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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
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Guidelines for the determination of the long-term strength of
geosynthetics for soil reinforcement
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3.1

Scope

s Technical Report provides guidelines for the determination of the long-term strength of-geosy
reinforcement.

s Technical Report describes a method of deriving reduction factors for geosyhthietic soil-rei
terials to account for creep and creep rupture, installation damage and weathering, and ch
logical degradation. It is intended to provide a link between the test data,and the codes for c
h reinforced soil.

b geosynthetics covered in this Technical Report include those whose primary purpose is rein
lyethylene terephthalate), polypropylene, high density polyethylene, polyvinyl alcohol, arg
yamides 6 and 6,6. This Technical Report does not cover/the strength of joints or weld
bsynthetics, nor whether these might be more or less durablé than the basic material. Nor does
bmembranes, for example, in landfills. It does not covertthe effects of dynamic loading. It does n
change in mechanical properties due to soil temperatures below 0 °C, nor the effect of froze
chnical Report does not cover uncertainty in the design of the reinforced soil structure, nor the
bnomic consequences of failure.

y prediction is not a complete assurance of-durability.

Normative references

e following referenced doeuments are indispensable for the application of this document.
brences, only the edition cited applies. For undated references, the latest edition of the
cument (including any ameéndments) applies.

D 10318, Geosynthetics — Terms and definitions

Terms, definitions, abbreviated terms and symbols

Terms and definitions

hthetics for

forcement
mical and
bnstruction

forcement,

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

mids and
5 between
it apply to
bt consider
n soil. The
human or

For dated
referenced

For the purposes of this document, the terms and definitions given in ISO 10318 and the following apply.

3.1

A

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

3.1

.2

long-term strain
total strain predicted in the geosynthetic during the service lifetime as a result of the applied load
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3.1.3

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

314

In Europe, the term 'partial factor' is used.

characteristic strength
95 % (two-sided) lower confidence limit for the tensile strength of the geosynthetic, approximately equal to the
mean strength less two standard deviations

NOTE

3.1.5
block sh

This should be assured by the manufacturer’'s own quality assurance scheme or by independent assessment.

ifting

procedure|by which a set of data relating applied load to the logarithm of time to rupture, allimeasured dt a
single temnperature, are shifted along the log time axis by a single factor to coincide With a second set

measured [at a second temperature

3.1.6

product lipe

series of Err:oducts manufactured using the same polymer, in which the polymer for all products in the line
comes frofn the same source, the manufacturing process is the same for all products in the line, and the only

difference |s in the product mass per area or number of fibres contained.in each reinforcement element

3.2 Abbhreviated terms

CEG
DSC
HALS
HDPE
HPOIT
LCL
MARV
OoIT
PA
PET
PP
PTFE
PVA
RFch
RFcr
RFip
RFyy
SIM
TTS

carboxyl end group

dffferential scanning calorimetry
hjndered amine light stabilizers

h|gh density polyethylene

hlgh pressure oxidation induction time
Igwer confidence limit

ninimum average roll value

kKidation induction time

@]

blyamide

Dlypropylene

p
pplyethylene\terephthalate
p
p

plytetrafluorethylene

polyvinyl alcohol

reduction factor to allow for chemical and biological effects
reduction factor to allow for the effect of sustained static load
reduction factor to allow for the effect of mechanical damage
reduction factor to allow for weathering

stepped isothermal method

time-temperature shifting

© 1SO 2007 — All rights reserved
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3.3 Symbols

4 time-temperature shift factor

b, gradient of Arrhenius graph

dsg mean granular size of fill

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

Js factor of safety

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); inverse of gradient of
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 extrapolation

Ry ratio representing the uncertainty in strength derived from Arrhenius testing

Sed sum of squares of difference of log (time tosupture) and straight line fit

Syx Sxy» Sy sums of squares as defined in derivation of regression lines in 9.4.3

oy standard deviation used in calculation of LCL

t time, expressed in hours

t90 time to 90 % retained strength

D design life

Idel degradation-time during oxidation

find induction time during oxidation

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

tmdx longest observed time to creep rupture, expressed in hours

t, b Student’s ¢ for n — 2 degrees of freedom and a stated probability

IR time to rupture, expressed in hours

g time to a defined retained strength at the service temperature

T load per width

Tg batch tensile strength (per width)

Tenar characteristic strength (per width) (see 6.1)

Ty unfactored long-term strength (see 9.4.3)

© 1SO 2007 — Al rights reserved 3
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Tp long-term strength per width (including factor of safety)

Tor residual strength

6} temperature of accelerated creep test

6k temperature

T cL LCL of T, due to chemical degradation

O service temperature

x abscissa: on a creep rupture graph the logarithm of time, in hours
X mean value of x

X abscissa of an individual creep rupture point

Xp predicted time to rupture

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

0 value of yat 1 h (log ¢ = 0)

y mean value of y

Vi ordinate of an individual creep rupture point

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

4 Design procedure

4.1 Intrpduction

The design of reinforced soil structures.generally requires consideration of the following two issues:
a) the maximum strain in the reinforcement during the design lifetime;

b) the mhimum strength of th& reinforcement that could lead to rupture during the design lifetime.
In civil engineering design, these two issues are referred to as the serviceability and ultimate limit stpte

respectively. Both factors depend on time and can be degraded by the environment to which the
reinforcement is exposed.

