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1. Introd uction

It has been shown that geogridshen properly installed as aggregate base and/or subgrade
reinforcementcan help to improve the service life and performance of roads and highways and
help reduce their repair and maintenance costs (e.g., Perl@fsli&hg and Gabr 2002, Perkins

et al. 2004, Giroud and Han 2004, Gabr et al. 2006, Aran 2006, Holtz et al. 2008, Kwon and
Tutumluer 2009). The existing specifications manual of the Oklahoma Department of
Transportation (ODOT 2009) only endorses a veryitéich number of geogrids for base
reinforcement andheed to be updated to include a wider range of products that are currently
available on the market. However, there are currently no universally accepted guidelines for the
acceptance and specification géogrids for base reinforcement and subgrade stabilization
applications.Alzamoraand Andersor(2012 highlightedchallenges that different State DOTs

and research institutions face in establishing a direct connection between index properties of
geogrids ad their field performance. Nevertheless, careful measurement of geogrids index
properties and their taggregate performance in controlled laboratory conditions is essential in
order to develop empirical correlations with field performance and input piepéehat are
needed to develop mechanistic models for the design of reinforced base pavements.

Therefore, a primary objective of the current study was to help ODOT expand its selection of
approved geogrid products for base reinforcement applicationsobly@ng measured data on
selected geogrids and a demgaded base aggregate commonly used in ODOT roadway
projects. The study involved dsolation and iraggregate laboratory testing of several base
reinforcement geogrid products from major geosynthstippliers. The n-isolation tests
included rib strength and junction strength tests, thrih-aggregate tests included pullout and
plate load testen reinforced aggregate models involvisglected geogrid products. Fieddale
installation damage testsere also performed to investigate the survivability of the selected
geogrids during simulated constructigaprimary objective of thedboratory and field teson
different geogrids in this studwas to quantify the significance of the geogridsisolation
properties on their laggregate response under controlled conditions.



2. In-isolation testing of geogrids
2.1 A review of geogrids used in the U.8nd classification of geogrid products
2.1.1. Vendersod6 dat a

As a first step othis study,a survey was carried out oa wide range of commonly available
geogrids on the market i n order to i1 dentify
specifications. Candidate geogrids were initially screened from the 2009 issue of the
Geosynt het i cisle (I6A 2009) bnithe basis of Gair aperture size and rib strength

at 5% strain. Tensar BX1100 and BX1200 geogrids which are primarily used in ODOT projects

are referred to as the control geogrids in this study. These geogrids are referred tehasnbiype

Type-2 geogridsrespectivelyin the ODOT specifications manual.

Several geogrid producers and suppliers were contdoteddditional information ortheir
products. A database of surveyed geogrids and their selpotgerties(aperture size, rib
strength at 5% strain and ultimate strengthpiven in Appendix AFigure 1 shows a histogram

of geogrid products available on the market based on their machine direction (MD) rib strength
at 2%strain, which is useth specifications published by several U.S. State DOTs$se&on

2.1.2 DOT agencies ag. The rib strength at 2% strain has been recommended as a
serviceability criterion in previous studiesd.Christopheret al. 2008. The histogranin Figure

1 was produced based on a survey of 113 geogrids from available sources.
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Among these 113 geogrids surveyed, 66 geogrids were biSxigle this studyvasfocusel on
bi-axial geogrids used for base reinforcement, the distribution ofimMBtrengthat 2% strain of
bi-axial geogridsas a subset of what is@lin in Figure 1 is shown inFigure 2.
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Amongthe 66 geogridsepresented ifrigure 2, a total of 31 geogrids were found to have either
an aperture size or a 58trainrib strengthvalue comparable tdhose ofODOT Typel and
ODOT Type2 geogrids as given ifmable 1. The geogrid products discussed in this report are
classified as extruded and nexrtruded geogrids (EGG and NEGG, respectively). The NEGG
category, in turn, includes woven and knitted geogrids (WGG and, K€xpectively).



Table 1. List of candidate geogridwith either aperture size or 5%train tensile strength
comparable to those of ODOT Tyfeand Type2 geogrids

Aperture Size Strength @ 5%
(in) Strain (Ib/ft)

MD XD MD XD

ACE GG30-11 1.00 1.12 1027.40 NP
ACE GG300-1 1.00 1.20 8219.16 NP

BX1100* 1.00 1.32 582.19 917.81
BX 1120 1.00 1.32 582.19 917.81
BX1200** 1.00 1.32 808.22 1342.46
BX-1220 1.00 1.32 808.22 1342.46
BX 1500 1.00 1.24 1198.63 | 1369.86
BX 4100 1.00 1.32 547.94 719.18
BX-4200 1.00 1.32 719.18 1000.00
Fornit 20 0.60 0.60 753.42 1095.89
Fortrac 35 0.80 0.80 890.41 NA
LBO 202 1.12 1.52 650.68 924.66

MacGrid EB2 1.68 2.00 616.44 917.81
MacGrid EB3 1.68 2.00 924.66 | 134246
MacGrid WB1 1.00 1.32 1041.09 | 787.67
MacGrid WB2 1.00 1.32 1041.09 | 1130.13
MacGrid WB3 1.00 1.00 863.01 979.45
MacGrid WG3 1.00 1.12 1027.40 NP
MacGrid WG5S 0.96 1.12 1917.80 NA
MacGrid WG8 0.96 1.12 2739.72 NA
Mirafi BXG 11 1.02 1.02 917.81 917.81
Mirafi BXG 12 1.02 1.02 917.81 1349.31
Miragrid 3XT 0.88 1.00 1054.79 NA

MS 220 1.68 2.00 616.44 919.18
MS 330 1.68 2.00 924.66 | 134246
MS 500 2.40 2.40 924.66 | 1342.46
SF 11 1.00 1.00 1041.09 [ 787.67
SF 12 1.00 1.00 1041.09 | 1363.01
SF13 1.00 1.00 1041.09 | 1164.38
SF 15 1.00 1.00 1198.63 | 1369.86

StrataGrid SG150[ 1.02 0.96 623.29 424.66

Note:” ODOT Typel Geogrid; ODOT Type2 Geogrid NA: Not Applicable;
NP: Not Providedproducts in greecells wereultimatelyselected fotesting in this study

5



Based on the above survey and the selection criteria illustratedyume 3, a total of eight
geogrds were selected as a final set for testing in this stlidpl¢ 2). Dimensional and 5%
strain rib strength properties of these geogrid products (tested in this study) found from
manufacturer datasheet are presgmelable 3.

