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GEOSYNTHETICS EVOLVED



N SYNTEC

GEOSYNTHETICS EVOLVED
Based in Baltimore Maryland
Acquired Tenax Geocomposite product line in 2009
Manufacturer of extruded Civil and Environmental geosynthetics
Geosynthetic Engineering and Technical assistance

Secured USA based production for Punched & Drawn Geogrids
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Drainage under concrete slopes for impoundments
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Asphalt or Concrete Pavement

Subgrade

RoaDrain™ Drainage Geocomposite

Asphalt or Concrete Pavement
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RoaDrain™ Drainage Geocomposite
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ROCK IN ROLL §

Grave replacement Iz?yer for concrete slabs
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The flexible solut
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October 11, 2011 Syntec announced the launch of
our own line of punched and drawn geogrids
manufactured in the USA:
|
SBX biaxial geogrids &‘UX Séries‘udiaxial geogrids
3| | \ | | | 1]
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POLYPROPLENE
BIAXIAL GEOGRID

Base

ﬁgeinforcement ;
| (CBR >4)
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SBYX Geogrid Reinforcement Mechanisms:

POLYPROPILENE

1) Tensile Membrane Effect

* Primary reinforcement

Membrane Tension ) b )
mechanism found in geotextiles

, « Thought to be the primary
reinforcement mechanism for

| geogrids prior to extensive
research

, « Considered now to be minimal in
| relation to lateral restraint
ke A e A ik il i a ik M) AR el L4 ) mechanism, particularly in
subgrade improvement

/\/ertical Membrane Support i

Source: USACOE ETL 1110-1-189 ‘



SBYX Geogrid Reinforcement Mechanisms:

POLYPROPILENE
BIAXIAL GEOGRID
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2) Improved Bearing Capacity

Shifting failure envelope from the
weak subgrade to the stronger
base material

Results in enhanced bearing
capacity of the subgrade without
soll treatment or undercutting



SBYX Geogrid Reinforcement Mechanisms:

POLYPROPILENE
BIAXIAL GEOGRID

3) Lateral Restraint

Lateral Shear Flow

Lateral Restraint Due to Friction

LU AL AL AL AR AL LAl L
Source: USACOE ETL 1110-1-189

Confinement of the aggregate base
during loading

Results in increased modulus of the
base material (Residual Stress)

Improved/reduced vertical stress
distribution applied to pavement
subgrade


../../../../../../Documents and Settings/User/Desktop/Guatemala Sales Meeting/biaxal geogrid 06-12-07.mov

SBX Biaxial Geogrids:
Base Reinforcement vs. Subgrade Improvement

Base Reinforcement Subgrade Improvement
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* Improved Bearing Capacity

* Tensile Membrane Effect
 Lateral Restraint




SBX Biaxial Geogrids:
Subgrade Improvement

Ll SBX

POLYPROPLENE
BIAXIAL GEOGRID
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SBX Biaxial Geogrids:
Base Reinforcement vs. Subgrade Improvement

Base Reinforcement
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SBX Biaxial Geogrids:
Base Reinforcement

> Life Cycle Cost Savings » Reduced Initial Cost
— Service Life Extension

Pavement Component
Reduction

Aggregate QL RHLO G AT AP0 L 0GP A
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Punched & Drawn PP Biaxial Geogrids:
Almost 3 decades of research to:

1) Identify key properties

2) Quantify contribution

Plate loading

Moving wheels

Full scale

Composite

Gourc et al (1983)

U of Waterloo (1984)
Milligan et al (1986)
Haas et al (1988)
Alenowicz et al (1996)
Beretta et al (1994)
Abdulijauwal et al (1994)
Palmeira & Ferreira (1994)
Ho (1996)

Collin et al (1996)

Gabr 2001

Brown et al (1982)

Barker (1987)
Barksdale et al (1989)

Ruddock et al (1982)
Halliday & Potter (1984)
Milligan et al (1986)

Collin et al (1996)
Moghaddas et al (1996)