4.2 DeS|ign lifetime

A design lifetime, 1, is defined for the reinforced soil structure. For civil engineering structures this is typically
50 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 © 1SO 2007 — Al rights reserved
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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;

4.4

Th
ten
ten
ten
de

M4

weathering while the material IS exposed to light;

chemical effects of natural or contaminated soil.

| Design temperature

b design temperature should have been defined for the application in hand/In the absence of
hperature or of site specific in-soil temperature data, the design temperfature should be tak
nperature which is halfway between the average yearly air tempefature and the norma
hperature for the hottest month at the site. If this information is not available, 20 °C should be u
ault value.

ny geosynthetic tests are performed at a standard temperatdre*of (20 + 2) °C. If the design tg

differs, appropriate adjustments should be made to the measured properties.

Th

5.1

Th

ge
co
co
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s Technical Report does not cover the effects of temperatures below 0 °C (see Clause 1).

Determination of long-term (creep) strain

Introduction

e design specification may set a limiton the total strain over the lifetime of the geosynthetic, or o
nerated between the end of canstruction and the service lifetime. In the second case, the time
nstruction” should be definéd;*as shown in Figure 1. When plotted against log ¢ even 3
nstruction period should have/negligible influence on the creep strain curve beyond 10 years.

els of creep strain eneountered in the primary creep regime (creep rate decreasing with time) 3
to adversely affeet'strength properties of geosynthetic reinforcement materials.

a defined
en as the

daily air
sed as the

mperature

h the strain
at “end of
one-year

re thought
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Y A

™
4 4 -
0l 6 N X
5
Key
1 Laborafory creep test 5 New time = 0 for pastconstruction creep
2 Load rgmp period on wall 6 Wall construction time
3 Load rgmp period in creep test X Time
4  Loading and creep of reinforcement in wall Y Strain

Figure 1 — Conceptual illustration for comparing the creep measured in walls
to laboratory, cteep data

5.2 Extrapolation

Creep strgin should be measured according to ISO 13431 and plotted as strain against the log ¢. It may then
be extrapdlated to the design lifetime( Extrapolation may be by graphical or curve-fitting procedures, in which
the formuIEe applied should be as siniple as is necessary to provide a reasonable fit to the data, for example,

power lawp. The use of polynoriial* functions is discouraged since they can lead to unrealistic values when
extrapolated.

5.3 Time-temperataure’superposition methods

Time-temperature_superposition methods may be used to assist with extending the creep curves. Crgep
curves ard medsured under the same load at different temperatures, with intervals generally not exceedjng
10 °C, and plotted on the same diagram as strain against log ¢. The lowest temperature is taken as fhe
reference temperature The creep curves at the highpr temperatures are then shifted alnng 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 log ¢) 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.

6 © 1SO 2007 — Al 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.

Frogm the creep curve corresponding to each load, read off the strains for specified durations, typically 1 h,
10]h, 100 h, etc., and including the design lifetime. Set up a diagram of load against straip,*Fer each duration,
plat the points of load against strain for the corresponding durations (see Figure2)”These |are called
isochronous curves. Where a maximum strain is permitted over the design lifetime;/or between the end of
comnstruction (e.g. 100 h) and the design lifetime, it is possible to read off the corresponding loads from these
curves. Where the strain is measured from zero, note that in geosynthetics strains are measured [from a set
prgload (defined in ISO 10319 and ISO 13431 as 1 % of the tensile strength) and that some woven and
particularly non-woven materials may exhibit considerable irreversible strains.below this initial loading. See [2]
in {he Bibliography for additional details on creep strain characterization.

1h 90h 100h 1000h 10000h

\ ST

25

20

15

10

o
[6)]
—
o
—
()]
Xy

Key
X ~Strain
Y Load

Figure 2 — Isochronous diagram
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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 [3] in the Bibliography for additional details on this issue. Thus,
no further adjustment is generally required beyond the effect of temperature.

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 1343 1-er-a-sample-ef-aeosynthetic-thatis-immersed-in-the-chemical-or-has-iust-beenremoved—from—it. If
I—eR—a-sarmpre-et-geosyrinetcthatstmmersee+trthe-enertecar-erRrasjust-been+removea—+omH.

J
the creep $train is significantly different, do not use this geosynthetic in this soil.

6 Determination of long-term strength

6.1 Tenpsile strength
The charagteristic strength, T, is taken as the basis for the long-term strength. T, is typically a statistical

value gengrated from the mean strength of production material less two stafdard deviations sometinpes
referred tolas the minimum average roll value (MARV), unless otherwise defined.

6.2 Reduction factors

Tehar €an then be divided by the following four reduction factors, each of which represents a loss of strength

determined in accordance with this Technical Report, to arrive at.the long-term strength Tp:

— RF¢Rlis a reduction factor to allow for the effect of sustained static load at the service temperature;
NOTE The effect of dynamic loads is not included.

— RFp is a reduction factor to allow for the effeet-of mechanical damage;

— RFyy Is a reduction factor to allow for weathering during exposure prior to installation or of permanently
exposied material,

— RF¢ylis a reduction factor to allow for reductions in strength due to chemical and biological effects at the
desig temperature (see 4.4).

