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Subject: Creep Test Results for YUHONG 60x60 and 1000x10£7:N/m Geogrids
FEW: o o 60X 60 F1 1000 X 100kN/m + TAGHHF A Mz & F

Dear Yang Shao Ying Bhf([l]e o o ¢ o o

TRI/Environmental, Inc. (TRI) is pleased t¢ ¢ sent this i al a0 . it for creep testing of select

Beijing Oriental Yuhong Waterproof Tecll of /;, ¢ 0. .td.gec  ids. The polymer-coated, PET
geogrids were tested in the machine direc, m
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INTRODUCTION AND SUM! ARY Y4HA1L 5

Objective H HJ
The objective of this effor, o obt n tii creep rupiure performance and the associated creep-
rupture reduction factor for se. t B ing Oriental Yuhong Waterproof Technology Co., Ltd
Geogrids, including 60x60 and 1v. ©x100 kN/ih. Featured herein is accelerated creep
testing using the stepped isothermal method  (SIM) of time-temperature superposition (TTS)
as well as conventional isothermalcrgep-rupture testing. The results apply to the tensile
strength in the machine direction.
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LRG0 X A P I TR B A B CTTS ) B 85T 75 V5 B4 JIn i 38 X A0 4% 98 1Y 55 i s 2 -
WA . 2 R B R R I LT ) B SR

Scope. JE/#H

Rapid loading tensile (RLT) and accelerated (SIM) creep tests were conducted. The purpose of
RLT tests was to determine the ultimate tensile strength (UTS) of the products in order to
establish the baseline for the creep tests. Together the accelerated and conventional creep testing
results were used to derive a rupture-based creep reduction factor for the products.
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Summary 2%
The creep-rupture results are included in the appendix. The associated creep-rupture reduction
factors are summarized in Table 1. The creep-rupture reduction factor is 100 divided by the % of
UTS at the lifetime and temperature of the intended service.
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Table 1. Summary of Creep-Rupture Results for the YUHONG
Geogrids

K1+ o LTHEMHERBIRERES

Ref. Temp. of Retained Strength (%) Reduction Factor
Regression Line Regression Equation Bk B 5 PR
B S ! EYEEE g 75 Years 4 NE 1o Gears4E | 75 Years |114 Years
i3 (log 5.8179 hr. ~ (log ¢ “hrs) i i
20°C %UTS =-3.9661 log hrs + 85.3107 62 4 251 1.61 1.63
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MATERIALS AND METHODS #4 B} f1 75 1

Materials #1#/

The products described herein are polyester (PET) yarn-based HOCK geogrids, identified as
60x60 and 1000x100 kN/m. The PET yarn-based grid structure is coated with a proprietary
polymer coating to maintain geometric stability.

X AR P2 S i A R 2 g 2B I £ DAS A, 9REEA 60X 60 A1 1000 X 100kN/m.
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Equipment %4

Testing platforms: Instron Model 5583 & 5889 load frames under computer control (SIM); TRI
model DWCR dead weight & BTI multi-station lever action creep frames (conventional)
WARF & BRSSOy 5583 A1 5889 Seiirih B /it (SIMD ; TRIZY DWCR
7€ P BRI 2 TAZATATAE FHIRARHESE (f% G )

Environmental chamber: TRI Model SIW — stepped igother; al._wide' »amber;

IAEEIRIGAE: TRIAL SIW — B &5 i 0 56 iR 564 5

Grips: Demgen Hydraulic Clamps (SIM); TRI Mc¢ ol PP 100, Pagd .n x 100mm (SIM and
conventional);

FeH: FEERMUEIE R (SIMD 3 TRIZL 147, Paci (< 100mm (SIM FIf&GHikAR)
Extensometer: Epsilon Model SW3542-0; u-0 -87  IM); + ins Tek LYDT-dc, Model 0245-
0000 (conventional)

S{#1t: Epsilon Model SW3542-0200-050-S% S .):.4 ans Tek .VDT-dc, Model 0245-0000
(e GiFHA)

Temperature controller: Watl¢  5erie®982 pro  w.imable temperature controller;

WEERES: Waltowq02 7 0 0l A B 48

Heating/cooling- Electrii Vliquic. 02 ;

IR 2 - s R AA L E Ak

Data acquisition: Instron ouc 1 20 ftware(SIM): HP-3852A data acquisition and control unit
& Labview V5.1 software (conve tional).