Delmas et al (1986)
Chaddock (1988)

Watts et al (2004)
Perkins (2004)

Anderson & Killeavy (1989)
Yarger et al (1991)

Webster (1991)

Webster (1992)

Dawson et al (1994)

Freeman & Ahlrich (1996)
Austin & Knapton (1996)
Brandon et al (1996)
Huntington & Ksaibati (1999)

Morvant & Holm (1999)

Pavement Management
Services (2000)

Beland & Konrad (2002)
Tingle & Webster (2003)

Kennephol et al (1985)
Cancelli et al (1996)
Al-Qadi et al (1998)
Miura et al (1990)
Perkins (1998 - )




Punched & Drawn PP Biaxial Geogrids:
Almost 3 decades of research to:

« “We have attempted to
capture the physical
properties a geogrid
must possess in order
to enhance flexible
pavement
performance.”

« Aperture Stability index
property developed

Source: USACOE Webster, 1992

1) Identify key properties
2) Quantify contribution

Ribs Thickness Thicker is better
Stiffness High stiffness is better
Shape Rectangular is better
Aperture Size Depends on fill used
Shape Round or square is
better
Stiffness High stiffness is better
Joint Strength High compared to ribs
(>90%)
Overall Torsional High is better
Stiffness
Stability Very high
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US005419659A. '

| United States Patent pg (11 Patent Number: 5,419,659
Mercer (451 Date of Patent: May 30, 1995
[S4] PLASTIC MATERIAL MESH STRUCTURE 3,432,746 6;{92 geymuur.
3,142,109 7/19 1 et al. .
[ [75] Inventor: Frank B, Mercer, Lancashire, 3,252,181 5/1966 Hn:mc:t
| . England 3,253,072 $/1966 Scragg .
| [73) Assignee: P.L.G. Research Limitod, Blackburn, (List continucd on next page.) |
Bngland FORBIGN PATENT DOCUMENTS |
[21] Appl. No.: 291,044 B73856 7/1979 Belgium .

Aug. 15, 1994 954261 9/1974 Camada .
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Tensar |

INTERNATIONAL Product Specification - TriAx" TX160 Geogrid

Tensar International Corporation reserves the right to change its product specifications at any time. [t is the responsibifity of the person specifying the use of this product ana
’ the purchaser to ensure that product specifications relied upon for design or procurement purposes are current and that the product is suitable for its intended use in each
instance.

Tensar TriAx™ Geogrid

| l. General

1. The geogrid is manufactured from a punched polypropylene sheet, which is then
oriented in three substantially equilateral directions so that the resulting ribs shall
P have a high degree of molecular orientation, which continues at least in part through
the mass of the integral node.

' 2. The properties contributing to the performance of a mechanically stabilized layer
include the following:




To whom it may concern.
Rationalization of Tensar BX Type 2 Geogrid

Effective June 24" 2010, Tensar will discontinue regular production runs of Type2 (BX1200) and will
remove it from the standard list of products.

This decision follows the very positive response from the market to the introduction of TriAx in April 2009
and it marks the next stage in our strategy to transition all of our BX markets to TriAx.

Customers seeking to purchase BX Type 2 should be asked to utilize TX160 as a better performing and
lower cost alternative. The letter from Tensar dated August 1% 2009 will assist in this conversion process.

Where it is not practical for customers to switch their order to TriAx, we will do our best to accommodate
the request. This will however be subject to manufacturing scheduling constraints as we will have limited
supply of Type 2. Also note that Type 2 will be priced at a premium compared to TriAx as we manage
smaller inventories and production quantities. Any requests for production of BX Type 2 to meet a
specific order will first be referred by customer Services to Dean Ditmar — VP of Sales for approval.

Yours sin

“Tim Oliver

VP for Global Marketing
Tensar International

+1 404 214 5350
www.tensar-international.com




Punched & Drawn Geogrids:
Biaxial vs. Triaxial

1) Almost 3 decades of successful Design, Installations and Proven
Performance worldwide and in the USA.