In additior] to the reductiori-factors, a factor of safety, f;, takes into account the statistical variation in fhe

reduction factors calculated’(see 6.1). It does not consider the uncertainties related to the soil structure and
the calculdtion of loads.

6.3 Modes of degradation

Degradationof strength can be divided into three Modes according to the manner in which they take place
with time:

— Mode 1: Immediate reduction in strength, insignificant further reduction with time;

— Mode 2: Gradual, though not necessarily constant, reduction in strength;

— Mode 3: No reduction in strength for a long period; after a certain period, onset of rapid degradation.

For Mode 1, of which installation damage is an example, it is appropriate to reduce the tensile strength by an
appropriate 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.

8 © 1SO 2007 — Al rights reserved


https://standardsiso.com/api/?name=d85b6343f710a2e38d281d2e8cb22d7c

ISO/TR 20432:2007(E)

These Modes are depicted schematically in Figure 3.
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Mode 3

Time

Retained strength

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

Creep rupture

Introduction

bep rupture, or liféetime under sustained load, is determined by measuring times to rupture of up
000 h. The results are extrapolated to predict longer lifetimes at lower loads and thereby the
tor RFR.

s procedure may be supported by measurements at higher temperatures. Conventional TTS
aineéd\on multiple specimens at elevated temperatures provides an improved prediction of thg

naviour at ambient temperature. In the SIM, the temperature of a single specimen is increased in

se

tions of creep strainm curve measured ateach emperature step are tnen combined 1o pl'e(]iC[ mn

creep strain and rupture lifetime.

=

to at least
reduction

of results
long-term
steps. The
long-term

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

The creep| rupture curve shows the predicted lifetime corresponding to a particular applied load. During that
lifetime, the strength of the geosynthetic)follows the residual strength curve, falling to equal the applied load at
the moment of rupture.

7.2 Megsurement of creep’rupture: conventional method

For limit state design, the~ereep rupture behaviour of the product should be measured according to ISO 13431
with a minimum of 12\measurements. As a guide, at least four of the test results should have rupture times
between 100 h and™ 000 h, and at least four of the test results should have rupture times of 1 000 hl to
10 000 h, with at;least one additional test result having a rupture time of approximately 10 000 h (1,14 yegrs)
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, Ty, 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 7g. 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 © 1SO 2007 — Al 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.

The creep rupture data for the product should be tabulated as:

load per width T, as percentage of the batch tensile strength, Ty;

time to rupture, 1, in h;

Ind
su

7.3

Th

log ¢ to rupture;

starts to increase (tertiary creep) and, where visible, the nature of the fracture surface, e.g. du
brittle or brittle and smooth;

creep strain data, if available, particularly if conventional time-temperature strain“shifting is appl

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

omplete tests may be included, with the test duration replacing thetime to rupture, but should H
th. The procedure for handling incomplete tests is described in7,3.

b Curve fitting (conventional method)

b data, including any relevant supporting data, should be plotted as y = T (expressed as a percen

observations on the failure, including the strain at failure or the strain at the point wheré)the rate of creep

ctile, semi-

ed;

rmed on a

e listed as

tage of Tj)

agginst x = log 7, which should yield a linear plot (sée Figure 5). This is referred to as a semi-logafithmic plot
angl has been shown to apply to polyester reinforGements. If the plot is not linear, it may be necessary to plot
thg ordinate (y) as a function of applied load~to achieve a linear plot. The use of the function y =log T,
requlting in a double logarithmic plot, has’ been shown to apply to polyethylene and polypropylene
reipforcements. Where a function of T'is used, it should preferably be based on a known physical mpdel.
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Figure 5 — Creep rupture diagram with straight line fit
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Fit a straight line using statistical regression analysis. In the following, x equals log tg and y equals T o
function of P. The creep rupture points, total number »n, are denoted as (x;, y;). Note that in contrast to m
scientific plots, the independent variable is plotted on the y axis and the dependent variable is plotted on th

ra
ost
ex

axis. The formulae that follow therefore differ from those conventionally found by having x and y interchanged.

The straight line fit (regression line) is given by the formula:
x=Xx +mQy-Yy)

where

X =

W Y
_Z_I and T—_ﬂ
J
n

n
summed oyer all points (x;, ¥;).

m is given py the formula:
Z:(xi -X) (¥ -7)

Z(J’i _5)2

m =

Because ¢f the interchange of x and y, the gradient of the graph is equal to 1/m{ kor a semi-logarithmic

diagram, this should be expressed as percentage tensile strength per decade of time! The gradient should
a negative|value.

The intercgpt yg on the line x = 0 (i.e. atlog # = 0; r = 1 h) is given by:
yo=p-xIm

The accepted practice for incomplete tests is as follows. The regression should first be performed with
incompletg tests excluded. The time to failure for an incomplete test should then be determined for
correspondling value of T. If the predicted time to failure is less than the duration of the incomplete test,

be

the
the
the

point may pe added and the regression recalculated. If the predicted time to failure is greater than the duratjon

of the incdmplete test, the point should continue to be exeluded. In Figure 5 the incomplete test shown by
open triangle is included since it lies to the right of the regression line.

