














Sustained Load Summary Tables based on previous HITEC Manual

Normal Load
N, (lb/ft)

Index Peak
Capacity

TCONN (lb/ft)

75-year Creep-
reduced Connection

Strength TCONN75(lb/ft)

Connection Creep
Reduction Factor
RFconnCR = Tconn / T

conn75

500 1255 1134 1.11
1000 1531 1447 1.06
2000 2084 1854 1.12

Table 1: Miragrid 3XT Sustained Load Connection Factors

NormalLoad
N, (lb/ft)

Index Peak
Capacity

TCONN (lb/ft)

75-year Creep-
reduced Connection

Strength TCONN75(lb/ft)

Connection Creep
Reduction Factor
RFconnCR = Tconn / T

conn75

1000 1962 1678 1.17
2000 2412 2163 1.12
3000 2862 2371 1.20

Table 2: Miragrid7XT Sustained Load Connection Factors

Miragrid Tult-MARV(plf) Tlot (plf) Tlot / Tult-MARV

(plf)
Lot

3XT 3500 3484 1.00 032092006/06244-2-4
5XT 4700 5130 1.09 031106986/08234-1-4
7XT 5900 6317 1.07 031062656/06334-1-4
8XT 7400 7987 1.08 031109345/08288-1-1
10XT 9500 10973 1.16 031109615/08296-1-3

Table 3: Tlot / Tult-MARVNormalization

Miragrid Reduction Factors to the Ultimate
Connection Strength Long Term (75 year)

Connection Reduction
Factor RFConnTot =

RFconnCR x (TLOT/TMARV)

Type TULT(lb/ft) RFconnCR,
Connection

Creep
Rupture

RFd,
Durability

Tlot / Tult-MARV

(plf)

3XT 3500 1.20 1.15 1.00 1.20
5XT 4700 1.20 1.15 1.09 1.31
7XT 5900 1.20 1.15 1.07 1.28
8XT 7400 1.20 1.15 1.08 1.30
10Xt 9500 1.20 1.15 1.16 1.39

Table 4: Long Term Connection Reduction Factors



Miragrid Tult (plf) -
Miragrid
Ultimate
Strength

Normal Load (N)
in equivalent wall

height

Long Term Design Capacity, TConn75(lb/ft)

3XT 3500
0 < H < 10.83 N <  1300                TConn75 = (1/1.20)(975 + N tan 42.3°)

10.83 < H < 18.75 1300 < N < 2250   TConn75 = (1/1.20)(1973 + N tan 8.1°)

5XT 4700
0 < H < 9.17  N < 1100                TConn75 = (1/1.31)(1022 + N tan 48°)

9.17 < H < 23.33 1100 < N < 2800    TConn75 = (1/1.31)(1804 + N tan 21.8°)

7XT 5900
0 < H < 9.17  N < 1100                 TConn75 = (1/1.28)(970 + N tan 47.6°)

9.17 < H < 28.17 1100 < N < 3380     TConn75 = (1/1.28)(1648 + N tan 25.6°)

8XT 7400
0 < H < 14  N < 1680                  TConn75 = (1/1.30)(1150 + N tan 42.5°)

14 < H < 28.17 1680 < N < 3380       TConn75 = (1/1.30)(1739 + N tan 29.5°)

10XT 9500
0 < H < 9.6 N < 1150                    TConn75 = (1/1.39)(850 + N tan 53°)

9.6 < H < 28.1 1150 < N < 3373      TConn75 = (1/1.39)(1621 + N tan 33.3°)
Table 5: Design Capacity

Item 1.2.7:
We believe no changes from the previous HITEC manual were needed regarding Friction
coefficient along geogrid-soil interface, �Œ, pullout resistance factor, F*, and scale-effect
correction factor, �r as the values are consistent with the default values of FHWA(2009). No
additional commentary changes to the previous HITEC manual.

 Item 1.2.8 – N/A
 Item 1.2.9 – See MSEW Program Summary Table Below
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Introduction

This report givesthe resultsof an interface sheartestingprogram carried out to evaluate
the mechanical/frictional performance of the shearcapacitybetweenCompac III R (Light)
modular concreteblock units.

The test program wasinitiated in responseto a verbal authorization to proceedfrom Mr.
Craig Moritz of KeystoneRetaining Wall Systemsreceived27 July 2009.

The testswerecarried out at the laboratoriesof Bathurst, Clarabut GeotechnicalTesting,
Inc. in Kingston, Ontario, under the supervisionof Mr. Peter Clarabut.

Objectivesof test program

The interface shearcapacitybetweenCompac III concrete block units placed in a stag-
geredjoint (running bond) configuration wasinvestigatedusinga large-scaletest apparatus.

The principal objective of the testing wasto evaluate the mechanical/frictional perfor-
manceof the shearcapacitybetweensuccessivelayersof CompacIII block units. A second
objective wasto make recommendationsfor the selectionof interface shearcapacitiesto be
usedin the designand analysisof retaining wall systemsthat employ CompacIII blocks.

Materials

KeystoneCompacIII blocksarehollow concreteblocksweighingapproximately90pounds
perunit (weight/unit measuredin our laboratory) whicharenormally filled with aselectgranu-
lar material. The nominal dimensionsof the block are12incheswide (toe to heel) by8 inches
high by 18incheslong. Construction alignmentandwall batter isachievedbymeansof fiber-
glasspins insertedinto the top surfaceof the units. The installation arrangementis illustrated
in Figure1. The blocksusedin thisseriesof testsweresuppliedbyKeystoneandwerereceived
at our laboratory on 13 April 2007and designatedasBIC 07-017.

Apparatus and general test procedure

The SRWU-2 method of testasreported in the NCMA SegmentalRetaining Wall Design
Manual (1993)andASTM D 6916-03wasusedin this investigation.A brief descriptionof the
apparatusand test methodologyis presentedhere. The apparatususedto perform the tests
is illustrated in Figure 1. The testapparatusallowshorizontal loadsin excessof 35,000pounds
to beappliedacrossthe interfacebetweentwo block layers.The segmentalunitswerelaterally
restrainedat the bottom andsurchargedvertically. A singleblock wasplacedoveronecentral-
ly located running bond (joint) formed by two underlying units to simulate the staggered
constructionproceduretypicallyusedin the field. The spacesbetweenthe blockswereinfilled
with a 3/4inch crushedlimestoneand lightly compacted. Figure 2 illustrates the particle size
distribution of the infill usedin this testseries.Wall heightsweresimulatedbyplacingasingle
block over the interface and applying additional normal load using the air bagarrangement
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shownin Figure 1. The horizontal (shear)force wasappliedat aconstantrate of displacement
usingacomputer-controlled hydraulicactuator. The loadanddisplacementsmeasuredbythe
actuatoranddisplacementtransducerswererecordedcontinuouslyduring the testbyamicro-
computer/dataacquisition system. Each test wascontinued until large sheardisplacements
wereachieved. Following eachtest, the blockswereremovedand the units examinedto con-
firm failure modes(if applicable). In order to minimize the number of blocksusedin this in-
vestigation,blocksusedfor the lowercourseswerere-usedasthe top layerblock in subsequent
tests. However, the interface along which shearwasdevelopedwasinitially undamagedin
eachtest. Virgin fiberglassshearpins were usedin eachtest.

The only variablein this seriesof interface sheartestswasthe magnitudeof surcharge(i.e.
the magnitude of normal load applied to the top segmentalunit). The normal loadsusedin
the test program are given in Table 1.

Test results

Resultsof interface sheartestsaresummarizedin Table1. Peakinterface shearcapacities
and shearcapacityat the displacementcriterion (0.16 inch) are plotted againstnormal load
in Figure3. The displacementcriterion wascalculatedto be0.16inchbasedon2%of theblock
height. The minimum peakshearcapacityrecorded from the test serieswas1635lb/ft.

The testresultsrevealsomescatterin shearcapacityfor testscarriedout at nominal similar
normal loads. The three testscarried out at the sameequivalent normal load of 1375lb/ft
(Tests1, 4 and 7) gavepeak shearcapacityvaluesthat rangedfrom 2190to 2400lb/ft with a
meanvalue of 2320lb/ft. Peak shearcapacityvaluesvaried by 5.6% of the meanvalueand
hencearewithin acceptancelimits for test repeatability asrecommendedby the NCMA. The
trendsin datafor shearcapacitybasedon the displacementcriterion andpeakshearhavebeen
plotted usinglinear curves.However,therearesmalldifferencesin the magnitudeof the mea-
sured shearcapacityfrom the linear curvesusedto approximate the data over the rangeof
tests. Thesedifferencesare likely the result of smallvariationsin layingout of the block units,
placementandcompactionof the granularfill, andpossiblyminor variability in thedimensions
of the block units.

Implications to interfaceshearcapacitydesignand construction with CompacIII block units

The interface shearstrengthin the field maybe lessthan the valuesdeterminedin this test
seriesfor the samemethodandquality of construction. The NCMA SegmentalRetainingWall
DesignManual recommendsthat the designshearcapacityat agivennormal load for acritical
wall structure be the lesserof: a) the peakcapacitydivided bya minimum factor of safety(not
lessthan 1.5)or; b) the capacitybasedon the 0.16inch displacementcriterion. The designin-
terfaceshearcapacityenvelopeshownin Figure 4 iscontrolled bythe peakshearcapacityval-
ues.

The designshearcapacityenvelopeillustrated in Figure4shouldbeusedwith caution.The
actualdesigncapacityenvelopeshouldbe lower if the quality of constructionin the field isless
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than that adopted in this controlled laboratory investigationand/or lower quality concreteis
usedin the manufactureof the blocks. In addition, the interface concretesurfacesshouldbe
free of aggregateparticles in order to maximizethe frictional resistancethat is developedbe-
tweenthe concretesurfacesand passiveresistanceof the fiberglassshearpins.

Summary of conclusions

A laboratory testingprogramwascarried out to evaluatethe mechanical/frictionalperfor-
manceof the shearcapacitybetweenCompacIII segmentalconcreteunits. The following con-
clusionscanbe drawn:

1. The minimum peakshearcapacity recorded from this test serieswas1635 lb/ft (height
aboveinterface equal to 7.8 block units). Variability in shearcapacitybetweennominal
identical testswasprobably due to smalldifferencesin settingup of the blocks,placement
andcompactionof the granular fill, andpossiblysmallvariations in block dimensionsand
shearpin strength.

2. Care must be taken during the installation of CompacIII units in order to prevent accu-
mulation of soil and rock debris at the concreteblock interface surfaces.This debris may
significantly reducethe shearcapacityof the CompacIII facing unit system.

3. The designenvelopein Figure 4 is basedon interpretation of test data asrecommended
in the NCMA SegmentalRetaining Wall DesignManual. The choiceof designinterface
shearcapacitymay vary with quality of construction in the field and hencelower design
valuesthan thosetaken from Figure 4 maybe appropriate.

Concluding remarks

The test resultspresentedhere are applicable to gravity and geosyntheticreinforced-soil
segmentalretaining wall designsthat employ Compac III units. The inclusion of a layer of
geosyntheticreinforcementbetweencoursesmayreducethe interfaceshearcapacityto values
lessthan thosereported in this investigation.

R. J. Bathurst, Ph.D., P. Eng.

P. Clarabut
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Table 1
Test Program:
Shear capacity results for Compac III modular block units

Test
number

normal
load

(lb/ft)

approximate
wall height

(ft)

approximate
number of

blocks

shearload at 0.16
inch

displacement

(lb/ft)

shearload at
PEAK

(lb/ft)

1 1380 15.0 22.5 1766 2400

2 480 5.2 7.8 1583 1635

3 930 10.1 15.2 1881 2130

4 1380 15.0 22.5 1334 2190

5 1845 20.1 30.1 2312 2580

6 2310 25.1 37.7 2451 3285

7 1365 14.8 22.3 1457 2370

8 2745 29.8 44.8 2646 3060

REFERENCES

ASTM D 6916-03.StandardTestMethod for Determining ShearStrengthbetweenSegmental
ConcreteUnits (Modular ConcreteBlocks),American Societyfor TestingandMaterials,West
Conshohocken,PA 19428-2958USA.

Bathurst, R.J., Althoff, S..,and Linnenbaum, P., 2008.Inluenceof testmethodon directshear
behaviorof segmentalretainingwall unit, ASTM GeotechnicalTestingJournal, Vol. 31 No. 2,
pp. 157-165.

Simac,M.R., Bathurst, R.J., Berg,R.R. andLothspeich,S.E.,1993.NCMA SegmentalRetain-
ing Wall DesignManual (First Edition), National Concrete Masonry Association, 2302Horse
Pen Road, Herndon, VA 22071-3406.
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1 loading frame 2 horizontal actuator
3 horizontal load cell 4 reaction beam
5 vertical load cell 6 air bag
7 platform 8 spacers
9 Compac III 10 displacement transducer
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Figure 1: Schematic of shear capacity test apparatus showing
Compac III modular concrete block units

10

10

note: all voids between
blocks infilled with 3/4
inch crushed stone and
lightly compacted
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Figure 3: Summary of interface shear capacities for
Compac III block
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Introduction

This report givesthe resultsof an interface sheartestingprogram carried out to evaluate
the mechanical/frictional performance of the shearcapacitybetweenCompac III R (Light)
modular concreteblock units with a single layer inclusion of Miragrid 7XT.

The test program wasinitiated in responseto a verbal authorization to proceedfrom Mr.
Craig Moritz of KeystoneRetaining Wall Systemsreceived27 July 2009.

The testswerecarried out at the laboratoriesof Bathurst, Clarabut GeotechnicalTesting,
Inc. in Kingston, Ontario, under the supervisionof Mr. Peter Clarabut.

Objectivesof test program

The interface shearcapacitybetweenCompacIII concreteblock units with a singlelayer
inclusionof Miragrid 7XT placedin astaggeredjoint (running bond) configuration wasinves-
tigated usinga large-scaletest apparatus.

The principal objective of the testing wasto evaluate the mechanical/frictional perfor-
manceof the shearcapacitybetweensuccessivelayersof CompacIII block units with a single
layer inclusion of Miragrid 7XT. A secondobjective wasto make recommendationsfor the
selectionof interface shearcapacitiesto be usedin the designand analysisof retaining wall
systemsthat employ CompacIII blocksand Miragrid 7XT.

Materials

KeystoneCompacIII blocksarehollow concreteblocksweighingapproximately90pounds
perunit (weight/unit measuredin our laboratory) whicharenormally filled with aselectgranu-
lar material. The nominal dimensionsof the block are12incheswide (toe to heel) by8 inches
high by 18incheslong. Construction alignmentandwall batter isachievedbymeansof fiber-
glasspins insertedinto the top surfaceof the units. The installation arrangementis illustrated
in Figure1. The blocksusedin thisseriesof testsweresuppliedbyKeystoneandwerereceived
at our laboratory on 13 April 2007and designatedasBIC 07-017.

Miragrid 7XT is a bi-directional geogridcomposedof 100%polyestermultifilament yarn
with a tensilestrengthof 5900lb/ft in the machinedirection (basedon ASTM D 6637method
of test and reported on the manufacturers �website- www.tencate.comon 27 October 2009).
The geogrid specimensused in this seriesof testing were cut from roll/lot # 031062656/
06334-1-4receivedat our laboratory on 8 December2006.

Apparatus and general test procedure

The SRWU-2 method of testasreported in the NCMA SegmentalRetaining Wall Design
Manual (1993)andASTM D 6916-03wasusedin this investigation.A brief descriptionof the
apparatusand test methodologyis presentedhere. The apparatususedto perform the tests
is illustrated in Figure 1. The testapparatusallowshorizontal loadsin excessof 35,000pounds
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to beappliedacrossthe interfacebetweentwo block layers.The segmentalunitswerelaterally
restrainedat the bottom and surchargedvertically. A singleblock wasplacedover a geogrid
specimenand one centrally located running bond (joint) formed by two underlying units to
simulatethe staggeredconstructionproceduretypically usedin the field. The spacesbetween
the blockswereinfilled with a3/4inchcrushedlimestoneandlightly compacted.Figure2illus-
tratesthe particle sizedistribution of the infill usedin this testseries.Wall heightsweresimu-
lated by placing a singleblock over the interface and applying additional normal load using
the air bag arrangementshown in Figure 1. The horizontal (shear) force wasapplied at a
constantrate of displacementusinga computer-controlled hydraulic actuator. The load and
displacementsmeasuredby the actuatoranddisplacementtransducerswererecordedcontin-
uouslyduring the test by a microcomputer/dataacquisition system. Each test wascontinued
until largesheardisplacementswereachieved. Following eachtest, the blockswereremoved
andthe unitsexaminedto confirm failure modes(if applicable). In order to minimize thenum-
ber of blocksusedin this investigation,blocksusedfor the lower courseswerere-usedasthe
top layer block in subsequenttests. However, the interface alongwhich shearwasdeveloped
wasinitially undamagedin eachtest. Virgin geogridspecimensandfiberglassshearpinswere
usedin eachtest.

The only variablein this seriesof interface sheartestswasthe magnitudeof surcharge(i.e.
the magnitude of normal load applied to the top segmentalunit). The normal loadsusedin
the test program are given in Table 1.

Test results

Resultsof interface sheartestsaresummarizedin Table1. Peakinterface shearcapacities
and shearcapacityat the displacementcriterion (0.16 inch) are plotted againstnormal load
in Figure3. The displacementcriterion wascalculatedto be0.16inchbasedon2%of theblock
height. The minimum peakshearcapacityrecorded from the test serieswas1170lb/ft.

The testresultsrevealsomescatterin shearcapacityfor testscarriedout at nominal similar
normal loads. The three testscarried out at the sameequivalent normal load of 1385lb/ft
(Tests1, 4 and 7) gavepeak shearcapacityvaluesthat rangedfrom 2025to 2340lb/ft with a
meanvalue of 2200lb/ft. Peak shearcapacityvaluesvaried by 8.0% of the meanvalueand
hencearewithin acceptancelimits for test repeatability asrecommendedby the NCMA. The
trendsin datafor shearcapacitybasedon the displacementcriterion andpeakshearhavebeen
plotted usingbi-linear curves. However, there are small differencesin the magnitudeof the
measuredshearcapacityfrom the bi-linear curvesusedto approximatethe dataover the range
of tests. Thesedifferencesare likely the result of small variations in laying out of the block
units, placementof the geogridspecimen,placementandcompactionof the granular fill, and
possiblyminor variability in the dimensionsof the block units.
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Implications to interfaceshearcapacitydesignand construction with CompacIII block units
with a single layer inclusion of Miragrid 7XT

The interface shearstrengthin the field maybe lessthan the valuesdeterminedin this test
seriesfor the samemethodandquality of construction. The NCMA SegmentalRetainingWall
DesignManual recommendsthat the designshearcapacityat agivennormal load for acritical
wall structure be the lesserof: a) the peakcapacitydivided bya minimum factor of safety(not
lessthan 1.5)or; b) the capacitybasedon the 0.16inch displacementcriterion. The designin-
terfaceshearcapacityenvelopeshownin Figure4iscontrolled largelybythepeakshearcapac-
ity values.

The designshearcapacityenvelopeillustrated in Figure4shouldbeusedwith caution.The
actualdesigncapacityenvelopeshouldbe lower if the quality of constructionin the field isless
than that adopted in this controlled laboratory investigationand/or lower quality concreteis
usedin the manufactureof the blocks. In addition, the interface concretesurfacesshouldbe
free of aggregateparticles in order to maximizethe frictional resistancethat is developedbe-
tweenthe concretesurfacesand passiveresistanceof the fiberglassshearpins.

Summary of conclusions

A laboratory testingprogramwascarried out to evaluatethe mechanical/frictionalperfor-
manceof the shearcapacitybetweenCompacIII segmentalconcreteunits. The following con-
clusionscanbe drawn:

1. The minimum peakshearcapacity recorded from this test serieswas1170 lb/ft (height
aboveinterface equal to 7.8 block units). Variability in shearcapacitybetweennominal
identical testswasprobably due to smalldifferencesin settingup of the blocks,placement
andcompactionof the granular fill, placementof the geogridspecimenandpossiblysmall
variations in block dimensionsand shearpin strength.

2. Care must be taken during the installation of CompacIII units in order to prevent accu-
mulation of soil and rock debris at the concreteblock interface surfaces.This debris may
significantly reducethe shearcapacityof the CompacIII facing unit system.

3. The designenvelopein Figure 4 is basedon interpretation of test data asrecommended
in the NCMA SegmentalRetaining Wall DesignManual. The choiceof designinterface
shearcapacitymay vary with quality of construction in the field and hencelower design
valuesthan thosetaken from Figure 4 maybe appropriate.

Concluding remarks

The test results presentedhere are applicable to geosyntheticreinforced-soil segmental
retaining wall designsthat employCompacIII unitsandMiragrid 7XT. The inclusionof alayer
of geosyntheticreinforcement other than Miragrid 7XT between coursesmay reduce the
interface shearcapacityto valueslessthan thosereported in this investigation.
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Table 1
Test Program:
Shear capacity results for Compac III modular block units
with a single layer inclusion of Miragrid 7XT

Test
number

normal
load

(lb/ft)

approximate
wall height

(ft)

approximate
number of

blocks

shearload at 0.16
inch

displacement

(lb/ft)

shearload at
PEAK

(lb/ft)

1 1395 15.2 22.7 1307 2025

2 2760 30.0 45.0 2022 2685

3 2295 24.9 37.4 2169 2805

4 1380 15.0 22.5 1943 2235

5 1860 20.2 30.3 2057 2655

6 915 9.9 14.9 816 2010

7 1380 15.0 22.5 1280 2340

8 480 5.2 7.8 1080 1170
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Figure 1: Schematic of shear capacity test apparatus showing
Compac III modular concrete block units
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note: all voids between
blocks infilled with 3/4
inch crushed stone and
lightly compacted

11
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Figure 2: Particle size distribution for 100% crushed
granular stone used in Compac III block
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Figure 3: Summary of interface shear capacities for
Compac III block / Miragrid 7XT combination
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                                                                                   November 21, 2019 
 
Mr. Dan Tix        
Keystone Retaining Wall Systems 
4444 West 78th Street 
Bloomington, MN 
                        
 
 
 
RE: Keystone Compac III/Miragrid® XT Geogrid IDEA Evaluation, Miragrid Manufacturing 
Process 
 
Miragrid® XT geogrids have been manufactured with the same methods/machines/processes since 
2002.   
 
Please let me know if you have any questions or need any additional information. 
 
Sincerely, 

 
Joe Friederichs 
Commercial Director – Engineered Structures 
j.friederichs@tencategeo.com 
952-250-6908 
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PROLOGUE 
 
General Facts about NTPEP Reports: 
�™ NTPEP Reports contain data collected according to laboratory testing and field evaluation protocols 

developed through consensus-based decision by the AASHTO’s NTPEP Oversight Committee. 
These test and evaluation protocols are described in the Project Work Plan (see NTPEP website). 

�™ Products are voluntarily submitted by manufacturers for testing by NTPEP. Testing fees are assessed 
from manufacturers to reimburse AASHTO member departments for conducting testing and to report 
results. AASHTO member departments provide a voluntary yearly contribution to support the 
administrative functions of NTPEP. 

�™ AASHTO/NTPEP does not endorse any manufacturer’s product over another. Use of certain 
proprietary products as “primary products” does not constitute endorsement of those products. 

�™ AASHTO/NTPEP does not issue product approval or disapproval; rather, test data are furnished for 
the User to make judgment for product prequalification or approval for their transportation agency. 

 
Guidelines for Proper Use of NTPEP Results: 
�™ The User is urged to carefully read any introductory notes at the beginning of this Report, and also to 

consider any special clauses, footnotes or conditions which may apply to any test reported herein. 
Any of these notes may be relevant to the proper use of NTPEP test data. 

�™ The User of this Report must be sufficiently familiar with the product performance requirements 
and/or (standard) specification of their agency in order to determine which test data are relevant to 
meeting those qualifying factors. 