Either aperture

size or 5% 1. Keep GGs available in
Filtering products . strength US market and widely used
with N/A and N/P Keep bf%mal comparable to 2. Tri-axial geogrids are
properties @ 5% rib geognas those of ODOT- also included

strain in MD endorsed geogrids
. v,
1(]8;) f;ggg;t)s 113 products 66 products 31 products v 8 products

Figure 3. Procedureused toselectgeogrid products for testing this study(Note: EGG-
Extruded Geogrid; NEGGNon Extruded Geogrid)

Table2. List of selected geogrid products tested in this study

Commercial Name Designation i this | - Fabrication Manufacturer Grid Structure | Polymer
report Category
BX1200 EGG1 Tensar BX
EB2 EGG2 Maccafern BX
EGG PP
TX140 EGG3 Tensar X
TX160 EGG4 Tensar X
BXG11 WGG1 TenCate-Mirafi BX
2 7 2 “Mir

BXGI12 WGG2 NEGG TenCate-Mirafi BX PET
SF11 WGG3 Synteen BX
SG150 KGG1 Strata BX

Notes: PP: Polypropylene, PET: Polyester, BX: Biaxial, TX: Triaxial



Table3. Selectedproperties of geogrid produdisted in Table Zrom manufacturer datasheet

Strength @ 5% Strai
Aperture Size (in) ength @ 5% Stran
Geogrid (Ib/ft)
MD XD MD XD
EGGI1 1 1.3 808.22 1342.46
EGG2 1.7 2 616.44 917.81
WGGI 1 1 917.81 917.81
WGG2 1 1 917.81 1349.31
WGGS3 1 1 1041.09 787.67
KGGI 1 1 623.29 424.66
Rib Pitch (in) Mid-rib Depth (in) | Mid-rib Width (in)
Geogrid ‘g g é ‘g g é ‘g g é Rib Shape Alf)emlre
50 ¥ z &0 ¥ z &0 ¥ z Shape
EGG3" | 16 | 16 - - 10.048]0.048| - |0.044 | 0.044 | Rectangular | Triangular
EGG4™ | 1.6 | 1.6 - - 100640056 - 0.04 | 0.048 | Rectangular | Triangular

® included in the final set due to ODO Tterest

2.1.2 DOT agencies ata

Table 4 shows a list of all 50 State DOTs in the United States that were surveyed with respect to
their geogrid specifications. Th&irvey revealed that those DOTs that have specifications for
base reinforcement geogrids specify MD rib strength values at 2% elongation which vary
between68.5 Ib/ft and 205.5 Ib/ft This range represents 6286 the biaxial geogrid products
surveyed(i.e. 41 out of 66 producty within the lower end oftensile strengtlvalues Figure 3
andFigure 2). Stronger geogridéspecially of uniaxial typeare primarily used for reforced

soil walls, embankments and steepened slopes, whiabugsiglethe scope of this study. Based

on the above surveyhe geogridslisted in Table 2 were grouped into categories shown in
Figure 4. The25Ib split value for junction strength shown Figure 4 was selected based on

the Holtz et al.(2008 requirement for minimum ultimate junction strength of geogiiti& split

value for the 2%strain rib strength was selected such that ODOT Typed ODOT Type



geogrids represetiie weak rib (Wg) and strong rib (9 categoriesrespectivelywith respect to
this index property.

Table4. State DOTs proding geogrid specifications for base reinforcement

State

Specs.

No
Specs.

Info.

Source

Alabama

v

State

Specs.

No
Specs.

Info.
Source

Alaska*

v

< |cw

Louisiana

<

Arizona

Mame

Arkansas

Maryland

California

Massachusetts

Colorado

Michigan

NENENEN

Comnecticut

Minnesota

Delaware

NENENENENEN

Mississippi

Florida*

Missouri

Georgia

Montana

Hawaii

Nebraska

Idaho

Nevada

Tllinois

NENENEN

New Hampshire

Indiana

New Jersey

Iowa

<

New Mexico

Kansas

v

New York

Kentucky

v

P |B | B | | | PP | P || | P || |[K] | P

North Carolina

/B
<

*

DOT Agency Website

Correspondence with Agency

North Dakota

NENENENENENENENENENEN

P ||| | | |P |p || |p | | [K[K] K | |[K]

State | Specs. SpNe:S. Slonl.fni:le
Ohio v /B
OKlahoma* | v/ /B
Oregn | v/ /B
Pennsylvania v | B
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Figure4. Classification of thgeogridproducts used in the study

2.1.3 Geogrid properties

A few recentstudies have been aimed at developing a correlation betweenprujsxties of
geogrids andheir field performance (e.g. Perkins et al. 2004, Chehab et al. 2007, Christopher et
al. 2008,Tang et al. 2008).

Perkins et al. (2004§levelopednumerical models and testing methods to determine input
parameterdgor the geogd reinforcement andts interaction with theaggregate and subgrade
materials The testing methods includieensile tests for evaluatinglirection dependennon
linear elastic constants for the reinforcement and cyclic pullout tests for evaluatingsa stre
dependent interface shear resilient modulBsrkins et al. (2004)arried out widewidth tensile
tests according to ASTMD4595 with a cyclic loading protocol onthree geosynthetic
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reinforcement products. Thestudiedthe influencesof the geogridselastic tensile modulus,
equivalentisotrpi ¢ modul us a mmdthe Blastic sesponse reinfarcad pavement
modek. Their cyclic pullout test results showed that the interface shear modulutepasdent
on the normal and shear stress on thefexte.

Chehab et al. (2007) studied the effects of aperture size, tensile strength at 2%ilstraite
tensile strength, junction strength and flexural rigidity of geogrids on rup@rrmance of
smaltscale roadway model3hey performedAcceleratel Pavement Test®PT) on a 7.3 ftx
12 ft test pit.The pit was originally 14 ft deep but was backfilled with aggregate. The densely
compacted aggregate layer served as a bedilazlsupport. The top 16 ameswas considered
asthe pavement section. Thaysed aggregate as subgrade and base matensy. selectec
Type-2A aggregate base camming to the PennDOT specificationsAn aphalt slab was
constructed on the top of base layEney presented series ofcorrelatiors betweernthe geogrid
index properties and the rutting performanceof their reinforced modelsChehab et al. (2007)
concludedthat adequateaultimate junction strength isssentiafor the geogricto develophigh
pullout resistance. Overaljood correlatios were found between geogrid tesile strength and
junction strengttpropertiesand results of theinterfaceshearand pullout tests.

