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Since patent restrictions
expired a number of Punched
Sheet Geogrids have
appeared on the international
market. This presentation
shows the testing and
analysis required to
determine the Long Term
Creep Strength of such
products. A number of
examples are discussed and
the information required by a
Design Engineer to select a
safe Design Strength for a
product is outlined.

International Geosynthetics Society, Ceska republika — www.igs.cz

NOVE TRENDY VE VYUZITIi GEOSYNTETIK
30.leden 2007 - Praha, 31.leden 2007 - Brno

Od doby, kdy vyprsela
patentova omezeni, objevila
se na mezinarodnim trhu rada
novych typu tuhych geomrizi.
Tato prezentace ukazuje
analyzu a zkousky potrebne k
urceni dlouhodobé creepové
pevnosti téchto produktu.
Bude popsano nékolik
prikladu a nastinéno, které
informace jsou dulezité pro
projektanta pri jeho
rozhodovani o bezpecné
navrhové pevnosti daneho
produktu.
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e Definition 1:

Long Term Creep
Strength (LTCS)

- The maximum load
under which a product

will not rupture

during the design life
of a structure
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Definice 1:

Dlouhodoba creepova
pevnost (LTCS)

= maximalni zatizeni
produktu, pri kterem

nedojde k jeho poruseni

behem navrzené
zZivotnosti konstrukce
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e Definition 2:

LTCS

Design Strength =
RF; x RF

Navrhova pevnost

— RFp = Reduction Factor for Durability
Redukcni koeficient trvanlivosti

— RF,; = Reduction Factor for Installation Damage
Redukc¢ni koeficient poskozeni pri instalaci
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Content of Presentation:
Obsah prezentace:

— Creep Test Method
Zpusob zkouseni creepu

— Analysis to give Creep Strength
Analyza k ziskani creepové pevnosti

— Testing to determine RFD & RFID
Zkousky k urceni RFD & RFID

— Project examples
Priklady projektu

— Variations between products
Rozdily mezi produkty
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 Simple, safe creep testing:
Jednoducha creepova zkouska

— Load applied directly to
sample
Zatizeni pusobi primo na
vzorek

— Accurately calibrated weights
Presné kalibrovana zatéz

— In accordance with ISO 13431
V souladu s ISO 13431
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 Simple, safe creep testing:
Jednoducha creepova zkouska:

— With long samples
measurement by tape gives
better than £0.1% accuracy
Méreni dlouhych vzorku
metrem dava presnost lepsi
nez *0.1%

— If short samples tested then
highly accurate measure-ment
transducers are needed
Pri testovani kratkych vzorku
je treba vysoce presnych
meéridel
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HDPE1 : 20°C

 Typical results:

30 - —o— 3280N ] 4 - .
o Typicke vysledky:

25 . 2880N
2680N

20 4 ——2280N

As load reduces,
time to failure
15 ¥ Increases
| g S poklesem zatizeni
_,! -9V ‘ . —e v - .

| roste cas potrebny k

| M > >
SW poruseni

0.10 1.00 10.00 100.00 1000.00 10000.00

Strain - %

Time - Hours
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e Typical results:

Product A -20degC Typické V_Vsledky:
" HDPE1 : 20°C — _ .
e o Time axis is
25 1 2830N normally plotted
% 260N as Log(Hours)
= — Casovd osa je
D > ¥ logaritmicka (h)
—
L, Ay o0 e—— —4 « We now need to
SW find the load at
4 0 1 2 3 4 which no failure
Time - Log(Hours) will occur in

100+yrs (10%hours)

Ukolem je najit takové zatizeni, pfi kterém
nedojde k poruse v ¢ase delsSim nez 100 let (10° h)
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Product A - 20degC
20.- HDPE1 : 20°C e 3280N

—a— 3080N
2880N
2680N

——— ——2280N

Strain - %

Time - Log(Hours)
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Take Data points
at Rupture or
20% Strain,
whichever is
earlier
Odecitaji se
hodnoty, pri
nichz dojde

k poruseni
nebo k 20 %
prodlouzeni (co
nastane drive)
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HDPE1 : 209C Results « Datais then
plotted as Load

against Time to
Failure/20%

£ Je vynesena
E zavislost

:3 zatizeni — éas
E poruseni/20%
L

e We must now
find a way to

extend the
2 3 4 5 results to
Time to Failure/20% : Log(Hours) 100yrs+ (10hrs)