�™ NTPEP test data is intended to be predictive of actual product performance. Where a transportation 
agency has successful historical experience with a given product, it is suggested to factor that 
precedence in granting or withholding product approval or prequalification. 

 
NTPEP Report Special Advisory for Geosynthetic Reinforcement (REGEO): 
�™ This report contains product data that are intended to be applied to a product line, based on the test 

results obtained for specific products that are used to represent the product line for the purposes of 
NTPEP testing.  It is expected that the User will estimate the properties of specific products in the 
line not specifically tested through interpolation or a lower or upper bound approach. 

�™ It is intended that this data be used by the User to add products to their Qualified Products or 
Approved Products List, and/or to develop geosynthetic reinforcement strength design parameters in 
accordance with AASHTO, FHWA, or other widely accepted design specifications/guidelines.  It is 
also intended that the User will conduct further, but limited, evaluation and testing of the products 
identified in this report for product acceptance purposes to verify product quality. 

�™ Products included in this report must be resubmitted to NTPEP every three (3) years for a quality 
verification evaluation and every nine (9) years for a full qualification evaluation in accordance with 
the work plan. Hence, all product test results included in this Report supersede data provided in 
previous Editions of this report. 

�™ The User is guided to read the document entitled “Use and Application of NTPEP Geosynthetic 
Reinforcement Test Results” (see NTPEP website) for instructions and background on how to apply 
the results of the data contained in this report. 

 
Scott Hidden (North Carolina DOT)                                    Sophie Brown (Oregon DOT) 
            Chairman, Geosynthetics                                             Vice Chairman, Geosynthetics 
              Technical Committee                                                      Technical Committee 
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Executive Summary 

This test report provides data that can be used to characterize the short-term and long-term tensile 
strength of the Miragrid XT polyester, PVC coated geogrid reinforcement product line using 
testing conducted on representative products within the product line.  The purpose of this report 
is to provide data for product qualification purposes. 

The test results contained herein were obtained in accordance with AASHTO R69-15 and the 
NTPEP work plan (see www.NTPEP.org) and can be used to determine the long-term strength of 
the geosynthetic reinforcement, including the long-term strength reduction factors RFID, RFCR, 
and RFD, and also used to determine low strain creep stiffness values.   

All testing reported herein was performed on the materials tested in the direction of manufacture, 
i.e., the machine direction. 

Product Line Description:  The product line evaluated includes the following specific polyester, 
PVC coated geogrid reinforcement products: 

Miragrid 2XT, 3XT, 5XT, 7XT, 8XT, 10XT, 20XT, 22XT, and 24XT. 

This product line was evaluated through detailed testing of three representative products in the 
Miragrid XT product line, and very limited testing of the other remaining products in the product 
line. Miragrid 8XT was used as the primary product for product line characterization purposes (i.e., 
the baseline to which the other products were compared), and Miragrid 2XT and 24XT were used 
as secondary products to evaluate the properties of the range of products in the Miragrid XT 
product line.  Samples of these products were taken by an independent sampler on behalf of 
NTPEP on March 10, 2017, at the Miragrid manufacturing plant located in Pendergrass, GA. 

Statistical Validation of Use of SIM and Validation of Product Line:  The creep rupture test 
results obtained were evaluated in accordance with R69-15 to assess the validity of using SIM to 
extend the creep rupture data and to assess the validity of treating the products submitted as a 
single product line.  The following was verified: 

i. The SIM creep test results were characterized by data statistically consistent with 
conventional creep tests conducted at the reference temperature up to 10,000 
hours, including comparison of single rib and multi-rib test data (see Figure F-21 
in Appendix F for details). 

 
ii.  Based on the available creep data for all the products tested, the product line 

submitted by the manufacturer statistically qualifies to be a product line and can 
therefore be represented using test results from representative products in the 
product line (see Figure F-22 in Appendix F for details). Recommendations on 
application of the representative product data to the rest of the product line for 
installation damage, durability and creep stiffness are provided in their respective 
report sections and summarized below in this executive summary. 
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Test Results for Tult:  All wide width test results (ASTM D6637) obtained for this product line 
through the NTPEP testing were greater than the minimum average roll values (MARV’s) 
provided by the manufacturer (see Table 3-1). 

 

Test Results for RFID:  Installation damage testing on this product line resulted in values of 
RFID that ranged as follows: 

RFID = 1.01 to 2.01 

The RFID factor of 1.01corresponds to the 3XT product in sandy gravel and 2.01 to the lightest 
product in coarse gravel. 

In general, as the test material gradation becomes more coarse, the value of RFID increased.  
Therefore, interpolation of this data to intermediate gradations appears to be feasible.  The values 
of RFID for all of the products tested did demonstrate a trend of decreasing RFID as product unit 
weight/tensile strength increases, at least for the 57 stone gradation, that would allow 
interpolation of RFID to products not tested.  Therefore, interpolation of these test results to 
products in the line not tested is feasible.  This trend was not as clear for the other gradations.  
See Table 4-3 and Figures 4-5 through 4-9 for details. Laboratory installation damage test data in 
accordance with ISO/EN 10722 are also provided for future use in comparison to quality 
verification testing (see Table 4-6). 

It should be noted that the installation damage testing conducted represents an increase in 
compaction and spreading equipment size (i.e., a 15,000 lb wheeled front end loader – Caterpillar 
416E, and a 25,000 lb single drum vibratory roller) and a reduced aggregate lift thickness over 
the geogrid of 6 inches relative to the installation damage testing reported in previous NTPEP 
test reports.  Therefore, the decrease in strength retained values relative to previous NTPEP test 
reports for this product line does not represent a change in the products, but instead is the result 
of the more severe installation damage conditions which represent a likely upper bound 
installation condition for geosynthetic reinforced soil structures.  Actual RFID values could be 
lower if installation conditions are less severe (e.g., greater initial lift thickness over the geogrid, 
use of lighter weight equipment, etc.).  Actual RFID values could be higher if the spreading or 
compacting equipment tires or tracks are allowed to be in direct contact with the geosynthetic 
before or during fill placement and compaction, if the thickness of the fill material between the 
equipment tires or tracks is inadequate (especially for high tire pressure equipment such as dump 
trucks), or if excessive rutting of the first lift of soil over the geosynthetic (e.g., due to soft 
subgrade soil) is allowed to occur. 
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Test Results for RFCR:  The creep rupture testing conducted indicates that the following value 
of RFCR may be used: 

RFCR = 1.44 

This value of RFCR is applicable to a 75 year life at 68o F (20o C), and may be used to 
characterize the full product line as defined herein.  See Figure 5-1 for detailed creep rupture 
envelope or to obtain values for other design lives. 

Test Results for RFD:  The chemical durability index testing results meet the requirements in 
AASHTO R69-15 to allow use of a default reduction factor for RFD.  See Table 6-2 for specific 
test results, and see AASHTO R69-15 or the document entitled “Use and Application of NTPEP 
Geosynthetic Reinforcement Test Results” (www.NTPEP.org) for recommended default 
reduction factors for RFD.  The UV test results (ASTM D4355) for this product line, as 
represented by the lightest weight product from each manufacturing plant, indicate strength 
retained at 500 hours in the weatherometer of  94%.  These values of UV strength retained 
should be considered to be a lower bound value for the product line. 

Test Results for Creep Stiffness:  The 1000 hr, 2% strain secant stiffness (J2%,1000hr) test results 
ranged from 19,801 lb/ft for the lowest strength style to 190,759 lb/ft for the highest strength 
style.  There exists a strong linear relationship between creep stiffness and the short-term tensile 
strength (Tlot), therefore the 1000 hr, 2% strain secant stiffness can be reasonably expressed for 
any product in the product line as: 

J2%,1000 hr = 6.6609(Tlot) – 942.87 
 

Where, Tlot is the roll/lot specific single rib tensile strength per ASTM D6637.  See Table 7-2 and 
Figure 7-1 for details.  Note that once the stiffness is determined from this equation, an 
equivalent MARV for this property can be determined by multiplying the stiffness by the ratio of 
TMARV/Tlot. 
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1.0  Product Line Description and Testing Strategy 

1.1  Product Description 

The Miragrid  XT Series family of geogrids are high-strength woven, PVC coated geogrids.  The 
product line evaluated consists of the products as manufactured by TenCate Geosynthetics listed 
in Table 1-1. 

Table 1-1.  Product designations included in product line. 

Miragrid  Reinforcement Product Designations (i.e., Styles) 

Miragrid® 2XT Miragrid® 7XT Miragrid® 20XT 
Miragrid® 3XT Miragrid® 8XT Miragrid® 22XT 
Miragrid® 5XT Miragrid® 10XT Miragrid® 24XT 

 

The scope of the evaluation is limited to the strength in the machine direction (MD).  The cross-
machine direction (XD) was not specifically evaluated. 

1.2  Product Line Testing Approach 

This product line was evaluated through detailed testing of three representative products in the 
Miragrid XT product line, and very limited testing of the other remaining products in the product 
line. Miragrid 8XT was used as the primary product for product line characterization purposes (i.e., 
the baseline to which the other products were compared), and Miragrid 2XT and 24XT were used 
as secondary products to evaluate the properties of the range of products in the Miragrid XT 
product line.  Samples of these products were taken by an independent sampler on behalf of 
NTPEP on March 10, 2017, at the Miragrid manufacturing plant located in Pendergrass, GA. 

Photographs of all the products tested are provided in figures 1-1 through 1-9 
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Figure 1-1.  Photo of Miragrid 2XT (machine direction is perpendicular to ruler shown). 

 

Figure 1-2.  Photo of Miragrid 3XT (machine direction is perpendicular to ruler shown).  
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Figure 1-3.  Photo of Miragrid 5XT (machine direction is perpendicular to ruler shown). 

 

Figure 1-4.  Photo of Miragrid 7XT (machine direction is perpendicular to ruler shown). 
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Figure 1-5.  Photo of Miragrid 8XT (machine direction is perpendicular to ruler shown). 

 

Figure 1-6.  Photo of Miragrid 10XT (machine direction is perpendicular to ruler shown). 
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Figure 1-7.  Photo of Miragrid 20XT (machine direction is perpendicular to ruler shown). 

 

Figure 1-8.  Photo of Miragrid 22XT (machine direction is perpendicular to ruler shown). 
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Figure 1-9.  Photo of Miragrid 24XT (machine direction is perpendicular to ruler shown). 
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2.0  Product Polymer, Geometry, and Manufacturing Information 

 

2.1  Product/Polymer Descriptors 

Yarn used in all Miragrid XT Series geogrids is a high molecular weight, low CEG, high 
tenacity polyester (PET) with UV inhibitors.  The source of the yarns is proprietary.  Coating 
used in all Miragrid XT Series geogrids is a PVC-based coating with no post-consumer recycled 
materials.  The source of coating is confidential. 
 
For the PET yarns, key descriptors include minimum production number average molecular 
weight (GRI-GG7 and ASTM D 4603) and maximum carboxyl end group content (GRI-GG8): 
 

o Minimum Molecular Weight > 25,000 (Measured value is 32,783)   
o Maximum CEG < 30  (Measured value is 15.9)   
o % of regrind used in product:  0%. 
o % of post-consumer recycled material by weight:  0% 

 
 2.2  Geometric Properties of Geogrids 

Rib width, spacing, thickness, and product weight/unit area vary depending on geogrid style.  
While such data are generally not used for design, it can be useful for identification purposes, and 
to be able to detect any changes in the product.  Measurements of geogrid rib spacing are also 
used to convert tensile test results (i.e., load at peak strength, Tult, and load at a specified strain to 
obtain stiffness, J) to a load per unit width value (i.e., lbs/ft or kN/m). Detailed measurement 
results, as well as the typical values supplied by the manufacturer for each product, are provided 
in Appendix B, Section B.1.   
 
2.3  Product Production Data and Manufacturing Quality Control 

Geogrid roll sizes and weights, lot sizes, and a summary of the manufacturer’s quality control 
program are provided in Appendix B, Sections B.2 and B.3.  Such information can be useful in 
working with the manufacturer if product quality issues occur. 
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3.0  Wide Width Tensile Strength Data 

Minimum average roll values supplied by the manufacturer and test results obtained on all the 
products in the product line for this NTPEP testing program are provided in Table 3-1.  Wide 
width tensile tests were conducted in accordance with ASTM D6637.  The measured geogrid 
dimensions discussed in Section 2 and provided in Appendix B, Section B.1, were used to 
convert test loads to load per unit width values.  Note that the independently measured Tult values 
only indicate that the sampled products have a tensile strength that exceeds the Manufacturer’s 
minimum average roll values (MARV’s).  As such, these independently measured Tult values 
should not be used directly for design purposes.  However, these independently measured Tult test 
results have been used as roll specific tensile strengths used for developing installation damage 
and creep reduction factors.  Detailed test results are provided in Appendix C. 
 

Table 3-1.  Wide width t ensile strength, Tult, for the Miragrid  Geogrid XT product l ine. 

Product 
Style/Type 

Test Method 
MARV for 

Tult, in 
MD (lb/ft ) 

Tult, 
Independently 
Measured in 

MD  
(lb/ft )*  

2XT ASTM D 6637 2,000 2,710 
3XT ASTM D 6637 3,500  
5XT ASTM D 6637 4,700  
7XT ASTM D 6637 5,900  
8XT ASTM D 6637 7,400 8,484 
10XT ASTM D 6637 9,500  
20XT ASTM D 6637 13,705  
22XT ASTM D 6637 20,559  
24XT ASTM D 6637 27,415 31,443 

(Conversion: 1 lb/ft  = 0.0146 kN/m) 
MD = machine direction 

*Average of 5 specimens obtained during NTPEP testing. 
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4.0  Installation Damage Data (RFID) 

4.1  Installation Damage Test Program 

Installation damage testing and interpretation was conducted in accordance with AASHTO R69-
15, except as noted herein. Samples were exposed to four “standard” soils:  a coarse gravel, a 
medium gravel, a sandy gravel, and a sand.  Additional laboratory installation damage testing in 
accordance with ISO/EN 10722 was also conducted.  The specific installation damage test 
program is summarized in Table 4-1. 
 

Table 4-1. Independent installation damage testing required for NTPEP qualification. 

Manufacturer:  TenCate Geosynthetics     PRODUCT Line:  2XT to 24XT 

Tests Conducted  

Qualification (every 9 yrs) / Verification (every 3 yrs) 

Products Tested  
# of Tests  

(see Note 1)  
Qualification  Verification  

Index tensile tests on undamaged 
material (ASTM D 6637) 

2XT, 3XT, 7XT, 8XT, 
24XT  NA 5 

Three field exposures, including 
soil characterization and 

compaction measurements 
(ASTM D5818) 

2XT, 3XT, 7XT, 8XT, 
24XT in 57 stone, Types 1, 

2, and 3 soils 
NA 20 

Tensile tests on damaged 
specimens 

 (ASTM D 6637) 

2XT, 3XT, 7XT, 8XT, 
24XT in 57 stone, Types 1, 

2, and 3 soils 
NA 20 

Laboratory installation damage 
testing –as basis for future QA 
and to help interpolate full scale 
field results to products ont full 

scale field tested (ISO/EN 10722) 

2XT, 3XT, 5XT, 7XT, 8XT, 
10XT, 20XT, 22XT, 24XT NA 9 

Note 1 Each test is performed using the number of specimens required by the test standard.  For 
example, for index tensile testing, a test is defined 5 to 6 specimens.  See the specific test 
procedures for details on this. 
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exhumation stress.  Photographs of the installation damage field exposures are provided in 
Appendix D.  A detailed tabulation of each soil gradation is provided in Appendix D, Table D-
21.  
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Figure 4-1.  Test soil grain size distribution.  

 

Figure 4-2.  Installation damage Type 1 test aggregate. 
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Figure 4-4.  Installation damage 57 stone test aggregate. 

 

Figure 4-4.  Installation damage Type 2 test aggregate. 
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Figure 4-5.  Installation damage Type 3 test aggregate. 

4.3  Summary of Installation Damage Full Scale Field Exposure Test Results 

The roll specific ultimate tensile strength (ASTM D6637) test results for the baseline, Tlot (i.e., 
undamaged tensile strength tested prior to sample installation in the ground) and the ultimate 
tensile strength of the installation damaged geogrid samples, Tdam, are provided in Table 4-2.  
RFID, calculated using the results shown in Table 4-2, are summarized in Table 4-3.  Strength 
retained is calculated as the ratio of the average exhumed strength Tdam divided by the average 
baseline strength Tlot for the product sample.  RFID is the inverse of the retained strength (i.e. 1 / 
0.779 = 1.28).  Detailed test results for each specimen tested are provided in Appendix D, Tables 
D-1 through D-20. 
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Table 4-2.  Summary of installation damage tensile test results. 

Backfill Type  Style 
Baseline Exhumed 

1Tlot 
(lb/ft ) 

COV 
(%) 

2Tdam 
(lb/ft ) 

COV 
(%) 

Type 1 
Coarse Gravel 

(GP) 

2XT 2,710 1.39 1,346 14.95 
3XT 3,795 1.35 2,965 8.33 
7XT 6,579 1.47 4,237 7.92 
8XT 8,488 2.37 5,670 8.61 
24XT 31,443 2.97 22,493 6.37 

57 stone 
(GP) 

2XT 2,710 1.39 1,861 13.67 
3XT 3,795 1.35 2,844 14.91 
7XT 6,579 1.47 4,655 9.87 
8XT 8,488 2.37 6,180 6.06 
24XT 31,443 2.97 25,598 4.40 

Type 2 
Sandy Gravel 

(GP) 

2XT 2,710 1.39 2,578 1.20 
3XT 3,795 1.35 3,740 1.92 
7XT 6,579 1.47 5,981 3.50 
8XT 8,488 2.37 7,613 2.78 
24XT 31,443 2.97 29,991 1.42 

Type 3 
Silty Sand 

(SM) 

2XT 2,710 1.39 2,494 4.35 
3XT 3,795 1.35 3,680 1.52 
7XT 6,579 1.47 6,121 4.06 
8XT 8,488 2.37 7,111 5.48 
24XT 31,443 2.97 28,781 2.84 

1Average of 5 specimens. 
2Average of 10 specimens. 

(Conversion: 1 lb/ft  = 0.0146 kN/m) 
 

 
Table 4-3.  Measured RFID. 

Style 
Mass / 
Area 

(oz./yd2) 

Type 1 
Coarse Gravel 

57 stone 
Type 2 

Sandy Gravel 
Type 3 

Silty Sand 
% 

Retained 
RFID 

% 
Retained 

RFID 
% 

Retained 
RFID 

% 
Retained 

RFID 

2XT 6.52 49.7 2.01 68.7 1.46 95.1 1.05 92.0 1.09 
3XT 6.51 78.1 1.28 74.9 1.33 98.6 1.01 97.0 1.03 
7XT 8.66 64.4 1.55 70.8 1.41 90.9 1.10 93.0 1.07 
8XT 10.08 66.8 1.50 72.8 1.37 89.7 1.11 83.8 1.19 
24XT 30.74 71.5 1.40 81.4 1.23 95.4 1.05 91.5 1.09 
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4.4  Estimating RFID for Specific Soils or for Products not Tested 

In general, as the test material gradation becomes more coarse, the value of strength retained 
decreased (i.e., RFID increased).  Trend lines plotted in Figure 4-5 for the upper bound and lower 
bound for all the installation damage data obtained for the product line illustrate the general trend 
of the installation damage data with regard to soil d50 size.  Interpolation of this data to 
intermediate gradations appears to be feasible based on these test results, though the scatter in 
that trend should be recognized when estimating values of RFID for specific soils.   

Only representative products in the product line were installation damage tested for the full range 
of soil gradations (57 stone and Gradations 1 through 3).  However, bench scale installation 
damage tests (ISO/EN 10722) were conducted for the remaining products in the line to verify 
whether or not interpolation of the installation damage test results was feasible for the remaining 
products in the line not fully evaluated for installation damage resistance. The Miragrid XT 
product line generally exhibited moderately strong relationships between the weight or the tensile 
strength of the product and the strength retained after installation damage for 57 stone but 
showed no consistent relationship with product weight or tensile strength for gradations 1, 2 and 
3. See figures 4-6 through 4-9 for illustrations of those relationships. Therefore, interpolation of 
these test results to products in the line not tested based on product weight or strength may be 
only feasible for 57 stone, though caution should be exercised and appropriate judgment applied 
to insure a safe estimate of RFID each product.  For products in the product line not tested in the 
full scale installation damage tests, for gradations 1, 2 and 3, use of a lower bound value of 
strength retained for the products not tested in the full scale installation damage tests (i.e., (Pdmin 
in Figure 4-6) appears to be appropriate for design. 
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Note:  RFID = 1/P; d50 = sieve size at which 50% of soil passes by weight 

Figure 4-5.  Miragrid  XT product l ine installation damage as a function of soil d50 size. 
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Figure 4-6.  Miragrid  XT product l ine installation damage as a function of product unit 
weight for type 1 soil (coarse gravel - GP). 
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Figure 4-7.  Miragrid  XT product l ine installation damage as a function of product unit 
weight for 57 stone (GP). 
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Figure 4-8.  Miragrid XT product line installation damage as a function of product unit 
weight for type 2 soil (sandy gravel - GP). 
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Figure 4-9.  Miragrid  XT product l ine installation damage as a function of product unit 
weight for type 3 soil (silty sand – SM). 
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It should be noted that the installation damage testing conducted represents an increase in 
compaction and spreading equipment size (i.e., a 15,000 lb wheeled front end loader – Caterpillar 
416E, and a 25,000 lb single drum vibratory roller – a 10,000 lb roller was used in past testing) 
and a reduced aggregate lift thickness over the geogrid of 6 inches (an 8 inch lift thickness was 
used in past testing) relative to the installation damage testing reported in previous NTPEP test 
reports.  Therefore, the decrease in strength retained values relative to previous NTPEP test 
reports for this product line does not represent a change in the products, but instead is the result 
of the more severe installation damage conditions which represent a likely upper bound 
installation condition for geosynthetic reinforced soil structures.  Actual RFID values could be 
lower if installation conditions are less severe (e.g., greater initial lift thickness over the geogrid, 
use of lighter weight equipment, etc.).  Actual RFID values could be higher if the spreading or 
compacting equipment tires or tracks are allowed to be in direct contact with the geosynthetic 
before or during fill placement and compaction, if the thickness of the fill material between the 
equipment tires or tracks is inadequate (especially for high tire pressure equipment such as dump 
trucks), or if excessive rutting of the first lift of soil over the geosynthetic (e.g., due to soft 
subgrade soil) is allowed to occur. 
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4.5  Laboratory Installation Damage Test Results per ISO/EN 10722 

Laboratory Installation damage testing and interpretation was conducted in accordance with 
ISO/EN 10722.  In this procedure, geosynthetic specimens are exposed to simulated installation 
stresses and abrasion using a standard “backfill” material in a bench scale device.  Once exposed, 
they are tested for tensile strength to determine the retained strength after damage.  Five baseline 
and five exposed specimens from each product were tested. The test results are summarized in 
Table 4-4.  Detailed test results are provided in Appendix E, as well as a photograph of the test 
set-up and a close up of the standard backfill material used. 

This procedure is intended to be a reproducible index test to assess relative susceptibility of the 
geosynthetic to damage.  In this NTPEP testing program, the results from this test are primarily 
intended to be used for future quality assurance to assess the consistency in the product’s 
susceptibility to installation damage.  It is not intended to be used directly in the determination of 
RFID for a given soil backfill gradation. 

Table 4-4.  Summary of laboratory (ISO procedure) installation damage test results. 