2) Approved by FHWA and AASHTO.

3) Often the preferred geogrid by, USACE, State DOT's, Counties,
Municipalities and Private Enterprise. (Walmart)

4) Due to the patent they are often specified without equal. Geogrids
demonstrating similar strength are often rejected because due to a
single property.

5) What was once the Gold Standard is now claimed obsolete by the
maker?



Punched & Drawn Geogrids:
Biaxial vs. Triaxial

Tensar Earth Technologles, Inc.

fensar Frone som ez

Product Specification - Biaxial Geogrid BX1200

Tensar Earth Technologies, Inc. FESETVES the rght 10 change: IS proguct Spechications at any time. i 15 the responsbity of Me SPEcHer and PUIThIser
10 ENSUME Mat Product SPEGIGations wSed for Jeskgn and PUTDGSES ArS CLUTEN! aNd CONSISEN? With Me produets Lsed in each iNsEnce.

procurement
Please confact Tensar Earth Technologles, inc. af 800-830-7271 for assistance

Product Type: Integrally Formed Biaxial Geogrid

Load Transfer Mechanism: Positive Mechanical Interlock

Primary Applications: Spectra System (Base Reinforcement, Subgrade Improvement)

Product Properties

Index Properties Units MD Values'  XMD Values'
= Aperture Dimensions mm {in} 25(1.0) 33(1.3)
= Minimum Rib Thickness™ mm (i} 1.27 (0.05) 1.27 (D.05)
* Tensde Strength @ 2% Strain® keMfm (Ib/ft) 6.0 i410) 0.0 (&20)
» Tensde Strength @ 5% Strain® KNfm (Inft) 11.8 (810) 19,6 {1,340)
* Ultimate Tensile Strength? kehfm {Ibft) 18.2 (1,310) 288 (1,870)

Structural Integrity
» Junction Efficiency’ % [=]
* Flexnwral Stffnes mg-cm 750,000
= Aperture Stability™ m-Nideg 0.65

Durability
* Resistance io Installaion Damage” %SG %IW I RGP 85/93 /80
* Resistance o Long Term Degradation® % 100
* Resistance to UV Degradation® % 100

Dimensions and Delivery

The biaxial geogrid shall be defivered to the jobsite in roll form with each roll ndvidually idenified and nominally measuring 3.0 meters
(8.8 feet) or 4.0 meters (13.1 feef) in width and 50.0 meters (154 feet) in length. A typical truckload quantity is 160 to 210 rolls.

Notes
1. Unless indicated otherwise, values shown are minimum average roll values (MARV) determined in accordance with ASTM D475,
The colurmn [abeled MD Values represents results from testing the product in the Machine Direction. The column abeled XMD Values
msmmmmmmuanmwmmnmmmm

3. True resistance to elongation when initially subjected to a load determined in accordance with ASTM D8837 without deforming test
materials under load before measuring such resistance or employing "secant” or "offset” tangent methods of measurement so as to
overstate tensile properties.

4. Load transfer capability determined in accordance with GRIXGG2-87 and expressed as a percentage of ulimate tensile strength.

5. Resistance to bending force determined in accordance with ASTM D5732-05, using specimens of width two rbs wide, with transwerse
ribs. cut fush with exterior edges of longitudinal ribs (as a adder”). and of length sufficiently long to enable measurement of the
overhang dimension. . The overall Flexural Stiffness is caloulated as the square root of the product of MD and XMD Flexural Stffness
values.

Gﬂﬁmmmmmmmmﬂwwngam kg-cm (2 m-M) moment to the ceniral junction of 2 8 inch x B
inch specimen at its p in 5. Army Corps of Engineers Methodology for measurement of Torsional
Rigidity.

T.Resistance to boss of load capacity or structural integrity when subjected to mechanical installation stress in clayey sand (SC), well
graded sand (SW), and crushed stone dassified as poordy graded gravel (GP). The geogrid shall be sampled in accordance with
ASTM DEE18 and load capacity shall be determined in accordance with ASTM DEEIT.