Christopher et al. (2008) suggested thilatstrength at 2% strain is a suitable value for geogrid
design for base reinforcement at sendeeel condiions. They concluded th@inction strength
at 2% strairshould thereforebe usedas an appropriate valtie achieve a consistedéesign.

Tang et al. (2008¢xamined the correlations between ingeaperties such as the aperture size,
wide-width tensilestrengthand junction strengtbf four geogrid productand theirbenchscale
interface tesaind pullout testesults.Theyfound thatjunction and tensile strength properties of
geogrids at small strairshowedstrongcorrelationswith their in-aggregateperformanceThey
observed thathe pullout coefficient of interaction factonscreased with thgunction strength
andthe ribtensile strength at 2% straifithe geogrids tested

Cuelho and Perkins (2008pnstructedield test sections to evaluate therformance of several
geosyntheticgor subgrade stabilization applicatioA sandy clay soil was prepared as a weak
roadbed material to a CBR strength of approximately dn8 a 8-inch-thick aggregate layer
was compacted over the geosyntheémforoement They examined the effects dhe tensile
strength at 2% strain, 5%irain andthe ultimate tensile strength on the rutting performance of
geogridreinforced roadway test sectionSuelho and Perkins (2009cknowledgedthat a
number of geosynthetiproperties may be working together to stabilizsubgrade However,
theyattributeda majority of thestabilizationbenefit to thegeosyntheticability to support loads

in a direction transverse to the applied load, i.eirtlseossmachine direction. Adirect
comparison between tensile strength in the ensashine direction at 2% and 5% strain was

made to investigate wheth&uelho and Perkins (2008pncluded thathe observed rutting in
10



their test models was related to the tensile strength of theymbetic in the cross machine
direction and arnincrease inthe 2%-strain and 5%strain tensile strengthvaluesin the cross
machine directionvould reduce the amount of rutting and hence a better paveerdotmance.

The above studies have revealed shgnificanceof geogrid mechanical properties on thew in
aggregate performancelowever,the influence of individualndex properties of geogrids on

their inaggregate performance is still not welhderstood and requires further study
Furthermore, thenfluence of the geogrid index properties on thekaggregate performance

also depends on the properties of the aggregate. Therefore, this study is aimed at producing
experimental data which are specific to aggregate types that are commonly used iayhighw
projects in Oklahoma. Nevertheless, the methodology adopted in this study as described in this
reportis applicable to other aggregate types in future studigessed on the survey of previous
studies, thegeogrid properties that are important to theraggregate performancare
summarizedn Table 5. Sdectedgeogrid properties of interest in this study are listetable 6.

Table 5. List of geogrid properties examined for base reinforcement applications in related
previous studies

Mechanical Properties (MD and Webster Giroud and | Chehab et al Tang et al. Cueho and | Current
XD) (1992) Ham (2004) (2007) (2008) Perkms (2009)| Study
Ultimate Rib Strength N N N N
Rib Strength at 2%Elongation N N N N
Rib Strength at 5%Elongation N N
Junction Strength N N N N
Tensile Modulus N
Aperture Size N N N
Flexural Rigidity N N
Aperture Stabilty Modulus N N
Rib Thickness N
Rib Cross-Section Shape N
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Table6. Geogrid properties of interest in this study

Mecharnical Properties (MD and XD) Fabrication Technique
Ultimate Rib Strength Extruded
Rib Strength at 2% Strain Non Extruded (Woven and Knitted)

Rib Strength at 5% Strain
Ultimate Junction Strength

2.2 Junction strengthests

2.2.1. Fabrication of pnction strength testing lamps for extruded and noextruded
geogrids

A total of eighty (80) junction strength tesiserecarried out on geogridsstedin Figure 4 in
both MD and XD directioraccording to the GRI GG2 test methéddminimum of five replicate
samples of each product were prepared and tested. In these tests, a junction clamp fpedy grip
the transverse ribs on each side of the junctibgufe 5) and the specimewas subjected to a
monotonic tensile load until the junction fl In addition to obtaining junction strength values
for the geogrid products, these tests helped us evaluate the performancibfithéed clamps
and apply necessary modifications to improverrtiperformance Due to themanufacturing
technique and comparativelgw junction strengththe strainmagnitudesof the norextruded
geogrids (NEGG)were low. Therefore it was decided to report only the ultimate junction
strength ofthese products. Digital imageryechnique was used to determine the stiain
extruded geogrid (EGG) produdit/ang 2009)

Figure 6 andFigure 7 show the tensile testing machine and an example outpiufr@io the in-

isolation tests, respectivellgigure 8 shows different failure modes observed in the junction tests
carried out on the extruded geogrid (EGG) products.
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Figure 5. Clamp andexampletest specimen used in junction tests (junctions in the specimen
shown areneinch apart from each other)

Figure6. Tensile testing frame faestingrib and junction strengtbf geogrid specimens
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Figure7. Specimen failure as captured on the data acquisition system screen

Figure 8. Different failure modes observed in junction testing of extruded geogrids: (a) Brittle
failure (b) Ductile failure

2.2.2. Junction sength test results
Samples othe eight (8) different geogrids examined in this stubigb(e 2 and Table 3) are

shown in Figure 9 through Figure 16, respectively.Figure 17 shows a EGG4 geogrid
specimen inhe junction test setupefore and after failure.
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Figure9. EGG1geogrid junction strength specimens after the test in (a) MD (@)D

Figure10. WGG1geogrid junction strength specimens in XD: (a) before failure, (b) after failure
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Figurell WGG2geogrid junctim strength specimens: (a) before the test, (b) after f4\iD9,
(c) after failureg(XD)

Figurel2. WGG3geogrid junction strength pecimens (a) before the test, (b) after fanDrg
(c) after failure XD)
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Figure13. KGGL1 geogrid junction strength specimens: (a) before the test, (b) after fare
(c) after failure XD)
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Figurel4. EGG2(single layer) geogrid junction strength specimens after the test: (a) iandD
(b) in XD

@

P XD)

Figure15. EGG3geogrid junction strength specimens: (a) betbeetest, (b) after failureMD),
(c) after failure XD)
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Figure16. EGG4geogrid junction strength specimens: (a) befbeetest, (b) after failuréMD),
(c) after failure XD)