Miragrid  XT 
Style 

Mean Baseline 
Tensile Strength 

(lb/ft ) 

Coefficient 
of 

Variation  
(%) 

Mean Exposed 
Tensile Strength 

(lb/ft ) 

Coefficient 
of 

Variation  
(%) 

Strength 
Retained 

(%) 

2XT 2,759 2 2,483 6 90 
3XT 4,020 2 3,528 7 88 
5XT 5,127 2 4,737 5 92 
7XT 6,734 2 5,394 10 80 
8XT 8,286 2 7,078 5 85 
10XT 11,491 3 9,820 6 85 
20XT 17,648 2 15,860 4 90 
22XT 24,164 3 22,307 3 92 
24XT 32,917 1 29,139 3 89 

(Conversion: 1 lb/ft  = 0.0146 kN/m) 
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5.0  Creep Rupture Data (RFCR) 

5.1  Creep Rupture Test Program 

Creep testing and interpretation has been conducted in accordance with AASHTO R69-15.  A 
baseline (i.e., reference) temperature of 68o F (20o C) was used.  8XT was used as the primary 
product to establish the creep rupture envelope, with limited creep testing of the other Miragrid 
XT geogrids (i.e., 2XT and 24XT) to verify the ability to interpolate creep rupture behavior to the 
Miragrid geogrid products not specifically tested (i.e., to treat all the products submitted for 
evaluation as a product line per R69-15 and the NTPEP work plan).   

The creep rupture testing program is summarized in Figure 5-1.  Creep testing was conducted 
using both ASTM D5262 (termed “conventional” creep testing) and ASTM D6992 (i.e., the 
Stepped Isothermal Method - SIM).  A limited number (6) of tests using ASTM D5262, 
conducted only at the reference temperature of 68o F (20o C) for up to a maximum time of 10,000 
hrs were used for comparison purposes to verify the accuracy of the SIM creep tests.  Since the 
SIM creep tests are conducted as single rib tests and conventional creep tests (ASTM D5262) 
conducted as single-rib and multi-rib tests, both single rib and wide width (multi-rib) short-term 
tensile tests were conducted for the primary product, 8XT.  This was done for comparison 
purposes to establish the validity of using single rib creep test data as well as to ensure that the 
correct index tensile strength is used, since the creep load is expressed as a percent of Tult. 
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Table 5-1. Independent creep rupture testing required for NTPEP qualification. 

Manufacturer:  TenCate Geosynthetics    PRODUCT Line:  2XT to 24XT 

Tests Conducted 

Qualification (every 9 yrs) / Verification (every 3 yrs) 

Products Tested # of Tests (see 
Note 1) 

Qualification Verification  

Index single rib tensile tests on lot specific 
material 

(ASTM D6637) 
2XT, 8XT, 24XT  NA 3 

Index wide width tensile tests on lot specific 
material 

(ASTM D6637) 
NA NA 0 

PRIMARY PRODUCT 6 Rupture Points – 
Conventional Creep testing up to 1000 hrs 

(ASTM D5262) 
8XT @ 6 load levels NA 6 

PRIMARY PRODUCT 6 Rupture Points – 
Accelerated Creep rupture testing (SIM). 

(ASTM D6992) 
8XT @ 6 load levels NA 6 

SECONDARY PRODUCT(S)  
Conventional Creep Testing 

(ASTM D5262) 
None NA 0 

SECONDARY PRODUCT(S)  
Accelerated Creep rupture testing (SIM). 

(ASTM D6992) 

2XT and 24XT @ 4 load 
levels 

NA 8 

Note 1: Each test is performed using the number of specimens required by the test standard.  For example, 
for index tensile testing, a test is defined 5 to 6 specimens.  See the specific test procedures for 
details on this. 

 
5.2  Baseline Tensile Strength Test Results 

All creep testing using SIM (ASTM D6992) was performed on single rib specimens, whereas 
single-rib and multi-rib specimens were used for the conventional (ASTM D5262) creep tests.  
Both types of tests were only conducted for the 8XT geogrid product.  To facilitate use of both 
single rib to wide width specimens for the creep testing, rapid loading tensile and creep tests 
were conducted, in accordance with R69-15.  The multi-rib rupture points fit closely with the 
single rib rupture curve (see Figure 5-1).  The tensile test specimens tested were taken from the 
same rolls of material that were used for the creep testing. The measured geogrid dimensions 
discussed in Section 2 and provided in Appendix B, Section B.1, were used to convert tensile test 
loads to load per unit width values. 
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Table 5-2.  Ultimate tensile strength (UTS) and associated strain . 

Product 
Single Rib UTS per 
ASTM D6637, Tlot 
(lb/ft @ % Strain) 

2XT 
 

2,753 @ 9.87% 

8XT 8,636 @ 13.4% 

24XT 28,474  @ 13.0% 

 (Conversion: 1 lb/ft  = 0.0146 kN/m) 
 

5.3  Creep Rupture Test Results 

A total of 14 Stepped Isothermal Method (SIM) tests and 6 conventional creep tests were run 
to fulfill the qualification requirements.  Table 5-3 summarize the tests performed and their 
outcomes.  Detailed test results, including creep curves for each specimen tested, are 
provided in Appendix F, Figures F-1 through F-20. 
 

Table 5-3.  Creep rupture test results for all t ests conducted. 

Style & Test 
Type 

Creep Load 
(% of Tlot) 

Time to Rupture 
(log hrs) 

2XT - SIM 70.96 5.4100 
2XT - SIM 75.00 4.1304 
2XT - SIM 79.00 2.4319 
2XT - SIM 83.00 1.3981 
8XT - SIM 68.00 6.2548 
8XT - SIM 71.00 5.0359 
8XT - SIM 74.00 4.8030 
8XT - SIM 77.00 3.1833 
8XT - SIM 80.00 2.2342 
8XT - SIM 83.00 1.5275 

8XT - Conv.+ 81.00 2.0423 
8XT - Conv.+ 80.00 2.1602 
8XT - Conv.+ 79.00 2.6325 
8XT - Conv.+ 77.50 3.8328 
8XT - Conv. 76.00 3.3958 
8XT - Conv. 74.00 4.0000* 
24XT - SIM 70.00 5.4648 
24XT - SIM 74.00 4.5842 
24XT - SIM 78.00 3.3838 
24XT - SIM 82.00 1.5877 

+ Multi-rib specimen, * Finished without rupture 
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5.3.1  Statistical Validation to Allow the Use of SIM Data to Establish Rupture 
Envelope 

Details of the confidence limits evaluation conducted in accordance with R69-15 are 
contained  in Appendix F. Figure F-21 provides a plot of the creep rupture envelope with the 
confidence limits and the rupture envelopes for the conventional creep and SIM creep data, 
illustrating this statistical test.  Detailed calculation results for this statistical analysis are 
provided in Table F-2, and summarized in Table F-6.  The results indicate that the SIM data 
meet the statistical validation requirements in R69-15 (i.e., the SIM rupture envelope is 
within the specified 90% confidence limits of the “conventional” creep rupture data).  Thus, 
the conventional and accelerated (SIM) data may be used together to construct the 
characteristic creep rupture curve of the primary product, and SIM data may also be used for 
creep testing of the other two geogrid products to evaluate the potential to construct a 
composite creep curve for the product line.  

5.3.2  Statistical Validation to Allow the Use of Composite Rupture Envelope for 
Product Line 

Details of the confidence limits evaluation for the product line conducted in accordance with 
R69-15 are contained in Appendix F. Figure F-22 provides a plot of the creep rupture 
envelope with the confidence limits and the rupture envelopes for the primary product and 
the other tested products (i.e., 2XT and 24XT), illustrating this statistical test.  Detailed 
calculation results for this statistical analysis are provided in Tables F-3 and F-4, and 
summarized in Table F-7.  The results indicate that the rupture envelopes for the 2XT and 
24XT products are within the specified 90% confidence limits of the primary product (i.e., 
8XT) creep rupture data, meeting R69-15 requirements.  Thus, all the Miragrid XT products 
tested (i.e., 2XT, 8XT and 24XT) can be used to construct a composite creep rupture 
envelope representing the entire product line.  The calculation results for the statistical 
analysis and regression to create the full composite creep curve are provided in Table F-5. 

5.4  Creep Rupture Envelope Development and Determination of RFCR 

In consideration of the statistical validation described in Section 5.3 of this report, a composite 
creep rupture envelope, using log-linear regression, was constructed as shown in Figure 5-1.  The 
mix of conventional and accelerated (SIM) creep rupture test data points meets R69-15 
requirements.  Based on this plot of all data, the regression of the data shows that the r2 value is 
0.97 (see Table F-5 in Appendix F for details).  Per R69-15, this degree of scatter in the data is 
acceptable for a composite rupture envelope. 
 
The creep rupture envelope in Figure 5-1 should be considered valid for the entire Miragrid XT 
geogrid product line evaluated in this report.  Since the temperature accelerated creep results 
produced through the SIM testing allowed time shifting of the creep rupture data points to over 
1,000,000 hours (i.e., 114 years), no extrapolation uncertainty factor in accordance with R69-15 
need be applied. Table 5-4 provides the estimated value of RFCR for the Miragrid XT geogrid 
product line based on the reported testing for a period of long-term loading of up to 100 years.  
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This rupture envelope can be used to determine RFCR for times other than 3, 75 and 100 years, if 
desired. 

 

Table 5-4.  RFCR value for Miragrid  XT series geogrids for 3, 75 and 100 yr periods of 
loading/use. 

Period of Use (in years) RFCR for Rupture – All XT  Styles 

3 1.36 
75 1.44 
100 1.45 
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Figure 5-1.  Composite creep rupture data/envelope for the Miragrid XT geogrid product l ine.
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Table 6-1.  Independent durability t esting required for NTPEP qualification. 

Manufacturer:  TenCate Geosynthetics    PRODUCT Line:  2XT to 24XT 

Tests Conducted 

Qualification (every 9 yrs) / Verification (every 3 yrs) 

Products Tested # of Tests (see 
Note 1) 

Qualification Verification  

All polymers, resistance to weathering @ 500 
hrs (ASTM D4355), including before/after 

tensile strength 
2XT  NA 1 

For polyesters, molecular weight determination  
(ASTM D4603 and GRI-GG7) – on yarn/strip 

Miragrid XT yarn NA 1 

For polyesters, carboxyl end group content 
determination (GRI-GG8) – on yarn/strip 

Miragrid XT yarn NA 1 

CEG-MW Testing Coating Removal, if 
necessary 

NA NA 0 

Brittleness  (AASHTO R69-15) NA NA 0 

For polyolefins, long-term evaluation via 
Oxidative degradation (ISO/EN 13438:1999) 

NA NA 0 

For polyesters, long-term evaluation via 
Hydrolytic degradation (AASHTO R69-15) 

None None 0 

For polyolefins, long-term evaluation via 
Oxidative degradation (AASHTO R69-15) 

NA NA 0 

Note 1: Each test is performed using the number of specimens required by the test standard.  For example, 
for index tensile testing, a test is defined 5 to 6 specimens.  See the specific test procedures for 
details on this. 

 
6.2  Durability Test Results 

A summary of the test results is provided in Table 6-2.  This table also includes the criteria to 
allow the use of a default reduction factor for RFD provided in R69-15 and the AASHTO LRFD 
Bridge Design Specifications.  Detailed durability test results are provided in Appendix G. 
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Table 6-2.  NTPEP durability t est results for the Miragrid XT geogrid product l ine and 
criteria to allow u se of a default value for RFD. 

Polymer 
Type 

Property Test Method 
Criteria to Allow Use of 

Default RF* 

Test Result 
Obtained as Part 

of NTPEP 
Program 

PP and 
HDPE 

UV Oxidation 
Resistance 

ASTM D4355 Min. 70% strength retained 
after 500 hrs in 
weatherometer 

NA 

PET UV Oxidation 
Resistance 

ASTM D4355 Min. 50% strength retained 
after 500 hrs in 
weatherometer if 
geosynthetic will be buried 
within one week, 70% if left 
exposed for more than one 
week. 

94% strength 
retained 

PP and 
HDPE  

Thermo- 
Oxidation 
Resistance 

ENV ISO 13438:1999, 
Method A (PP) or B 
(HDPE) 

Min. 50% strength retained 
after 28 days (PP) or 56 days 
(HDPE) 

NA 

PET Hydrolysis 
Resistance 

Inherent Viscosity 
Method (ASTM D4603 
and GRI Test Method 
GG8) 

Min. Number Average 
Molecular Weight of 25,000 

32,783 

PET Hydrolysis 
Resistance 

GRI Test Method GG7 Max. Carboxyl End Group 
Content of 30 

15.9 

Note:  PP = polypropylene, HDPE = high density polyethylene, PET = polyester 

Based on these test results, all products in the product line meet the minimum UV requirement 
shown in Table 6-2.  Regarding hydrolysis resistance, these test results shown in Table 6-2 
indicate that this product line has adequate long-term resistance to hydrolysis to justify the use of 
a default value for RFD, meeting the requirements in AASHTO R69-15. 

Note that while no specific tests, other than installation damage, were conducted to evaluate the 
durability of the coating, because the hydrolysis resistance characterization was determined based 
on the base polymer, any potential coating degradation should have very little effect on the long-
term durability of the geogrid product and the default value of RFD selected.  Typically, a default 
value of 1.3 for RFD is selected.  See AASHTO R69-15, or the document entitled “Use and 
Application of NTPEP Geosynthetic Reinforcement Test Results” (www.NTPEP.org), for 
guidance on the selection of a default value for RFD.   
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7.0  Low Strain Creep Stiffness Data 

7.1  Low Strain Creep Stiffness Test Program 

Creep stiffness testing was conducted in accordance with AASHTO R69-15 and the NTPEP 
work plan.  The creep stiffness determination was targeted to 2% strain at 1,000 hours.   

Products selected to represent the XT product line (i.e., 2XT, 8XT, and 24XT) were tested for 
creep stiffness.  Roll specific single rib short-term rapid loading tensile strength tests (Tlot) were 
conducted for each product for correlation purposes and to calculate load levels.  A total of nine 
Ramp and Hold (R&H), 1,000 second creep tests, were conducted on each product.  Three 
specimens were R&H tested at each of the following stresses: 5, 10 and 20% of the ultimate 
tensile strength (UTS).  A linear regression based on %UTS and % strain at 0.1 hour was used to 
normalize strain curves to reduce the variability of the elastic portion of the strain curve.  The % 
UTS required to obtain 2% strain at 1,000 hours was then determined.  Three R&H tests and two 
1,000 hour conventional creep tests (ASTM D5262, but as modified for low strain in R69-15 and 
using a single rib specimen) were conducted at this load.  All tests were conducted at 68o F (20o 
C). 

7.2  Ultimate Tensile Test Results for Creep Stiffness Test Program 

The values provided in Table 7-1 represent the baseline, roll specific, ultimate tensile strength 
used to normalize the load level for the creep stiffness testing.  Sample specific geogrid 
dimensions were used to convert tensile test loads to load per unit width values. 

 
Table 7-1.  Ultimate tensile strength (UTS) & associated strain . 

Product 
Tlot for Single Rib 
(lb/ft  @ % Strain) 

2XT 
 

2,753 @ 9.87% 
8XT 8,636 @ 13.4% 
24XT 28,474  @ 13.0% 

(Conversion: 1 lb/ft  = 0.0146 kN/m) 
 

7.3  Creep Stiffness Test Results 

Detailed test results are provided in Appendix H.  Table 7-2 provides a summary of the creep 
stiffness values obtained.  Note that the creep stiffness values at 1,000 hours and 5%UTS, 
10%UTS and 20%UTS represent stiffness values at strains other than 2% strain.  See Appendix 
H for details.  Figure 7-1 shows the relationship between the measured tensile strength and the 
creep stiffness.  Considering the strong linear relationship between the creep stiffness and the 
product tensile strength, interpolation to other products in the product line not tested to determine 
creep stiffness values for those products is acceptable. 
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Table 7-2.  Summary of creep stiffness test results. 

Miragrid  
XT Series 

Style 

Average Creep 
Stiffness @ 1000 

hours for 5% 
UTS Ramp & 
Hold (lb/ft ) 

Average Creep 
Stiffness @ 1000 
hours for 10% 
UTS Ramp & 
Hold (lb/ft ) 

Average Creep 
Stiffness @ 1000 
hours for 20% 
UTS Ramp & 
Hold (lb/ft ) 

Average Creep 
Stiffness for 
2% strain @ 

1000 hrs 
(lb/ft ) 

2XT 64,509 19,130 19,073 19,801 

8XT 126,611 68,936 43,470 57,791 

24XT 772,557 247,151 120,789 190,759 

(Conversion: 1 lb/ft  = 0.0146 kN/m) 
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Figure 7-1.  Miragrid  XT creep stiffness for 2 % strain @ 1000 hours. 

To obtain the minimum likely stiffness value for each product in consideration of the MARV 
tensile strength, multiply the stiffness value from the plot by the ratio of TMARV/Tlot.  TMARV is the 
minimum tensile strength, as provided by the manufacturer, for each product in the product line.  
Tlot is the actual roll specific tensile strength for the sample used in the creep stiffness testing.   
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Appendix A:  NTPEP Oversight Committee 
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Appendix B:  Product Geometric and Production Details 
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B.1  Product Geometric Information 

Table B-1.  Typical and measured MD geogrid geometry for the Miragrid XT product line. 

Machine Direction (MD) Ribs 
Style Width ( in) Spacing (in) Aperture Size (in)  Rib Thickness (in) 

 Typical 
Values 

As 
Measured* 

Typical 
Values 

As 
Measured* 

Typical 
Values 

As 
Measured

* 

Typical 
Values 

As 
Measured* 

2XT N/A 0.098 N/A 1.126 0.875 0.840 N/A 0.054 
3XT N/A 0.054 N/A 1.104 1.0 1.520 N/A 0.054 
5XT N/A 0.193 N/A 1.107 1.2 1.573 N/A 0.057 
7XT N/A 0.246 N/A 1.116 1.3 1.459 N/A 0.053 
8XT N/A 0.271 N/A 1.080 1.3 1.573 N/A 0.050 
10XT N/A 0.325 N/A 1.110 1.3 1.498 N/A 0.058 
20XT N/A 0.418 N/A 1.012 1.5 1.395 N/A 0.081 
22XT N/A 0.460 N/A 0.969 1.4 1.404 N/A 0.092 
24XT N/A 0.569 N/A 1.009 1.4 1.403 N/A 0.086 

(Conversions: 1 in = 25.4 mm) 
*Average of 5 readings obtained during NTPEP testing.  Full test results in tables B-5 through B-13. 

 

Table B-2.  Typical and measured XD geogrid geometry for the Miragrid XT product line. 

Cross-Machine Direction (XD) Ribs 
Style Width (in)  Spacing (in) Aperture Size (in)  Rib Thickness (in) 

 Typical 
Values 

As 
Measured* 

Typical 
Values 

As 
Measured* 

Typical 
Values 

As 
Measured* 

Typical 
Values 

As 
Measured* 

2XT N/A 0.099 N/A 0.939 1.0 1.028 N/A 0.053 
3XT N/A 0.110 N/A 1.630 1.0 0.950 N/A 0.055 
5XT N/A 0.115 N/A 1.687 1.0 0.914 N/A 0.044 
7XT N/A 0.108 N/A 1.566 0.9 0.870 N/A 0.047 
8XT N/A 0.101 N/A 1.674 0.9 0.809 N/A 0.053 
10XT N/A 0.253 N/A 1.751 0.8 0.785 N/A 0.064 
20XT N/A 0.263 N/A 1.658 0.6 0.594 N/A 0.053 
22XT N/A 0.232 N/A 1.636 0.6 0.509 N/A 0.069 
24XT N/A 0.229 N/A 1.632 0.5 0.439 N/A 0.062 

(Conversions: 1 in = 25.4 mm) 
*Average of 5 readings obtained during NTPEP testing.  Full test results in tables B-5 through B-13. 
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Table B-3.  Typical and measured geogrid junction thickness for the Miragrid  XT product 
line. 

Style 
Junction Thickness (in) 

Typical Values As Measured* 
2XT Not tested 0.056 
3XT Not tested 0.056 
5XT Not tested 0.059 
7XT Not tested 0.061 
8XT Not tested 0.061 
10XT Not tested 0.073 
20XT Not tested 0.095 
22XT Not tested 0.106 
24XT Not tested 0.106 

(Conversions: 1 in = 25.4 mm) 
*Average of 5 readings obtained during NTPEP testing.  Full test results in tables B-5 through B-13. 
 

 
Table B-4.  Typical and measured geogrid unit weight for the Miragrid  XT product line. 

Geogrid Style/Type 
Typical Weight 

(oz/yd2) 

Measured Weight* , 
per ASTM D5261 

(oz/yd 2) 
2XT 7.50 6.52 
3XT 8.17 6.51 
5XT 9.00 8.69 
7XT 10.21 8.66 
8XT 11.42 10.08 
10XT 14.31 12.82 
20XT 22.12 19.03 
22XT 30.50 25.29 
24XT 38.02 30.74 

(Conversion: 1 oz/ yd2 = 33.9 g/m2) 
*Average of 5 readings obtained during NTPEP testing.  Full test results in tables B-5 through B-13. 
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B.2  Product Production Information  

Table B-14.  Typical geogrid roll dimensions for the Miragrid  XT product line. 

Style/Type 
Width  

(ft ) 
Length 

(ft ) 
Area 
(yd²) 

Roll Diameter 
(ft ) 

Gross weight 
(lbs) 

2XT 12 150 200 12.0 121 
3XT 6 / 12 150 100 / 200 12.3 / 11.7 152 / 295 
5XT 6 / 12 150 100 / 200 11.8 168 / 333 
7XT 12 200 266 13.2 437 
8XT 6 / 12 150 / 200 100 / 266 13.6 / 13.2 196 / 494 
10XT 12 200 266 14.1 589 
20XT 12 200 266 14.7 675 
22XT 12 200 266 15.5 913 
24XT 12 200 266 16.5 966 

(Conversions: 1 ft = 0.3048 m; 1 yd2 = 0.836 m2) 
 
B.3  Product Manufacturing Quality Control Program  

Testing/sampling is done per the Miragrid Quality Control Plan Document.  A summary of the 
program is provided in Table B-15. 

Table B-15.  Typical summary of quality control t esting conducted by the manufacturer for 
the Miragrid  XT product line. 

Test Method Property Testing Frequency 
ASTM D 5261 Mass / Unit Area   Per LOT  

(every 10,000  SY to 15,000 SY) 
ASTM D6637 Single Rib Tensile  Per LOT  

(every 10,000  SY to 15,000 SY) 
ASTM D6637 Multi -Rib Tensile  Per LOT  

(every 10,000  SY to 15,000 SY) 
Hand measure Aperture Size Bi-Annually 
Hand measure Width Per LOT 

GRI-GG2 Junction Strength Bi-Annually or change in product knit 
construction 

GRI-GG7 CEG 
Bi-Annually or change in PET fiber 
LOT/Merge 

GRI-GG8 MW 
Bi-Annually or change in PET fiber 
LOT/Merge 
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Table B-16.  Typical production lot size for the Miragrid  XT product line. 

Style/Type Lot Size (yd2) # of rolls per Lot 
2XT 14,040 70 
3XT 14,040 70 
5XT 14,040 70 
7XT 14,040 70 
8XT 14,040 70 
10XT 14,040 70 
20XT 14,040 70 
22XT 14,040 70 
24XT 14,040 70 
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Appendix C:  Tensile Strength Detailed Test Results 
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Appendix D:  Installation Damage Detailed Test Results 
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Table D-21.  Standard test soil gradations (% passing). 

 Standard Installation Damage Soils Used for Field Exposures 

US Sieve 
No. 

