that their
gradients should be stress-dependent. This theory has not provided a better fit to experimental creep
rupture data than the empirical method used here, but experience has shown that the shift factors can

be stress-dependent and block shifting ignores this.

7.5 Strain shifting and the stepped isothermal method

Long-term rupture data can be obtained through the use of the classical TTS of creep strain data.
Strain shifting as described in 5.2 can be applied to creep curves terminated in rupture. For example,

a creep stfrain versus Ig t curve obtained under a given load at 60 °C and which terminates in ruptiire

can be sifted to longer times. Needed to accomplish this are creep strain curves at, say, 20.°C"3
40 °C under the same load. The lower temperature curves can be terminated before rupture provig
that suffigient data are available to effect the TTS procedure properly. Because of the scatterin inif
strains mé¢ntioned previously, the strain tests should be replicated.

In the SIM, which is a special case of TTS, the temperature of the creep test is raised in.a series of ste
The sectigns of creep curve at the individual temperatures are then combined<to-form a continu
determingtion as instructed in ASTM D 6992.

SIM can be considered for use in generating and extrapolating geosynthetic creep rupture dd
provided |that the predictions are consistent with those based on cdonventional testing or tin
temperatyre block or strain shifting as described above. To this end, itis recommended that a minim
of 12 datg points, time-shifted to the reference temperature, be Obtained from accelerated (TTS 4
SIM) and ¢onventional testing, with a minimum of

— three|time-shifted durations between 1 000 and 100 000’h, and

— threel|time-shifted durations between 100 000 and. 40 000 000 h.

In additign, a limited programme of conventional creep rupture tests obtained at the refereice

temperatyre and therefore un-shifted (except as*cerrected per 7.2), should be performed in accorda
with 7.2. It is recommended that there should-Be four conventional creep rupture data points betwg
100 h and|[ 10 000 h and one data point at #0000 h or more. (The last data point may be an incompl
test). Thip conventional creep rupture data envelope should then be compared to the enveld
determingd from the accelerated data.

Linear regression analysis should be performed separately for the conventional and accelerated d
in accordgnce with 7.3 and 7.4. The value of f; - determined from the accelerated data at 2 000 h
the refergnce temperature should differ from the value of f; cr determined from conventional datg
2 000 h af the reference-{€mperature by no more than 0,15. Also the value of f; (p determined fr
the acceldrated data at.30 000 h at the reference temperature should differ from the value of f{

determingd from cofiventional data at 10 000 h at the reference temperature by no more than 0,15.

both the gonditions.are fulfilled, the SIM data may be combined with the conventional data and used
determing fp cgolfnot, fi o should be determined from data from conventional testing alone (additio
conventiohal data will be needed in this case).
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The validity of SIM is supported by References [5] and [9].
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Figure 6 — Block shifting

7.6 Extrapolatienand definition of reduction factor or lifetime

Exfrapolate the straight line fit to lg t;,. Read off the corresponding percentage y from the fqrmula y =
Yo I (g tp)/m (ify is a different function of load, derive the percentage accordingly).

Calculate fg cg = 100/y. fg cg should be greater than unity.

A ¢ondition of the extrapolation is that there is no evidence or reason to believe that the rupture
behaviour will change over this duration. It should be checked that at long durations, and at elevated
temperatures, if used:

— there is no abrupt change in the gradient of the creep rupture curve;
— there is no abrupt change in the strain to failure;
— there is no significant change in the appearance of the fracture surface.

Any evidence of such changes, particularly in accelerated tests, should invalidate the extrapolation
unless it can be taken into account as described in the following example. Particular attention is drawn
to the behaviour of unoriented thermoplastics under sustained load, where a transition in behaviour
is observed in long-term creep rupture testing. The effect of this transition is that the gradient of the
creep rupture curve steepens at the so-called “knee” such that long-term failures occur at much shorter
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lifetimes than would otherwise be predicted. The strain at failure is greatly reduced and the appearance
of the fracture surface changes from ductile to semi-brittle. If this is observed, any extrapolation
should assume that the “knee” will occur. For the method of extrapolation, reference should be made to
IS0 9080:2012.