Extend th¢ regression line to the design lifetimé; for example in Figure 5 where for a design lifetime
1000 000}h, T =52 % of tensile strength. RFox'="1/52% = 100/52 = 1,92

an

of

Record the duration of the longest test that has ended in rupture, or the duration of the longest incomplete test

whose durption has been included in the-regression calculation: this duration is denoted as 7 ,,.

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

If data obfained at higher temjperatures ¢, are to be included for the purposes of acceleration, tabulate
values of j and g as in 7<3'together with the temperatures 6. For each temperature g, assign a nominal s
factor 4.. Assign nominal values to the constants y, and m. IJncIude the test points derived at 20 °C for wh
4;=0. Then proceed-as follows.

For each measured value of /g, calculate the shifted log time x; = log 1 + 4;.

the
hift
ich

For each value of v, calculate the logarithm of the predicted time to rupture x, = (v; — vg)m.
For each pair of values, calculate the square of the difference (x; — xp)2.

Derive the sum of squares Ssq = i - xp)2.

Using a spreadsheet optimization programme, minimize Ssqasa function of all Aj, Yo and m.

Plot y; against x; and add the straight line fit as in 7.3.

Plot 4; against g;. Check that the line passes through the point (20 °C, 0) and is then straight or lightly curved,

such that if the curve is approximated by the quadratic equation

4= G (6,~20) + H (6, - 20)?
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then —0,003 < G/H < 0,003. If not, the validity of the tests should be reviewed.

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
pomted out that the theory of Zhurkov [4] in the Blbllography, WhICh assumes that the fracture process is

S A - : S aracteristics
sh uId be stra|ght when pIotted on a semi- Iogarlthmlc dlagram and that thelr gradlents should be stress-

ck shifting
ignores this.

7.% Strain shifting and the stepped isothermal method

Long-term rupture data can be obtained through the use of the classical TS of creep strain data. Strain
shifting as described in 5.2 can be applied to creep curves terminated in rupture. For example, a creep strain
versus log ¢ curve obtained under a given load at 60 °C and which tefminates in rupture can beg shifted to
longer times. Needed to accomplish this are creep strain curves at,csay, 20 °C and 40 °C undef the same
logd. The lower temperature curves can be terminated before<rupture provided that sufficienf data are
available to effect the TTS procedure properly. Because of the-Scatter in initial strains mentioned previously,
thqg strain tests should be replicated.

In the SIM, which is a special case of TTS, the temperatuye ‘of the creep test is raised in a series of |steps. The
segtions of creep curve at the individual temperatures are then combined to form a continuous defermination
of [ the creep strain at the starting temperatute. The time to rupture can also be determined.
AYTM D 6992:2003 is recommended.

SIM can be considered for use in generating.ahd extrapolating geosynthetic creep rupture data, provided that
thg predictions are consistent with those based on conventional testing or time-temperature blodk or strain
shifting as described above. To this end} it is recommended that a minimum of 12 data points, timg-shifted to
thg reference temperature, be obtained from accelerated (TTS and SIM) and conventional testing, with a
minimum of

—| three time-shifted durations between 1 000 and 100 000 h, and
—| three time-shifteddurations between 100 000 and 10 000 000 h.

In |pddition, a limited programme of conventional creep rupture tests obtained at the reference tegmperature
ang therefore \un-shifted (except as corrected per 7.2), should be performed in accordance with 7.2. It is
reqgommended that there should be four conventional creep rupture data points between 100 h and 10 000 h
ang one.data point at 10 000 h or more. (The last data point may be an incomplete test). This cgnventional
crgep-fupture data envelope should then be compared to the envelope determined from the accelerated data.

Linear regression analysis should be performed separately for the conventional and accelerated data in
accordance with 7.3 and 7.4. The value of RF-g determined from the accelerated data at 2 000 h at the
reference temperature should differ from the value of RF-r determined from conventional data at 2 000 h at
the reference temperature by no more than 0,15. Also the value of RFg determined from the accelerated
data at 10 000 h at the reference temperature should differ from the value of RF-g determined from
conventional data at 10 000 h at the reference temperature by no more than 0,15. If both the conditions are
fulfilled, the SIM data may be combined with the conventional data and used to determine RF . If not, RFg
should be determined from data from conventional testing alone (additional conventional data will be needed
in this case).

The validity of SIM is supported by various publications [5-9] in the Bibliography.
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Figure 6 — Block shifting
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7.6 Extrapolation and definition of reduction factor or lifetime

Extrapolate the straight line fit to log . Read off the corresponding percentage y from the formula
¥y =y, — (log tp)/m (if y is a different function of load, derive the percentage accordingly).

Calculate RF g = 100/y. RFg should be greater than unity.

A condition 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:

— ti ICICT ;b o dIUI up‘l bi Ial IgU il I ti 1 yl dUI;UI It Uf ti IS CITTU 1 up‘lw C CUI'VC,
—| there is no abrupt change in the strain to failure;
—| there is no significant change in the appearance of the fracture surface.

Anly evidence of such changes, particularly in accelerated tests, should invalidate the extrapolatign unless it
can be taken into account as described in the following example. Particular attention is drawn to the behaviour
of punoriented thermoplastics under sustained load, where a transition in behaviour is observed irl long-term
crgep rupture testing. The effect of this transition is that the gradient of the-creep rupture curve steepens at
thg so-called “knee” such that long-term failures occur at much shorter-lifetimes than would otherwise be
pradicted. The strain at failure is greatly reduced and the appearance,'of the fracture surface chgnges from
dugtile to semi-brittle. If this is observed, any extrapolation should‘assume that the “knee” will occur. For the
mgthod of extrapolation, reference should be made to ISO 9080:2003.