Sieve Size 
(mm) 

Percent Passing by Weight 
Type 1 

(Coarse Gravel) 
57 stone 

Type2 
(Sandy Gravel) 

Type 3 
(Silty Sand) 

6 - in 150 100.0 100.0 100.0 100.0 
3 - in. 75 100.0 100.0 100.0 100.0 
2 - in. 50 100.0 100.0 100.0 100.0 

1.5 - in. 38 - 100.0 100.0 100.0 
1 - in. 25 26.4 100.0 100.0 100.0 

3/4 - in. 19 1.6 71.0 100.0 100.0 
1/2 - in. 12.5 - 42.0 - 100.0 
3/8 - in. 9.5 1.1 23.5 99.1 100.0 
No. 4 4.75 1.1 5 40.5 100.0 
No. 10 1.7 1.1 0.0 4.2 77.6 
No. 20 0.85 1.1 0.0 3.4 48.8 
No. 40 0.425 1.0 0.0 3.3 33.1 
No. 60 0.25 - 0.0 - 21.5 
No. 100 0.15 - 0.0 - 12.2 
No. 200 0.075 - 0.0 - 4.4 

D50, mm 22.6 14 5.3 0.9 
LA Abrasion  
Small Drum 
Method B 
500 Cycles 

20.2% loss 

 

12.6% loss  

Liquid Limit, % -  - - 
Plasticity Index, % -  - - 

Angularity 
(ASTM D 2488 ) 

Angular to 
Subangular 

Angular to 
Subangular 

Angular 
Angular to 
Subangular 

AASHTO 
Classification 

No. 4 Aggregate 
No. 57 

Aggregate 
No. 89 Aggregate A-1b Soil 

Soil Classification 
GP GP GP SM 

Poorly Graded 
Gravel 

Poorly Graded 
Gravel 

Poorly Graded 
Gravel with Sand 

Well Graded Silty 
Sand 
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Figure D-1.  Lifting Plates positioned between ties and covered with first lift of compacted 

soil/aggregate. 
 
 

 
 

 Figure D-2.  Grid positioned over compacted base and covered.  Cover 
soil/aggregate is uniformly spread and compacted using field-scale equipment and 

procedures. 
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Figure D-3.  The density of the compacted soil is measured with a nuclear density gauge. 
 
 
 
 

  
 

Figure D-4.  The steel plates are tilted to facilitate exhumation. 
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Appendix E:  ISO/EN Laboratory Installation Damage Detailed Test 
Results 
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E.1  ISO/EN Laboratory Installation Damage Test Program 

Testing is done per the EN/ISO 10722.  Five wide width tensile specimens are exposed to 200 
cycles producing between 209 lb/ft2 (10 kPa) minimum and 10,443 lb/ft2 (500 kPa) maximum 
stress at a frequency of 1 Hz.  The aggregate used is a sintered aluminum oxide with a grain size 
such that 100% shall pass a 10 mm sieve and 0% shall pass a 5 mm sieve.  The exposed 
specimens and five baseline specimens are tested according to ISO/EN 10319. 

Representative photos of test apparatus and aggregate are provided in Figures E-1 and E-2.  
Detailed test results are provided in Tables E-1 through E-9. 

 

. 
Figure E-1.  ISO/EN 10722, laboratory installation damage test apparatus. 

 
 

 
 

Figure E-2.  ISO/EN 10722, laboratory installation damage aggregate. 
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Appendix F:  Creep Rupture Detailed Test Results 
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The regression for the conventional creep tests produced at log 2.699 hr (500 hrs) and log 5.000 
hr (100,000 hrs) intercepts at 79.03% and 72.39% UTS, respectively.   The regression for the 
accelerated creep tests (SIM) produced log 2.71 and log 4.84, respectively, for the same %UTS.  
This was within the 90% confidence limits of log 2.25 to log 3.15 and log 3.36 to log 6.64 
associated with those %UTS.  This evaluation is summarized in Table F-6.  Thus, the 
conventional and accelerated data may be used together to construct the characteristic creep 
rupture curve of the primary product.  Confidence limits satisfied per R69-15.   

 

Table F-6.  Summary of statistical comparison between SIM and conventional creep 
rupture envelopes. 

Product 
Intercept at log 

2.699 & 5.000 hrs, 
%UTS 

Intercept at 
same % UTS, 

log hrs 

90% 
Confidence 
Limits @ 

Higher %UTS, 
log hrs 

90% 
Confidence 

Limits @ Lower 
%UTS, log hrs 

8XT 79.03 & 72.39 2.699 & 5.000 - - 
8XT  SIM - 2.71 & 4.84 2.25 to 3.15 3.36 to 6.64 

 
 
The regression for the all creep tests on the primary product (8XT) produced log 2.699 hr (500 
hrs) and log 5.000 hr (100,000 hrs) intercepts at 79.04% and 71.91% UTS, respectively.  The 
regression for the creep tests on 2XT & 24XT produced log time intercepts for the same %UTS 
within the 90% confidence limits of log 2.50 to log 2.89 and log 4.73 to log 5.27 associated with 
those %UTS.  This evaluation is summarized in Table F-7.  Thus, the primary, 8XT, and 
secondary products, 2XT & 24XT, data may be used together to construct the characteristic creep 
rupture curve of the family of products.  Confidence limits satisfied per R69-15. 

 
Table F-7.  Summary of statistical comparison between rupture envelopes for all tested 

Miragrid  geogrid products, to test validity of composite creep rupture envelope for product 
line. 

Product 
Intercept at log 

2.699 & 5.000 hrs, 
%UTS 

Intercept at 
same % UTS, 

log hrs 

90% 
Confidence 
Limits @ 

Higher %UTS, 
log hrs 

90% 
Confidence 

Limits @ Lower 
%UTS, log hrs 

8XT 79.04 & 71.91 2.699 & 5.000 - - 
2XT  2.64 & 5.08 2.50 to 2.89 4.73 to 5.27 
24XT - 2.78 & 5.07 2.50 to 2.89 4.73 to 5.27 
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Appendix G:  Durability  Detailed Test Results 
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Table G-1.  Yarn test results to evaluate susceptibility to hydrolysis

Material: Polyester Yarn
Product Identification:  Yarn used to produce Miragrid XT Geogrids

STD.
PARAMETER TEST REPLICATE NUMBER MEAN DEV.

1 2 3
Carboxyl End Group (CEG) Count
(Test Method:  GRI GG7)

mmol/Kg 15.7 16.1 15.8 15.9 0.2

Molecular Weight
(Test Method:  GRI GG8)

Mn (Number average molecular weight) 35,109 29,455 33,786 32,783 2,957

The testing herein is based upon accepted industry practice as well as the test method listed.  Test results reported herein do not apply

to samples other than those tested.   
 

Table G-2.  UV resistance test results of TenCate Miragrid 2XT geogrid.

STD. PERCENT
PARAMETER TEST REPLICATE NUMBER MEAN DEV. RETAINED

1 2 3 4 5
UV Resistance (ASTM D 4355)
Strength Retained measured via single strip tensile (ASTM D 6637, Method A)

MD - Number of Ribs per foot: 10.80

MD - Tensile Strength (lbs) - B 246.4 246.6 245.5 243.0 249.4 246 2
MD - Tensile Strength (lb/ft) - B 2661 2663 2651 2624 2694 2659 25
MD - Tensile Strength (kN/m) - B 38.9 38.9 38.7 38.3 39.3 38.8 0.4

MD - Tensile Strength (lbs) - E 233.6 222.8 236.7 233.9 234.1 232 5
MD - Tensile Strength (lb/ft) - E 2523 2406 2556 2526 2528 2508 58 94
MD - Tensile Strength (kN/m) - E 36.8 35.1 37.3 36.9 36.9 36.6 0.9

MD - Elong. @ Max. Load (%) - B 9.53 9.22 9.06 8.94 9.58 9.27 0.28
MD - Elong. @ Max. Load (%) - E 9.22 8.69 9.53 9.50 9.40 9.27 0.35 100

B - Baseline Unexposed
E - Exposed for 500 hours of ASTM D 4355 Cycle

MD - Machine Direction     TD - Transverse/Cross Machine Direction 

The testing herein is based upon accepted industry practice as well as the test method listed.  Test results reported herein do not apply
to samples other than those tested.   
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Table G-3.  Summary of UV resistance test results for Miragrid  2XT geogrid. 

Miragrid  XT 
Series Style 

Mean Baseline 
Tensile Strength 

(lb/ft ) 

Standard 
Deviation 

(lb/ft ) 

Mean Exposed 
Tensile Strength 

(lb/ft ) 

Standard 
Deviation 

(lb/ft ) 

% 
Strength 
Retained 

2XT 2,659 25 2,508 58 94 

(Conversion: 1 lb/ft  = 0.0146 kN/m) 
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Appendix H:  Creep Stiffness Detailed Test Results 

 
 
 





















 
 
 
 
 
 

 “The National Transportation Product 
Evaluation Program (NTPEP) was 
established by the American Association 
of State Highway and Transportation 
Officials (AASHTO) in early 1994. The 
program pools the professional and 
physical resources of the AASHTO 
member departments in order to test 
materials, products and devices of 
common interest.  The primary goals of 
the program are to provide cost-effective 
evaluations for the states by eliminating 
duplication of routine testing by the 
states; and to reduce duplication of 
effort by the manufacturers who produce 
and market commonly used proprietary, 
engineered products.”      �[  NTPEP �\  
 
-- Rick Smutzer  (IN), former NTPEP Chairman  

 
 
 
 
 
 
 
 
 
 
 

call 1.202.624.5800 
fax 1.800.525.5469 

online www.NTPEP.ORG  
 

ITEM:  NTPEP Report REGEO-2016-01-[Tencate-Miragrid XT] 
 

 



N
o S

cale
1

 o
f 1

U
nit D

raw
ing Item

 1.2.5

S
cale:

D
raw

ing N
o:

T
itle:

P
JS

ID
E

A

D
M

T
1

0/2019

D
ate:

P
roject N

o:
P

roject:

D
esigned B

y:

C
hecked B

y:

ID
E

A
 E

valuation
4444 W

est 78th S
treet

952-897-1040
M

inneapolis, M
N

  55435

T
his docum

ent m
ay contain proprietary inform

ation and shall not be
duplicated in w

hole or in part, nor distributed to others w
ithout w

ritten consent of
K

eystone R
etaining W

all S
ystem

s LLC
.

T
he suitability and/or m

anner of use of any details contained in this docum
ent is

the sole responsibility of the user.  F
inal project specific details / design shall

be prepared by a licensed professional engineer in the state of the project.

C
opyright 2019 K

eystone R
etaining W

all S
ystem

s LLC

C
om

pac III B
lock to B

lock
P

in C
onnections Isom

etrics

P
in

 C
on

ne
ctin

g C
ore

F
ront P

in
 C

ore - N
ear V

ertica
l S

etback

F
ib

erglass P
in in

F
ront P

in
 C

ore

1
/8"

S
etb

ack

P
in C

onnection - N
ear V

ertical S
etback S

ection

N
ote:

P
la

ce
 tw

o
 K

eyston
e fibe

rgla
ss p

ins in each unit.

P
in

 C
on

ne
ctin

g C
o

re of U
p

pe
r B

lock
C

ou
rse to

 go O
ver P

in
 o

f Lo
w

e
r B

lock
C

ou
rse an

d slid
e F

o
rw

ard to C
ontact

P
in

 in B
lock be

low

Insert F
ibe

rgla
ss P

ins
into P

in C
o

re F
ib

erglass P
in

F
ib

erglass P
in in

F
ront P

in
 C

ore

1
/8"

S
etb

ack

G
eogrid &

 P
in C

onnection - N
ear V

ertical S
etback S

ection

F
ront P

in
 C

ore

F
ront P

in
 C

ore



Keystone III (Light) Miragrid 3XT Project # 29021

Series # BCGT2533

Bathurst, Clarabut Geotechnical Testing, Inc. 27 October 2009
1 of 10Telephone: (613) 384 6363 Email: petebcgt@kos.net

REPORT

RESULTS OF

KEYSTONE COMPAC III

WITH MIR AGRID 3XT GEOGRID

CONNECTION CAPACITY TESTING
submitted to

KeystoneRetaining Wall Systems

CONFIDENTIAL

Distribution:
2 copies KeystoneRetaining Wall Systems

4444West78th Street
Minneapolis, MN 55435
USA

2 copies Bathurst, Clarabut GeotechnicalTesting,Inc.
1167Clyde Court, Kingston, Ontario
K7P 2E4 CANAD A

This report shall not be reproduced except in full, without written approval of Bathurst,
Clarabut GeotechnicalTesting,Inc.



Keystone III (Light) Miragrid 3XT Project # 29021

Series # BCGT2533

Bathurst, Clarabut Geotechnical Testing, Inc. 27 October 2009
2 of 10Telephone: (613) 384 6363 Email: petebcgt@kos.net

Introduction

This report givesthe resultsof a connection testing program carried out to evaluatethe
mechanicalperformanceof the connectionbetweenKeystoneCompacIII R (Light) modular
concreteblock units and Miragrid 3XT geogrid.

The test program wasinitiated in responseto a verbal authorization to proceedfrom Mr.
Craig Moritz of KeystoneRetaining Wall Systemsreceived27 July 2009.

The testswerecarried out at the laboratoriesof Bathurst, Clarabut GeotechnicalTesting,
Inc. in Kingston, Ontario, under the supervisionof Mr. Peter Clarabut.

Objectivesof test program

Thefacing-geogridconnectionbetweenKeystoneCompacIII concreteblockunitsandMi-
ragrid 3XT geogridwasinvestigatedusinga large-scaleconnection test apparatus.

The principal objectiveof the testingwasto evaluatethe mechanicalperformanceof these
connections.A secondobjectivewasto makepreliminary recommendationsfor the selection
of long-term tensileconnectioncapacitiesto beusedin the designandanalysisof geogrid-rein-
forcedsoil wall systemsthat employKeystoneCompacIII blocksin combinationwith Miragrid
3XT geogrid.

Materials

KeystoneCompacIII blocksarehollow concreteblocksweighingapproximately90pounds
perunit (weight/unit measuredin our laboratory) whicharenormally filled with aselectgranu-
lar material. The nominal dimensionsof the block are12incheswide (toe to heel) by8 inches
high by 18incheslong. Construction alignmentandwall batter isachievedbymeansof fiber-
glasspins insertedinto the top surfaceof the units. The installation arrangementis illustrated
in Figure1. The blocksusedin thisseriesof testsweresuppliedbyKeystoneandwerereceived
at our laboratory on 13 April 2007and designatedasBIC 07-017.

Miragrid 3XT is a bi-directional geogridcomposedof 100%polyestermultifilament yarn
with a tensilestrengthof 3500lb/ft in the machinedirection (basedon ASTM D 6637method
of test and reported on the manufacturers �website- www.tencate.comon 27 October 2009).
The geogrid specimens used in this series of testing were cut from roll/lot #
032092006/06244-2-4receivedat our laboratory on 8 December2008.

Apparatus and general test procedure

The method of testusedin this investigationfollows that reported by Bathurst andSimac
(1993)and recommendedby the NCMA (Simacet al. 1993)and ASTM D 6638. A brief de-
scription of the apparatusandtestmethodologyispresentedhere. The testapparatususedto
perform the testsis illustrated in Figure 1. The test apparatusallows tensile loadsof up to
35,000poundsto be applied to the geogridwhile it is confined betweentwo block layers. The
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facingblockswere laterally restrainedandsurchargedvertically. Stripsof geogridreinforce-
ment 39inches(1 meter) wide wereattachedto a roller clampand the geogridextendedover
the facingblock. The next coursewasthen placedover the geogridsimulating the technique
that would be usedin the field. The hollow portions of eachblock andspacesbetweenblocks
wereinfilled with a3/4inch,100%crushedlimestoneaggregateandlightly compacted.Figure
2 illustrates the particle sizedistribution of the infill usedin this test series. Two wire-line
LVDT(s) were connectedto the geogrid to measuregeogriddisplacementat the back of the
block. Wall heightsweresimulatedbyplacingoneblock courseoverthe interfaceandapplying
anadditional surchargeload usingthe vertically-oriented hydraulic jack shownin Figure 1. A
gum rubber mat wasplacedover the top layer of blocks to ensurea uniform distribution of
vertical surchargepressure. The connectionforce wasapplied at a constantrate of displace-
ment (i.e. 0.75inches/minute)usinga computer-controlled hydraulic actuator. The load and
displacementsmeasuredbythe actuatorandthe LVDT(s) wererecordedcontinuouslyduring
the testbya microcomputer/dataacquisitionsystem.All blocksusedin the testswerevisually
inspectedto confirm that they werefree of defects. Eachtestwascontinued until there wasa
sustainedlossin connectionstrengthdue to longitudinal geogridmember failure. Following
eachtest,the blockswereremovedandthe geogridexaminedto confirm failure modes.A vir-
gin specimenof geogridwasusedfor eachtest.

The only variable in this seriesof connection testswasthe magnitudeof surchargeload.

Test program

The surchargeloadsusedin the testprogram are givenin Table1. Also tabulated are the
failure loadsobservedfor eachtest.

Test results

A summaryof tensileloadsat peakcapacityandafter 3/4inch displacementisgivenin Fig-
ure 3.

The peakconnectionstrengthbetweenKeystoneCompacIII units andMiragrid 3XT for
walls between3.1 and 20.0 feet in height ranged between36 and 66% of the index tensile
strength of 3500lb/ft in the machinedirection (basedon ASTM D 6637method of test and
reported on the manufacturers �website- www.tencate.comon 27 October 2009).

Two repeat testswere performed and the results in Figure 3 illustrate that there is minor
variability in connection capacity between nominal identical tests. This variability is less
thanóg10% of the meanpeakload criterion required bythe NCMA (e.g.maximumvariability
is2.6%) andis likely the result of smalldifferencesin the settingup of the blocks,compaction
of the granular infill, and layingout of the geogridreinforcement. The trends in data for con-
nectioncapacitiesat 3/4inchesof displacementandat peakcapacitieshavebeenplotted using
linear curves. The reducedconnection capacityat lower surchargeloadsmay be due to the
combinedeffect of lower surchargepressureand more grid slippage.
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There wasevidenceof slippageof the geogridwithin the concreteblock-geogridinterface
in all tests. Geogrid straining and slippagecausedabrasionof longitudinal membersasthe
geogridwaspulled acrossthe concretesurfaces.The amount of slippagewasseento diminish
with an increasein wall height.

Implications to KeystoneCompacIII designand construction with Miragrid 3XT geogrid

The long-term designconnectionstrength in the field must be lessthan the peakcapacity
envelopedetermined in this testseriesfor the samemethod andquality of construction. The
NCMA SegmentalRetainingWall DesignManual (First Edition, 1993)recommendsthat the
designconnectioncapacityat agivensurchargeloadfor acritical wall structurebethe lesserof
thepeakcapacitydividedbyaminimum factor of safety(not lessthan1.5)or the capacitybased
on a 3/4inch displacementcriterion. The designcurvein Figure 4 iscontrolled by the 3/4inch
connectioncapacitycriterion.

The designcapacityenvelopeillustrated in Figure4shouldbeusedwith caution. The actu-
al designcapacityenvelopeshouldbelower if the quality of constructionin the field is lessthan
that adoptedin thiscontrolled laboratory investigationand/or lowerquality concreteisusedin
the manufactureof the blocks. For example,the interface concretesurfacesshouldbe free of
debris before placementof geogrid and blocks in order to minimize abrasionto the geogrid
andto maximizethe frictional resistancethat isdevelopedat the concreteblock-geogridinter-
face.

It isveryimportant that production blockshaveuniform dimensionssothat there isnostep-
ping at the block joints that canleadto non-uniform frictional resistanceat the block-geogrid
interface,pinchingof the geogridat the block edgesandpossiblyfracture of the concreteunits.

Summary of conclusions

A laboratory testingprogram wascarried out to evaluatethe mechanicalconnectionper-
formance of KeystoneCompacIII modular block facing units in combination with Miragrid
3XT geogrid.The following conclusionscanbe drawn:

1. The peakconnectionstrengthbetweenKeystoneCompacIII units andMiragrid 3XT geo-
grid for wallsbetween3.1and20.0feet in height rangedbetween36and66% of the index
tensilestrengthof 3500lb/ft in the machinedirection (basedon ASTM D 6637method of
testand reported on the manufacturers �website- www.tencate.comon 27October 2009).

2. The trends in data for connectioncapacitiesat 3/4 inchesof displacementandat peakca-
pacitieshavebeenplotted usinglinear curves.

3. Caremustbetakenduring the installation of KeystoneCompacIII units in order to prevent
accumulationof soil androck debrisat the concreteblock-geogridinterface surfaces.This
debris maysignificantly reducethe capacityof the KeystoneCompacIII facingunit-geo-
grid system.
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4. The designenvelopein Figure 4 isbasedon aninterpretation of testdataasrecommended
in the NCMA SegmentalRetainingWall DesignManual (First Edition, 1993). The choice
of designconnectionstrengthsmayvaryfrom site to site andquality of construction in the
field mayrequire lower designvaluesthan thosetaken from Figure 4.

P. Clarabut

R. J. Bathurst, Ph.D., P. Eng.
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Table 1
Test Program:
Keystone III (Light) modular block unit - Miragrid 3XT
geogrid connection

Test
number

normal
load

(lb/ft)

approximate
wall height

(feet)

approximate
number of

blocks

tensile capacity
(lb/ft) at 3/4 inch

displacement

peak tensile
capacity(lb/ft)

1 1013 9.0 13.5 1108 1858

2 346 3.1 4.6 797 1245

3 2252 20.0 30.1 1570 2298

4 1013 9.0 13.5 1130 1913

5 676 6.0 9.0 1024 1644

6 1344 12.0 17.9 1305 2160

7 1013 9.0 13.5 1152 1954

8 1688 15.0 22.5 1525 2264
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Figure 1: Schematic of connection test apparatus showing
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Figure 2: Particle size distribution for 100% crushed
granular stone used in Keystone Compac III
block tests
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Figure 3: Summary of connection capacities for
Keystone Compac III and Miragrid 3XT
geogrid combination
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geogrid combination
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Introduction

This report givesthe resultsof a connection testing program carried out to evaluatethe
mechanicalperformanceof the connectionbetweenKeystoneCompacIII R (Light) modular
concreteblock units and Miragrid 5XT geogrid.

The test program wasinitiated in responseto a verbal authorization to proceedfrom Mr.
Craig Moritz of KeystoneRetaining Wall Systemsreceived27 July 2009.

The testswerecarried out at the laboratoriesof Bathurst, Clarabut GeotechnicalTesting,
Inc. in Kingston, Ontario, under the supervisionof Mr. Peter Clarabut.

Objectivesof test program

Thefacing-geogridconnectionbetweenKeystoneCompacIII concreteblockunitsandMi-
ragrid 5XT geogridwasinvestigatedusinga large-scaleconnection test apparatus.

The principal objectiveof the testingwasto evaluatethe mechanicalperformanceof these
connections.A secondobjectivewasto makepreliminary recommendationsfor the selection
of long-term tensileconnectioncapacitiesto beusedin the designandanalysisof geogrid-rein-
forcedsoil wall systemsthat employKeystoneCompacIII blocksin combinationwith Miragrid
5XT geogrid.

Materials

KeystoneCompacIII blocksarehollow concreteblocksweighingapproximately90pounds
perunit (weight/unit measuredin our laboratory) whicharenormally filled with aselectgranu-
lar material. The nominal dimensionsof the block are12incheswide (toe to heel) by8 inches
high by 18incheslong. Construction alignmentandwall batter isachievedbymeansof fiber-
glasspins insertedinto the top surfaceof the units. The installation arrangementis illustrated
in Figure1. The blocksusedin thisseriesof testsweresuppliedbyKeystoneandwerereceived
at our laboratory on 13 April 2007and designatedasBIC 07-017.

Miragrid 5XT is a bi-directional geogridcomposedof 100%polyestermultifilament yarn
with a tensilestrengthof 4700lb/ft in the machinedirection (basedon ASTM D 6637method
of test and reported on the manufacturers �website- www.tencate.comon 27 October 2009).
The geogrid specimensused in this seriesof testing were cut from roll/lot # 031106986/
08234-1-4receivedat our laboratory on 1 June2009.