7.7 Residual strength

Creep rupture is Mode 3 degradation, resulting in little reduction in strength until the duration
approaches the design life (see Figure 4). If the applied load is expected to be lower than T,/ f cg, it
can be more appropriate to calculate the time to failure corresponding to the applied load and to check
that this qubstantially exceeds tj. On the basis of current measurements, it may then be assumedithat
the strength remains close to T, over the design life. This is particularly relevant to seismic‘des}gn
and to other cases where a certain reserve strength has to be assured.

7.8 Reporting of results

The resul§s should be reported as a graph of applied load (or a function of applied load) plotted agaipst
time to rupture in the manner of Figure 5.

The following should be stated:
— matetial;

— desigh lifetime;

— desigh temperature;

— Tehar

— equatjion of the regression line y = y, - x/m;
fr.cr-

7.9 Prdcedure in the absence of sufficient data

Long-ternp creep data obtained from,tests performed on older product lines, or other products within
the same [product line, may be applied to new product lines, or a similar product within the same
product lipe, if one of the following conditions is met.

— The njaterials and structune of the proposed product are similar to those of the tested product. Data
shoulfl be provided which shows that the minor differences between the tested and the untested
prodycts will result'in’ equal or greater creep resistance for the untested products.

— The results of@limited testing programme on the proposed product are not significantly differgnt
from those predicted from the data on the tested product. For creep evaluation, this limited test|ng
programinég should include creep tests taken to atleast 1 000 h to 2 000 h in length.

— If SIMs—accepted-for-thepreviousty-tested-productthenStcamrbeused RFgexclusivetyomrthe
proposed product or products. In this case, the SIM tests should be concentrated in the 100 000 h to
10 000 000 h time window for maximum statistical efficiency. Three SIM tests should be sufficient
for each proposed product.

Similarity can be judged on the following.

— Equivalence of polymer structure, molecular weight, carboxyl end group count (CEG) cross-linking,
crystallinity and draw ratio. It should be noted that per cent crystallinity is not a controlled property
and there is presently no indication of what an acceptable value for percent crystallinity should be.
For the method of determining CEG, see 9.4.5.2.

— Tensile strength per identifiable unit such as single rib or yarn. Tests performed on single ribs or
yarns should, however, be shown to be representative of the material as a whole.
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— Polymer additives used (i.e. type and quantity of antioxidants or other additives used).
— Textile (weave, style of non-woven, grid) and yarn structure, and fibre diameter.
NOTE Not all properties apply to all materials.

The data provided should show that the performance of the new or similar product is equal to or better
than the performance of the product previously tested. If so, the results from the full testing programme
on the older or similar product could be used for the new/similar product. If these conditions are not
met, then a full testing and evaluation programme for the new product should be conducted.

Siffgle Tibs Tor geogrids or yarns for woven geotextiles may be used for creep testing for ultiinate limit
stdte design provided that it can be shown, for example, by a creep testing programme(siniflar to the
conventional creep tests defined in 7.5, that the rupture behaviour and envelope for the’single ribs or
yarns are the same as that for the full product.

If the procedures described in this section are applied, then this should be notedin'the statenpent of the
cofresponding reduction factors.

8 | Installation damage

8.1 General

Coprse backfills and heavy compaction loads can damage geosynthetics, causing an immediate
redluction in strength. The effect is referred to as installation damage and the corresponding|reduction
fagtor as fp |p.

Geherally, the mechanical damage occurs on installation (Mode 1). If significant further damage is likely
to pccur in use, there will be an additional timezdependent contribution to this factor.