7.7 Residual strength
Creep rupture is Mode 3 degradation, resulting in littlé.reduction in strength until the duration apprpaches the
design life (see Figure 4). If the applied load is;-expected to be lower than T, ,/RFcg, it cap be more
appropriate to calculate the time to failure corresponding to the applied load and to check that this
substantially exceeds 7p. On the basis of current measurements, it may then be assumed that the strength

remains close to T, over the design life. This is particularly relevant to seismic design and to other cases
wheere a certain reserve strength has to-bejassured.

7.8 Reporting of results

The results should be reported-as a graph of applied load (or a function of applied load) plotted aga|nst time to
rugture in the manner of Figure 5.

The following should-be stated:

—| material;

—| design-lifetime;

—| design temperature;

Tchar;

— equation of the regression line y = yq — x/m;

— RFeR

7.9 Procedure in the absence of sufficient data

Long-term 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 line, if one of
the following conditions is met.
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— The materials and structure of the proposed product are similar to those of the tested product. Data
should be provided which shows that the minor differences between the tested and the untested products
will result in equal or greater creep resistance for the untested products.

— The results of a limited testing programme on the proposed product are not significantly different from
those predicted from the data on the tested product. For creep evaluation, this limited testing programme
should include creep tests taken to at least 1 000 h to 2 000 h in length.

— If SIM is accepted for the previously tested product, then SIM can be used exclusively on the proposed
product or products. In this case, the SIM tests should be concentrated in the 100 000 h to 10 000 000 h
time \ ;IIdUVV fUI IIIClI\;IIIuIII Otat;ot;ba: Ufl‘;b;cll\/y. ThIUU S:Invnl tUOtO ohuu:d bU OUI‘I‘;U;UI It fUI Uabh |JIU|JU\ ed

produgt.

Similarity gan be judged on the following.

— Equivglence of polymer structure, molecular weight, carboxyl end group count (CEG)* cross-linkipg,
crystallinity and draw ratio. It should be noted that per cent crystallinity is not a controlled property gnd
there |is presently no indication of what an acceptable value for percent crystallinity~-should be. For the
methdd 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
shouldl, however, be shown to be representative of the material as a whole:

— Polymer additives used (i.e. type and quantity of antioxidants or other.additives used).
— Textil¢ (weave, style of non-woven, grid) and yarn structure, andfibre 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 tesfing
and evalugtion programme for the new product,should be conducted.
Single ribg for geogrids or yarns for woven geotextiles may be used for creep testing for ultimate limit state
design prgvided that it can be shown, feriexample, by a creep testing programme similar to the conventional
creep testg defined in 7.5, that the rupture behaviour and envelope for the single ribs or yarns are the same|as

that for thqg full product.

If the progedures described_ inthis section are applied, then this should be noted in the statement of the
correspondging reduction factors.

8 Instgllation.damage

8.1 General

Coarse backfills and heavy compaction loads can damage geosynthetics, causing an immediate reduction in
strength. The effect is referred to as installation damage and the corresponding reduction factor as RFp.

Generally, the mechanical damage occurs on installation (Mode 1). If significant further damage is likely to
occur in use, there will be an additional time-dependent contribution to this factor.

8.2 Data recommended
Measurement of the effect of installation damage on geosynthetic reinforcement strength and deformation

should be determined from the results of installation damage tests. General guidance is given 1SO 13437 and
BS 8006,1995, Annex D. The installation damage tests should simulate the installation conditions (conditions
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of service) as closely as practicable to the installation conditions anticipated in the geosynthetic structure. The
installation conditions to be simulated should include, as a minimum:

Te
(i.6
of

Th
sh
da
da
an
ov
tes
tha

Fu

8.3
Th

ex
the

8.4

the nature of the backfill both below and above the sample: particle size distribution, hardness and

angularity;
the depth at which the sample is installed;

whether the material is driven over by vehicles before compaction;

methodand degree of compaction.

material as the damaged specimens.
b specimens should be large enough to be used for wide-width tensile testing (ISO 10319). Co
maged material. It is desirable that multi-rib tests, with at least four ribs,\should be used for

] modulus of damaged materials, and the effect of differences in degree of damage between

t the strength of the single ribs is representative of the full product.

ther information is given in [10] in the Bibliography.

b Calculation of reduction factor

e reduction factor to allow for the effect of mechanical damage for the site conditions used, RF|p

bressed as the ratio of the mean tensile strength of the undamaged material to the mean tensile
damaged material.

.4 Procedure in the absence ‘of direct data

.1 General

he absence of site-specific data obtained in accordance with 8.2, one of the approaches in 8.4
4 can be taken.

