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Prediction of time history of creep strain of a polypropylene geogrid

from temperature-accelerated stress relaxation test
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Abstract

Nowadays, geosynthetic-reinforced soil (GRS) structures have
been widely adopted. The most important concern on durability
characteristic of geosynthetic reinforcements is creep behaviour.
Conventional creep test is normally used to determine the
creep behaviour of polymer geosynthetic reinforcements, but it
is highly time-consumed. As a result, a temperature-accelerated
technique has been introduced. The results of short-term creep
test (~ 24 hours) can predict long-term creep behaviour.
Furthermore,

a concept to predict creep behaviour of

geosynthetic reinforcements from their stress relaxation
behaviour was introduced from the past studies. The results
showed that the time history of creep strain (~ 8 hours) can be
predicted from the results of stress relaxation tests performed
for a much shorter period (~ 3 hours). In this study, the
between

combination temperature-accelerated test (i.e.,

Stepped isothermal method (SIM) for creep and Time-
temperature superposition method (TTS) for stress relaxation)
and prediction of creep behaviour from stress relaxation
behaviour was conducted. The results of the temperature-
accelerated stress relaxation for the total time-consumed period
of 12 hours can predict time history of irreversible strain for
about 115 hours. After that, this result can predict the time
history of creep strain of 348 hours. With the combined method

introduced in this study, the consumed time can be saved for

about a factor of 29.
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Tusidedfemaruaiumaianedlnslndu (PP Geogrid) ¥
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5199 1 andRvesnneesuiasianedlnsindu (PP Geogrid)

Fibre material Polypropylene
Abbreviated name PP
Standard colour White
Specimen conditions Virgin
Aperture size, mm (MD/TD) @ 35/ 35
Max tensile strength, kN/m (MD/TD) V¢ >40/ > 40
Yield point elongation, % (MD) ©'® <8

WTest method based on 1SO 10319
(2)MD=machine direction (longitudinal to the roll)/TD=transverse directions
(across roll width);

Bltests performed using the temperature at 20 °C
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Air Pressure Airtank |

T Regulator

Tensioning Unit]
| Air Cylinder

Temperature Dlsplavl

Thermocouple |
3. Temp Measure L
(in chamber) —_ B O

L0ad Celi -t [

Thermocouples
1. Temp Overheat(in blower heatey

2. Temp Control (in chamber)

Heat Insulator—7- —_—— "1

Temperature

Blower Motor&
TemperatureControlle:

Gripping Deyices
(RollerClamper)

¢

Blower Heate
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3 strands of PP geogrid

1 strand of PP geogrid 24 cm

for displacement

transducer installation g - =
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3.1 SIgaBennITNAFOU

Tuauideiagyinisnaaaudl Tensile load i1y 50% vas
Ultimate tensile strength (20 Aladladu/tuns) 1l 8991nTue9
Tensile load Uszanailduly asviliiiunaveinisauiasnisaany

a1 v ado ' a . R
ANUNLIIAMYYUNHUNTALIUNIINTNAFBUN Tensile load A1UBY 9
A Tensile load A1TAMIAAI1 50% U89 Ultimate tensile strength
o a a Y] a = a A o

anawiinnisdnuinesndaniuneudisxisgugigegadinivua (50
aeAnwadod) ludunaunisnaaay CP-SIM n1sAnsadlag19n1s
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nsgviuuusieiiiosneligumaiiasi (Monotonic loading-Constant
temperature, ML-CT), NMSVA#0UNISAUAIINITISIQUATLUY SIM
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60

55 [ Tensile load level = 20 kN/m

50 Duration during CP and SR = 240 min/stage/temp.

[ Load rate during ML = 600 N/m/min
— 45 - X :Rupture ML-CT (301 C)
[ x ML-CT (40 [ C)
= 40 - X %
z ™ ML-CT (50 [C)
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g 20 [ CP-SIM_30-50.C
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$ 15 _¢
F ool SRTTS50.C  pp geogrid
No/ Test type Te (C)
5F 1| mLct 30 40 and 50
2 | CP-SIM | 30354045 and 50
0r 3 | SR-TTS 30 40 and 50
5 L L L L L L L
0 2 4 6 8 10 12 14

Tensile strain, ¢ (%)

3UR 4 ArudiussewinusiiaiuauAsEAINN1TIAgeULUY ML-CT,
CP-SIM uag SR-TTS

14
PP geogrid
Test type: CP-SIM
12 | sustained load during CP = 20 kN/m
Duration during CP and SR = 240 min/stage/temp.
<
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0 20000 40000 60000 80000 100000