8.2 Datarecommended

Mdasurement of the effect of installation damage on geosynthetic reinforcement strgngth and
deformation should be determined-from the results of installation damage tests. General guidance
is piven 1SO 13437 and BS 8006:1995, Annex D. The installation damage tests should simulate the
indtallation conditions (conditions of service) as closely as practicable to the installation ¢onditions
anficipated in the geosynthetic structure. The installation conditions to be simulated should Include, as
a minimum:

—| the nature of theybackfill both below and above the sample: particle size distribution, haridness and
angularity;

—| the depth'at which the sample is installed;

—| whéther the material is driven over by vehicles before compaction;

— Lmethod and degree of compaction

Test results from damaged specimens should be compared to tensile test results obtained from
undamaged (i.e., not exposed to installation conditions) specimens taken from the same lot, and
preferably the same roll, of material as the damaged specimens.

The specimens should be large enough to be used for wide-width tensile testing (ISO 10319).
Consideration should be given to increasing the number of specimens to ensure that they are fully
representative of the damaged material. It is desirable that multi-rib tests, with at least four ribs, should
be used for installation damage evaluation. With single rib testing it can be difficult to assess the effect
of severed ribs on the strength and modulus of damaged materials, and the effect of differences in
degree of damage between ribs on the overall tensile strength of the product. Single ribs of geogrids are
generally unsuitable for installation damage testing. If this cannot be avoided, for example, for very high
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strength materials, then it should be demonstrated that the strength of the single ribs is representative

of the full

product.

Further information is given in Reference [10].

8.3 Calculation of reduction factor

The reduction factor to allow for the effect of mechanical damage for the site conditions used, fj |p,
should be expressed as the ratio of the mean tensile strength of the undamaged material to the mean
tensile strength of the damaged material.

8.4 Pr(Jcedure in the absence of direct data

841 G

In the abs
or 8.4.4 c3

8.4.2 In

If the fp 1
and great
of ds or 3
recognize
and other

bneral

terpolation from measurements with different soils

bnce of site-specific data obtained in accordance with 8.2, one of the approaches in 8.4.2, 8.4.3
n be taken.

of the material under consideration is known for other soils with grain size both less tHan
er than the soil to be used, then fp p should be determined by interpolation using the valfies
n alternative such as dq for the respective soils to obtainfp |p for the soil in question. If is
d that this is only an approximation, particularly for seils with a broad particle distributipn,
soil gradation characteristics may be considered«for interpolation purposes if it can

be

of

shown that they produce a more accurate correlation than the ds size. An example of this interpolatjon
procedurg to obtain fy |, at a different soil ds is provided:in Figure 7, which shows the interpolatior
fr1p for a $oil with ds, equalling 2 mm from measuremetfits made with soils with ds, equalling 0,02 njm,
0,5 mm and 10 mm.
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Figure 7 — Interpolation of fg |,
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8.4.3 Interpolation between products of the same product line

This interpolation may also be made for other products within the product line of the subject product,
provided that a relationship can be established between the weight, tensile strength, etc. of the product
and the fp | of the product as in Figure 8, and provided that data are available for products which are
both lighter (weaker) and heavier (stronger) than the product in question. For products that are heavier
(stronger) than the heaviest product tested, the f |, for the heaviest product tested may be used. For
coated polyester geogrids, the coating thickness or coating mass per area relative to the mass per area
of the product should be considered for the purpose of correlating f; |, between products rather than
product weight or tensile strength alone. In Figure 8 for a product of weight 300 g/m?, frip = 142

Y
1,8
1,6
1,4 \
1,2
1
0,8
0,6
0,4
0,2
0

0 200 400 600 800 X

Key
X | product weight, g/m?
Y | reduction factor fg

Higure 8 — Interpolation of fp |, from'damage measurements on products from the sgme line
but with different weights

8.4.4 Laboratory damage tests

It §hould be noted that ISO~10722 is intended as an index test for comparative purposes and $hould not
bejused for the derivation of reduction factors for geosynthetic soil reinforcements.