Apparatus and general test procedure

The method of testusedin this investigationfollows that reported by Bathurst andSimac
(1993)and recommendedby the NCMA (Simacet al. 1993)and ASTM D 6638. A brief de-
scription of the apparatusandtestmethodologyispresentedhere. The testapparatususedto
perform the testsis illustrated in Figure 1. The test apparatusallows tensile loadsof up to
35,000poundsto be applied to the geogridwhile it is confined betweentwo block layers. The
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facingblockswere laterally restrainedandsurchargedvertically. Stripsof geogridreinforce-
ment 39inches(1 meter) wide wereattachedto a roller clampand the geogridextendedover
the facingblock. The next coursewasthen placedover the geogridsimulating the technique
that would be usedin the field. The hollow portions of eachblock andspacesbetweenblocks
wereinfilled with a3/4inch,100%crushedlimestoneaggregateandlightly compacted.Figure
2 illustrates the particle sizedistribution of the infill usedin this test series. Two wire-line
LVDT(s) were connectedto the geogrid to measuregeogriddisplacementat the back of the
block. Wall heightsweresimulatedbyplacingoneblock courseoverthe interfaceandapplying
anadditional surchargeload usingthe vertically-oriented hydraulic jack shownin Figure 1. A
gum rubber mat wasplacedover the top layer of blocks to ensurea uniform distribution of
vertical surchargepressure. The connectionforce wasapplied at a constantrate of displace-
ment (i.e. 0.75inches/minute)usinga computer-controlled hydraulic actuator. The load and
displacementsmeasuredbythe actuatorandthe LVDT(s) wererecordedcontinuouslyduring
the testbya microcomputer/dataacquisitionsystem.All blocksusedin the testswerevisually
inspectedto confirm that they werefree of defects. Eachtestwascontinued until there wasa
sustainedlossin connectionstrengthdue to longitudinal geogridmember failure. Following
eachtest,the blockswereremovedandthe geogridexaminedto confirm failure modes.A vir-
gin specimenof geogridwasusedfor eachtest.

The only variable in this seriesof connection testswasthe magnitudeof surchargeload.

Test program

The surchargeloadsusedin the testprogram are givenin Table1. Also tabulated are the
failure loadsobservedfor eachtest.

Test results

A summaryof tensileloadsat peakcapacityandafter 3/4inch displacementisgivenin Fig-
ure 3.

The peakconnectionstrengthbetweenKeystoneCompacIII units andMiragrid 5XT for
walls between5.0 and 30.1 feet in height ranged between35 and 63% of the index tensile
strength of 4700lb/ft in the machinedirection (basedon ASTM D 6637method of test and
reported on the manufacturers �website- www.tencate.comon 27 October 2009).

Two repeat testswere performed and the results in Figure 3 illustrate that there is minor
variability in connection capacity between nominal identical tests. This variability is less
thanóg10% of the meanpeakload criterion required bythe NCMA (e.g.maximumvariability
is1.8%) andis likely the result of smalldifferencesin the settingup of the blocks,compaction
of the granular infill, and layingout of the geogridreinforcement. The trends in data for con-
nectioncapacitiesat 3/4inchesof displacementandat peakcapacitieshavebeenplotted using
linear curves. The reducedconnection capacityat lower surchargeloadsmay be due to the
combinedeffect of lower surchargepressureand more grid slippage.
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There wasevidenceof slippageof the geogridwithin the concreteblock-geogridinterface
in all tests. Geogrid straining and slippagecausedabrasionof longitudinal membersasthe
geogridwaspulled acrossthe concretesurfaces.The amount of slippagewasseento diminish
with an increasein wall height.

Implications to KeystoneCompacIII designand construction with Miragrid 5XT geogrid

The long-term designconnectionstrength in the field must be lessthan the peakcapacity
envelopedetermined in this testseriesfor the samemethod andquality of construction. The
NCMA SegmentalRetainingWall DesignManual (First Edition, 1993)recommendsthat the
designconnectioncapacityat agivensurchargeloadfor acritical wall structurebethe lesserof
thepeakcapacitydividedbyaminimum factor of safety(not lessthan1.5)or the capacitybased
on a 3/4inch displacementcriterion. The designcurvein Figure 4 iscontrolled by the 3/4inch
connectioncapacitycriterion.

The designcapacityenvelopeillustrated in Figure4shouldbeusedwith caution. The actu-
al designcapacityenvelopeshouldbelower if the quality of constructionin the field is lessthan
that adoptedin thiscontrolled laboratory investigationand/or lowerquality concreteisusedin
the manufactureof the blocks. For example,the interface concretesurfacesshouldbe free of
debris before placementof geogrid and blocks in order to minimize abrasionto the geogrid
andto maximizethe frictional resistancethat isdevelopedat the concreteblock-geogridinter-
face.

It isveryimportant that production blockshaveuniform dimensionssothat there isnostep-
ping at the block joints that canleadto non-uniform frictional resistanceat the block-geogrid
interface,pinchingof the geogridat the block edgesandpossiblyfracture of the concreteunits.

Summary of conclusions

A laboratory testingprogram wascarried out to evaluatethe mechanicalconnectionper-
formance of KeystoneCompacIII modular block facing units in combination with Miragrid
5XT geogrid.The following conclusionscanbe drawn:

1. The peakconnectionstrengthbetweenKeystoneCompacIII units andMiragrid 5XT geo-
grid for wallsbetween5.0and30.1feet in height rangedbetween35and63% of the index
tensilestrengthof 4700lb/ft in the machinedirection (basedon ASTM D 6637method of
testand reported on the manufacturers �website- www.tencate.comon 27October 2009).

2. The trends in data for connectioncapacitiesat 3/4 inchesof displacementandat peakca-
pacitieshavebeenplotted usinglinear curves.

3. Caremustbetakenduring the installation of KeystoneCompacIII units in order to prevent
accumulationof soil androck debrisat the concreteblock-geogridinterface surfaces.This
debris maysignificantly reducethe capacityof the KeystoneCompacIII facingunit-geo-
grid system.
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4. The designenvelopein Figure 4 isbasedon aninterpretation of testdataasrecommended
in the NCMA SegmentalRetainingWall DesignManual (First Edition, 1993). The choice
of designconnectionstrengthsmayvaryfrom site to site andquality of construction in the
field mayrequire lower designvaluesthan thosetaken from Figure 4.

P. Clarabut

R. J. Bathurst, Ph.D., P. Eng.
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Table 1
Test Program:
Keystone III (Light) modular block unit - Miragrid 5XT
geogrid connection

Test
number

normal
load

(lb/ft)

approximate
wall height

(feet)

approximate
number of

blocks

tensile capacity
(lb/ft) at 3/4 inch

displacement

peak tensile
capacity(lb/ft)

1 1681 15.0 22.4 1533 2566

2 559 5.0 7.5 918 1644

3 3380 30.1 45.1 1759 2979

4 1688 15.0 22.5 1507 2484

5 1117 9.9 14.9 1318 2264

6 2245 20.0 30.0 1774 2773

7 1695 15.1 22.6 1615 2511

8 2802 24.9 37.4 2052 2931
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Figure 1: Schematic of connection test apparatus showing
Keystone Compac III block units and Miragrid 5XT
geogrid reinforcement
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Figure 2: Particle size distribution for 100% crushed
granular stone used in Keystone Compac III
block tests
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Figure 3: Summary of connection capacities for
Keystone Compac III and Miragrid 5XT
geogrid combination
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Introduction

This report givesthe resultsof a connection testing program carried out to evaluatethe
mechanicalperformanceof the connectionbetweenKeystoneCompacIII R (Light) modular
concreteblock units and Miragrid 7XT geogrid.

The test program wasinitiated in responseto a verbal authorization to proceedfrom Mr.
Craig Moritz of KeystoneRetaining Wall Systemsreceived27 July 2009.

The testswerecarried out at the laboratoriesof Bathurst, Clarabut GeotechnicalTesting,
Inc. in Kingston, Ontario, under the supervisionof Mr. Peter Clarabut.

Objectivesof test program

Thefacing-geogridconnectionbetweenKeystoneCompacIII concreteblockunitsandMi-
ragrid 7XT geogridwasinvestigatedusinga large-scaleconnection test apparatus.

The principal objectiveof the testingwasto evaluatethe mechanicalperformanceof these
connections.A secondobjectivewasto makepreliminary recommendationsfor the selection
of long-term tensileconnectioncapacitiesto beusedin the designandanalysisof geogrid-rein-
forcedsoil wall systemsthat employKeystoneCompacIII blocksin combinationwith Miragrid
7XT geogrid.

Materials

KeystoneCompacIII blocksarehollow concreteblocksweighingapproximately90pounds
perunit (weight/unit measuredin our laboratory) whicharenormally filled with aselectgranu-
lar material. The nominal dimensionsof the block are12incheswide (toe to heel) by8 inches
high by 18incheslong. Construction alignmentandwall batter isachievedbymeansof fiber-
glasspins insertedinto the top surfaceof the units. The installation arrangementis illustrated
in Figure1. The blocksusedin thisseriesof testsweresuppliedbyKeystoneandwerereceived
at our laboratory on 13 April 2007and designatedasBIC 07-017.

Miragrid 7XT is a bi-directional geogridcomposedof 100%polyestermultifilament yarn
with a tensilestrengthof 5900lb/ft in the machinedirection (basedon ASTM D 6637method
of test and reported on the manufacturers �website- www.tencate.comon 27 October 2009).
The geogrid specimensused in this seriesof testing were cut from roll/lot # 031062656/
06334-1-4receivedat our laboratory on 8 December2006.

Apparatus and general test procedure

The method of testusedin this investigationfollows that reported by Bathurst andSimac
(1993)and recommendedby the NCMA (Simacet al. 1993)and ASTM D 6638. A brief de-
scription of the apparatusandtestmethodologyispresentedhere. The testapparatususedto
perform the testsis illustrated in Figure 1. The test apparatusallows tensile loadsof up to
35,000poundsto be applied to the geogridwhile it is confined betweentwo block layers. The
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facingblockswere laterally restrainedandsurchargedvertically. Stripsof geogridreinforce-
ment 39inches(1 meter) wide wereattachedto a roller clampand the geogridextendedover
the facingblock. The next coursewasthen placedover the geogridsimulating the technique
that would be usedin the field. The hollow portions of eachblock andspacesbetweenblocks
wereinfilled with a3/4inch,100%crushedlimestoneaggregateandlightly compacted.Figure
2 illustrates the particle sizedistribution of the infill usedin this test series. Two wire-line
LVDT(s) were connectedto the geogrid to measuregeogriddisplacementat the back of the
block. Wall heightsweresimulatedbyplacingoneblock courseoverthe interfaceandapplying
anadditional surchargeload usingthe vertically-oriented hydraulic jack shownin Figure 1. A
gum rubber mat wasplacedover the top layer of blocks to ensurea uniform distribution of
vertical surchargepressure. The connectionforce wasapplied at a constantrate of displace-
ment (i.e. 0.75inches/minute)usinga computer-controlled hydraulic actuator. The load and
displacementsmeasuredbythe actuatorandthe LVDT(s) wererecordedcontinuouslyduring
the testbya microcomputer/dataacquisitionsystem.All blocksusedin the testswerevisually
inspectedto confirm that they werefree of defects. Eachtestwascontinued until there wasa
sustainedlossin connectionstrengthdue to longitudinal geogridmember failure. Following
eachtest,the blockswereremovedandthe geogridexaminedto confirm failure modes.A vir-
gin specimenof geogridwasusedfor eachtest.

The only variable in this seriesof connection testswasthe magnitudeof surchargeload.

Test program

The surchargeloadsusedin the testprogram are givenin Table1. Also tabulated are the
failure loadsobservedfor eachtest.

Test results

A summaryof tensileloadsat peakcapacityandafter 3/4inch displacementisgivenin Fig-
ure 3.

The peakconnectionstrengthbetweenKeystoneCompacIII units andMiragrid 7XT for
walls between4.9 and 30.1 feet in height ranged between27 and 57% of the index tensile
strength of 5900lb/ft in the machinedirection (basedon ASTM D 6637method of test and
reported on the manufacturers �website- www.tencate.comon 27 October 2009).

Two repeat testswere performed and the results in Figure 3 illustrate that there is minor
variability in connection capacity between nominal identical tests. This variability is less
thanóg10% of the meanpeakload criterion required bythe NCMA (e.g.maximumvariability
is3.3%) andis likely the result of smalldifferencesin the settingup of the blocks,compaction
of the granular infill, and layingout of the geogridreinforcement. The trends in data for con-
nectioncapacitiesat 3/4inchesof displacementandat peakcapacitieshavebeenplotted using
linear curves. The reducedconnection capacityat lower surchargeloadsmay be due to the
combinedeffect of lower surchargepressureand more grid slippage.
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There wasevidenceof slippageof the geogridwithin the concreteblock-geogridinterface
in all tests. Geogrid straining and slippagecausedabrasionof longitudinal membersasthe
geogridwaspulled acrossthe concretesurfaces.The amount of slippagewasseento diminish
with an increasein wall height.

Implications to KeystoneCompacIII designand construction with Miragrid 7XT geogrid

The long-term designconnectionstrength in the field must be lessthan the peakcapacity
envelopedetermined in this testseriesfor the samemethod andquality of construction. The
NCMA SegmentalRetainingWall DesignManual (First Edition, 1993)recommendsthat the
designconnectioncapacityat agivensurchargeloadfor acritical wall structurebethe lesserof
thepeakcapacitydividedbyaminimum factor of safety(not lessthan1.5)or the capacitybased
on a 3/4inch displacementcriterion. The designcurvein Figure 4 iscontrolled by the 3/4inch
connectioncapacitycriterion.

The designcapacityenvelopeillustrated in Figure4shouldbeusedwith caution. The actu-
al designcapacityenvelopeshouldbelower if the quality of constructionin the field is lessthan
that adoptedin thiscontrolled laboratory investigationand/or lowerquality concreteisusedin
the manufactureof the blocks. For example,the interface concretesurfacesshouldbe free of
debris before placementof geogrid and blocks in order to minimize abrasionto the geogrid
andto maximizethe frictional resistancethat isdevelopedat the concreteblock-geogridinter-
face.

It isveryimportant that production blockshaveuniform dimensionssothat there isnostep-
ping at the block joints that canleadto non-uniform frictional resistanceat the block-geogrid
interface,pinchingof the geogridat the block edgesandpossiblyfracture of the concreteunits.

Summary of conclusions

A laboratory testingprogram wascarried out to evaluatethe mechanicalconnectionper-
formance of KeystoneCompacIII modular block facing units in combination with Miragrid
7XT geogrid.The following conclusionscanbe drawn:

1. The peakconnectionstrengthbetweenKeystoneCompacIII units andMiragrid 7XT geo-
grid for wallsbetween4.9and30.1feet in height rangedbetween27and57% of the index
tensilestrengthof 5900lb/ft in the machinedirection (basedon ASTM D 6637method of
testand reported on the manufacturers �website- www.tencate.comon 27October 2009).

2. The trends in data for connectioncapacitiesat 3/4 inchesof displacementandat peakca-
pacitieshavebeenplotted usinglinear curves.

3. Caremustbetakenduring the installation of KeystoneCompacIII units in order to prevent
accumulationof soil androck debrisat the concreteblock-geogridinterface surfaces.This
debris maysignificantly reducethe capacityof the KeystoneCompacIII facingunit-geo-
grid system.
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4. The designenvelopein Figure 4 isbasedon aninterpretation of testdataasrecommended
in the NCMA SegmentalRetainingWall DesignManual (First Edition, 1993). The choice
of designconnectionstrengthsmayvaryfrom site to site andquality of construction in the
field mayrequire lower designvaluesthan thosetaken from Figure 4.

P. Clarabut

R. J. Bathurst, Ph.D., P. Eng.

REFERENCES

ASTM D 6638-01.StandardTestMethod for Determining ConnectionStrengthbetweenGeo-
syntheticReinforcementandSegmentalConcreteUnits (Modular ConcreteBlocks),Ameri-
canSocietyfor Testingand Materials, WestConshohocken,PA 19428-2958USA.

Bathurst, R.J. and Simac,M.R., 1993.Laboratory Testingof Modular Unit /Geogrid Facing
Connections,ASTM Symposiumon GeosyntheticSoil ReinforcementTestingProcedures, San
Antonio, 19 January1993.

Simac,M.R., Bathurst, R.J., Berg,R.R. andLothspeich,S.E.,1993.NCMA SegmentalRetain-
ing Wall DesignManual (First Edition), National Concrete Masonry Association, 2302Horse
Pen Road, Herndon, VA 22071-3406.



Keystone III (Light) Miragrid 7XT Project # 29021

Series # BCGT2535

Bathurst, Clarabut Geotechnical Testing, Inc. 27 October 2009
6 of 10Telephone: (613) 384 6363 Email: petebcgt@kos.net

Table 1
Test Program:
Keystone III (Light) modular block unit - Miragrid 7XT
geogrid connection

Test
number

normal
load

(lb/ft)

approximate
wall height

(feet)

approximate
number of

blocks

tensile capacity
(lb/ft) at 3/4 inch

displacement

peak tensile
capacity(lb/ft)

1 1688 15.0 22.5 1633 2491

2 553 4.9 7.4 1066 1576

3 3380 30.1 45.1 2017 3337

4 1681 15.0 22.4 1528 2394

5 1124 10.0 15.0 1337 2202

6 2245 20.0 30.0 1827 2669

7 1681 15.0 22.4 1656 2539

8 2809 25.0 37.5 1904 2931
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Introduction

This report givesthe resultsof a connection testing program carried out to evaluatethe
mechanicalperformanceof the connectionbetweenKeystoneCompacIII R (Light) modular
concreteblock units and Miragrid 8XT geogrid.

The test program wasinitiated in responseto a verbal authorization to proceedfrom Mr.
Craig Moritz of KeystoneRetaining Wall Systemsreceived27 July 2009.

The testswerecarried out at the laboratoriesof Bathurst, Clarabut GeotechnicalTesting,
Inc. in Kingston, Ontario, under the supervisionof Mr. Peter Clarabut.

Objectivesof test program

Thefacing-geogridconnectionbetweenKeystoneCompacIII concreteblockunitsandMi-
ragrid 8XT geogridwasinvestigatedusinga large-scaleconnection test apparatus.

The principal objectiveof the testingwasto evaluatethe mechanicalperformanceof these
connections.A secondobjectivewasto makepreliminary recommendationsfor the selection
of long-term tensileconnectioncapacitiesto beusedin the designandanalysisof geogrid-rein-
forcedsoil wall systemsthat employKeystoneCompacIII blocksin combinationwith Miragrid
8XT geogrid.

Materials

KeystoneCompacIII blocksarehollow concreteblocksweighingapproximately90pounds
perunit (weight/unit measuredin our laboratory) whicharenormally filled with aselectgranu-
lar material. The nominal dimensionsof the block are12incheswide (toe to heel) by8 inches
high by 18incheslong. Construction alignmentandwall batter isachievedbymeansof fiber-
glasspins insertedinto the top surfaceof the units. The installation arrangementis illustrated
in Figure1. The blocksusedin thisseriesof testsweresuppliedbyKeystoneandwerereceived
at our laboratory on 13 April 2007and designatedasBIC 07-017.

Miragrid 8XT is a bi-directional geogridcomposedof 100%polyestermultifilament yarn
with a tensilestrengthof 7400lb/ft in the machinedirection (basedon ASTM D 6637method
of test and reported on the manufacturers �website- www.tencate.comon 27 October 2009).
The geogrid specimensused in this seriesof testing were cut from roll/lot # 031109345/
08288-1-1receivedat our laboratory on 29 April 2009.

Apparatus and general test procedure

The method of testusedin this investigationfollows that reported by Bathurst andSimac
(1993)and recommendedby the NCMA (Simacet al. 1993)and ASTM D 6638. A brief de-
scription of the apparatusandtestmethodologyispresentedhere. The testapparatususedto
perform the testsis illustrated in Figure 1. The test apparatusallows tensile loadsof up to
35,000poundsto be applied to the geogridwhile it is confined betweentwo block layers. The
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facingblockswere laterally restrainedandsurchargedvertically. Stripsof geogridreinforce-
ment 39inches(1 meter) wide wereattachedto a roller clampand the geogridextendedover
the facingblock. The next coursewasthen placedover the geogridsimulating the technique
that would be usedin the field. The hollow portions of eachblock andspacesbetweenblocks
wereinfilled with a3/4inch,100%crushedlimestoneaggregateandlightly compacted.Figure
2 illustrates the particle sizedistribution of the infill usedin this test series. Two wire-line
LVDT(s) were connectedto the geogrid to measuregeogriddisplacementat the back of the
block. Wall heightsweresimulatedbyplacingoneblock courseoverthe interfaceandapplying
anadditional surchargeload usingthe vertically-oriented hydraulic jack shownin Figure 1. A
gum rubber mat wasplacedover the top layer of blocks to ensurea uniform distribution of
vertical surchargepressure. The connectionforce wasapplied at a constantrate of displace-
ment (i.e. 0.75inches/minute)usinga computer-controlled hydraulic actuator. The load and
displacementsmeasuredbythe actuatorandthe LVDT(s) wererecordedcontinuouslyduring
the testbya microcomputer/dataacquisitionsystem.All blocksusedin the testswerevisually
inspectedto confirm that they werefree of defects. Eachtestwascontinued until there wasa
sustainedlossin connectionstrengthdue to longitudinal geogridmember failure. Following
eachtest,the blockswereremovedandthe geogridexaminedto confirm failure modes.A vir-
gin specimenof geogridwasusedfor eachtest.

The only variable in this seriesof connection testswasthe magnitudeof surchargeload.

Test program

The surchargeloadsusedin the testprogram are givenin Table1. Also tabulated are the
failure loadsobservedfor eachtest.

Test results

A summaryof tensileloadsat peakcapacityandafter 3/4inch displacementisgivenin Fig-
ure 3.

The peakconnectionstrengthbetweenKeystoneCompacIII units andMiragrid 8XT for
walls between5.0 and 30.1 feet in height ranged between22 and 49% of the index tensile
strength of 7400lb/ft in the machinedirection (basedon ASTM D 6637method of test and
reported on the manufacturers �website- www.tencate.comon 27 October 2009).

Two repeat testswere performed and the results in Figure 3 illustrate that there is some
variability in connection capacity between nominal identical tests. This variability is less
thanóg10% of the meanpeakload criterion required bythe NCMA (e.g.maximumvariability
is3.5%) andis likely the result of smalldifferencesin the settingup of the blocks,compaction
of the granular infill, and layingout of the geogridreinforcement. The trends in data for con-
nectioncapacitiesat 3/4inchesof displacementandat peakcapacitieshavebeenplotted using
linear curves. The reducedconnection capacityat lower surchargeloadsmay be due to the
combinedeffect of lower surchargepressureand more grid slippage.
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There wasevidenceof slippageof the geogridwithin the concreteblock-geogridinterface
in all tests. Geogrid straining and slippagecausedabrasionof longitudinal membersasthe
geogridwaspulled acrossthe concretesurfaces.The amount of slippagewasseento diminish
with an increasein wall height.

Implications to KeystoneCompacIII designand construction with Miragrid 8XT geogrid

The long-term designconnectionstrength in the field must be lessthan the peakcapacity
envelopedetermined in this testseriesfor the samemethod andquality of construction. The
NCMA SegmentalRetainingWall DesignManual (First Edition, 1993)recommendsthat the
designconnectioncapacityat agivensurchargeloadfor acritical wall structurebethe lesserof
thepeakcapacitydividedbyaminimum factor of safety(not lessthan1.5)or the capacitybased
ona3/4inchdisplacementcriterion. The designcurvein Figure4 iscontrolled bythe peakcon-
nection capacitycriterion.

The designcapacityenvelopeillustrated in Figure4shouldbeusedwith caution. The actu-
al designcapacityenvelopeshouldbelower if the quality of constructionin the field is lessthan
that adoptedin thiscontrolled laboratory investigationand/or lowerquality concreteisusedin
the manufactureof the blocks. For example,the interface concretesurfacesshouldbe free of
debris before placementof geogrid and blocks in order to minimize abrasionto the geogrid
andto maximizethe frictional resistancethat isdevelopedat the concreteblock-geogridinter-
face.