Figurel7. EGG4geogridspecimernin junction strength tes{a) before the test, (b) after failure
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Junction test results for the eight (8) different types of geogrigsiigated Table 2) are shown

in Figure 18throughFigure 33. In the cases dEGG3andEGG4geogridsin Figure 30through
Figure 33, th e i Mddadion refers to the ribs that are situated3@t from the machine
direction due tdheir triangular configuratios The test results for each geogrid pradisested

are summarizeth Table 7 and Table 8. In the results shown in these figures and tables, the
outlier data points were discarded such that all the remaining ditiailwvithin £5% of the
mean value.
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Table7. Summary of junction strength test results in machine dire@tid»)

Tunetion Strength in Machine Direction

(b)
Geogrid | Type Standard| _ % |MARV vale
1 2 3 4 s | M peiation| STEEIOT) g
) (o) \’Eﬂ'lﬂv.UOIl: manufacturer
COV (%)
SgSy
EGG1 Biaxial | 134.99 | 134.88 [132] 135.89 135.25 0.45 0.33 101.52
Extruded
SgSy
WGG1 | Biaxial | [41.27] | 35.63 35.39 33.04 34.69 1.17 3.37 30.00
Woven
SgSy
WGG2 | Biaxial | 28.26 28.27 27.67 28.35 [39.9] 28.14 0.27 0.97 30.00
Woven
SgW;
WGG3 | Biaxial 16.79 16.39 16.47 16.37 16.38 16.48 0.16 0.96 59.40
Woven
SxW;
KGG1 | Biaxial 17.29 10.24 14.41 12.81 13.69 2.56 18.68 30.50
Knitted
EGG2 | WigS;
(single Biaxial | [63.84] | 82.95 81.38 82.92 79.40 81.66 0.73 0.90 70.53
layer) | Extruded
SrS7
EGG3 | Triaxial | 47.21 47.21 48.33 47.58 0.53 1.11 NP
Extruded
SrS7
EGG4 | Triaxial | 56.20 56.20 5845 56.95 1.06 1.86 NP
Extruded

Cell background color key:

[+~
NP

Junction meets minimum Holtz et al. (2008) requirement
Junction does not meet minimum Holtz et al. (2008) requirement

Outlier value

Not provided by the manufacturer
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Table8. Summary of junction strength test resuliross machine directidiXD)

Tunction Strength in Cross-Machine Direction
(b)
Geogrid | Type Mean Standard | Co-efficient [MARYV value
1 2 3 4 5 Deviation|of Varation, from
(W) (6) | COV (%) | manuficturer
SgSy
EGGl | Biaxial | 156.31 | 153.63 |[125.60]| 142.64 150.86 5.92 3.92 152.67
Extruded
SgSy
WGG1 | Biaxial 19.85 18.57 21.77 [28.81] 20.06 1.32 6.55 30.00
Woven
SrS7
WGG2 | Biaxial | 23.53 2345 | [38.63] | 23.60 23.53 0.06 0.27 30.00
Woven
SrW;
WGG3 | Biaxial 11.33 10.93 [6.44] 11.12 11.13 0.16 1.47 47.60
Woven
SrW;
KGG1 | Biaxial 6.72 6.72 6.72 6.40 6.64 0.14 2.09 20.30
Knitted
EGG2 | WgS;
(single | Biaxial | 95.73 90.92 90.64 94 .88 97.64 93.96 2.75 2.93 90.64
layer) | Extruded
SrS7
EGG3 | Triaxial | 47.21 4721 44 96 46.46 1.06 2.28 NP
Extruded
SrS7
EGG4 | Traxial | 6744 65.19 65.19 65.94 1.06 1.61 NP
Extruded

Cell background color key:
Junction meets minimum Holtz et al. (2008) requirement
Junction does not meet minimum Holtz et al. (2008) requirement

-]
NP

Outlier value

Not provided by the manufacturer
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2.3 Rib strengthésts

Several preliminary tensile strength tests were carried out on selected geogrids according to the
ASTM D6637 test protocol. However, the existing clamping mechanism for single rib specimens
was found to be problematic; either the specimens would pull out of the clamps or the measured
tensile strength values for different specimens were not consistent. Therefore, nesvobaenp
fabricatedio improve the test results as describvethe following sections

The new clamg were successfully tried on both ODOT Twie and Type2 geogrids.
Afterwards, hes clams were used to carry out a total of B@isolation rib strength tests to
determine the 2%train 5% strainand ultimate tensile strengtlalues ofthe geogrids listed in
Table 2 andTable 3 in both machine (MD) and crossachine (XD) directiong-ive tests were
carried ouin MD and five in XDfor each geogd products.

2.3.1 Fabrication of rib strength testing clamps for extrudedgrids

Two 4 inchesx 4 inchesx 0.2 inch steel plates were fabricated rib strength test clamps. In

order to grip the geogrid ribs properly, a clamping system was developiedtilized frictional

and interlocking forces using two layers of sandpapers mounted on the inside edges of each
clamp. A piece of No. 100 wood sandpaper was fixed on the edge of the clamp using superglue
as a permanent frictional layer.JAinch x 1 inch piece of sandpaper was placed on the middle of
each fixed sandpaper layer as a disposable pad as shoWiguire 34. These pieces were
replaced after each test because they would lose their roughness dumgyg testi

Figure34. Rib strength test clantpr extruded geogridand accessories

Specimen preparatidn our procedurdor rib strength testing of geogrids included the following
steps:
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1. A piece of geogrid was cut with the lengthtwo or more aperture sizes depending on the
aperture sizeThen, the initial length of the geogrid specimen was measured and its junctions
were marked using a white marker, as showirigure 34. According to ASTM D6637 test
standard, each specimen should consist of 3 junctioh3 wrlong.

2. Clamp bolts were inserted into the holes amalby 1 in pieces of sandpaper were placed and
aligned on the two clamps as showrFigure 35(a). The test specimen ardlditional dummy
(spacey pieces of geogrid were placed on the clampsqual distances from the center of the
bolts as shown ifrigure 35(b). Spacer pieces of geogrid weused to keep the clamp plates
parallel to each other which would help increase the grip of the clamp on the specimen during
the application of tensile load.

3. Two additional small pieces of sandpaper were placed on the specimen inside the clamp.
During the assembly of the clamps, each nut was uniformly tightened one turn at a time until the
geogrid was completely secured in the clanipgure 36(a)).