9 | Weathering, chemical and biological degradation

9.1 General

Polymers are susceptible to environmental degradation due to weathering, including exjposure to

ltlﬂr\\'vI alat hit +0 ~bho ol attanly S d o i ] Al ottty ANl b Affantc o £l o nfl db
u IraviIiuviIcttu llsllb' U \'ll\'llll\fﬂl Cl\-\rCl\zl\ daIlTua tyu IJIUIUSILCII AdALLAdUI. 7T trircve viiceito dri o lul Lll\'l lllll ence y

temperature and, for some polymers, by moisture uptake. The durability of geosynthetic reinforcements
is improved by their high degree of orientation and high molecular weights, while for polyolefins in
particular the principal reason is the inclusion of special additives.

Environmental degradation can lead to degradation by Modes 1, 2 and 3. Weathering on site before
a geotextile is covered can be regarded as Mode 1, while the weathering of geotextiles permanently
exposed should be regarded as Mode 2. For chemical degradation, the preferred approach is to restrict
the service lifetime to the period over which no significant reduction in strength is predicted. This
is, however, not always possible, and for the hydrolysis of polyesters, which takes place continuously
(Mode 2) a time-dependent reduction factor should be determined.

Two reduction factors are defined: fy , for weathering and fp ¢ for chemical and biological degradation.
Allowances for statistical scatter and uncertainty are made by means of a separate factor of safety, f..
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9.2 Datarecommended for assessment
[t is recommended that the following data be provided.
— Statement of principal polymers used.

— Evidence of the resistance of these polymers to weathering (for example EN 12224) and to chemical
degradation, in particular to hydrolysis and oxidation in aqueous solutions with or without the
presence of oxygen. For polyesters, a statement may be made of the number averaged molecular
weight (M) and of the carboxyl end group count (CEG).

— A statlement that post-consumer recycled material is not used.
— Predifted exposure to daylight: duration, location and season.
— Effectlive design soil temperature (see 4.4).

— Soil pH.
— A sta‘]ement of any non-natural contaminants in the soil, e.g. industrial wastg:

— Any unusual biological hazards such as termites.

9.3 Weathering

All polymers can degrade when exposed to ultraviolet light, although stabilizing additives will normaglly
have beenladded to materials intended for outdoor use. In this Teehnical Specification, “weathering” will
be taken gs applying solely to the effects of ultraviolet light, either alone or together with temperatijre
and water| spray.

The reconpmendations for weathering are related to the,duration of exposure during storage and on sjte.
If the geofynthetic is exposed to ultraviolet light for a maximum of 12 h, no reduction factor need|be
applied. Ifithe exposure time is longer, then the geesynthetic should undergo an accelerated weather|ng
index testjsuch as EN 12224. If the loss of strength is no greater than 5 % or is not statistically significqnt,
no reductjon factor is applicable. This is on'€ondition that the installer covers the geosynthetic within
one month.

Any geosynthetic reinforcement showing a greater loss of strength should not be exposed on site [for
longer thgn the duration shown in Table 1, and a reduction factor fg , should be applied.

Table 1 — Installation exposure period

Retained strength after Maximum exposure time
testing according to (uncovered) during Reduction factor f
EN 12224 installation
Ratio of tensile strength of
>80 % 1 month unexposed material to that of
exposed material

60 9% to 80 % 2 weeks 1,25
<60 % 1 day 1,00
Untested material 1 day 1,00
a  Exposure of up to four months may be acceptable depending on the season and location.

For a range of products identical except for mass per area, it is sufficient to subject only the product
with the lowest mass per area to the test. The results of the test may be applied for the other products
in the range, unless they have been tested separately.