It isveryimportant that production blockshaveuniform dimensionssothat there isnostep-
ping at the block joints that canleadto non-uniform frictional resistanceat the block-geogrid
interface,pinchingof the geogridat the block edgesandpossiblyfracture of the concreteunits.

Summary of conclusions

A laboratory testingprogram wascarried out to evaluatethe mechanicalconnectionper-
formance of KeystoneCompacIII modular block facing units in combination with Miragrid
8XT geogrid.The following conclusionscanbe drawn:

1. The peakconnectionstrengthbetweenKeystoneCompacIII units andMiragrid 8XT geo-
grid for wallsbetween5.0and30.1feet in height rangedbetween22and49% of the index
tensilestrengthof 7400lb/ft in the machinedirection (basedon ASTM D 6637method of
testand reported on the manufacturers �website- www.tencate.comon 27October 2009).

2. The trends in data for connectioncapacitiesat 3/4 inchesof displacementandat peakca-
pacitieshavebeenplotted usinglinear curves.

3. Caremustbetakenduring the installation of KeystoneCompacIII units in order to prevent
accumulationof soil androck debrisat the concreteblock-geogridinterface surfaces.This
debris maysignificantly reducethe capacityof the KeystoneCompacIII facingunit-geo-
grid system.



Keystone III (Light) Miragrid 8XT Project # 29022

Series # BCGT2536

Bathurst, Clarabut Geotechnical Testing, Inc. 27 October 2009
5 of 10Telephone: (613) 384 6363 Email: petebcgt@kos.net

4. The designenvelopein Figure 4 isbasedon aninterpretation of testdataasrecommended
in the NCMA SegmentalRetainingWall DesignManual (First Edition, 1993). The choice
of designconnectionstrengthsmayvaryfrom site to site andquality of construction in the
field mayrequire lower designvaluesthan thosetaken from Figure 4.

P. Clarabut

R. J. Bathurst, Ph.D., P. Eng.
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Table 1
Test Program:
Keystone III (Light) modular block unit - Miragrid 8XT
geogrid connection

Test
number

normal
load

(lb/ft)

approximate
wall height

(feet)

approximate
number of

blocks

tensile capacity
(lb/ft) at 3/4 inch

displacement

peak tensile
capacity(lb/ft)

1 1688 15.0 22.5 1873 2580

2 3380 30.1 45.1 2516 3646

3 559 5.0 7.5 1117 1644

4 1695 15.1 22.6 1818 2683

5 1124 10.0 15.0 1510 2181

6 2238 19.9 29.9 2134 3000

7 1688 15.0 22.5 2010 2759

8 2816 25.1 37.6 2338 3461
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Figure 2: Particle size distribution for 100% crushed
granular stone used in Keystone Compac III
block tests
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geogrid combination
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Introduction

This report givesthe resultsof a connection testing program carried out to evaluatethe
mechanicalperformanceof the connectionbetweenKeystoneCompacIII R (Light) modular
concreteblock units and Miragrid 10XT geogrid.

The test program wasinitiated in responseto a verbal authorization to proceedfrom Mr.
Craig Moritz of KeystoneRetaining Wall Systemsreceived27 July 2009.

The testswerecarried out at the laboratoriesof Bathurst, Clarabut GeotechnicalTesting,
Inc. in Kingston, Ontario, under the supervisionof Mr. Peter Clarabut.

Objectivesof test program

Thefacing-geogridconnectionbetweenKeystoneCompacIII concreteblockunitsandMi-
ragrid 10XT geogridwasinvestigatedusinga large-scaleconnection test apparatus.

The principal objectiveof the testingwasto evaluatethe mechanicalperformanceof these
connections.A secondobjectivewasto makepreliminary recommendationsfor the selection
of long-term tensileconnectioncapacitiesto beusedin the designandanalysisof geogrid-rein-
forcedsoil wall systemsthat employKeystoneCompacIII blocksin combinationwith Miragrid
10XT geogrid.

Materials

KeystoneCompacIII blocksarehollow concreteblocksweighingapproximately90pounds
perunit (weight/unit measuredin our laboratory) whicharenormally filled with aselectgranu-
lar material. The nominal dimensionsof the block are12incheswide (toe to heel) by8 inches
high by 18incheslong. Construction alignmentandwall batter isachievedbymeansof fiber-
glasspins insertedinto the top surfaceof the units. The installation arrangementis illustrated
in Figure1. The blocksusedin thisseriesof testsweresuppliedbyKeystoneandwerereceived
at our laboratory on 13 April 2007and designatedasBIC 07-017.

Miragrid 10XT isabi-directional geogridcomposedof 100%polyestermultifilament yarn
with a tensilestrengthof 9500lb/ft in the machinedirection (basedon ASTM D 6637method
of test and reported on the manufacturers �website- www.tencate.comon 27 October 2009).
The geogrid specimensused in this seriesof testing were cut from roll/lot # 031109615/
08296-1-3receivedat our laboratory on 6 August2009.

Apparatus and general test procedure

The method of testusedin this investigationfollows that reported by Bathurst andSimac
(1993)and recommendedby the NCMA (Simacet al. 1993)and ASTM D 6638. A brief de-
scription of the apparatusandtestmethodologyispresentedhere. The testapparatususedto
perform the testsis illustrated in Figure 1. The test apparatusallows tensile loadsof up to
35,000poundsto be applied to the geogridwhile it is confined betweentwo block layers. The
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facingblockswere laterally restrainedandsurchargedvertically. Stripsof geogridreinforce-
ment 39inches(1 meter) wide wereattachedto a roller clampand the geogridextendedover
the facingblock. The next coursewasthen placedover the geogridsimulating the technique
that would be usedin the field. The hollow portions of eachblock andspacesbetweenblocks
wereinfilled with a3/4inch,100%crushedlimestoneaggregateandlightly compacted.Figure
2 illustrates the particle sizedistribution of the infill usedin this test series. Two wire-line
LVDT(s) were connectedto the geogrid to measuregeogriddisplacementat the back of the
block. Wall heightsweresimulatedbyplacingoneblock courseoverthe interfaceandapplying
anadditional surchargeload usingthe vertically-oriented hydraulic jack shownin Figure 1. A
gum rubber mat wasplacedover the top layer of blocks to ensurea uniform distribution of
vertical surchargepressure. The connectionforce wasapplied at a constantrate of displace-
ment (i.e. 0.75inches/minute)usinga computer-controlled hydraulic actuator. The load and
displacementsmeasuredbythe actuatorandthe LVDT(s) wererecordedcontinuouslyduring
the testbya microcomputer/dataacquisitionsystem.All blocksusedin the testswerevisually
inspectedto confirm that they werefree of defects. Eachtestwascontinued until there wasa
sustainedlossin connectionstrengthdue to longitudinal geogridmember failure. Following
eachtest,the blockswereremovedandthe geogridexaminedto confirm failure modes.A vir-
gin specimenof geogridwasusedfor eachtest.

The only variable in this seriesof connection testswasthe magnitudeof surchargeload.

Test program

The surchargeloadsusedin the testprogram are givenin Table1. Also tabulated are the
failure loadsobservedfor eachtest.

Test results

A summaryof tensileloadsat peakcapacityandafter 3/4inch displacementisgivenin Fig-
ure 3.

The peakconnectionstrengthbetweenKeystoneCompacIII units andMiragrid 10XT for
walls between5.0 and 30.0 feet in height ranged between17 and 41% of the index tensile
strength of 9500lb/ft in the machinedirection (basedon ASTM D 6637method of test and
reported on the manufacturers �website- www.tencate.comon 27 October 2009).

Two repeat testswere performed and the results in Figure 3 illustrate that there is minor
variability in connection capacity between nominal identical tests. This variability is less
thanóg10% of the meanpeakload criterion required bythe NCMA (e.g.maximumvariability
is2.6%) andis likely the result of smalldifferencesin the settingup of the blocks,compaction
of the granular infill, and layingout of the geogridreinforcement. The trends in data for con-
nectioncapacitiesat 3/4inchesof displacementandat peakcapacitieshavebeenplotted using
linear curves. The reducedconnection capacityat lower surchargeloadsmay be due to the
combinedeffect of lower surchargepressureand more grid slippage.
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There wasevidenceof slippageof the geogridwithin the concreteblock-geogridinterface
in all tests. Geogrid straining and slippagecausedabrasionof longitudinal membersasthe
geogridwaspulled acrossthe concretesurfaces.The amount of slippagewasseento diminish
with an increasein wall height.

Implications to KeystoneCompacIII designand construction with Miragrid 10XT geogrid

The long-term designconnectionstrength in the field must be lessthan the peakcapacity
envelopedetermined in this testseriesfor the samemethod andquality of construction. The
NCMA SegmentalRetainingWall DesignManual (First Edition, 1993)recommendsthat the
designconnectioncapacityat agivensurchargeloadfor acritical wall structurebethe lesserof
thepeakcapacitydividedbyaminimum factor of safety(not lessthan1.5)or the capacitybased
ona3/4inchdisplacementcriterion. The designcurvein Figure4 iscontrolled bythe peakcon-
nection capacitycriterion.

The designcapacityenvelopeillustrated in Figure4shouldbeusedwith caution. The actu-
al designcapacityenvelopeshouldbelower if the quality of constructionin the field is lessthan
that adoptedin thiscontrolled laboratory investigationand/or lowerquality concreteisusedin
the manufactureof the blocks. For example,the interface concretesurfacesshouldbe free of
debris before placementof geogrid and blocks in order to minimize abrasionto the geogrid
andto maximizethe frictional resistancethat isdevelopedat the concreteblock-geogridinter-
face.

It isveryimportant that production blockshaveuniform dimensionssothat there isnostep-
ping at the block joints that canleadto non-uniform frictional resistanceat the block-geogrid
interface,pinchingof the geogridat the block edgesandpossiblyfracture of the concreteunits.

Summary of conclusions

A laboratory testingprogram wascarried out to evaluatethe mechanicalconnectionper-
formance of KeystoneCompacIII modular block facing units in combination with Miragrid
10XT geogrid.The following conclusionscanbe drawn:

1. The peak connection strength betweenKeystoneCompac III units and Miragrid 10XT
geogrid for walls between5.0 and 30.0feet in height rangedbetween17 and 41% of the
indextensilestrengthof 9500lb/ft in the machinedirection (basedon ASTM D 6637meth-
od of test and reported on the manufacturers �website- www.tencate.comon 27October
2009).

2. The trends in data for connectioncapacitiesat 3/4 inchesof displacementandat peakca-
pacitieshavebeenplotted usinglinear curves.

3. Caremustbetakenduring the installation of KeystoneCompacIII units in order to prevent
accumulationof soil androck debrisat the concreteblock-geogridinterface surfaces.This
debris maysignificantly reducethe capacityof the KeystoneCompacIII facingunit-geo-
grid system.
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4. The designenvelopein Figure 4 isbasedon aninterpretation of testdataasrecommended
in the NCMA SegmentalRetainingWall DesignManual (First Edition, 1993). The choice
of designconnectionstrengthsmayvaryfrom site to site andquality of construction in the
field mayrequire lower designvaluesthan thosetaken from Figure 4.

P. Clarabut

R. J. Bathurst, Ph.D., P. Eng.
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Table 1
Test Program:
Keystone III (Light) modular block unit - Miragrid 10XT
geogrid connection

Test
number

normal
load

(lb/ft)

approximate
wall height

(feet)

approximate
number of

blocks

tensile capacity
(lb/ft) at 3/4 inch

displacement

peak tensile
capacity(lb/ft)

1 1695 15.1 22.6 1959 2800

2 559 5.0 7.5 1132 1589

3 1124 10.0 15.0 1622 2339

4 1688 15.0 22.5 2036 2793

5 3373 30.0 45.0 2703 3894

6 2238 19.9 29.9 2255 3089

7 1695 15.1 22.6 2017 2690

8 2809 25.0 37.5 2488 3433
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1. Introduction      
 
This report gives the results of a sustained (constant) load (creep) connection testing program 
carried out to evaluate the creep mechanical performance of the connection system between 
Keystone Compac 3 modular concrete blocks and Miragrid 3XT geogrid. The test program was 
initiated in response to an email authorization to proceed from Mr. Craig Moritz of Keystone 
Retaining Wall Systems received 15 November 2013. The tests were carried out at the 
laboratories of TRI Environmental, Inc. in Austin Texas. 
 
2. Methodology 
 
The test program was carried out in general accordance with the procedures outlined by the 
Federal Highway Administration (2009).   
 
2.1 Index connection tests 
 
A series of reference index connection tests were first carried out using Keystone Compac 3 
modular block units in combination with specimens of Miragrid 3XT geogrid. A one block over 
two block arrangement was used and grid specimens measured 18 inches wide. The results of 
these tests were used to determine a regressed reference (index) peak capacity for each series of 
sustained tensile load tests described below.  
 
2.2 Constant load connection tests 
 
A series of constant tensile load tests were carried out under normal loads of 500 lb/ft, 1000 lb/ft 
and 2000 lb/ft. Different percentages of the reference connection peak load capacity were applied 
as a tensile load to block-geogrid specimens configured to conform to the index test setup 
described above. The tensile loads ranged from 88.7 to 102.0% of the reference connection 
strength at each normal load level. The time to rupture/pullout was recorded for each test (if 
applicable) and results of the test series plotted as connection load versus log-time to failure. The 
data was regressed to estimate a linear load-log time creep rupture curve and the regressed line 
was used to extrapolate test data to an elapsed time corresponding to design lives of 75 and 100 
years. 
 
3. Materials 
 
Keystone Compac 3 blocks are hollow concrete blocks weighing approximately 67.0 pounds per 
unit (weight/unit measured in our laboratory), which are filled with select granular material. A 
photograph of a Keystone Compac 3 block is shown in Figure 1. The nominal dimensions of the 
block are 12 inches wide (toe to heel) by 8 inches high by 18 inches long. Construction 
alignment and wall batter is achieved by means of fiberglass pins inserted into the top surface of 
the units. In this investigation the pins were positioned to provide approximately a 1/8 inch wall 
batter. The installation arrangement is illustrated in Figure 2. The hollow portions between the 
blocks were in-filled with a poorly graded (GP) crushed limestone gravel (AASHTO 
Classification A-1-a), the particle size distribution curve for this aggregate is presented in Figure 
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3.  The blocks used in this series of tests were supplied by Keystone and were received at our 
laboratory on 25 November 2013 and designated as TRI-13-009. 
 
 Miragrid 3XT is a bi-directional geogrid composed of 100% polyester multifilament yarn 
with a tensile strength of 3883 lb/ft in the machine direction (based on ASTM D6638 method of 
test and provided by TRI Environmental on 20 December 2013). The geogrid specimens used in 
this series of testing were cut from Roll number 031148337 received at our laboratory on 25 
November 2013. 
 
4. Test equipment and test procedures 
 
4.1 Reference index tests 
 
The method of test used in this investigation follows in general accordance the guidelines 
established in ASTM D6638 and FHA (2009). A brief description of the apparatus and test 
methodology is presented here. The test apparatus used to perform the tests is illustrated in 
Figure 4. The test apparatus allows tensile loads of up to 35,000 pounds to be applied to the 
geogrid while it is confined between two block layers. The bottom blocks were laterally 
restrained to prevent horizontal movement and the system was surcharged vertically. The hollow 
sections of the bottom blocks were filled with ¾ inch crushed stone and lightly compacted 
(Figure 5). Strips of grid reinforcement, 18 inches wide (16 longitudinal strands), were attached 
to a roller clamp and the grid extended over two lower blocks. The geogrid reinforcement was 
then laid flat over the bottom blocks (Figure 6).  A single block was then placed over the grid 
and centered on the joint between the two underlying units as shown in Figure 7. An infill 
containment barrier was placed around the top block allowing the hollow sections to be filled 
and compacted with crushed stone (Figures 4 and 8). Two wire-line LVDT(s) were connected to 
the grid to measure grid displacement at the back of the block.  Wall heights were simulated by 
applying an additional surcharge load using the vertically oriented hydraulic jack shown in 
Figure 4. Gum rubber mats were placed over the top block to ensure a uniform distribution of 
vertical surcharge pressure. The connection force was applied at a constant rate of displacement 
(i.e. 0.75 inches/minute) using a computer-controlled hydraulic actuator.  The load and 
displacements measured by the actuator and the LVDT(s) were recorded continuously during the 
test by a microcomputer/data acquisition system.  All blocks used in the tests were visually 
inspected to confirm that they were free of defects.  Each test was continued until there was a 
sustained loss in connection load due to grid rupture/pullout.  Following each test, the blocks 
were removed and the grid and blocks examined to confirm failure modes.  A virgin specimen of 
grid was used for each test and any damaged blocks were replaced. Aggregate fill was reused 
from test to test. 
 
The only variable in this series of connection tests was the magnitude of surcharge load. Block 
units used in the reference connection load tests and in the sustained load tests were taken from 
the same pallet of blocks supplied by Keystone Retaining Wall Systems. Specimens of Miragrid 
13XT geogrid were trimmed from the same longitudinal section of the roll of grid supplied by 
Mirafi. 
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 4.2 Sustained load (creep) connection testing 
 
The connection configuration used in the reference index test program was replicated in the 
constant load connection creep apparatus illustrated in Figure 9. The test apparatus has the 
following features: 
 
�‡ A lever-arm loading arrangement to apply normal loads up to 3600 lb/ft to the connection 

system, 
�‡ A roller clamp to apply a constant tensile load to the geosynthetic specimen, 
�‡ A dead weight arrangement to apply a constant tensile load to the geosynthetic 

specimen/connection with loads in excess of 3000 lb/ft, 
�‡ Two (2) LVDT displacement devices to monitor geosynthetic displacements at a clamp 

connected across the geosynthetic reinforcement specimen close to the connection,  
�‡ A load cell to record tensile load applied to the connection, and 
�‡ Electronic data acquisition system with battery back-up for uninterrupted data 

acquisition. 
 
The normal load was applied to the top block using the lever-arm arrangement illustrated in 
Figure 9. A tray of pre-weighed rectangular stock steel sections was prepared to match the target 
tensile load to be applied to each geogrid test specimen. The dead weight was supported by a 
hydraulic lift truck during grid specimen alignment. The lift truck was released smoothly to 
apply the tensile load over a period of 20 to 30 seconds.  
 
The displacement at the connection, load cell reading and temperature were recorded 
continuously until the specimen ruptured or until the test was manually terminated. The 
temperature in the laboratory for both index and sustained load tests was maintained at 20°C +/- 
2°C. 
 
4.3 Results 
 
Photographs of exhumed tests for both Index Connection and Sustained Load Testing are shown 
in Figures 10 through 17. 
 
The results for the index connection and sustained load creep data are presented in Appendix A 
of this report. 
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Figure 1: Photograph of a Keystone Compac 3 block. 
 

 
 

Figure 2: Photograph of the test set-up. 
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Figure 3: Particle size distribution curve for the poorly graded gravel (GP) (AASHTO A-1-a) 
used in this investigation. 
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Figure 4: Schematic of test apparatus to carry out reference (index) connection tests. 
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Figure 5: Photograph of the bottom row of blocks and granular fill. 
 

 
 

Figure 6: Photograph of the geogrid placed flat over the two bottom blocks. 
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Figure 7: Photograph of a Keystone Compac 3 block centered above the geogrid and the two 
underlying blocks. 
 

 
 

Figure 8: Photograph showing the infill of the top block and containment barriers. 
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Figure 9: Schematic of sustained load (creep) connection test apparatus. 
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Figure 10: Photograph of exhumed grid specimen from Test 3 of index connection testing. 
 

 
 

Figure 11: Photograph of the exhumed grid specimen from Test 5. 
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Figure 12: Photograph of the exhumed grid specimen from Test 7. 
 

 
 

Figure 13: Photograph of the exhumed grid specimen from Test 12 
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Figure 14: Photograph of exhumed grid specimen from Test 1 of Sustained Load Testing 
(Normal Load = 500 lb/ft). 

 

 
 

Figure 15: Another photograph of the exhumed grid specimen from Test 1. 
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Figure 16: Photograph of exhumed grid specimen from Test 5 of Sustained Load Testing 

(Normal Load = 1000 lb/ft). 
 

 
 

Figure 17: Photograph of exhumed grid specimen from Test 7 of Sustained Load Testing 
(Normal Load = 2000 lb/ft). 
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Index Connection Testing: one block over two with in-fill

Client: Keystone Block Type: Compac 3 TRI Log#: E2371-03-05
Reinforcement: Mirafi 3XT In-Fill: 57-Stone Test Method: ASTM D 6637-01Reinforcement: Mirafi 3XT In-Fill: 57-Stone Test Method: ASTM D 6637-01

Tensile Strength: 3500 Block Wt* (lb): 99.00 Test Dates(s):December 12-30, 2013
(lbs/ft, ASTM D6637):(MARV per Mfr.) Block Width (ft): 1.50(lbs/ft, ASTM D6637):(MARV per Mfr.) Block Width (ft): 1.50
Specimen Width (ft): 1.50 Block Depth (ft): 1.00 Jt. Configuration: running bond

Block Height (ft): 0.67 Set-up: 1/4" batterBlock Height (ft): 0.67 Set-up: 1/4" batter

Series 1:Tests 1 - 5 Series 2:Tests 6 -10 Series 3:Tests 11- 15
Blocks: A, B, C Blocks: M, N, O Blocks: X, Y, ZBlocks: A, B, C Blocks: M, N, O Blocks: X, Y, Z

Test Normal Approximate Approximate Connection PeakTest Normal Approximate Approximate Connection Peak
Number Load wall height number of capacity (lb/ft) connection

blocks tall at 0.75 inches capacity
(lb/ft) (ft)** displacement (lb/ft)

1 250 2.5 3.8 725 1105
2 512 5.2 7.8 779 1177
3 530 5.4 8.0 794 1197
4 500 5.1 7.6 884 13214 500 5.1 7.6 884 1321
5 741 7.5 11.2 1057 1544
6 727 7.3 11.0 809 15846 727 7.3 11.0 809 1584
7 1023 10.3 15.5 1007 1584
8 1014 10.2 15.4 625 14618 1014 10.2 15.4 625 1461
9 995 10.1 15.1 714 1453
10 1526 15.4 23.1 896 164310 1526 15.4 23.1 896 1643
11 1529 15.4 23.2 956 1621
12 2015 20.4 30.5 1483 216012 2015 20.4 30.5 1483 2160
13 2017 20.4 30.6 1688 2195
14 2015 20.4 30.5 1483 216014 2015 20.4 30.5 1483 2160
15 2523 25.5 38.2 1514 2379

* With In-Fill **Wall Height Calc: Normal Load / (Block Wt*/Block Width) *Block Height
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Index Connection Tests - Keystone Compac 3 - Mirafi 3XT
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Sustained Load Testing Series 1: Normal Load = 500 lb/ft

Client: Keystone Block Type: Compac 3 TRI Log#: E2371-03-05
Reinforcement: Mirafi 3XT In-Fill: 57-Stone Test Method: ASTM D 6637-01Reinforcement: Mirafi 3XT In-Fill: 57-Stone Test Method: ASTM D 6637-01

Tensile Strength: 3500 Block Wt* (lb): 99.00 Test Dates(s):Apr 11 -Sept 10, 2014
(lbs/ft, ASTM D6637):(MARV per Mfr.) Block Width (ft): 1.50(lbs/ft, ASTM D6637):(MARV per Mfr.) Block Width (ft): 1.50
Specimen Width (ft): 1.50 Block Depth (ft): 1.00 Jt. Configuration: running bond

Block Height (ft): 0.67 Set-up: 1/4" batterBlock Height (ft): 0.67 Set-up: 1/4" batter

Series 1: Blocks: A, B, CTests 1 - 5

Test Start File % of Peak Connection Time to Time toTest Start File % of Peak Connection Time to Time to
Number Date Name Connection Load Rupture Rupture