Figure 35. (a) Sandpapers mounted test clamps (b) Alignment of test specimen and spacer
pieces on clamps

White markings for digital imagery

LR

Figure 36. (a) Geogrid specimen secured in the clamps, (b) test setup mounted on the tension
frame, (c) view from digital camera, ready to record the spatideformation.
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4. The clamps and specimen assembly were carefully transported to and mounted on the testing
frame as shown iRigure 36(b). A digital camera (camcorder) was set up to record the specimen
deformaton during the test as shown kigure 36(c). The view frame of the camera was
zoomed on the specimen such that the size of the specimen image was as large as possible and
yet, the two white marks on the specimemaeed within the viewing range during the entire

test until specimen failed.

5. The camcorder, the electric motor attached to the moving clamp and the data acquisition
system were started simultaneously. The test continued until the specimen Thitedew
clamping systemwvas found to significantly improve the test success rate for extruded geogrids
that offer very low surface friction. Only a minimum portion of the geogrid ribs needed to be
placed inside the clamps.

6. The ASTM D6637 test protocol recamends placing three junctions across the width of the
geogrid specimen inside the clamp. However, it was observed that placing three junctions in the
clamped area prevents adequate pressure concentration on the middle junction, which results in
increasedisk of the test rib sliding out of the clamps. Our new procedure requires the placement
of only one junction in a highly frictional clamped ar&ag(re 35b) which proved to be very
effective in securing the speaam in its place throughout the test.

7. In all rib strength tests performed on 86G1specimens in the machine direction (MD), the
specimens failed at tHecations of midspanjunctions, and the test was unable to capture the
failure of the ribs.It was concludedthat the ribs in machine direction are stronger than the
junctions.This is explained by the fact that extruded geogrids sudhGas1are manufactured
using a punctanddrawing techniqueThe ribs are stretched parts of the perforated polymer
sheet during the manufacturing process, which in contrast to the junctions, experience strain
hardening. As a result, the ribs become stronger than the juncidesdiscussed our
observations with Tensar representatives and they acknowlleédgefailure of the midspan
junctions may likely occur while testing the rib samples. Neverthalesgailure load recorded
regardless of the location of the rupture in the-spdnis typically reportedas the rib strength
value. It therefore appears that using twoeedure sizdong specimens in the rib strength tests
according to the ASTM D6637 test procedure makes it very difficult to measure the rib strength
without rupturing the junctiofiFigure 36(b) andFigure 37(a)].

8. In order to investigate the influence of specimen size on junction failure as stated above and to
eliminate any possibleboundary effectgi.e. proximity of thefailed junction to the clamps)
samples with five erture size length were tested. It was observed that the specimens still failed
at theirmid-spanjunction as shown ifrigure 37(b). This observation confirmed that the reason

for junction failure in rib strengthests was indeed due to weaker junctions as compared to the
ribs regardless of the specimen sitalso confirmed that the clamping system was robust and
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consistently resulted in failure at the specimen-ggdn as opposed to a location near the
clamps.The specimens tested in the crosachine direction (XD) all failed at the connection
between the ribs and junctiorfsdure 37(c)].

Figure37. (a),(b) Two and five aperture sieng sgecimens which failed at their junctions in rib
strength tests, (c) Specimen failed in crosschine direction

In addition to conventional biaxial geogridgcently introducedriaxial products EGG3 and
EGG4 by Tensamwere investigatedCurrently thereare no standard test protocols for sample
preparation, clamping requirements andsiolation testing of triaxial products. ASTM D6637
test standardvas followedfor this purpose, which was originally developed for uniaxial and
biaxial geogridsFigure 38 shows the geogrid samples prepared for the rib test according to
ASTM D6637. Figure 39 and Figure 40 show the rib test setup forhe EGG3 and EGG4
geogrids respectively, before and after failure.

In the case oEGG3and EGG4 products,rib strength testsvere carried ouin the directios
alongthe diagona(MD) and transverse (XDjbs. After comparinghe measured results and the
test data supplied by Tensar with the criteria giverFigure 4, both theEGG3 and EGG4
geogridswereclassifiedin thestrong riband strong junctiosategory.
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()

(MD) (XD)

Figure 38. Geagrid specimensfor rib strength test§a) EGG3 specimensand (b) EGG4
specimens

Figure39. EGG3geogrid sample for rib strength tests, (a) before the test, (b) after failure
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TX 160 - TX 16017,
Figure40. EGG4geogridsample for rib strength tests, (a) before the test, (b) after failure

2.3.2 Fabrication of rib strength testing clamps foon-extrudedgeogrids

When PVGcoated polyester (PET) geogrids were tested using the above test setup, it was
observed that in songpecimens polyester yarns were pulled out of the PVC coating leaving a
piece of the coating in the clamp. Based on this observation, a new clamping system was
developed for nomxtruded geogridss shown inFigure 41 and Figure 42. These clamps
helped mitigate stress concentrations at the ge@tpidp connections and therefore, prevent
immature failure of the specimen. This type of clamp is comparable to Capstan clampiéeand

grips discussed ithe ASTM D4595 test protocdASTM 2009).

Figure4l. Clamping system fabricated to tesin-extrudedgeogrids
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Figure42. Rib strength testg of non-extrudedgeogrid in prgress

2.3.3. Rib strength test results

Loadstrain test results for the geogrililted in Table 2 and Table 3 are shown irFigure 43
throughFigure 58.
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Figure48. Tensile strength test results\WiGG2geogrid in crossnachine direction
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Figure50. Tensile strength test resultsWiGG3geogrid in crossnachine direction
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Figure52. Tensile strength test resultsK&G1 geogrid in crossnachine direction
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Figure54. Tensile strength test resultsEGG2(single layer) geogrid in crosaachine direction
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Rib tensile strength values at 2% strairMB® and XD are summarized fable 9 andTable 10,
respectivelyln Table 9, the 2% rib strength values thfe extruded biaxial geags (i.e.EGG],
WGG1, WGG2 and EB2 from our lab tests are slightly higher than the MARV (Minimum
Average Roll Value) valigreported by theorrespondingnanufactures. This is not unexpected
because the MARYV values theoretically represent two standsiatides below the mean value
of a large population of samples with an assumeddoelle distribution (e.g. Koerner 2005).
The FHWA guidelines(Holtz et al.2008) also stipulatehat the test results from any sampled
roll in a lot should meet or exceelet minimum values reported by the manufacturérse
overall summary of the rib strength test resddts all geogrids testeare given in Table 9
throughTable 14.
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Table9. Summary of rib tensile strength values at 2% strain in machine direction

Geogrid

Type

2% Rib Strength in Machine Direction

(Ib/f)