If the geosynthetic is to be exposed to light for longer than one month, then it should be tested according
to EN 12224 or a similar method for a duration such that extrapolation of the radiant exposure to that
expected in service can be justified. The radiant exposure (ultraviolet radiation) in EN 12224 is 50 M]/

20
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m2, corresponding to approximately one summer month’s exposure in southern European or central
North American latitudes. The strength retained after the full radiant exposure should be predicted.
frw should be set equal to the ratio of the strength of the unexposed material to that predicted for the

exposed material.
9.4 Chemical degradation

9.4.1 Causes of chemical degradation

The neinci
ISQ/TS 134

ingisas

(03
ummary.

d d - O
34. The follow

The principal cause of degradation of polyester geosynthetics (which consistof’ po
terlephthalate (PET) is by hydrolysis. The rate of hydrolysis is slow at typical soil |temper:
indreases rapidly as the temperature is raised. The rate can be less if the polyester’is fully ¢
this is discounted since the coating may become damaged by the installation\process in th
Sirjce PET wicks moisture quite well, any exposure of the fibres due to cgatihg damage cq
in hydrolysis at the rate which would occur if the coating was not presefit, The rate of hydr
be|less if the soil is partially instead of fully saturated, but is not zefo)Alkaline liquids wi
can, in addition, erode the surface. Polyester reinforced geosyntheticsshould not be used in
industrially polluted soils where pH > 9 is maintained unless proofief their durability can be

Th
ch
crdcking and a change in colour. Oxidation of these materials is a chain reaction whose ch
complex but quite well understood. The reaction may be'started by ultraviolet light or by hea
bejaccelerated by catalysts such as ions of heavy metals, including iron. The resistance of these
to joxidation is improved dramatically by the addition of a selection of antioxidant stabiliz
can extend the lifetime by hundreds or thousafids of times. Ultimately, the antioxidant is con
oxldation, if it has not been lost prematurely-by migration, evaporation or leaching. Assessn
rafe of oxidation is complex and is furtherdescribed in 9.4.4.

e principal cause of degradation of polypropylene and pg¢lyethylene is oxidation, also r¢

Polyamides can degrade by either,mechanism. Aliphatic polyamides such as PA 6 are susq
th¢rmal degradation, oxidation, ultraviolet radiation, acid or alkali attack causing chain sc
by|hydrolysis through contact'with water at elevated temperatures. They are stabilized

salts, aromatic amines and hindered phenolic antioxidants which all act as heat stabilizers,
phenol antioxidants are the most effective as they also resist thermoxidative degradation,
polyamides such as arafnids are more resistant than PA 6 to degradation by oxidation, acids, 3
hyfirolysis but are susceptible to ultraviolet degradation. Stabilization of these polyamides

byl|adding chlorine.dnd nitro substituents into the recurring structural unit of the polymers.
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9.4.2~ Evidence from service experience

The rate of degradation, or evidence for lack of degradation, can be based on results of analysis of
specimens of the product exposed to a comparable environment and then exhumed, or of products with
a similar physical structure and chemical formulation and including the same additives.

The plan of exhumation and testing should be in accordance with ISO 13437. The following additional
points should be noted.

— The observation period should be of sufficient length for extrapolation to the full design life to
be justified. This justification is particularly important when rapid degradation follows a long
incubation period, or when degradation takes place in a series of separate stages (e.g. 9.4.4.3).
Service experience of at least 10 years may be necessary for extrapolation to a service life of 50 to
100 years for PET geosynthetics. Longer periods of time may be needed for polyolefins due to the
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presence of antioxidants, as no loss in strength will be observed until the antioxidants are used up.
Without knowing how long this will take, it is impossible to predict lifetime.

Generally, a minimum of three retrievals are to be made (i.e., the first retrieval is taken right after
installation, the second retrieval is taken at some time during the middle of this period, and the
third retrieval is taken at the end of the study period).

Enough specimens for each retrieval should be taken into account for statistical variability in the
properties measured. For a more detailed description, see Reference [11].

The polymerand physical characteristics of the exhumed material should meetthe recommendations
for “similar” products in 7.9.

An assessment and lifetime prediction should then be made on the basis of this evidence. For-a m¢re
detailed description of the issues that should be considered when evaluating results ffoni servfice

experienck, see References [2], [11] and [12] in the Bibliography.

