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Subject: Creep Test Results for YUHONG 60x60 and 1000x100%N/m Geogrids
FR: o o 60560 Al 1000 X 100kN/m - T A% M A0l - 5 3

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

TRI/Environmental, Inc. (TRI) is pleased to nfosent this iinal a¢ port for creep testing of select
Beijing Oriental Yuhong Waterproof Techialog »€ 0. A.td.gec: i1ds. The polymer-coated, PET
geogrids were tested in the machine direci on
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INTRODUCTION AND SUMIARY: MEA1E 1

Objective H HJ
The objective of this effor’ '« to obtiin tiie creep rupture performance and the associated creep-
rupture reduction factor for seit ot Boiling Oriental Yuhong Waterproof Technology Co., Ltd
Geogrids, including 60x60 and 1000x100 kN/m. Featured herein is accelerated creep
testing using the stepped isothermal method (SIM) of time-temperature superposition (TTS)
as well as conventional isothermalcreep-rupture testing. The results apply to the tensile
strength in the machine direction.
MGCHT H B2k AT o ARje o o o $0Re o HIRAFIES A TAS IR dh i 42 R 3R
BURIAR 5C R A2 - W T D8 AR 3 il = AR K520 60X60 A1 1000 X 100kN/m.s 3X
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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 LTHEMHERRIRERES

Ref. Temp. of Retained Strength (%) Reduction Factor
Regression Line Regression Equation Bk B 5 PR
EVEE R o] EVEE 75 Years . \1C 14 Vears 4 | 75 Years | 114 Years
i3 (log 5.8179 hre) =~ (log 6 (bhrs) i i
20°C %UTS =-3.9661 log hrs + 85.3107 624 SL.51 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.
+ TR B — B EEH R EWRERAER L Ui E .

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)
WAAF & BRSSOy 5583 A 5889 Sl B /42 (SIMD ; TRIZY DWCR
7€ P BRI 2 TAZATATAE FHIRARHESE (f% G )

Environmental chamber: TRI Model SIW — stepped isotherial. wide - hamber;

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

Grips: Demgen Hydraulic Clamps (SIM); TRI Mcial PAE100, Pactiiun x 100mm (SIM and
conventional);

FeH: FEERBUEIE R (SIMD 3 TRIZ FHi-100, Paciibs < 100mm (SIM A% GHif AR )
Extensometer: Epsilon Model SW3542-0200-020-87 (8IM); 1 ans Tek LVDT-dc, Model 0245-
0000 (conventional)

S{#1t: Epsilon Model SW3542-0200-050-S% (SH\L): 4 rans Tek LVDT-dc, Model 0245-0000
(e GiFHA)

Temperature controller: Watlg ' 5erie®.982 pro-raiiimable temperature controller;

WETERIES: Waltowg82 2 D0 RIT A L BEFE 48

Heating/cooling- Electric:l/liquic £02 ;

IR 2 - s R AA L A4tk

Data acquisition: Instron Biuchill 2 Software(SIM); HP-3852A data acquisition and control unit
& Labview V5.1 software (convaitional).

HHa R g DEHTRRHEE L 2 #AF (SIMD ¢ HP-3852A R RAEFEEHIHIG, Labview V5.1
B (fEGiHEE)

Creep Testing Procedures 47 35 iz 72

Accelerated (SIM) creep testing was performed in accordance with ASTM D6992. Each
specimen was allowed to reach equilibrium at 20C prior to test initiation. Specimens were then
ramped to the specified percentage 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 Tensile Sticioths
R 2. 72 bR
7 St @UTS
Style A% UTS (KN/m) B 5 WRBRELTE H 4 b
60x60 61 4 8.86
1000x100 Ry, 11.0

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

ze

provid d in

the iong-term creep-rupture regression line intercept
aetails of the ¢ioep-rupture results, at a reference temperature of 20C,
aphic form in Figure 1. The creep rupture behavior as

defined by the regression ‘itic is d¢' rmined in accordance with recognized and accepted creep
test methods.

AT 28 R —, S T T B POR B9 ) 0 A2 - W R R A R AR 45 R . 72 20 C S H IR
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Figure 1. Compos ¢ Crec) uptui o Curve: 60x60 and 1000x100 kN/m Geogrid
B 1. KA R B 00X 60 A 1000 X 100kN/m + Tl
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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
3.9943 | 71.0
2.5986 | 74.0
1.7556 | 83.0
4.0651 70.0
60x60 3 6408 72.0 <
2.5547 74.0 S
1.6760 76.0 _
2.7059 78.0 y
2.3195 80.0 # -
CONCLUSIONS AND RECO UMENDATION 5 251 Fl 7 1Y

Creep reduction factors

accelerated (SIM) creep t 5

and 1000x100 kN/m geogrids i 1.

TRI Environmental | 9063 Bee Cave Rd., Austin, TX 78733, USA

ve beci deterr ned for the products tested using conventional and

0. The cieep rupture reduction factors for the YUHONG 60x60
and 1.63 for 75 and 114 years, respectively.

{5 FH A GeidE A AN s (SIMD ey X R D 5 7= i G AR T IR R L.« » 60X 60 A1 1000
X 100 kN/m [P =AM 75 S BI4TR 20N 1.61,114 SRR ECN 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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Creep Strain Curves after Strain Normaliztion
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