(lb/ft) h/m/s (hrs)
1 Apr 11/14 C3M3S1T3 92.8 1165 11:50:00 11.833
2 Apr 11/14 C3M3S1T4 102.0 1280 0:01:23 0.0231
3 Apr 17/14 C3M3S1T5 90.8 1140 test terminated 1453.93 Apr 17/14 C3M3S1T5 90.8 1140 test terminated 1453.9
4 Jul 14/14 G2T6 97.9 1228 1195:00:42 1112.3
5 Sept 5/14 G2T8 100.9 1267 0:14:57 0.24925 Sept 5/14 G2T8 100.9 1267 0:14:57 0.2492
6 Sept 9/14 G2T9 100.7 1264 0:01:10 0.0197
7 Sept 10/14 G2T10 97.7 1226 289:11:17 289.197 Sept 10/14 G2T10 97.7 1226 289:11:17 289.19

* With In-Fill

Connection Load vs Elapsed Time
Sustained Load Testing: Keystone Compac 3 (57-Stone infill)
with Mirafi 3XT Geogrid (16 longitudinalstrands- 18" width)
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TRI/Environmental, Inc.
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Sustained Load Testing Series 2: Normal Load = 1000 lb/ft

Client: Keystone Block Type: Compac 3 TRI Log#: E2371-03-05
Reinforcement: Mirafi 3XT In-Fill: 57-Stone Test Method: ASTM D 6637-01Reinforcement: Mirafi 3XT In-Fill: 57-Stone Test Method: ASTM D 6637-01

Tensile Strength: 3500 Block Wt* (lb): 99.00 Test Dates(s):Apr 11 -Sept 24, 2014
(lbs/ft, ASTM D6637):(MARV per Mfr.) Block Width (ft): 1.50(lbs/ft, ASTM D6637):(MARV per Mfr.) Block Width (ft): 1.50
Specimen Width (ft): 1.50 Block Depth (ft): 1.00 Jt. Configuration: running bond

Block Height (ft): 0.67 Set-up: 1/4" batterBlock Height (ft): 0.67 Set-up: 1/4" batter

Series 1: Blocks: M, N, OTests 1 - 5

Test Start File % of Peak Connection Time to Time toTest Start File % of Peak Connection Time to Time to
Number Date Name Connection Load Rupture Rupture

(lb/ft) h/m/s (hrs)
1 Apr 11/14 C3M3S2T2 94.5 1446 test terminated 1631.2
2 Jul 11/14 YT5 93.3 1428 2:49:39 2.8275
3 Jul 18/14 YT12 99.7 1526 0:16:31 0.27533 Jul 18/14 YT12 99.7 1526 0:16:31 0.2753
4 Jul 19/14 YT14 92.3 1413 0:00:57 0.0158
5 Jul 24/14 YT17 95.8 1467 109:33:43 109.565 Jul 24/14 YT17 95.8 1467 109:33:43 109.56
6 Jul 31/14 YT18 97.1 1487 450:22:45 450.38
7 Aug 20/14 YT19 94.9 1453 470:36:24 470.617 Aug 20/14 YT19 94.9 1453 470:36:24 470.61
8 Sept 24/14 YT21 99.7 1526 0:00:30 0.0083

* With In-Fill* With In-Fill

Connection Load vs Elapsed Time
Sustained Load Testing: Keystone Compac 3 (57-Stone infill)Sustained Load Testing: Keystone Compac 3 (57-Stone infill)

with Miragrid 3XT geogrid
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TRI/Environmental, Inc.
A Texas Research International CompanyA Texas Research International Company

Sustained Load Testing Series 3: Normal Load = 2000 lb/ft

Client: Keystone Block Type: Compac 3 TRI Log#: E2371-03-05
Reinforcement: Mirafi 3XT In-Fill: 57-Stone Test Method: ASTM D 6637-01Reinforcement: Mirafi 3XT In-Fill: 57-Stone Test Method: ASTM D 6637-01

Tensile Strength: 3500 Block Wt* (lb): 99.00 Test Dates(s):Apr 10 -Sept 23, 2014
(lbs/ft, ASTM D6637):(MARV per Mfr.) Block Width (ft): 1.50(lbs/ft, ASTM D6637):(MARV per Mfr.) Block Width (ft): 1.50
Specimen Width (ft): 1.50 Block Depth (ft): 1.00 Jt. Configuration: running bond

Block Height (ft): 0.67 Set-up: 1/4" batterBlock Height (ft): 0.67 Set-up: 1/4" batter

Series 1: Blocks: X, Y, ZTests 1 - 5

Test Start File % of Peak Connection Time to Time toTest Start File % of Peak Connection Time to Time to
Number Date Name Connection Load Rupture Rupture

(lb/ft) h/m/s (hrs)
1 Apr 10/14 C3M3S3T3 91.9 1916 494:54:09 494.90
2 May 6/14 C3M3S3T4 96.6 2014 0:00:13 0.0036
3 May 12/14 C3M3S3T5 95.6 1992 114:34:04 114.573 May 12/14 C3M3S3T5 95.6 1992 114:34:04 114.57
4 Jul 9/14 C3M3S3T6 90.3 1881 312:35:03 312.58
5 Jul 24/14 C3M3S3T7 88.7 1849 27:04:07 27.0695 Jul 24/14 C3M3S3T7 88.7 1849 27:04:07 27.069
6 Jul 28/14 G1T8 93.4 1946 0:38:30 0.6417
7 Aug 1/14 G1T9 93.3 1945 0:09:52 0.16447 Aug 1/14 G1T9 93.3 1945 0:09:52 0.1644
8 Aug 4/14 G1T10 91.2 1900 495:51:12 495.85
9 Sept 9/14 G1T13 92.0 1918 152:42:01 152.709 Sept 9/14 G1T13 92.0 1918 152:42:01 152.70
10 Sept 23/14 G1T14 91.0 1896 0:42:59 0.7167

* With In-Fill* With In-Fill

ConnectionLoadvs Elapsed Time
SustainedLoad Testing:Keystone Compac 3 (57-Stone infill)
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TRI/Environmental, Inc.
A Texas Research International CompanyA Texas Research International Company

Summary of Estimated 75-year Reduced-Connection Strength DataSummary of Estimated 75-year Reduced-Connection Strength Data
Keystone Compac 3 blocks - Mirafi 3XT Connection

Normal Load Index peak 75-year creep-reduced Connection creepNormal Load Index peak 75-year creep-reduced Connection creep
Capacity connection strength reduction factor

N Tconn Tconn75 (RFconncr = Tconn/Tconn75)N Tconn Tconn75 (RFconncr = Tconn/Tconn75)
(lb/ft) (lb/ft) (lb/ft)*
500 1255 1134 1.11500 1255 1134 1.11
1000 1531 1447 1.06
2000 2084 1854 1.122000 2084 1854 1.12

* calculated using the trend in creep-rupture data which has been approximated by a linear
regressed line for each series plot. The regressed creep connection line has been used to estimate
the creep-reduced connection strength at a desighn life of 75 years assuming the linear trend in
the data is preserved.the data is preserved.

Summary of Estimated 100-year Reduced-Connection Strength Data
Keystone Compac 3 blocks - Mirafi 3XT ConnectionKeystone Compac 3 blocks - Mirafi 3XT Connection

Normal Load Index peak 100-year creep-reduced Connection creep
Capacity connection strength reduction factorCapacity connection strength reduction factor

N Tconn Tconn100 (RFconncr = Tconn/Tconn100)
(lb/ft) (lb/ft) (lb/ft)*(lb/ft) (lb/ft) (lb/ft)*
500 1255 1132 1.11
1000 1531 1446 1.061000 1531 1446 1.06
2000 2084 1852 1.13

* calculated using the trend in creep-rupture data which has been approximated by a linear
regressed line for each series plot. The regressed creep connection line has been used to estimate
the creep-reduced connection strength at a desighn life of 100 years assuming the linear trend in
the data is preserved.
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1. Introduction

This report gives the results of a sustained (constant) load (creep) connection testing program
carried out to evaluate the creep mechanical performance of the connection system between
Keystone Compac 3 modular concrete block and Miragrid 7XT geogrid. The test program was
initiated in response to an email authorization to proceed from Mr. Craig Moritz of Keystone
Retaining Wall Systems received 5 September 2012. The tests were carried out at the
laboratories of TRI Environmental, Inc. in Kingston, Ontario.

2. Methodology

The test program was carried out in accordance with recommendations found in the FHWA-
NHI-00-043 guidance document dated March 2001.

2.1 Index connection tests

A series of reference index connection tests were first carried out using Keystone Compac 3
modular block units in combination with specimens of Miragrid 7XT geogrid. The test
arrangement and methodology were in accordance with the NCMA SRWU-1 protocol with the
exception that the connection width was reduced to match the one block over two-block
configuration used in the creep connection tests. The results of these tests were used to determine
a regressed reference (index) peak capacity for each series of sustained tensile load tests
described below.

2.2 Constant load connection tests

A series of constant tensile load tests were carried out under normal loads of 1000 lb/ft, 2000
lb/ft and 3000 lb/ft. Different percentages of the reference connection peak load capacity were
applied as a tensile load to block-geogrid specimens configured to conform to the index test
setup described above. The tensile loads ranged from 85.1 to 96.4% of the reference connection
strength at each normal load level. The time to rupture was recorded for each test (if applicable)
and results of the test series plotted as connection load versus log-time to rupture. The load-log
time data was fit with a linear regression estimate to generate a creep rupture curve and
extrapolated to an elapsed time corresponding to a design life of 75 years.

3. Materials

Keystone Compac 3 blocks (Figure 1) are hollow concrete blocks weighing approximately 77.0
pounds per unit (weight/unit measured in our laboratory), which are filled with select granular
material. The nominal dimensions of the block are 12 inches wide (toe to heel) by 8 inches high
by 18 inches long. Construction alignment and wall batter is achieved by means of fiberglass
pins inserted into the top surface of the units. In this investigation the pins were positioned to
provide approximately a 1/8 inch wall batter. The blocks used in this series of tests were supplied
by Keystone and were received at our laboratory on 28 September 2012 and designated as TRI-
12-009.
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Miragrid 7XT is a bi-directional geogrid composed of 100% polyester multifilament yarn with a
tensile strength of 6023 lb/ft in the machine direction (based on ASTM D6638 method of test
and provided by TenCate Geosynthetics Americas on 7 September 2012). The geogrid
specimens used in this series of testing were cut from Roll/Lot number 031141808/20111202-1-2
received at our laboratory on 29 March 2012. All index connection tests were carried out using
the specimens trimmed from this same roll/lot. The particle size distribution curve for the block
infill soil used in this investigation is shown in Figure 2.

4. Test equipment and test procedures

4.1 Reference index tests

The method of test used in this investigation follows that reported by Bathurst and Simac (1993)
and recommended by the NCMA (Simac et al. 1993 and ASTM D 6638). A brief description of
the apparatus and test methodology is presented here. The test apparatus used to perform the tests
is illustrated in Figure 3. The test apparatus allows tensile loads of up to 35,000 pounds to be
applied to the geogrid while it is confined between two block layers. The facing blocks were
laterally restrained and surcharged vertically. The hollow sections of both the top and bottom
blocks were filled with ¾ inch crushed stone and lightly compacted (Figure 4). Strips of grid
reinforcement, 18 inches wide (17 longitudinal strands), were attached to a roller clamp and the
grid extended over two lower blocks. The geogrid reinforcement was then laid flat over the
bottom blocks (Figure 5). A single block was then placed over the grid and centered on the joint
between the two underlying units as shown in Figure 6. An infill containment barrier (Figures 3
& 4) was placed around the top block allowing the hollow sections to be filled and compacted
with crushed stone. Two wire-line LVDT(s) were connected to the grid to measure grid
displacement at the back of the block. Wall heights were simulated by applying an additional
surcharge load using the vertically oriented hydraulic jack shown in Figure 3. Gum rubber mats
were placed over the top block to ensure a uniform distribution of vertical surcharge pressure.
The connection force was applied at a constant rate of displacement (i.e. 0.75 inches/minute)
using a computer-controlled hydraulic actuator. The load and displacements measured by the
actuator and the LVDT(s) were recorded continuously during the test by a data acquisition
system. All blocks used in the tests were visually inspected to confirm that they were free of
defects. Each test was continued until there was a sustained loss in connection load due to grid
rupture, with the exception of tests in excess of 3000 hours which were terminated prior to
rupture. Following each test, the blocks were removed and the grid and blocks examined to
confirm failure modes. A virgin specimen of grid was used for each test and any damaged
blocks were replaced.

The only variable in this series of connection tests was the magnitude of surcharge load. Block
units used in the reference connection load tests and in the sustained load tests were taken from
the same pallet of blocks supplied by Keystone Retaining Wall Systems. Specimens of Miragrid
7XT geogrid were trimmed from the same longitudinal section of the roll of grid supplied by
Mirafi.



Connection Test Report (TRI Log # E2371-01-08)
Keystone Compac 3 / Miragrid 7XT

4 of 10
July 18, 2013

4.2 Sustained load (creep) connection testing

The connection configuration used in the reference index test program was replicated in the
constant load connection creep apparatus illustrated in Figure 7. The test apparatus has the
following features:

• A lever-arm loading arrangement to apply normal loads up to 3000 lb/ft to the connection
system,
• A roller clamp to apply a constant tensile load to the geosynthetic specimen,
• A dead weight arrangement to apply a constant tensile load to the geosynthetic
specimen/connection with loads in excess of 3000 lb/ft,
• Two (2) LVDT displacement devices to monitor geosynthetic displacements at a clamp
connected across the geosynthetic reinforcement specimen close to the connection,
• A load cell to record tensile load applied to the connection, and
• Electronic data acquisition system with battery back-up for uninterrupted data
acquisition.

The normal load was applied to the top block using the lever-arm arrangement illustrated in
Figure 7. A tray of pre-weighed rectangular stock steel sections was prepared to match the target
tensile load to be applied to each geogrid test specimen. The dead weight was supported by a
hydraulic lift truck during grid specimen alignment. The lift truck was released smoothly to
apply the tensile load over a period of 20 to 30 seconds.

The displacement at the connection, load cell reading and temperature were recorded
continuously until the specimen ruptured or until the test was manually terminated. The
temperature in the laboratory for both index and sustained load tests was maintained at 20°C +/-
2°C.

4.3 Results

The results for the index connection and sustained load creep data are presented in standalone
appendix to this report.
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Figure 1: Photograph of a Keystone Compac 3 modular block with fiberglass pins.
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Figure 2: Particle size distribution curve for the soil used in this investigation.
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Figure 3: Schematic of test apparatus to carry out reference (index) connection tests.
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Figure 4: Photograph of the bottom row of blocks and granular fill.

Figure 5: Photograph of the geogrid placed flat over the two bottom blocks.
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Figure 6: Photograph of a Keystone Compac 3 block centered above the geogrid and the two
underlying blocks.
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Figure 7: Schematic of sustained load (creep) connection test apparatus.



TRI/Environmental, Inc.
A Texas Research International Company

Index Connection Testing: one block over two with in-fill

Client: Keystone Block Type: Compac 3 TRI Log#: E2368-01-02
Reinforcement: Mirafi 7XT In-Fill: 3/4" crushed stone Test Method: ASTM D 6637-01

Tensile Strength: 5900 Block Wt* (lb): 118.00 Test Dates(s):Oct 1/12 - Oct 9/12
(lbs/ft, ASTM D6637): (MARV per Mfr.) Block Width (ft): 1.50
Specimen Width (ft): 1.50 Block Depth (ft): 1.00 Jt. Configuration: running bond

Block Height (ft): 0.67 Set-up: 1/8" batter

Series 1:Tests 1 - 8 Series 2:Tests 9 - 16 Series 3:Tests 17 - 24
Blocks: A, B, C Blocks: D, E, F Blocks: X, Y, Z

Test Normal Approximate Approximate Connection Peak
Number Load wall height number of capacity (lb/ft) connection

blocks tall at 0.75 inches capacity
(lb/ft) (ft)** displacement (lb/ft)

1 1000 8.5 12.7 1203 2013
2 512 4.3 6.5 1128 1784
3 992 8.4 12.6 1437 2024
4 1493 12.7 19.0 1580 2462
5 1009 8.5 12.8 1317 1844
6 1000 8.5 12.7 1377 1800
7 997 8.4 12.7 1472 1775
8 1000 8.5 12.7 1476 1830
9 2000 17.0 25.4 1649 2388
10 1505 12.8 19.1 1380 2076
11 2018 17.1 25.7 1686 2381
12 2494 21.1 31.7 1880 2613
13 2003 17.0 25.5 1509 2502
14 2015 17.1 25.6 1763 2687
15 2000 17.0 25.4 1581 258215 2000 17.0 25.4 1581 2582
16 1999 16.9 25.4 1754 2489
17 2989 25.3 38.0 2124 2867
18 2500 21.2 31.8 1958 2627
19 2995 25.4 38.1 2022 2642
20 3479 29.5 44.2 2168 2850
21 3007 25.5 38.2 2357 2939
22 2987 25.3 38.0 1941 2874
23 3005 25.5 38.2 2120 3035
24 2996 25.4 38.1 1925 2808

* With In-Fill **Wall Height Calc: Normal Load / (Block Wt*/Block Width) *Block Height

John M. Allen, P.E., 07/18/13
Quality Review/Date

Testing by: Mike Domingo
Specimens prepared by: Mike Domingo

The testing herein is based upon accepted industry practice as well as the test method listed. Test results reported herein do not apply
to samples other than those tested. TRI neither accepts responsibility for nor makes claim as to the final use and purpose of the material.
TRI observes and maintains client confidentiality. TRI limits reproduction of this report, except in full, without prior approval of TRI.
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TRI/Environmental, Inc.
A Texas Research International Company

Index Connection Testing: one block over two with in-fill

Client: Keystone Block Type: Compac 3 TRI Log#: E2368-01-02
Reinforcement: Mirafi 7XT In-Fill: 3/4" crushed stone Test Method: ASTM D 6637-01

Tensile Strength: 5900 Block Wt* (lb): 118.00 Test Dates(s):Oct 1/12 - Oct 9/12
(lbs/ft, ASTM D6637): (MARV per Mfr.) Block Width (ft): 1.50
Specimen Width (ft): 1.50 Block Depth (ft): 1.00 Jt. Configuration: running bond

Block Height (ft): 0.67 Set-up: 1/8" batter

Series 1:Tests 1 - 5, 16 Series 2:Tests 6 -10 Series 3:Tests 11- 15
Blocks: A, B, C Blocks: D, E, F Blocks: G, H, I
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Index Connection Tests
Keystone Compac 3 - Mirafi 7XT

Peak Connection Values

Connection Strength at 3/4 inch Displacement

TU = N Tan 24.2° + 1513

Reference (Index) Peak Connection Capacitiy

Normal Load Peak Connection
(lb/ft) (lb/ft)***

Series 1 1000 1962
Series 2 2000 2412
Series 3 3000 2862

***calculated using the equation from the linear regression

John M. Allen, P.E., 07/18/13
Quality Review/Date

Testing by: Mike Domingo
Specimens prepared by: Mike Domingo

The testing herein is based upon accepted industry practice as well as the test method listed. Test results reported herein do not apply
to samples other than those tested. TRI neither accepts responsibility for nor makes claim as to the final use and purpose of the material.
TRI observes and maintains client confidentiality. TRI limits reproduction of this report, except in full, without prior approval of TRI.
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TRI/Environmental, Inc.
A Texas Research International Company

Sustained Load Testing Series 1: Normal Load = 1000 lb/ft

Client: Keystone Block Type: Compac 3 TRI Log#: E2368-01-02
Reinforcement: Mirafi 7XT In-Fill: 3/4" crushed stone Test Method: ASTM D 6637-01

Tensile Strength: 5900 Block Wt* (lb): 118.00 Test Dates(s):Dec 7/12 - Feb 1/13
(lbs/ft, ASTM D6637): (MARV per Mfr.) Block Width (ft): 1.50
Specimen Width (ft): 1.50 Block Depth (ft): 1.00 Jt. Configuration: running bond

Block Height (ft): 0.67 Set-up: 1/8" batter

Series 1: Blocks: A, B, C

Test Start File % of Peak Connection Time to Time to
Number Date Name Connection Load Rupture Rupture

(lb/ft) h/m/s (hrs)
1 Dec 7/12 C3M7S1A1 90.5 1775 0:00:31 0.0086
2 Dec 7/12 C3M7S1A2 88.2 1730 912:41:48 912.70

**3 Jan 8/13 C3M7S1T1 85.1 1670 test terminated 3019.6
4 Jan 15/13 C3M7S1A3 89.1 1748 0:02:05 0.0347
5 Jan 15/13 C3M7S1A4 88.3 1733 146:04:16 146.07
6 Jan 29/13 C3M7S1A5 88.6 1738 0:01:42 0.0283
7 Feb 1/13 C3M7S1A6 89.8 1762 0:01:00 0.0167
8 Feb 1/13 C3M7S1A7 89.2 1751 0:01:01 0.0169
9 Feb 1/13 C3M7S1A8 88.7 1740 2:04:34 2.0761

* With In-Fill **Note: Test 3 was terminated after more than 3000 hrs of sustained load

N = 1000 lb/ft, Peak Connection = 1962 lb/ft

Connection Creep-Rupture Load vs Elapsed Time
Sustained Load Testing: Keystone Compac 3 (3/4" crushed stone fill)

with Mirafi 7XT Geogrid
17 Longitudinal Strands - 18" width

N = 1000 lb/ft

John M. Allen, P.E., 07/18/13
Quality Review/Date

Testing by: Mike Domingo
Specimens prepared by: Mike Domingo

The testing herein is based upon accepted industry practice as well as the test method listed. Test results reported herein do not apply
to samples other than those tested. TRI neither accepts responsibility for nor makes claim as to the final use and purpose of the material.
TRI observes and maintains client confidentiality. TRI limits reproduction of this report, except in full, without prior approval of TRI.
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TRI/Environmental, Inc.
A Texas Research International Company

Sustained Load Testing Series 2: Normal Load = 2000 lb/ft

Client: Keystone Block Type: Compac 3 TRI Log#: E2368-01-02
Reinforcement: Mirafi 7XT In-Fill: 3/4" crushed stone Test Method: ASTM D 6637-01

Tensile Strength: 5900 Block Wt* (lb): 118.00 Test Dates(s):Dec 6/12 - Jan 8/13
(lbs/ft, ASTM D6637): (MARV per Mfr.) Block Width (ft): 1.50
Specimen Width (ft): 1.50 Block Depth (ft): 1.00 Jt. Configuration: running bond

Block Height (ft): 0.67 Set-up: 1/8" batter

Series 1: Blocks: D, E, F

Test Start File % of Peak Connection Time to Time to
Number Date Name Connection Load Rupture Rupture

(lb/ft) h/m/s (hrs)
**1 Dec 6/12 C3M7S2A1 90.5 2183 test terminated 3549.2
2 Dec 18/12 C3M7S2T1 95.6 2306 0:01:12 0.0200
3 Dec 18/12 C3M7S2T2 96.4 2325 0:03:48 0.0633
4 Dec 18/12 C3M7S2T3 94.9 2288 40:34:23 40.573
5 Dec 21/12 C3M7S2T4 93.8 2263 1:25:13 1.4203
6 Jan 3/13 C3M7S2T5 93.4 2253 115:34:00 115.57
7 Jan 8/13 C3M7S2T6 93.4 2253 76:04:00 76.067

* With In-Fill **Note: Test 1 was terminated after more than 3500 hrs of sustained load