9.4.3 Accelerated chemical degradation tests

The rate ¢f degradation can be estimated using accelerated testing, in which)either temperature| or
chemical foncentration, or both, is increased in order to accelerate the rate of reaction. The relatjon
between the rate of degradation under service conditions to that during accelerated testing can|be
derived frjom chemical rate kinetics or from Arrhenius’ equation. Také, care that the conditions durjng
the accelefated tests are representative of those in service. There shéuld be no change in the mechanism
of degradption or in the physical structure of the material; and Ho barrier layers should form or|be

present that might retard the degradation process in a manner that does not occur in service.

In such a programme, carry out the following procedures,

22

Select the parameter to be measured, for exampleyalevel of retained strength such as 90 %, 80(%,
70 %] 60 % or 50 %. If experience has shown that another physical or chemical quantity, such|as
CEG, gives more precise results, then this may be used instead, provided there is an established
relatipnship between the parameter measufed and the strength. Itisimportant that the degradatjon
can bg¢ observed and measured; if not, the-degree of acceleration cannot be ascertained.

Decide on the environment: pure water, air or a special chemical environment. If the geosynthgtic
is to pe placed in a natural soikwith pH < 4 or > 9, or in a soil with non-natural contaminarnts,
e.g. industrial waste, immersion-tests should be performed in liquids with corresponding chemifal
comppsition and extrapolated to the corresponding design soil temperature, chemical compositjon
and s¢rvice life. ISO 12960,describes a method of immersion. In testing with alkaline solutions, care
shoulf be taken to reduce conversion of hydroxide to carbonate ions by reaction with atmosphdric
carbon dioxide.

Select a rangeof at least three to four temperatures, spaced typically at 10 °C intervals. The lowgst
test temperature should ideally be not more than 25 °C above the service temperature, allowjng
for the fact(that the test duration at this temperature has to lie within the time-scale of the test
progrpfime. This can extend for as long as four years Cautlon is adVlSed 1f any tranSItlon occurs in

test temperature or between the lowest test temperature and the service temperature A glass
transition occurs in the range of 50 °C to 80 °C in polyester and crystalline melting in high density
polyethylene (HDPE) takes place at a range of temperatures, peaking at 128 °C. Furthermore, drawn
polyethylene tends to lose its orientation at temperatures of around 70 °C. If a transition is present,
then it should be demonstrated that it leads to no significant change in the rate of degradation, for
example by confirming that the Arrhenius plot is a straight line.

Measure the reduction in strength (or other parameter) over time at each of a range of temperatures.
To do this, expose groups of samples over a range of times at each temperature. Include spare sets
for exposure over longer times in case the rate of reduction in strength is less than predicted. Note
that full wide-width specimens are preferred for this testing; however, single rib or yarn specimens
can be used if necessary. Plot the retained strength against time and determine either the rate of
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change or, by interpolation, the exact times to the desired retained strength (Figure 9). In Figure 9,
the durations for 90 % retained strength are interpolated from the lines, noting that these are
often irregular in shape. Examine each test sample for any change in the nature of degradation or
of failure, for example, the growth of a barrier layer on the surface or circumferential cracking on
the fibre surface, or increased ductility as evidenced by the geosynthetic modulus and peak strain
at the higher temperatures. Scanning electron microscopy is a useful aid to this purpose. If a change
is observed, only those results should be retained which are regarded as being representative of
long-term degradation. If process of degradation comprises two or more separate stages, separate
extrapolations should be made for each stage.
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igure 9.~ Reduction in strength at selected temperatures prior to application of Arrhenius’

formula

Themumberof specimens takem at each Tetrieval for testing may reed to be greater tiran what is
required for testing of the unaged material. This is because the degradation may lead to additional
variability in the strength.