.2 Interpolation from measurements with different soils

If

e RFp\of the material under consideration is known for other soils with grain size both less

grgater, than the soil to be used, then RF |5 should be determined by interpolation using the values ¢
altgrnative such as dy, for the respective soils to obtain RF | for the soil in question. It is recogniz
is pnly an approximation. particularly for soils with a broad particle distribution, and other soil gradation

5t results from damaged specimens should be compared to tensile test results obtained-from undamaged
., not exposed to installation conditions) specimens taken from the same lot, and preferably the| same roll,

hsideration

buld be given to increasing the number of specimens to ensure that they, are-fully representdtive of the

installation

mage evaluation. With single rib testing it can be difficult to assess the gffect of severed ribs on the strength

fibs on the

brall tensile strength of the product. Single ribs of geogrids are generally unsuitable for installation damage
ting. If this cannot be avoided, for example, for very high strengthymaterials, then it should be demmonstrated

should be
strength of

2,8.43 0r

5 than and
f dgy Or an
d that this

characteristics may be considered for interpolation purposes if it can be shown that they produce a more
accurate correlation than the ds, size. An example of this interpolation procedure to obtain RF at a different
soil dg is provided in Figure 7, which shows the interpolation of RF 5 for a soil with dsg equalling 2 mm from
measurements made with soils with dgy equalling 0,02 mm, 0,5 mm and 10 mm.

© 1SO 2007 — All rights reserved

17


https://standardsiso.com/api/?name=d85b6343f710a2e38d281d2e8cb22d7c

ISO/TR 20432:2007(E)

Y |

1,6
1,4

1,2

1

0,8

0,6

<  measurements

interpolated value

8.43 Int

This interp

0.4

0,2

0

0,001

0,01

0,1 1 10 100 X

Figure 7 — Interpolation of RFp

brpolation between products of the same product line

olation may also be made for other products within the produet line of the subject product, provided

that a relafionship can be established between the weight, tensile strength, etc. of the product and the RF g of

the produd

t as in Figure 8, and provided that data are available-for products which are both lighter (weaKer)

and heavigr (stronger) than the product in question. For produéts that are heavier (stronger) than the heavigest

product te
coating thi
for the pur
Figure 8 fg

Y |

sted, the RF|p for the heaviest product tested may be used. For coated polyester geogrids, the
ckness or coating mass per area relative to théZmass per area of the product should be considefed
pose of correlating RF|p between products rather than product weight or tensile strength alone| In
r a product of weight 300 g/m?2, RFp = 1,42
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Figure 8 — Interpolation of RFID from damage measurements on products from the same line
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but with different weights

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=d85b6343f710a2e38d281d2e8cb22d7c

ISO/TR 20432:2007(E)

8.4.4 Laboratory damage tests

It should be noted that ISO 10722 is intended as an index test for comparative purposes and should not be
used for the derivation of reduction factors for geosynthetic soil reinforcements.

9 Weathering, chemical and biological degradation

9.1 Introduction

light, to chemical attack and to biological attack. All three effects are further influenced by temperatyre and, for
some polymers, by moisture uptake. The durability of geosynthetic reinforcements is improyed by their high
degree of orientation and high molecular weights, while for polyolefins in particular the pfihcipal reason is the
indusion of special additives.

Po]l:mers are susceptible to environmental degradation due to weathering, including exposureAtq ultraviolet

geptextile 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, hot always
possible, and for the hydrolysis of polyesters, which takes place continuously (Mode 2) a time{dependent
reduction factor should be determined.

Enyironmental degradation can lead to degradation by Modes 1, 2 and 3. Weathering on sitI before a

Two reduction factors are defined: RFy for weathering and RF g for chemical and biological dggradation.
Allpwances for statistical scatter and uncertainty are made by.means of a separate factor of safety, f;.

9.2 Data recommended for assessment

It i$ 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 t¢ chemical
degradation, in particular to hydralysis 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 (4,,) and of
the carboxyl end group coutt(CEG).

—| A statement that post-consumer recycled material is not used.
—| Predicted exposureto daylight: duration, location and season.
—| Effective desigh soil temperature (see 4.4).

—| Soil pHi.

—| A statement of any non-natural contaminants in the soil, e.g. industrial waste.

— Any unusual biological hazards such as termites.

9.3 Weathering

All polymers can degrade when exposed to ultraviolet light, although stabilizing additives will normally have
been added to materials intended for outdoor use. In this Technical Report, “weathering” will be taken as
applying solely to the effects of ultraviolet light, either alone or together with temperature and water spray.

The recommendations for weathering are related to the duration of exposure during storage and on site. If the

geosynthetic is exposed to ultraviolet light for a maximum of 12 h, no reduction factor need be applied. If the
exposure time is longer, then the geosynthetic should undergo an accelerated weathering index test such as
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EN 12224. If the loss of strength is no greater than 5 % or is not statistically significant, no reduction factor is
applicable. This is on condition 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
than the duration shown in Table 1, and a reduction factor RFy should be applied.

Table 1 — Installation exposure period

Retained strength after testing
according to EN 12224

Maximum exposure time
(uncovered) during installation

Reduction factor RFy

Ratio of tensile strength of

>80 % 1 month @ unexposed material to that of
exposed material
60 % 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 maps per area to the test. The results of the test may be applied for the other products in the ranpge,
unless thel have been tested separately.

If the geogynthetic 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 cah be justified. The radiant exposure (ultraviolet radiation) in EN 12224 is 50 MJ/m?2, corresponding
to approxifnately one summer month’s exposure in southern European or central North American latitudes.
The strength retained after the full radiant exposure should be predicted. RF,y should be set equal to the ratio
of the strempgth of the unexposed material to that predicted for the exposed material.