MD 1

MD 2

MD 3

Mean

y

Standard
Deviation

(o)

Co-efficient
of Variation,
COV (%)

MARYV value
from
manufacturer

EGGI

SgS;
Biaxial
Extruded

698.63

1095.89

849.31

175.78

20.70

410.96

WGG1

SrS;
Biaxial
Woven

616.44

616.44

609.59

9.69

500.00

WGG2

SrS;
Biaxial
Woven

[1301]

958.90

684.93

821.92

136.99

16.67

500.00

WGG3

SrW;
Biaxial
woven

616.44

684.93

582.19

627.85

42.71

6.80

527.40

KGG1

SpW;
Biaxial
Knitted

410.96

479.45

479.45

456.62

32.29

7.07

EGG2

(single
layer)

WrS;y
Biaxial
Extruded

239.73

171.23

178.77

47.00

26.29

150.68

EGG3

SgS;
Triaxial
Extruded

356.16

397.26

7.06

NP

EGG4

SgS;
Triaxial
Extruded

479.45

342.47

376.71

5821

NP

Notes (sed-igure 4):
S;S; Strong Rib Strong Junction

SW: Strong Rib Weak Junction
W_S,;: Weak Rib Strong Junction
NP: Not provided by the manufacturer

[+

Outlier value




Table10. Summary of rib tensile strength values at 2% strain in cross machine direction

2% Rib Strength in Cross-Machine Direction
(b/f)
Geogrid | Type Mean Standard | Co-efficient [MARYV value
XD 1 XD2 XD 3 XD 4 Deviation | of Variation, from
W G) | COV (%) |manufacturer
SgS;
EGGl | Biaxial | 1506.85 | 1520.54 | 1095.89 137443 | 197.04 14.34 616.44
Extruded
SgS;
WGG1 | Biaxial | 616.44 684.93 684.93 662.10 32.29 4.88 500.00
Woven
SgS;
WGG2 | Biaxial | 821.92 547.94 410.96 [205] 593.61 170.85 28.78 746.57
Woven
SgW;
WGG3 | Biaxial | 753.42 753.42 890.41 799.09 64.58 8.08 575.34
woven
SgW;
KGG1 | Biaxial | 376.71 377.40 376.03 | 376.71 376.71 0.48 0.13 301.37
Knitted
EGG2 WzS;
(single | Biaxial | 178.08 152.74 178.08 169.63 11.95 7.04 226.03
layer) | Extruded
SgS;
EGG3 | Triaxial | 308.22 500.00 527.40 445.20 97.51 21.90 NP
Extruded
SgS;
EGG4 | Triaxial | 513.70 513.70 630.14 552.51 54.89 9.93 NP
Extruded

Notes:
S;S; Strong Rib Strong Junction

S W Strong Rib Weak Junction
W_S; Weak Rib Strong Junction

NP: Not provided by the manufacturer
[---] Outlier value
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Tablell Summary of rib tensile strength values at 5% strain in machine direction

5% Rib Strength in Machine Direction

(Ib/ft)
Geogrid | Type Mean Standard | Co-efficient | MARYV value
MD 1 MD2 [ MD3 Deviation| of Variation, from
O (o) COV (%) | manufacturer
SrS;
EGG1 | Biaxial | 1458.90|1589.04 | 1643.83 | 1563.92| 77.56 4.96 808.22
Extruded
SrS;
WGGI | Biaxial | 1164.38(1232.87|1232.87|1210.04| 32.29 2.67 917.81
Woven
SrS;
WGGQG2 | Biaxial | [2328] | 1917.80|1780.82 | 1849.31| 68.49 3.70 917.81
Woven
SrW;
WGG3 | Biaxial | 1013.70(1109.59]1109.59 | 1077.62| 45.20 4.19 787.67
woven
SrW;
KGGI1 | Biaxial | 616.44 | 623.29 | 616.44 | 618.72 3.23 0.52 623.29
Knitted
EGG2 WRS;
(single | Biaxial | 301.37 | 438.36 | 363.01 | 367.58 | 56.02 15.24 308.22
layer) | Extruded
SrS;
EGG3 | Traxial | 767.12 | 787.67 | 808.22 | 787.67 | 16.78 2.13 NP
Extruded
SrS;
EGG4 | Triaxial | 616.44 | 821.92 | 993.15 | 810.50 | 154.00 19.00 NP
Extruded
Notes:

S:S; Strong Rib Strong Junction
S W Strong Rib Weak Junction
W_S;: Weak Rb Strong Junction
NP: Not provided by the manufacturer

[+

Outlier value
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Table12 Summary of rib tensile strength values at 5% strain in cross machine direction

5% Rib Strength in Cross-Machine Direction
(Ib/f)

Geogrid | Type Standard | Co-efficient | MARV value
Mean

XD1 XD2 XD 3 XD 4 W Deviation | of Variation, from
H (o) COV (%) | manufacturer

SgSr
EGG1 Biaxial | 2273.97 | 2410.95 | 2054.79 2246.57 146.69 6.53 1342 .46
Extruded

SgSy
WGG1 | Baxial | 1630.13 | 1369.86 | 13506.85 1502.28 | 106.31 7.08 917.81
Woven

SgSy
WGG2 | Baxial | 1849.31 1917.80 | 2054.79 | 2054.79 | 1969.17 88.98 4,
Woven

th
]

938.35

SeW;
WGG3 | Baxial | 1082.19 | 1089.04 | 1095.89 1089.04
Woven

th
tn
O
=

s
et

1041.09

SgW;
KGG1 | Biaxial 513.70 479.45 547.94 527.40 517.12 24.93 482 424.66
Kanitted

EGG2 | WgS;
(singk Biaxial 356.16 315.07 342.47 337.90 17.09 5.06 458.90
layer) |Extruded

SgSr
EGG3 | Triaxial 8§21.92 890.41 924.66 878.99 42.71 4.86 NP
Extruded

SgSr
EGG4 | Triaxial 8§21.92 924.66 1130.13 958.90 128.14 13.36 NP
Extruded

Notes:
S:S; Strong Rib Strong Junction

S W Strong Rib Weak Junction
W_S;: Weak Rib Strong Junction
NP: Not provided by the manufacturer
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Table13. Summary olltimate rib tensile strength values in machine direction