Plotthe times to a particular retained strength or other parameter againstthe inverse of the absolute
temperature 6y in K (see Figure 10). If Arrhenius’ formula applies this plot should be a straight line.
Ifitis not a straightline, then the order of the chemical reaction may be different (for the procedure,
see Reference [13] in the Bibliography, or a transition may have occurred within the range of test
temperatures selected as discussed above. If no straight line is obtained, then Arrhenius’ formula
does not apply and extrapolation is invalid.
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Figure 10 — Arrhenius diagram
— Calculate the equationof the straight line, with y = log tyy and x = 1/6), as:
y=3rby (x-%) )
where
ba = ‘)xy /')xx;
2
Sxx = Z( x—X)";
S —_\2
o=y (r=3);
Sxy = z(x—)_()(y—}_/) -
— Calculate the lower confidence limit (LCL) of the line:
— - —\2
y:y+ba(X_X)_tn—ZGO\/[1+1/n+(x_x) /Sxx:| (6)
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where

t,_ is the Student’s t for n-2 degrees of freedom and a stated probability;

n is the number of Arrhenius points;

%0 isthe \[(Syy S 2 /S )/ (1-2) ]

— Plot these lines as in Figure 10; from the regression line read off the time ¢t to the defined retained

cfr‘pngfh at the service temperature x = 1[/9b (nnfing pqrfir‘n]quy if this exceeds 25 °(‘)- from the

lower confidence limit read off the time ¢, ;; in Figure 10, these two values are 516, 000 h and
199 000 h respectively. Such large differences are typical of logarithmic scales.

—| Usingthe shape of the observed degradation curves asaguide, plotthe shape ofthe degradation curve
such that the defined retained strength is reached after time ¢, (Figure 11). Read off the ynfactored
long-term strength per width T, (expressed as a percentage of the batch tensile strength)) after the
design life tp. fp cy = 100/T,. Make a similar plot for ¢, and derive the LCL T\ . Theratio R, =
T/T .- In Figure 11, 90 % retained strength is reached at the predicted duration for the service
temperature - in this example, 90 % after 516 000 h. The predicted strength after 1 000 000 h is
81,5 % and the fp -y = 100/81,59 = 1,23. A similar derivation is carried out for the LCL forjwhich the
predicted strength after 1 000 000 h is 58,8 %. The ratio R, =81,5/58,8 = 1,39.
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Figure 11 — Degradation curve at the service temperature

Further guidance is given in IEC 60216 and in References [2],[11],[13] and [17] in the Bibliography.
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9.4.4 Oxidation of polyolefins

9.4.4.1 General

There are currently three approaches to the assessment of the oxidation resistance of polyolefins:
simple Arrhenius testing, multiple Arrhenius testing and pressurized oxygen testing.

9.4.4.2 Simple Arrhenius testing

Historically, overall lifetime has been predicted by treating the entire oxidation process as a single stage.
Time to ej\d of life is measured at different temperatures and extrapolated to the service temperatiire

to define the service life, or to the service life to define the operating temperature (e.g. see IEC.60216).
The degradation of polypropylene fibre can be extremely sudden and thus give an indication of lifetime
prediction. However, the methods have suffered from inaccuracies due to the following.

— The aptioxidants present delay the onset of oxidation of the main polymer, causing thé reaction rate
with pxygen to change over time for the material.

— The qven temperature should stay well below the melting temperature\of the polymer, thus
restricting the exposure temperatures to a narrow range.

— The Z[echanism of oxidation can change at higher temperatures, invalidating the extrapolation.

— The diifferent rates of degradation described above can lead to-Jarge errors in the measurement of
time fo end of life and of its extrapolation.

— Surfage cracking has been observed in certain grades of polypropylene. This increases the acces$ of
oxygen to the polymer and invalidates any prediction baséed on uncracked material; furthermorej at
elevated temperatures, these cracks can heal, which\will possibly occur at lower temperatures.

— Diffugion of antioxidants plays a major part at all\stages of oxidation. The rate of diffusion of oxygen
from the outside, the rate of diffusion of antiexidants and the rate of migration of radicals produged
by the chain reaction all increase at higher temperatures and decrease with crystallinity gnd
orienfation of the polymer. These effects\are accelerated by a high surface-to-volume ratio. Herlce,
a high surface-to-volume ratio and .a‘low degree of orientation will clearly shorten all stageq of
oxidafion.