Time for creep, Atep (S)

a

SUR 5 YseTilarAnualenn1sAuInnIsaaeun1sAuisei e gamgll
(CP-Siv)

4.2 msasraulaan (Master curve)
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5 wandUsyiAnaALATEANNSAUINATNAGEY CP-SIM
il LﬁaqmwgﬁLﬁmﬁuﬁmwnmﬁwﬁuﬂmmmmLﬂ%’ﬂﬂmiﬁu
it uviud ﬁ]ﬁﬂﬁuﬁﬁ%a;ﬂas'fmﬁnmwﬁamﬂiﬁaL’Jmmmm‘%&m
nsAudmuusiazaamgiily Semi-log scale Idfsgud 6 (n) wagih

WA Horizontal shifting factor 970 WLF equation [7] fsaunsi 1

-C,(T-T))

1
C,+T-T, v

log (e ) =

lne?l o, Ao A1 Horizontal shifting factor, C, kax C, Ap AALi

Py
IEAY a

Mueyiuianuargunalionsds lunillagldrwindy 8.86 uaz 101.6

'3

wadu muadu §adurinsfidmivianasuusadansies
Wndwesla q Wledengumgiidnidseymiegamgiinanansuddu
(Glass Transition Temperature, Tg Y Ussunad 43 wadu (8] Tnean
T, 83 PP geogrid fifwviriy -25 ssrwwailiea, T Ao quugiinis

nAFeU Way T, fie aaumnniionsda

a374ii 2 A1 Horizontal shifting factor

%) q ama
9UNHINN9DY, gounniinIg Horizontal shifting factor
o o
T, CO yagdey, T (CO) Log(0ty) Oy
35 -0.416 2.604
40 -0.794 6.222
30
45 -1.140 13.797
50 -1.457 28.657
13 T T T
12 PP geogrid i
Test type: CP-SIM
11 - Sustained load during CP = 20 kN/m -
o~ L T,=50Cc |
S\i 10 / 5
5 9 T,=45C 4
S 8¢ T,=40C
g 7L A M.MT =35Cc
a 4._.44-«/
& ep e — 1
<
O 5¢ =
a4t 4
.
3+ Reference temperature, T,= 30 C -
2L 4
1 Il Il Il Il Il Il Il Il Il Il Il
00 05 10 15 20 25 30 35 40 45 50 55
log,, (t-t'in sec.)
(M)
13 T T T T
12 PP geogrid ]
Test type: CP-SIM
11 + Sustained load during CP = 20 kN/m -
— L T,=50C |
& T oo /
0 ol T,=45.C i
& log o (T,.T,) M
s 8 — T,=40 C 4
S log oy (T, T,)
5 7r Yoo A “/ T,=35C 4
log a4 (T,,T,)
% 6l y(7’_.t 2 ]
<
O 5+ -
4t 4
.
3+ Reference temperature, T,= 30 .C -
2L 4
1 Il Il Il Il Il Il Il Il Il Il Il Il Il Il
0.0 05 1.0 15 20 25 3.0 35 40 45 50 55 6.0 65 7.0
log,, (t-t"in sec.)
@)
13 T T T T
12| PPgeogrid i
Test type: CP-SIM
11 |- Sustained load during CP = 20 kN/m -
o |- -
g e
[ oo " I
S /‘ Vertical shifting
£ 8r P VAL R
s 7L P E
1
e 6r ]
<
O 5 -
4k 4
3+ Reference temperature, T,= 30 C -
2L 4
Il Il Il Il Il Il Il Il Il Il Il Il Il Il
00 05 10 15 20 25 30 35 40 45 50 55 6.0 65 7.0

=

sun
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MR Horizontal shifting factor w8samumgiiti 4 (11919
il 2) “a;:uﬁ' 6 (@) loanndunismeaaunuy SIM Tuyn 9 nsuia
o iiazifinuansznuaIn Thermal expansion 4 fatudafeari
n13 Vertical shift nsanauduiuslug Uit 6 (u) asuid olsilel
Master curve Tumengesaaiesnnisaviunaiidausedoiu
Fa3ui 6 ()