Je tfeba nalézt zplsob, jak rozsirit vysledky na 100 let (10°h)

International Geosynthetics Society, Ceska republika — www.igs.cz 11



NOVE TRENDY VE VYUZITIi GEOSYNTETIK
30.leden 2007 - Praha, 31.leden 2007 - Brno

HDPE1 : 20°C Results « Simply
extrapolating

with a best-fit
line cannot
give a safe
answer
Jednoducha
extrapolace
prolozenou
primkou
nemduze dat
bezpecnou
odpoveéd’

Load : %Ultimate

2 3 4 5

Time to Failure/20% : Log(Hours)
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HDPE1 : 20°C Results

-_—
~
(%))

y = -0.0334x + 1.6982
R? =0.9993

T 1.70
Z
5 1.65 |
4+
(o]
= 1.60 -
o)
S
~. 1.55 -
©
4+
(o]
-

2 3 4
Time to Failure/20% : Log(Hours)

Changing the
plot to Log-Log
improves the
prediction but
the zone of
uncertainty
beyond data is
still too large
Zména
souradnic na
Log-Log zlepsi
predikci, ale
oblast nejistoty
je stale prilis
velka
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HDPE1 : 20°C Results Additional tests
at one of the

loads could
have a failure
time variation
of £0.5log.hr
Dodatecné
zkousky pri
jednom zatizeni
mohou mit
odchylku casu
k poruseni
+0.5/og.h
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Time to Failure/20% : Log(Hours)
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Load : Log(Load:kN/m)

-
Sy
(S

HDPE1 : 20°C Results

Data limit Extrapolation

Limit

2 3

Time to Failure/20% : Log(Hours)
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Internationally it
is agreed that
extrapolation
should not be by
more than
1.0log.hr
Mezinarodné je
odsouhlaseno,
Ze extrapolace
by neméla byt
vetsi nez
1.0log.h
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—
o

Log(load/Rib)
N
©

N
o

Time to Failure/20% : Log(Hours)

Additional data
Is generated by
testing at higher
temperatures
Dalsi hodnoty
Jjsou ziskany ze
zkousek pri
vysSich
teplotach

Increased
temperature
accelerates
creep

Zvysena teplota urychluje creep
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—
o

Log(load/Rib)
N
©

N
o

Time to Failure/20% : Log(Hours)

1hr at 40°C is
equivalent to
about 500hrs
at 20°C

1 h pri 40°C se
rovna priblizné
500 h pri 20°C
1hr at 50°C is
equivalent to
about 20hrs at
40°C

1 h pri 50°C se
rovna priblizné
40 h pri 20°C
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Log(Hours)

The higher
temperature data
can be shifted to
the right to
extend the 20°C
prediction
Hodnoty pro
vyssi teploty
mohou byt
posunuty
doprava k
rozsireni hodnot
pro 20°C
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Firstly shift until
the 40°C results
make a
continuous line
with the 20°C
results

Nejdrive se po-
sunou hodnoty
pri 40°C tak, aby
EVCYCUAIE]
vysledky pri
20°C

log(load/Rib)

Log(Hours)

International Geosynthetics Society, Ceska republika — www.igs.cz 19



NOVE TRENDY VE VYUZITIi GEOSYNTETIK
30.leden 2007 - Praha, 31.leden 2007 - Brno

Then shift the
50°C results

¢ 2C Pak se
= 40 posunou
0¢ vysledky pfi

50°C

log(load/Rib)

Log(Hours)
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Log(Hours)

Then shift the
50°C results
until they
extend the
continuous
line from the
20°C results
Vysledky pri
50°C se
posunou, az
navazou na
spojnici pri
20°C
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This gives a
plot that can

' be used as a
' -'s----
. ~ the Long

R C e SN 1o Crece
. Strength of

_---. the product a
' 20°C

5 6 7 8
Log(Hours) Vysledny

graf muaze byt

pouzit jako dobry zaklad pro vypocet
dlouhodobé creepové pevnosti produktu pri 20°C

log(load/Rib)
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Durability Trvanlivost

e Tests:

« EN 12225: Micro-Biological Degradation
EN 12225: Mikrobiologicka degradace

e ENV ISO 13438: Oxidation
ENV ISO 13438: Oxidace

* EN 14030: Resistance to Acid and Alkali Liquids
EN 14030: Odolnost kyselinam a alkaliim

International Geosynthetics Society, Ceska republika — www.igs.cz 23
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Durability Trvanlivost

e Tests:

« EN 12225: Micro-Biological Degradation
EN 12225: Mikrobilogicka degradace

» 16 weeks in biologically active soil.
16 tydnu v biologicky aktivni pudé

» The soil will reduce the strength of a cotton
fabric strip by 275% in 7 days and destroy it in
the 16 weeks of test
Puda snizZi pevnost bavinéného pasku 275%
za 7 dni a béhem 16 tydnu zkousky jej znici
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Durability Trvanlivost

e Tests:

e ENV ISO 13438: Oxidation Oxidace

» PP: 110°C for 28 Days (equivalent to 25years)
110°C po 28 dni (odpovida 25 letum)

110°C for 112 Days (equivalent to 100years)

» HDPE: 100°C for 56 Days (equivalent to 25years)
100°C for 280 Days (equivalent to 125years)

(All in a forced-circulation, air-filled oven)
(VSe pFi nucené cirkulaci v horkovzdusné peci)
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Durability Trvanlivost

e Tests:

« EN 14030:
Resistance to Acid and Alkali Liquids
Odolnost kyselinam a alkaliim

» 3 days at 60°C in:
3 dni pri 60°C v:

- Sulphuric Acid solution at pH 1.6
roztoku kyseliny sirové pri pH 1.6

- Calcium Hydroxide solution at pH 12.6
roztoku hydroxidu vapenatého pri pH 12.6
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Durability Trvanlivost

 Test Results for a range of products:
Vysledky zkousek pro dané typy produktu

Retained Strength Dosazena pevnost (%)

Test :g::: _UniaxiaIIGeogrivc,lv PP Biaxial ,Geogritvj”
Jjednoosa geomriz | PP dvouosa geomriz
MD MD CMD
Oxidation: 25yr 102.4 101.1 104.3
100yr+ 104.7 100.6 100.8
Micro-Biological 101.1 101.4 1014
Chemical: Acid kyselina 100.4 100.7 102.2
Alkali alkalie 102.2 102.2 103.4
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Durability Trvanlivost

e Conclusion Zaver:

 These products are manufactured from high quality
PP and HDPE and do not suffer from environmental
attack in soil reinforcement applications
Tyto produkty jsou vyrabény z vysoce kvalitniho
PP ¢i HDPE a nepodléhaji zadnym atakum okolniho
prostredi v aplikacich vyztuzovani zemin

RF,=1.0
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Installation Damage Poskozeni pfi instalaci:

 When any reinforcement is buried in soil some
damage occurs.

Pokud je jakékoliv vyztuzeni zasypavano do zemeé,
objevi se urcita mira poskozeni

« Strength reduces and due allowance must be made in
design

Snizuje se pevnost a je treba s tim pocitat v navrhu

e Test Method: Annex D of BS 8006: 1995
Zkusebni metoda: Dodatek D, BS 8006: 1995
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Installation Damage: Poskozeni pfi instalaci:

 Fill Materials Zasypovy material:

« BS 8006 calls for at least 3 fills: fine, medium
and coarse.
BS 8006 pozaduje alespon 3 typy zeminy:
jemnou, stredni a hrubozrnnou

* It can be useful to test a wider range of fills to
give a closer match to any particular project fill
Byva uzitecnym zkouset sirsi rozsah zemin, aby
bylo mozno Iépe vyhovét naslednym projektum
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Installation Damage Poskozeni pri instalaci:

 Fill Materials Zasypovy material:

Percentage by Mass Passing the Size Shown (mm)

Material
EWEMEEEEWHEEEM
Fmine | | | | | | | | [wo]e7]62 18 (15

IIIIIIMEHEHII
Fine

o EEECODnDnnnannD
Ccoarse || 56 92 1 [ 11[0s

Vil 75 57
Coarse
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Installation Damage Poskozeni pfi instalaci:
 Fill Materlals Zasypovy matenal