HHE R A DEHTREBHE L 2 FAF (SIMD .« “HP-3852A Hi#i RAEFFEHIHIG, Labview V5.1
B (fEGiHEE)

Creep Testing Procedures 17 35Nt 21 FE

Accelerated (SIM) creep testing was performed in accordance with ASTM D6992. Each
specimen was allowed to reathr-equilibrium at 20C prior to test initiation. Specimens were then
ramped to the specified petcentage of UTS and then held at that load until failure or 60k seconds.
Temperature was stepped 14C every 10k seconds starting at 20C and ending at 90C or when the
specimen ruptured. Strain was measured with an Epsilon extensometer. Conventional testing
was performed in accordance with ISO 13431. Each specimen was allowed to reach equilibrium
at the prescribed temperature prior to test initiation. Specimens were then ramped to the
specified percentage of UTS and then held at that load until failure. Strain was measured with
Trans Tek extensometers with test-specific gauge lengths.

I AR AR ASTMD6992 148 FHEAT . ZEMITT 48 2 A VPR IIRFEE 20°C 5%
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RESULTS 4 %

RLT Results 1R 01 ;17 1#45
RLT tests were in accordance with ISO 10319 to establish the baseline tensile strength of the
specific product being tested and are reported in Table 2.

RLT MHAARYE 1SO10319 B FREAT, R 1 Bl bl B HER (9 B IS AR R 2 s

Table 2. Product Tested Tens:” \ & ¢, ths

2. P bR
7St n@UTS
Style #A% UTS (KN/m) #py 2JE AN e =4
60x60 67y 8.86
1000x100 Ry, 11.0

Creep-Rupture 47 Z W 7
Table 1, presented eaf er
results shown below. Ti
are presented in Table 3 &

J1ZC

orovic. 1in

the iiag-term creep-rupture regression line intercept
aetails. f the ¢ ep-rupture résuits, at a reference temperature of 20C,
aphic fornvin Figure 1. The creep rupture behavior as

defined by the regression 1. ‘s d¢ rmined in ageordance with recognized and accepted creep
test methods.
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Figure 1. Compo e uptu  Curve: 60 \and 1000x100 kN/m Geogrid
B 1. REA iR 14k X 60 Al 1000 X 100kN/m + T#
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Table 3. YUHONG Geogrid Creep Rupture Data (20C)
R 3. o LTHRMHFRRREGSE (20C)
SIM | conv'l | Sim |conv'l Time on y|Time on x
product | loghrs . .
rupture | rupture [runout|runout axis axis
6.8300 65.0 intercept | -0.25214 | -3.96611
6.5094 | 66.0 R’ 21.50993 [ 85.31069
5.6748 | 66.0 intercept | 0.648604 | 0.648604
5.5878 | 67.0
44514| 67.0
1000x100 3.9659 | 68.0 1.63 6 61.51 [=114 Yr intercept

3.6021 | 69.0 1.61 [5.817863| 62.24 |=75 Yr intercept
2.8646 | 70.0 4 69.45 |= 10k hr intercept
3.7866 | 71.0 3 73.41 |= 1k hr intercept
1.1327 | 72.0
1.5244 | 72.5
1.7023 | 74.0
5.9923 | 60.0
5.0921 | 64.0
4.2099 | 68.0
39943 | 71.0
2.5986 | 74.0
1.7556 | 83.0
4.0651 79.0

60x60 3 6408 72.0 <«
2.5547 74.0 P
1.6760 76.0 _
2.7059 78.0 ol
2.3195 80.0 # -

CONCLUSIONS AND RECA {MRE'. JATIO! 5 g5 A1zt

Creep reduction factors | we bec deterr ned for the products tested using conventional and
accelerated (SIM) creep ¢ v »e. 1 cicep rupture reduction factors for the YUHONG 60x60
and 1000x100 kN/m geogrids ¢ »1.  and 1.63 for 75 and 114 years, respectively.

{5 AL Geid AR A ANIE  (SIMD i SRR 22 P i IR BT R L.« » 60X 60 1 1000
X 100 kN/m )+ TASME 75 S99k 250N 1.61,114 FERIHTIRRECN 1.63.
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APPENDIX:
(P

Creep Strain Data
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Beijing Oriental Yuhong Waterproof Technology Co., Ltd.
Creep Strain TestResults
Product: 60x60 kN/m PET Geogrid
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Beijing Oriental Yuhong Waterproof Technology Co., Ltd
Creep Strain TestResults
Product: 1000x100 kN/m PET Geogrid
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