NaN15NAABY SR-TTS 7 g 111U 30 40 uaz 50 oaen
waisauansfaguil 7 Wethumdeaussianaussisssninanis
A IAulY Semi-log scale alddegui 8 (n) :ndu vhnsass
Master curve 4 4ndnn159zadeiun1snagaey CP-SIM Taglden
Horizontal shifting factor dm3sugaumail 40 uag 50 BarLATyaR
91971 2 Wuwieaiu wanidesnidunismegeuuuy TTS edudslsi
fianudndusoni Vertical shifting lufignagld Master curve Tu
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22 T
PP geogrid

Test type: SR-TTS <
V, for T, = 30 [C: 20 kN/m

20

18
16
14 -
Reference temperature, T,= 30 'C

12 -

10

Tensile load during SR, Tgg (KN/m)

0 5000 10000 15000
Time for stress relaxation, Atgg (s)

20000

5UR 7 UsgRnaussfadevnaeunisaanganuAuiiseiegaumal
(SR-TTS)

22 T T
PP geogrid
Test type: SR-TTS 4

N Vi for T; =30 . C: 20 kN/m

20
18 g

L E

Tensile load during SR, Tgg (KN/m)

Lo 1
14 N
L ~
12k Reference temperature, T,=30C |
T,=401C
10 - q
T,=50(C
8 |- -
6 I I I I I I I I
0 1 2 3 4 5 6 7 8

log, (t-t' in sec.)

(m

22 e

— r PP geogrid
g 20 © ——_ Test type: SR-TTS 4
b=4 V,, for T, = 30 [ C: 20 kN/m
=
x 18 - 4
[
Ll log ay (T,.T,)
c AN
24 = e 4
& 16
o log oy (T, T,)
£ 14 Heoommemrmeees o
S [ e b
© . .
}E 12 - %, Reference temperature, T)=30[C |
k) r C
2 10p- 4
2 T,=50C
8 - 4
6 Il Il Il Il Il Il Il Il
0 1 2 3 4 5 6 7 8

log,, (t-t' in sec.)

(V)

3U7 8 TunpunsasiadulAmanainnisnagey SR-TTS N15AAEAITY

: P

WuusesAusudurinAy 20 kN/m flgumgisnsdasiadu 30 °C:
(n) UseTAnauseissewinamsnateanuauly semi-log scale Tu

uwiazaaugd; (1) WulAmdnnsaanaruiuilinnnisideuny
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Wiy (B-B’ C-C’ D-D’ uag E-E’) aag/uu Envelope Liigaiu

Ul 9 (3) uanINdTUSsERINaNaINISAY ( Atg,) Aunan
MsAANEANAAY (Al ) Tidmsenuedealifundudifeiiu dou

v ¢ '

U7 9 (A) uansAuduussEninsaAenld Aundunisiy
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=
o Common starting J £" (%/min) = 100
o point for a series of k 10
2| creepandstress g e
O 8 4 o 1
~ relaxation tests J B S
A / Atep 0.1
. == = 2a.—0.01
L D" &
Alsg :
7 .
7 selge-sety  adke
o Irreversible tensile strain, &'

(n)

D,D’

S
A CP,converted

c.c

B, B’

Log,q (Acdp: irreversible strain taking place
during creep to reach the same £ envelope)

Argg

Log,, (Aedy: ireversible strain taking place during
stress relaxation to reach the same £ envelope)

(m)

o
s3a
e 2
o
28 '
S3 - 11
Y-
25 ] AtCP'n:onvened
%,
o
gL c.c
-l 0

B, B’

Alsg

Log, (Atgg: time to reach the same &
envelope by stress relaxation)

(V)

@
Q
X. ]
Q
j=)
< ir s
E Predicted Aegp — Alp relationship E
£ R T
[ Measured D%
o | sele-ate " 2
-] -
% relationship . >
o
] 4 Conversions for:
E B :
g -0 , .
& -- Atsg —» Alcpconverted aNd
=5 A E’
< i+ D 7 .
° - { Acsg— At chonvened
] p z
'.§ /B Measured Aegg — Atgg relationship
< ’

’

A Elapsed time, At

()

5UR 9 anwduiussenhmgAnssunsAvuasngAnssunmsaaneninanduvesdaniflauti isotach: (n) Anuduiusussiaazaraiasonli Aundu Tudas

1

msfiukaznIspateauIAUTidnsneSealifunduringy; @) aauduiussewin At - Atg ; () muduiussewin Agl, - Asl, ; wae

(@) nMvhwengAnssunisAudengRnssuNsAaeAINAY [4]
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