Ultimate Rib Strength in Machine Direction

(Ib/ft)
Geogrid | Type Standard | Co-efficient |MARYV value
MD1 | MD2 | MD3 | M IDeviation| of Variation, | from
W 6) | COV (%) |mamfacturer
SgrSs
EGGI Biaxial | 1798.63 | 1767.12 | 1849.31 [ 1805.02 33.86 1.88 NP
Extruded
SgrSs
WGG] | Biaxial | 4383.55 | 444588 | 4315.06(4381.50| 53.43 1.22 2000.00
Woven
SgrSs
WGG2 | Biaxial | 2513.01 | 2876.71 | 2097.94 [ 2495.88 [ 318.16 12.75 2000.00
Woven
SrW;
WGG3 | Biaxial | 3210.27 | 2894.51 | 2943.14 [ 3015.98 [ 138.81 4.60 2390.41
woven
SrW;
KGG1 | Biaxial | 2191.78 | 2260.27 | 2054.79 [ 2168.95| 85.43 3.94 1876.71
Knitted
EGQG2 WgS;
(single | Biaxial | 477.40 | 502.05 | 410.96 | 463.47 | 38.47 8.30 461.64
layer) | Extruded
SgrSs
EGG3 | Traxal | 1027.40 | 1027.40 | 1034.24 {1029.68 | 3.23 0.31 NP
Extruded
SgrSs
EGG4 | Triaxial | 1164.38 | 1232.87 | 1301.37 [ 1232.87 | 55.92 4.54 NP
Extruded
Notes:

S:S; Strong Rib Strong Jution

S W Strong Rib Weak Junction
W_S,;: Weak Rib Strong Junction
NP: Not provided by the manufacturer

50




Tablel1l4. Summary of ultimate rib tensile strength values in cross machine direction

Ultimate Rib Strength in Cross-Machine Direction
(b/ft)
Geogrid | Type _ Standard | Co-efficient | MARV vale
XD 1 XD2 XD 3 XD 4 Mean Dewviation| of Variation, from
W (c) COV (%) | manufacturer
SrSy
EGGI | Biaxial |2503.42|2652.732739.72 2631.96( 97.58 3.71 NP
Extruded
SrS;
WGG1 | Biaxial | 2494.52|2173.97|1917.80 219543 235.93 10.75 2000.00
Woven
SrSy
WGG2 | Biaxial | 3082.19|2415.062607.53|2808.21 | 2728.25| 247.15 9.06 3999.99
Woven
SpWj
WGG3 | Biaxial | 3972.59 | 4168.48 | 4105.47 4082.18 | 81.65 2.00 3869.85
woven
SpW;
KGGI1 | Biaxial | 1890.41|2027.39]1917.80| 1917.80 | 1938.35| 52.61 2.71 1876.71
Knitted
EGG2 | WiS;
(single | Biaxial | 675.34 | 654.11 | 660.27 663.24 | 892 1.34 702.05
layer) |Extruded
SrSy
EGG3 | Triaxial | 958.90 | 1130.13 [ 1198.63 1095.89| 100.82 9.20 NP
Extruded
SrSy
EGG4 | Triaxial | 958.90 | 1095.89 [ 1130.13 1061.64] 73.98 6.97 NP
Extruded

Notes:
S;S; Strong Rib Strong Junction

S W Strong Rib Weak Junction
W_S;: Weak Rib Strong Junction
NP: Not provided by the manufacturer
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3. Pullout tests
3.1. General

Geogrids used in aggregate base regdorent applications can be subjected to significant
compactiorinduced stresses during the construction stage. Pullout tests can provide a methodic
means to study geograbgregate interactions at different stress levels under controlled
conditions. In adiion, pullout tests can help to isolate the tensile performance of geogrids in the
anchorage zoneutside the pressure bulb of the tire from its-oplane membrane behavior
when the geogrid is subjectedtbe vertical loadof traffic (Hatami et al. 201a).

3.2. Fabrication o&dnew pullout box

A new pullout test box with the dimensio@dt (H) x 3 ft (W) x 2.5 ft (H) was fabricated in the
OU Fears laboratory to carry out pullout tests on geogrids in aggregaas=(59).

Figure59. One of the twgullout testboxesat theOU Feardaboratory
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3.3. Pullout test setup and procedure

A total of 33 pullout tests werearried out orthe eight geogridoroducs listed in Table 2 and
Table 3 as perthe ASTM D6706 test protocol (ASTM 20097 hepullout tests werearried out

in ODOT TypeA aggregate which is a widely used degsaded aggregate in ODOTaqpects

Most of he tests werecarried outat 69 psf 138 psfand 240 psfoverburdenpressures.
Additional tests were carried out at other overburden pressureslQd.gosfand 112 psj to
improve the accuracy of the resulfBhese overburden pressures e geogridaggregate
interface were primarily due to the weight of a compacted aggregate dhydifferent
thicknesse®n the top of the interface in the pullout box. Twerburden pressuré&® psf 101

psf, 112 psfand 138 psfwere generated using aggate thicknesses 6f inches 9 inches,10
inchesand 12 inches respectivelyln the case of th@40 overburden pressure, an airbag was
used on the top of B2 inch-thick aggregate layer to apply the additional pressure needed. These
pressure levels remble field conditions (outside the tire pressure bulb) where pullout (as
opposed to geogrid rupture) would be the likely failure mecharisiftout tests orbiaxial and
triaxial geogrid specimens were carried outtie machine direction However, due to the
distinctive geometry otriaxial products (i.e. EGG3 and EGG4), the MD geogrid ribs are
actually at30° angles diagonallfrom themachine directiomn both sidesHigure 78).

Different steps of the pulloutestsare depictedn Figure 60 throudh Figure 69. The pullout

force was applied to the geogrid specimen usidgb&ip, servaecontrolledhydraulic actuator.

The geogrid gecimen was connected to the actuator through a roller cl&igpré 69).
Displacement of the geogrid specimen was measured and recorded in four different locations
along their length using wire potentiometdfgy(ire 64).

<

Figure60. Pullouttestbox beforeplacing theaggregate
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Figure 61. Compacted aggregate in the pullout box @hech-wide lower steel sleeve cdre
seen in the foreground)

Figure62. Drilling the geogrid junctioﬁs to connect thgensometers
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Figure63. Connectingviresto geogrid specimen

Figure64. Tell-talewiresconnectedo wire potentiometers
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Figure66. An earth pressure cell is placed oh imch sand layer on the top of the aggate

Figure 67. Air bag is usedif necessaryXo generate additional overburden pressure on the
geogridaggregate interface
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Figure69. The geogrid is connected to the rottEarmp

Figure 70throughFigure 82 showconditionof geogrid productselated to sompullout tests.
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Figure 70. EGG1geogridafter pullout test

Figure71. WGG2geogridbeforepullout test
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Figure72. WGG2geogrid after pullout test
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Figure74. WGG3geogridafter pullout test

Figure75. KGG1 geogridbeforepullout test
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#

Gi geogrid after pullout test

Figure76. KG

Threepullouttess were carried out 0BGG2(single layer) geogrid with 2-ft embedded length
at69 psf 101 psfand 138 psfoverburden pressurésigure 77).