N = 2000 lb/ft, Peak Connection = 2412 lb/ft

3000

Connection Creep-Rupture Load vs Elapsed Time
Sustained Load Testing: Keystone Compac 3 (3/4" crushed stone fill)

with Mirafi 7XT Geogrid
17 Longitudinal Strands - 18" width

N = 2000 lb/ft

John M. Allen, P.E., 07/18/13
Quality Review/Date

Testing by: Mike Domingo
Specimens prepared by: Mike Domingo

The testing herein is based upon accepted industry practice as well as the test method listed. Test results reported herein do not apply
to samples other than those tested. TRI neither accepts responsibility for nor makes claim as to the final use and purpose of the material.
TRI observes and maintains client confidentiality. TRI limits reproduction of this report, except in full, without prior approval of TRI.
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TRI/Environmental, Inc.
A Texas Research International Company

Sustained Load Testing Series 3: Normal Load = 3000 lb/ft

Client: Keystone Block Type: Compac 3 TRI Log#: E2368-01-02
Reinforcement: Mirafi 7XT In-Fill: 3/4" crushed stone Test Method: ASTM D 6637-01

Tensile Strength: 5900 Block Wt* (lb): 118.00 Test Dates(s):Dec 6/12 - Jan 8/13
(lbs/ft, ASTM D6637): (MARV per Mfr.) Block Width (ft): 1.50
Specimen Width (ft): 1.50 Block Depth (ft): 1.00 Jt. Configuration: running bond

Block Height (ft): 0.67 Set-up: 1/8" batter

Series 1: Blocks: X, Y, Z

Test Start File % of Peak Connection Time to Time to
Number Date Name Connection Load Rupture Rupture

(lb/ft) h/m/s (hrs)
**1 Dec 6/12 C3M7S3A1 88.0 2517 test terminated 3551.7
2 Dec 13/12 C3M7S3T6 94.4 2701 0:00:28 0.0078
3 Dec 14/12 C3M7S3T7 95.3 2729 0:00:37 0.0103
4 Dec 17/12 C3M7S3T11 91.1 2608 37:04:14 37.071
5 Dec 20/12 C3M7S3T12 93.3 2671 0:00:37 0.0103
6 Dec 20/12 C3M7S3T13 91.4 2616 0:04:12 0.0700
7 Dec 20/12 C3M7S3T14 91.1 2607 0:13:23 0.2231
8 Dec 21/12 C3M7S3T15 89.8 2571 1:01:20 1.0222
9 Dec 21/12 C3M7S3T16 88.7 2538 3:18:38 3.2942
10 Jan 3/13 C3M7S3T17 87.6 2507 0:19:13 0.3203
11 Jan 3/13 C3M7S3T18 86.9 2488 92:34:14 92.571
12 Jan 8/13 C3M7S3T19 85.2 2439 608:40:30 608.68

* With In-Fill **Note: Test 1 was terminated after more than 3500 hrs of sustained load

N = 3000 lb/ft, Peak Connection = 2862 lb/ft

Connection Creep-Rupture Load vs Elapsed Time

John M. Allen, P.E., 07/18/13
Quality Review/Date

Testing by: Mike Domingo
Specimens prepared by: Mike Domingo

The testing herein is based upon accepted industry practice as well as the test method listed. Test results reported herein do not apply
to samples other than those tested. TRI neither accepts responsibility for nor makes claim as to the final use and purpose of the material.
TRI observes and maintains client confidentiality. TRI limits reproduction of this report, except in full, without prior approval of TRI.
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TRI/Environmental, Inc.
A Texas Research International Company

Summary of Estimated 75-year Reduced-Connection Strength Data
Keystone Compac 3 - Mirafi 7XT Connection

Normal Load Index peak 75-year creep-reduced Connection creep
Capacity connection strength reduction factor

N Tconn Tconn75 (RFconncr = Tconn/Tconn75)
(lb/ft) (lb/ft) (lb/ft)*
1000 1962 1678 1.17
2000 2412 2163 1.12
3000 2862 2371 1.20

* calculated using the trend in creep-rupture data which has been approximated by a linear
regressed line for each series plot. The regressed creep connection line has been used to estimate
the creep-reduced connection strength at a desighn life of 75 years assuming the linear trend in
the data is preserved.

John M. Allen, P.E., 07/18/13
Quality Review/Date

Testing by: Mike Domingo
Specimens prepared by: Mike Domingo

The testing herein is based upon accepted industry practice as well as the test method listed. Test results reported herein do not apply
to samples other than those tested. TRI neither accepts responsibility for nor makes claim as to the final use and purpose of the material.
TRI observes and maintains client confidentiality. TRI limits reproduction of this report, except in full, without prior approval of TRI.
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HITEC CONNECTION EVALUATION
Normalized Laboratory Test Data

Keystone Unit: Compac III Tlot/Tult=1.00
Manufacturer: Mirafi Normal Load Peak Connection 3/4" Connection
Geogrid Type: 3XT (plf) (plf) (plf)
Laboratory: BCGT 10/27/09 346 1245 797

676 1644 1024
Normalized Peak Connection Equation Fit 1013 1858 1108

English Metric 1013 1913 1130
Intercept (plf) 975 14.23 1013 1954 1152
Slope1 42.3 42.3 1344 2160 1305
Break - Normal 1300 18.97 1688 2264 1525
Slope2 8.1 8.1 2252 2298 1570
Maximum (plf) 2293 33.47 0 0 0

0 0 0
Normalized 3/4" Serviceability Equation Fit 0 0 0

0 0 0
Intercept (plf) 625 9.12 0 0 0
Slope1 27.4 27.4 0 0 0
Break - Normal 1740 25.39 0 0 0
Slope2 4.6 4.6 0 0 0
Maximum (plf) 1568 22.89 0 0 0

MaxNormal MaxNormal 2252
Normal Peak Normal Normal 3/4"

0 975 0 0 625
1300 2158 1740 1740 1527
2252 2293 2252 2252 1568
6000 2293 6000 6000 1568
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HITEC CONNECTION EVALUATION
Normalized Laboratory Test Data

Keystone Unit: Compac III Tlot/Tult=1.09
Manufacturer: Mirafi Normal Load Peak Connection 3/4" Connection
Geogrid Type: 5XT (plf) (plf) (plf)
Laboratory: BCGT 10/27/09 559 1508 842

1117 2077 1209
Normalized Peak Connection Equation Fit 1681 2354 1406

English Metric 1688 2279 1383
Intercept (plf) 938 13.69 1695 2304 1482
Slope1 45.5 45.5 2245 2544 1628
Break - Normal 1100 16.05 2802 2689 1883
Slope2 20.2 20.2 0 0 0
Maximum (plf) 2684 39.17 0 0 0

0 0 0
Normalized 3/4" Serviceability Equation Fit 0 0 0

0 0 0
Intercept (plf) 474 6.92 0 0 0
Slope1 33.3 33.3 0 0 0
Break - Normal 1100 16.05 0 0 0
Slope2 21.7 21.7 0 0 0
Maximum (plf) 1874 27.35 0 0 0

MaxNormal MaxNormal 2802
Normal Peak Normal Normal 3/4"

0 938 0 0 474
1100 2057 1100 1100 1197
2802 2684 2802 2802 1874
6000 2684 6000 6000 1874
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Tult = 3,500 plf
RFcr = 1.20
CRult / CRcr

0.279/0.232

0.616/0.514
0.655/0.546 0.655/0.546
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HITEC CONNECTION EVALUATION
Normalized Laboratory Test Data

Keystone Unit: Compac III Tlot/Tult=1.00
Manufacturer: Mirafi Normal Load Peak Connection 3/4" Connection
Geogrid Type: 3XT (plf) (plf) (plf)
Laboratory: BCGT 10/27/09 346 1245 797

676 1644 1024
Normalized Peak Connection Equation Fit 1013 1858 1108

English Metric 1013 1913 1130
Intercept (plf) 975 14.23 1013 1954 1152
Slope1 42.3 42.3 1344 2160 1305
Break - Normal 1300 18.97 1688 2264 1525
Slope2 8.1 8.1 2252 2298 1570
Maximum (plf) 2293 33.47 0 0 0

0 0 0
Normalized 3/4" Serviceability Equation Fit 0 0 0

0 0 0
Intercept (plf) 625 9.12 0 0 0
Slope1 27.4 27.4 0 0 0
Break - Normal 1740 25.39 0 0 0
Slope2 4.6 4.6 0 0 0
Maximum (plf) 1568 22.89 0 0 0

MaxNormal MaxNormal 2252
Normal Peak Normal Normal 3/4"

0 975 0 0 625
1300 2158 1740 1740 1527
2252 2293 2252 2252 1568
6000 2293 6000 6000 1568
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HITEC CONNECTION EVALUATION
Normalized Laboratory Test Data

Keystone Unit: Compac III Tlot/Tult=1.09
Manufacturer: Mirafi Normal Load Peak Connection 3/4" Connection
Geogrid Type: 5XT (plf) (plf) (plf)
Laboratory: BCGT 10/27/09 559 1508 842

1117 2077 1209
Normalized Peak Connection Equation Fit 1681 2354 1406

English Metric 1688 2279 1383
Intercept (plf) 938 13.69 1695 2304 1482
Slope1 45.5 45.5 2245 2544 1628
Break - Normal 1100 16.05 2802 2689 1883
Slope2 20.2 20.2 0 0 0
Maximum (plf) 2684 39.17 0 0 0

0 0 0
Normalized 3/4" Serviceability Equation Fit 0 0 0

0 0 0
Intercept (plf) 474 6.92 0 0 0
Slope1 33.3 33.3 0 0 0
Break - Normal 1100 16.05 0 0 0
Slope2 21.7 21.7 0 0 0
Maximum (plf) 1874 27.35 0 0 0

MaxNormal MaxNormal 2802
Normal Peak Normal Normal 3/4"

0 938 0 0 474
1100 2057 1100 1100 1197
2802 2684 2802 2802 1874
6000 2684 6000 6000 1874
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HITEC CONNECTION EVALUATION
Normalized Laboratory Test Data

Keystone Unit: Compac III Tlot/Tult=1.07
Manufacturer: Mirafi Normal Load Peak Connection 3/4" Connection
Geogrid Type: 7XT (plf) (plf) (plf)
Laboratory: BCGT 10/27/09 553 1473 996

1124 2058 1250
Normalized Peak Connection Equation Fit 1681 2237 1428

English Metric 1681 2373 1548
Intercept (plf) 907 13.24 1688 2328 1526
Slope1 45.7 45.7 2245 2494 1707
Break - Normal 1100 16.05 2809 2739 1779
Slope2 24.1 24.1 3380 3119 1885
Maximum (plf) 3054 44.57 0 0 0

0 0 0
Normalized 3/4" Serviceability Equation Fit 0 0 0

0 0 0
Intercept (plf) 748 10.92 0 0 0
Slope1 24.1 24.1 0 0 0
Break - Normal 1650 24.08 0 0 0
Slope2 12.9 12.9 0 0 0
Maximum (plf) 1882 27.47 0 0 0

MaxNormal MaxNormal 3380
Normal Peak Normal Normal 3/4"

0 907 0 0 748
1100 2034 1650 1650 1486
3380 3054 3380 3380 1882
6000 3054 6000 6000 1882
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Tult = 4,700 plf
RFcr = 1.20
CRult / CRcr

0.200/0.166

0.438/0.365

0.571/0.476 0.571/0.476
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HITEC CONNECTION EVALUATION
Normalized Laboratory Test Data

Keystone Unit: Compac III Tlot/Tult=1.09
Manufacturer: Mirafi Normal Load Peak Connection 3/4" Connection
Geogrid Type: 5XT (plf) (plf) (plf)
Laboratory: BCGT 10/27/09 559 1508 842

1117 2077 1209
Normalized Peak Connection Equation Fit 1681 2354 1406

English Metric 1688 2279 1383
Intercept (plf) 938 13.69 1695 2304 1482
Slope1 45.5 45.5 2245 2544 1628
Break - Normal 1100 16.05 2802 2689 1883
Slope2 20.2 20.2 0 0 0
Maximum (plf) 2684 39.17 0 0 0

0 0 0
Normalized 3/4" Serviceability Equation Fit 0 0 0

0 0 0
Intercept (plf) 474 6.92 0 0 0
Slope1 33.3 33.3 0 0 0
Break - Normal 1100 16.05 0 0 0
Slope2 21.7 21.7 0 0 0
Maximum (plf) 1874 27.35 0 0 0

MaxNormal MaxNormal 2802
Normal Peak Normal Normal 3/4"

0 938 0 0 474
1100 2057 1100 1100 1197
2802 2684 2802 2802 1874
6000 2684 6000 6000 1874
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HITEC CONNECTION EVALUATION
Normalized Laboratory Test Data

Keystone Unit: Compac III Tlot/Tult=1.07
Manufacturer: Mirafi Normal Load Peak Connection 3/4" Connection
Geogrid Type: 7XT (plf) (plf) (plf)
Laboratory: BCGT 10/27/09 553 1473 996

1124 2058 1250
Normalized Peak Connection Equation Fit 1681 2237 1428

English Metric 1681 2373 1548
Intercept (plf) 907 13.24 1688 2328 1526
Slope1 45.7 45.7 2245 2494 1707
Break - Normal 1100 16.05 2809 2739 1779
Slope2 24.1 24.1 3380 3119 1885
Maximum (plf) 3054 44.57 0 0 0

0 0 0
Normalized 3/4" Serviceability Equation Fit 0 0 0

0 0 0
Intercept (plf) 748 10.92 0 0 0
Slope1 24.1 24.1 0 0 0
Break - Normal 1650 24.08 0 0 0
Slope2 12.9 12.9 0 0 0
Maximum (plf) 1882 27.47 0 0 0

MaxNormal MaxNormal 3380
Normal Peak Normal Normal 3/4"

0 907 0 0 748
1100 2034 1650 1650 1486
3380 3054 3380 3380 1882
6000 3054 6000 6000 1882
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HITEC CONNECTION EVALUATION
Normalized Laboratory Test Data

Keystone Unit: Compac III Tlot/Tult=1.08
Manufacturer: Mirafi Normal Load Peak Connection 3/4" Connection
Geogrid Type: 8XT (plf) (plf) (plf)
Laboratory: BCGT 10/27/09 559 1522 1034

1124 2019 1398
Normalized Peak Connection Equation Fit 1688 2389 1734

English Metric 1688 2555 1861
Intercept (plf) 1065 15.54 1695 2484 1683
Slope1 40.3 40.3 2238 2778 1976
Break - Normal 1680 24.52 2816 3205 2165
Slope2 27.6 27.6 3380 3376 2330
Maximum (plf) 3378 49.31 0 0 0

0 0 0
Normalized 3/4" Serviceability Equation Fit 0 0 0

0 0 0
Intercept (plf) 694 10.13 0 0 0
Slope1 31.8 31.8 0 0 0
Break - Normal 1700 24.81 0 0 0
Slope2 18.9 18.9 0 0 0
Maximum (plf) 2323 33.91 0 0 0

MaxNormal MaxNormal 3380
Normal Peak Normal Normal 3/4"

0 1065 0 0 694
1680 2490 1700 1700 1748
3380 3378 3380 3380 2323
6000 3378 6000 6000 2323
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Tult = 5,900 plf
RFcr = 1.20
CRult / CRcr

0.154/0.128

0.345/0.287

0.518/0.431 0.518/0.431



3/10/15

pjs

HITEC CONNECTION EVALUATION
Normalized Laboratory Test Data

Keystone Unit: Compac III Tlot/Tult=1.07
Manufacturer: Mirafi Normal Load Peak Connection 3/4" Connection
Geogrid Type: 7XT (plf) (plf) (plf)
Laboratory: BCGT 10/27/09 553 1473 996

1124 2058 1250
Normalized Peak Connection Equation Fit 1681 2237 1428

English Metric 1681 2373 1548
Intercept (plf) 907 13.24 1688 2328 1526
Slope1 45.7 45.7 2245 2494 1707
Break - Normal 1100 16.05 2809 2739 1779
Slope2 24.1 24.1 3380 3119 1885
Maximum (plf) 3054 44.57 0 0 0

0 0 0
Normalized 3/4" Serviceability Equation Fit 0 0 0

0 0 0
Intercept (plf) 748 10.92 0 0 0
Slope1 24.1 24.1 0 0 0
Break - Normal 1650 24.08 0 0 0
Slope2 12.9 12.9 0 0 0
Maximum (plf) 1882 27.47 0 0 0

MaxNormal MaxNormal 3380
Normal Peak Normal Normal 3/4"

0 907 0 0 748
1100 2034 1650 1650 1486
3380 3054 3380 3380 1882
6000 3054 6000 6000 1882
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HITEC CONNECTION EVALUATION
Normalized Laboratory Test Data

Keystone Unit: Compac III Tlot/Tult=1.08
Manufacturer: Mirafi Normal Load Peak Connection 3/4" Connection
Geogrid Type: 8XT (plf) (plf) (plf)
Laboratory: BCGT 10/27/09 559 1522 1034

1124 2019 1398
Normalized Peak Connection Equation Fit 1688 2389 1734

English Metric 1688 2555 1861
Intercept (plf) 1065 15.54 1695 2484 1683
Slope1 40.3 40.3 2238 2778 1976
Break - Normal 1680 24.52 2816 3205 2165
Slope2 27.6 27.6 3380 3376 2330
Maximum (plf) 3378 49.31 0 0 0

0 0 0
Normalized 3/4" Serviceability Equation Fit 0 0 0

0 0 0
Intercept (plf) 694 10.13 0 0 0
Slope1 31.8 31.8 0 0 0
Break - Normal 1700 24.81 0 0 0
Slope2 18.9 18.9 0 0 0
Maximum (plf) 2323 33.91 0 0 0

MaxNormal MaxNormal 3380
Normal Peak Normal Normal 3/4"

0 1065 0 0 694
1680 2490 1700 1700 1748
3380 3378 3380 3380 2323
6000 3378 6000 6000 2323
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HITEC CONNECTION EVALUATION
Normalized Laboratory Test Data

Keystone Unit: Compac III Tlot/Tult=1.16
Manufacturer: Mirafi Normal Load Peak Connection 3/4" Connection
Geogrid Type: 10XT (plf) (plf) (plf)
Laboratory: BCGT 10/27/09 559 1370 976

1124 2016 1398
Normalized Peak Connection Equation Fit 1688 2408 1755

English Metric 1695 2414 1689
Intercept (plf) 733 10.70 1695 2319 1739
Slope1 48.8 48.8 2238 2663 1944
Break - Normal 1150 16.78 2809 2959 2145
Slope2 29.5 29.5 3373 3357 2330
Maximum (plf) 3304 48.23 0 0 0

0 0 0
Normalized 3/4" Serviceability Equation Fit 0 0 0

0 0 0
Intercept (plf) 560 8.17 0 0 0
Slope1 36.9 36.9 0 0 0
Break - Normal 1450 21.16 0 0 0
Slope2 19.6 19.6 0 0 0
Maximum (plf) 2333 34.06 0 0 0

MaxNormal MaxNormal 3373
Normal Peak Normal Normal 3/4"

0 733 0 0 560
1150 2047 1450 1450 1649
3373 3304 3373 3373 2333
6000 3304 6000 6000 2333
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Tult = 7,400 plf
RFcr = 1.20
CRult / CRcr

0.144/0.120

0.337/0.280

0.457/0.380 0.457/0.380
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HITEC CONNECTION EVALUATION
Normalized Laboratory Test Data

Keystone Unit: Compac III Tlot/Tult=1.08
Manufacturer: Mirafi Normal Load Peak Connection 3/4" Connection
Geogrid Type: 8XT (plf) (plf) (plf)
Laboratory: BCGT 10/27/09 559 1522 1034

1124 2019 1398
Normalized Peak Connection Equation Fit 1688 2389 1734

English Metric 1688 2555 1861
Intercept (plf) 1065 15.54 1695 2484 1683
Slope1 40.3 40.3 2238 2778 1976
Break - Normal 1680 24.52 2816 3205 2165
Slope2 27.6 27.6 3380 3376 2330
Maximum (plf) 3378 49.31 0 0 0

0 0 0
Normalized 3/4" Serviceability Equation Fit 0 0 0

0 0 0
Intercept (plf) 694 10.13 0 0 0
Slope1 31.8 31.8 0 0 0
Break - Normal 1700 24.81 0 0 0
Slope2 18.9 18.9 0 0 0
Maximum (plf) 2323 33.91 0 0 0

MaxNormal MaxNormal 3380
Normal Peak Normal Normal 3/4"

0 1065 0 0 694
1680 2490 1700 1700 1748
3380 3378 3380 3380 2323
6000 3378 6000 6000 2323
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HITEC CONNECTION EVALUATION
Normalized Laboratory Test Data

Keystone Unit: Compac III Tlot/Tult=1.16
Manufacturer: Mirafi Normal Load Peak Connection 3/4" Connection
Geogrid Type: 10XT (plf) (plf) (plf)
Laboratory: BCGT 10/27/09 559 1370 976

1124 2016 1398
Normalized Peak Connection Equation Fit 1688 2408 1755

English Metric 1695 2414 1689
Intercept (plf) 733 10.70 1695 2319 1739
Slope1 48.8 48.8 2238 2663 1944
Break - Normal 1150 16.78 2809 2959 2145
Slope2 29.5 29.5 3373 3357 2330
Maximum (plf) 3304 48.23 0 0 0

0 0 0
Normalized 3/4" Serviceability Equation Fit 0 0 0

0 0 0
Intercept (plf) 560 8.17 0 0 0
Slope1 36.9 36.9 0 0 0
Break - Normal 1450 21.16 0 0 0
Slope2 19.6 19.6 0 0 0
Maximum (plf) 2333 34.06 0 0 0

MaxNormal MaxNormal 3373
Normal Peak Normal Normal 3/4"

0 733 0 0 560
1150 2047 1450 1450 1649
3373 3304 3373 3373 2333
6000 3304 6000 6000 2333
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Tult = 9,500 plf
RFcr = 1.20
CRult / CRcr

0.077/0.064

0.215/0.180

0.348/0.290 0.348/0.290
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HITEC CONNECTION EVALUATION
Normalized Laboratory Test Data

Keystone Unit: Compac III Tlot/Tult=1.16
Manufacturer: Mirafi Normal Load Peak Connection 3/4" Connection
Geogrid Type: 10XT (plf) (plf) (plf)
Laboratory: BCGT 10/27/09 559 1370 976

1124 2016 1398
Normalized Peak Connection Equation Fit 1688 2408 1755

English Metric 1695 2414 1689
Intercept (plf) 733 10.70 1695 2319 1739
Slope1 48.8 48.8 2238 2663 1944
Break - Normal 1150 16.78 2809 2959 2145
Slope2 29.5 29.5 3373 3357 2330
Maximum (plf) 3304 48.23 0 0 0

0 0 0
Normalized 3/4" Serviceability Equation Fit 0 0 0

0 0 0
Intercept (plf) 560 8.17 0 0 0
Slope1 36.9 36.9 0 0 0
Break - Normal 1450 21.16 0 0 0
Slope2 19.6 19.6 0 0 0
Maximum (plf) 2333 34.06 0 0 0

MaxNormal MaxNormal 3373
Normal Peak Normal Normal 3/4"

0 733 0 0 560
1150 2047 1450 1450 1649
3373 3304 3373 3373 2333
6000 3304 6000 6000 2333
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Mirafi XT - Compac III Connection Strength Normalization (lbs/ft) 1/29/15

MARV INDEX Tlot/Tult
3XT 3,500 3,484 1.00
5XT 4,700 5,130 1.09
7XT 5,900 6,317 1.07
8XT 7,400 7,987 1.08
10XT 9,500 10,973 1.16

MARV - Mean Average Roll Value
INDEX - Strength of roll used
Tlot/Tult = INDEX/MARV
Lot - Manufacturer Roll Identification

Lot

031109615/08296-1-3

AASHTO specifications require that connection test data be normalized to the actual 
strength of the geogrid tested to conservatively address statistical variation based on 
the MARV value.

Short term connection tests shall be reduced by the Tlot/Tult factors to adjust to the 
lowest statistical geogrid strength as determine by the MARV analysis.

032092006/06244-2-4
031106986/08234-1-4
031062656/06334-1-4
031109345/08288-1-1 
























































































































































































































































































































































