9.4 Chgmical degradation

9.4.1 Capses of chemical degradation

The principal causes of chemical~-degradation of polymeric geosynthetics in the soil are described| in
ISO/TR 13434. The following is-a.summary.

The principal cause of degradation of polyester geosynthetics (which consist of polyethylene terephthalpte
(PET) is by hydrolysis. Ihe'rate of hydrolysis is slow at typical soil temperatures but increases rapidly as the
temperatute is raised.\'The rate can be less if the polyester is fully coated, but this is discounted since the
coating may become ,damaged by the installation process in the ground. Since PET wicks moisture quite well,
any expospre of-the fibres due to coating damage could result in hydrolysis at the rate which would occyr if
the coating was, hot present. The rate of hydrolysis will be less if the soil is partially instead of fully saturatgd,
but is nof zero. Alkaline liquids with pH > 9 can, in addition, erode the surface. Polyester reinforged
geosynthetics should not be used in natural or industrially polluted soils where pH > 9 is maintained unless
proof of their durability can be provided.

The principal cause of degradation of polypropylene and polyethylene is oxidation, also resulting in chain
scission, reduced molecular weight and strength loss. Other effects are embrittlement, surface cracking and a
change in colour. Oxidation of these materials is a chain reaction whose chemistry is complex but quite well
understood. The reaction may be started by ultraviolet light or by heat, and may be accelerated by catalysts
such as ions of heavy metals, including iron. The resistance of these materials to oxidation is improved
dramatically by the addition of a selection of antioxidant stabilizers which can extend the lifetime by hundreds
or thousands of times. Ultimately, the antioxidant is consumed by oxidation, if it has not been lost prematurely
by migration, evaporation or leaching. Assessment of the rate of oxidation is complex and is further described

in 9.4.4.
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Polyamides can degrade by either mechanism. Aliphatic polyamides such as PA 6 are susceptible to thermal
degradation, oxidation, ultraviolet radiation, acid or alkali attack causing chain scission and by hydrolysis
through contact with water at elevated temperatures. They are stabilized by copper salts, aromatic amines
and hindered phenolic antioxidants which all act as heat stabilizers. Hindered phenol antioxidants are the
most effective as they also resist thermoxidative degradation. Aromatic polyamides such as aramids are more
resistant than PA 6 to degradation by oxidation, acids, alkalis and hydrolysis but are susceptible to ultraviolet
degradation. Stabilization of these polyamides is effected by adding chlorine and nitro substituents into the
recurring structural unit of the polymers.

Lifetime prediction can be based on evidence from service or from accelerated testing. In some cases, there is

sufficient experience to define index tests that will assure a certain minimum level of durability.

9.4
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.2 Evidence from service experience

b rate of degradation, or evidence for lack of degradation, can be based on results of @analysis of
he product exposed to a comparable environment and then exhumed, or of productsywith a simil
icture and chemical formulation and including the same additives.

e plan of exhumation and testing should be in accordance with ISO 13437/\The following additi
buld be noted.

The observation period should be of sufficient length for extrapolation to the full design life to 4
This justification is particularly important when rapid degradation follows a long incubation perio
degradation takes place in a series of separate stages (e.9°9:4.4.3). Service experience of
years may be necessary for extrapolation to a service life 6f 50 to 100 years for PET geo
Longer periods of time may be needed for polyolefins due to the presence of antioxidants, as
strength will be observed until the antioxidants are used’up. Without knowing how long this wi
impossible to predict lifetime.

Generally, a minimum of three retrievals aresto be made (i.e., the first retrieval is taken
installation, the second retrieval is taken .at-some time during the middle of this period, an
retrieval is taken at the end of the study_period).

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

The polymer and physical-Characteristics of the exhumed material should meet the recommen
“similar” products in 7.9;

assessment and lifetime prediction should then be made on the basis of this evidence. For a mg
scription of the issues’that should be considered when evaluating results from service experiend
] and [12] in the Bibliography.

.3 Accelerated chemical degradation tests

b rate of degradation can be estimated using accelerated testing, in which either temperature @

specimens
ar physical

bnal points

e justified.
d, or when
at least 10
synthetics.

no loss in
| take, it is

right after
d the third

lity in the

dations for

re detailed

e, see [2],

r chemical
the rate of

kin
representative of those in service. There should be no change in the mechanism of degradation or in the
physical structure of the material; and no barrier layers should form or be present that might retard the
degradation process in a manner that does not occur in service.

et

In such a programme, carry out the following procedures.

emical rate

tests are

Select the parameter to be measured, for example, a level of retained strength such as 90 %, 80 %,

70 %, 60 % or 50 %. If experience has shown that another physical or chemical quantity, suc

h as CEG,

gives more precise results, then this may be used instead, provided there is an established relationship
between the parameter measured and the strength. It is important that the degradation can be observed

and measured; if not, the degree of acceleration cannot be ascertained.
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Decide on the environment: pure water, air or a special chemical environment. If the geosynthetic is to be
placed in a natural soil with pH <4 or > 9, or in a soil with non-natural contaminants, e.g. industrial waste,
immersion tests should be performed in liquids with corresponding chemical composition and
extrapolated to the corresponding design soil temperature, chemical composition and service life.
ISO/TR 12960 describes a method of immersion. In testing with alkaline solutions, care should be taken
to reduce conversion of hydroxide to carbonate ions by reaction with atmospheric carbon dioxide.