Figure77. EGG2geogrid before pullout tés

Four pullouttests were carried out d8GG3geogridspecimensKigure 78). Three of the tests
were carried oubn 2-ft-long specimens subjected 6@ psf 101 psfand 138 psfoverburden
pressuresOne repeat teésvas carried out &89 psfoverburden pressure to improve the accuracy

of the test data.
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Figure78. EGG3geogridbeforepullout test

Figure79. EGG3geogrid after pullout test

Figure 80 shows a EGG4 geogrid sample which is prepared faullout test. Figure 81 and
Figure 82 show the condition of geogrisbecimensafter pullou tests subjected t69 psfand
138 psfoverburden pressures, respectively.
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Figure80. EGG4geogridbeforepullout test

Figure81l. EGG4geogrid after pullout test subjecteda® psfoverburden presse

Figure82. EGG4geogrid after pullout test subjectedlt®8 psfoverburden pressure
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Two addtional pullout testsvere carried oubn 2-ft-long Embedmenkength EGGlandWGG1
geogrid specimenat 69 psfoverburden pressuréd summary of all pullout testen geogrid
products in this studig givenin Table 15.

Table15. Summary opullout tests on geogrids in this study

Pressure on|  Equivalent
Geogrid Type Geogrid Aggregate
(pst) Thickness (in)
SrS; 69 6
EGG1 Biaxial 138 12
Extruded 240 21
SrS; 69 6
WGG1 Biaxial 138 12
Woven 240 21
69 6
SrS; 103 9
WGG2 Biaxial 113 10
Woven 138 12
240 21
SeiVr 16093 g
WO Bixial 138 12
Woven 240 2
SrW; 69 6
KGG1 Biaxial 138 12
Knitted 240 21
GG ’rS7 69, 6
. Biaxial 103 9
(single layer) Extruded 138 )
SrS; 69 6
EGG3 Triaxial 103 9
Extruded 138 12
SrS; 69 6
EGG4 Triaxial 103
Extruded 138 12

Notes: SgSy: Strong Rib Strong Jurion (Figure 4)
SRW . Strong Rib Weak Junction
WRS;: Weak Rib Strong Junction
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3.4. Pullout test results and analysis

Pullout responses of the geogrid products listedable 15 subjected to different confining
pressures are shownhigure 83 throughFigure 108
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Figure 84. Pullout responseaesults of EGG1 geogrid in ODOT TypeA aggregatesubjected to
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Figure 85. Pullout responseesults ofEGG1 geogrid in ODOT TypeA aggregatesubjected to
240 psfoverburderpressure

600
so0 || ASM A [T S
et “
— ! - ! ! !
S e —
S 300 S S WP A0 (tail end)
= o ! S
2 200 4 L S SO
= / ! !
£ /‘ . —— WP A3 (front end)
100 - ;T e T — . = Actuator
- ® Peak Pr
0 i i i i
0.0 0.5 1.0 1.5 2.0 2.5

Displacement (in)

Figure 86. Pullout response results WGG1 geogrid in ODOT TypeA aggregatesubjected to
69 psf overburden pressure
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Figure 87. Pullout response results W GG1 geogrid in ODOT TypeA aggregatesubjected to
138 psfoverburden pressure
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Figure 88. Pullout response results WGG1 geogrid in ODAO TypeA aggregatesubjected to
240 psfoverburden pressure
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Figure 89. Pullout response results WGG2 geogrid in ODOT TypeA aggregatesubjected to
69 psfoverburden pressure
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Figure 90. Pullout reponse results dVGG2 geogrid in ODOT TypeA aggregatesubjected to
103 psfoverburden pressure
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Figure92. Pullout response results W GG2 geogrid in ODOT TypeA aggregatesubjected to
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Figure93. Pullout response results WGG3 geogrid in ODOT TypeA aggregatesubjected to
69 psfoverburden pressure
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Figure 94. Pullout response results WGG3 geogrid in ODOT TypeA aggregatesubjected to
138 psfoverburden pressure
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Figure 95. Pullout response results WGG3 geogrid in OODT TypeA aggregatesubjected to
240 psfoverburden pressure
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Figure 96. Pullout response results BIGG1 geogrid in ODOT TypeA aggregatesubjected to
69 psfoverburden pressure
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Figure 97. Pullout reponse results dKGG1 geogrid in ODOT TypeA aggregatesubjected to
138 psfoverburden pressure

After the pullout teston the KGG1 geogrid at 240 psfoverburden pressure was completed
(Figure 98), it was noticed Hat some junctiongespecially those connected to the brass Wires
had been ruptureddowever,no ribs were found to have beenpturel. This failure patterrior

the KGG1 geogrid is consistent with its classification figure 4 as a comparatively weak
junction but strongib geogrid(Section2.1.2 DOT agencies ata).
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Figure 98. Pullout response results BIGG1 geogrid in ODOT TypeA aggregatesubjected to
240 psfoverburden pressure
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Figure99. Pullout response results BG2(single layer) geogrid in ODOT Typ& aggregate
subjected td.03 psfoverburden pressure
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Figure100 Pullout respose results oEGG2(single layer) geogrid in ODOT Typk aggregate
subjected td 38 psfoverburden pressure
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Figure101 Pullout response results BlGG4geogrid in ODOT TypeA aggregatesubjected to
69 psfoverburden pressure
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Figure 102 Pullout response results BG4 geogrid in ODOT Typ€A aggregate subjected to
103 psfoverburden pressure
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Figure103 Pullout response results BIGG4 geogrid in ODOT TypeéA aggregatesuljected to
138 psfoverburden pressure

75



Figure 104. Pullout response results BIG3geogrid in ODOT TypeA aggregatesubjected to
69 psfoverburden pressure

Figure 105. Pullout response results BGG3geogrid in ODOT TypeéA aggregatesubjected to
69 psfoverburden pressuf@ ft embedmenength)
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