125mm f|||
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D

Installation
Damage:
Poskozeni pri
instalaci

« Compaction:
Zhutnovani:
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Installation Damage Poskozeni pfi instalaci:
. Recovery of Samples Odkrytl vzorku:
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Installation Damage Poskozeni pfi instalaci:

* Design Values of RF,; for HDPE1 products:
Navrhove hodnoty RF,, pro HDPE1 produkty:

Fill Installation Damage Factors (RFp)
Z4sypovy mat. Koeficienty poskoz. pfi inst. (RF,p)

Type Typ | Size Vel. | A = C D E

Fine <10mm |[1.05|1.05|1.05| 1.05 | 1.05
Medium | <50mm [1.09|1.09|1.09| 1.09 | 1.09
Coarse | s75mm (113 (113 |113| 1.13 | 1.13
V Coarse | s125mm (1.15(1.13 {113 | 1.13 | 1.13
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* Project examples Priklady projektt:

When the information outlined so far is
available a safe Design Strength can be
calculated for a product.

Pokud jsou uvedené informace k dispozici, Ize
spocitat bezpecnou navrhovou pevnost
produktu

With this, projects such as the following
examples can be safely designed and built.
Pote pak mohou byt bezpecné navrzeny a
realizovany projekty jako jsou ty nasledujici

International Geosynthetics Society, Ceska republika — www.igs.cz
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'P‘ e =

“ = Qinghai-Tibet Railway

- 1w . BB . Zeleznice Qinghai-Tibet

a_'..u--l_'."-'.‘ s . 3 1 . el S —
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REINFORCED SOIL RETAINING WALL
YIZHUANG, BEIJING

Concrete modular block retaining wall at an
intersection on one of the ring roads around
Beijing

Height 3m to 4m , Angle 90°

The blocks can be cast on site with short
length of geogrid cast into each block
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VYZTUZENA ZEMNI OPERNA ZED
YIZHUANG, BEIJING

Opérna zed’ z betonovych modularnich bloku
pFi vystavbé kfiZzovatky jednoho z obchvatu
Beijingu

Vyska 3m az 4m , uhel 90°

Do jednotlivych bloki mize byt zalita kratka
spojovaci ¢ast geomrize
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Reinforced Soil Retaining Wall: Bridge abutment
Gongyi, Zhengzhou

Height 18m, Angle 80°

Vyztuzena zemni opérna zed’: mostni opéra
Gongyi, Zhengzhou

Vyska 18m, dhel 80°
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. Typical Concrete block faced, geogrid-reinforced soil
'Z“ - walls and bridge abutments are common practice in
“'e b 4 construction projects in Korea.
Multi coloured patterns to relieve the monotony of single
— colour designs are achieved using coloured blocks.

ek~
= T U SRS S

Typicke betonové opérné zdi vyztuzené geomrizemi a
mostni opéry jsou casto realizovanymi projekty v Korei.
Vicebarevné obrazce z probarvenych bloki nahrazuji

fadni jednobarevné konstrukce.

International Geosynthetics Society, Ceska republika — www.igs.cz 40



NOVE TRENDY VE VYUZITIi GEOSYNTETIK
30.leden 2007 - Praha, 31.leden 2007 - Brno

Concrete Panel wall

# Betonova panelova zed’
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Green Slopes to provide environ-
mentally sympathetic structures

Zelené svahy pusobi sympaticky
Z hlediska zivotniho prostredi

International Geosynthetics Society, Ceska republika — www.igs.cz
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v va

Green-faced Steep Slope for new Railway
;.“ Strmy nasyp se zelenym licem pro novou zeleznici
::r;q: i . . ] :
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Flood-control, Sea-Sky Highway, Vancouver
Ochrana pred povodni, dalnice Sea-Sky, Vancouver
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. v
; gﬁ(ﬁf” B

52m-high Tiered Slope slip
~ repair in China

Lf L Oprava sesuvu 52m vysokého :
g WG 2 e vrstevnateho svahuv Ciné |

i Llﬁﬁ ]
o sl L & R T A
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 Variations between products
Rozdily mezi produkty

Test Data for lower quality samples
obtained from the Asian market
Testovana data produktu nizké kvality
Ziskana z asijskeho trhu
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HDPE2 : 20°C
HDPE2: Lower Quality product 7 20N e