Select a range of at least three to four temperatures, spaced typically at 10 °C intervals. The lowest test
temperature should ideally be not more than 25 °C above the service temperature, allowing for the fact
that the test duration at this temperature has to lie within the time-scale of the test programme. This can

extend_for-as Inng as four years. Caution is advised if any transition occurs-in the phyeir‘nl state of

he

polym
betwel
of 50
range
at ten
no sig
straig

Measlire the reduction in strength (or other parameter) over time at each of affange of temperatures.

do thi
€expos|
wide-
neces
interp
90 %
Exam
growt
ductili
electr
retain
comp

er or the mechanism of degradation less than 10 °C above the highest test temperatufe,
en the lowest test temperature and the service temperature. A glass transition occurs in the.rar
C to 80 °C in polyester and crystalline melting in high density polyethylene (HDPE) takes place 3
of temperatures, peaking at 128 °C. Furthermore, drawn polyethylene tends to lose-its orientat
peratures of around 70 °C. If a transition is present, then it should be demonstrated;that it leadg
nificant change in the rate of degradation, for example by confirming that the Arrhenius plot i
nt line.

5, expose groups of samples over a range of times at each temperature. Include spare sets
ure over longer times in case the rate of reduction in strength is less than predicted. Note that
vidth specimens are preferred for this testing; however, single rib oryarn specimens can be use
sary. Plot the retained strength against time and determine\‘either the rate of change or,
blation, the exact times to the desired retained strength (Eigure 9). In Figure 9, the durations
retained strength are interpolated from the lines, noting-that these are often irregular in sha
ne each test sample for any change in the nature of*degradation or of failure, for example,
n of a barrier layer on the surface or circumferentialZcracking on the fibre surface, or increas
y as evidenced by the geosynthetic modulus and peak strain at the higher temperatures. Scann
bn microscopy is a useful aid to this purpose. If aichange is observed, only those results should
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bd which are regarded as being representative of long-term degradation. If process of degradafjon

ises two or more separate stages, separate extrapolations should be made for each stage.
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Figure 9 — Reduction in strength at selected temperatures prior to application of Arrhenius’ formula
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— The number of specimens taken at each retrieval for testing may need to be greater than what is required
for testing of the unaged material. This is because the degradation may lead to additional variability in the
strength.

— Plot the times to a particular retained strength or other parameter against the inverse of the absolute
temperature 6 in K (see Figure 10). If Arrhenius’ formula applies this plot should be a straight line. If it is
not a straight line, then the order of the chemical reaction may be different (for the procedure, see [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
— L_Galculate the pqnnfinn of the ernighf line with 3 = Ing log and x = 1/Hj’ as.

y=y tby(x-x)
where

b, =Sxy/SXX;

Sy =2 (x—X)%

Syy =2(y_§)2;

SXy =Xx-Xx)p-y).
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— Calculate the lower confidence limit (LCL) of the line:
Y=Y by (x—X)—t, 5 oW1+ Un+ (x— ¥ )2S,]
where
t,_o is the Student’s ¢ for n — 2 degrees of freedom and a stated probability;

n

n is the number of Arrhenius points;

o igth o o 25c Ny a1\
0 MOy~ Dxy Oxx/ T Z)I

— Plot these lines as in Figure 10; from the regression line read off the time ¢ to the defined(retair
strength at the service temperature x = 1/6; (noting particularly if this exceeds 25 °C); from the lo
confidence limit read off the time 7 ¢ ; in Figure 10, these two values are 516 000 h and~199 00
respegtively. Such large differences are typical of logarithmic scales.

— Using|the shape of the observed degradation curves as a guide, plot the shape of<dhe degradation cu
such that the defined retained strength is reached after time g (Figure 11). Read off the unfactored lo

ed
ver
D h

[ve
ng-

term gtrength per width 7, (expressed as a percentage of the batch tensile strength) after the design [iife
tp- Ricy =100/T,. Make a similar plot for # - and derive the LCL 7, &..The ratio R, = T,,/T{ ¢ | In
Figurg 11, 90 % retained strength is reached at the predicted duration fer the service temperature -} in
this dgxample, 90 % after 516 000 h. The predicted strength after,1000000h is 81,5 % and fhe
RFcy[= 100/81,59 = 1,23. A similar derivation is carried out for the’LCL for which the predicted strength
after 1000 000 h is 58,8 %. The ratio R, = 81,5/58,8 = 1,39.
1 2
Y| A / \
100 V\\\ ./ \ regression 20
90 ~ - — — — regression 40
S~ '\_\
80 S —
~] \
0 T TT—1
60 N~
50
40
30
20
10
0 >
(@) = N w B 0 [e2] ~ 0] (o] - X
o o o o o o o o o o
o o o o o o o o o 8
o o o o o o o o o o
o o o o o o o o o S
o
Key
X Time (h)

Y % retained strength

Figure 11 — Degradation curve at the service temperature

Further guidance is given in IEC 60216 and in [2], [11], [13] and [17] in the Bibliography.
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