— Leaching may also occur in materials having a high surface-to-volume ratio or containing leafh-
sensifive antioxidants. Forrthese materials, correct selection of stabilizers is essential.

Polyethyl¢ne and polypropylene geotextiles cover a wide range of structures from fine, highly oriented
fibres to fthick and less. strongly oriented polymeric geosynthetic barriers. They contain differgnt
combinatjons of antioxidants. Some exhibit surface cracking. In polymeric geosynthetic barriers gnd
the less oriented areas of extruded geogrids, the rate of oxidation should be higher due to the lack of
orientation, but simultaneously lower due to the small surface-to-volume ratio.

This explains why it has proved 1mp0551ble to deflne a smgle oven agemg test as a screenmg test for
all geosynthe v ' 3 ' ot ' i
or conversely have ellmmated material Wthh would be expected to be durable. Better results can
be obtained by restricting the temperature to 80 °C or below, by dividing the process into stages of
oxidation or by raising the oxygen pressure as in [SO 13438.

9.4.4.3 Multiple Arrhenius testing

The degradation of a stabilized polypropylene or polyethylene can be divided into two stages:
consumption of the antioxidant, and degradation of the unprotected polymer. To establish which
stage has been reached, use is made of oxidation induction time (OIT) measurement or high pressure
oxidation induction time (HPOIT) where hindered amine light stabilizers (HALS) are present. OIT
cannot be applied universally because it only relates to antioxidants active at the testing temperature,
which is in the molten state. In these methods, a sample of material is raised to a high temperature in an

26 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=4d9258cff0c61b5f0c177345047c69eb

	Foreword 
	1 Scope 
	2 Normative references 
	3 Terms, definitions, abbreviated terms and symbols 
	3.1 Terms and definitions 
	3.2 Abbreviated terms 
	3.3 Symbols 

	4 Design procedure 
	4.1 General 
	4.2 Design lifetime 
	4.3 Causes of degradation 
	4.4 Design temperature 

	5 Determination of long-term creep strain 
	5.1 General 
	5.2 Extrapolation 
	5.3 Time-temperature superposition methods 
	5.4 Isochronous curves 
	5.5 Weathering, chemical and biological effects 

	6 Determination of long-term strength 
	6.1 Tensile strength 
	6.2 Reduction factors 
	6.3 Modes of degradation 

	7 Creep rupture 
	7.1 General 
	7.2 Measurement of creep rupture: conventional method 
	7.3 Curve fitting (conventional method) 
	7.4 Curve fitting for time-temperature block shifting of rupture curves 
	7.5 Strain shifting and the stepped isothermal method 
	7.6 Extrapolation and definition of reduction factor or lifetime 
	7.7 Residual strength 
	7.8 Reporting of results 
	7.9 Procedure in the absence of sufficient data 

	8 Installation damage 
	8.1 General 
	8.2 Data recommended 
	8.3 Calculation of reduction factor 
	8.4 Procedure in the absence of direct data 
	8.4.1 General 
	8.4.2 Interpolation from measurements with different soils 
	8.4.3 Interpolation between products of the same product line 
	8.4.4 Laboratory damage tests 


	9 Weathering, chemical and biological degradation 
	9.1 General 
	9.2 Data recommended for assessment 
	9.3 Weathering 
	9.4 Chemical degradation 
	9.4.1 Causes of chemical degradation 
	9.4.2 Evidence from service experience 
	9.4.3 Accelerated chemical degradation tests 
	9.4.4 Oxidation of polyolefins 
	9.4.5 Hydrolysis of polyesters 
	9.4.6 Procedure in the absence of sufficient data 

	9.5 Biological degradation 

	10 Determination of long-term strength 
	10.1 Factor of safety fs 
	10.2 Design for residual strength 

	11 Reporting 
	Bibliography 