—=—2000N break

HDPE2: produkt s nizkou kvalitou - 2200N break

=%-2000N break

——1800N break

——1900N break
¢ Failure Points

Time : Log(Hours)

HDPE2 : 40°C HDPE2 : 50°C

[ | \ I
I ——2145N terminate T ——1600N break

1600N break 1400N break
=#~1800N break 1600N break
=%~ 1300N break
——1400N break
—+—1750N break

——1500N break

——1300N break
—#-1600N Break

x/ > 1200N break

N
o

——1500N break
——2000N break

Strain : %
o

0 1 2 0.000 1.000 2.000

Time : Log(Hours) Time : Log(Hours)
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HDPE2: Lower Quality product

HDPE2: produkt nizké kvality

¢ No Durability data available from manufacturer
Vyrobce neudava zadné udaje o trvanlivosti

¢ Creep report from manufacturer based on 10%
strain and 20°C testing only.

Creepové hodnoty od vyrobce jsou zaloZzeny pouze
na 10% prodlouzeni a testovani pri 20°C

¢ Creep testing showed a consistent pattern of
failure strain reducing as load reduces

Creepové zkousky ukazaly zretelny trend klesani
prodlouzeni pri poruseni spolu s klesajicim
zatizenim
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HDPE2:

¢ Prediction based on
time-to-failure shows
a very low Long Term
Creep Strength
Predikce zaloZena na
case k poruseni

T~ A 50 Shifted ukazuje velmi nizkou
“_—I diouhodobou

creepovou pevnost
¢ Manufacturer’s
prediction based on
time to 10% strain

suggested a Long
Term Creep Strength
Time to Failure [Log (hrs)] that was 50% higher

Predikce vyrobce zaloZena na ¢ase k 10% prodlouzeni
doporucuje dlouhodobou creepovou pevnost o 50% vyssi

o

Failure Load [Log (KN/m)]
z

International Geosynthetics Society, Ceska republika — www.igs.cz 50



NOVE TRENDY VE VYUZITIi GEOSYNTETIK
30.leden 2007 - Praha, 31.leden 2007 - Brno

HDPE3:

¢ Another lower
quality Product
Jiny produkt nizke
kvality

20
¢No Creep or

Durability data
available from
manufacturer
Zadné udaje
vyrobce o

2 3 4 5 6 trvanlivosti Ci

Shifted Time to Rupture or 20% [Log (hrs)] creepu nebyly k
dispozici

Load [Log (KN/m)]
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D

Plotting together the
3 products tested
shows that Long
Term Creep Strength
may vary by a factor
of 3x depending on
the quality of the
product

Sestaveni grafu pro
3 zkousené produkty
ukazuje, zZe

l dlouhodoba
creepova pevnost se
. muze lisit az

trojnasobné v
0 1 2 3 4 - 6 zavislosti na kvalite
Time to Rupture/20% : Log(Hours) produktu

¢ HDPE1
= HDPE2
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D

Content of Presentation:
Obsah prezentace:

— Creep Test Method
Zpusob zkouseni creepu

— Analysis to give Creep Strength
Analyza k ziskani creepové pevnosti

— Testing to determine RFD & RFID
Zkousky k urceni RFD & RFID

— Project examples
Priklady projektu

— Variations between products
Rozdily mezi produkty
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Conclusions:
Zavery:

o Sufficient testing to fully understand the long
term strain and rupture performance of a product
IS needed to determine its LTCS.

Pro urceni dlouhodobé creepoveé pevnosti
(LTCS) produktu je nezbytné provést uspesnée
zkousky jeho dlouhodobeho prodlouzeni a
chovani pri poruseni
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Conclusions:
Zavery:

« Appropriate factors for Durability and Installation
Damage must be determined by testing.
Take je treba zkouSenim urcit patricne faktory
trvanlivosti a poSkozeni pri instalaci.

International Geosynthetics Society, Ceska republika — www.igs.cz 55



NOVE TRENDY VE VYUZITIi GEOSYNTETIK
30.leden 2007 - Praha, 31.leden 2007 - Brno

D

Conclusions:
Zavery:

 |f the Information needed Is available a safe
Design Strength for a product can be
determined and used.
Teprve jsou-li k dispozici potrebne informace,
Ize urcit a pouzit bezpecnou navrhovou pevnost
produktu
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