E. Resistance to boss of lead capacity or structural integrity when subjected to chemically aggressive envirenments in accordance with
[EFA BOB0 immersion testing.

9. Resistance o boss of load capacity or structural integrity when subjected to 500 hours of ultrasiclet Bight and aggressive weathering in
accordance with ASTM D4355.

Inc
:_m“""""""’""'"“"'q"*'.: Thils product specification supersedes all prior spactications for the product described
above and |5 nat appiicable 1o any products shippad prior to Augqust 1, 2005
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Tensar

IMTERNAT GMAL Product Specification - Tridx"™ TX160 Geogrid

Faarar otnraatis’ Compomtion rassrva the night tn changs /3 prockct saechfications af sy thwe. 1-Ix tha rarponstitiny of the parme specHping the s of thir produce and of
ﬁhmwm Mﬂnﬂhﬂmp“ﬂ'mnﬁrﬁhwwmnwdﬁnhmﬂﬂﬂmﬁrhwmkmﬁ

Tensar TriAx™ Geogrid

General

1. The geogrid is manufactured from a punched polypropylene sheet, which is then
oriented in three substantially equilateral directions so that the resulting ribs shall
have a high degree of molecular orientation, which continues at least in part through
the mass of the integral node.

2_ The properties contributing to the performance of 2 mechanically stabilized layer
include the following:

Indax Properties Longitudinal Disgonal Transvarsa Ganeral

= Rib pitchizl, mm (in) 40 (1600 40 (1.60) -

= Mid-rib depth®, mm (in) - 1.8 (0.07) 1.5 {0.06)

= Mid-rib widthil, mm {in) - 1.1 (0.04) 1.3 (0.05)

= Nodal thicknesst, mm {in) 310002

= Rib shape rectangular

= Aperture shapa triamgular
Structural Integrity

= Junction efficiencyt®, % 93

= Aperture stability®), kg-cm/deg @ 5 0kg-cm & 36

= Radial stiffness at low strain®™, kN/m & 0.5% strain 300

{Ib/fr @ 0.5% strain) (20,5800

Durability

= Resistance to chemical degradationé= 100%

=  Resistance to ultra-violet light and weathering'™ 100%

Démansions and Dl vary
The T geogrid shall ba dellared to the Jobsits In roll fonm with sach ol Indhddually Identified and nominally measuring 4.0 mekers {1 3.1 fssd) in
width and 75 matars (246 faat) In length.

1. Unless indicated otharmise, values shown are rall valuaes n ASTM D4759-02. Brief descriptions of tast
ProCRduUras are given In the following mates.

2 Nominal dimensions.

Load transfer capabliity determined In acoordance with GRI-GG2-87 and GRI-GG1-87 and expressed 25 2 parcentags of ultimats tenslla strangth.

4 In-plana torskonal righdtty measured by applying 2 momsnt fo the cantral Junction of 2 225mm x 22Emm speciman mstralmed at B perimatar In
aCcordancd with LS. Army Corps of Enginesrs Mathodology for measuramant of Torsional Rigidity, (KInnay, T.C. Apartura stasdlity Modulus raf B,
B.1.2004).

5. Radial siffness s determined from tensile stiffness measured in any In-plane axis from testing In accordance with ASTM DES37T-01.

B Reasistance to loss of load capacity o structural intsgrity when sublected to chamiclly aggressive anvironments In Jcoordancs with EFA 3050
Immarsicn tasting.

7. Rasistance to loss of load capacity or structural nbegrity whan subjected to 500 hours of uitraviolat light and aggresshve weatharing in accordance
with ASTMI D4355-05.

1]

Tamsar intsrmational Corporation mmnmmhmmu

SRS Clenriogs Drive, Salts 200 mmmumsusmurnmmnmmrnmnmm -
el s 6 e UE and ottar countrias. Hulfllﬂlnmr_lﬂ LS Paiont No.

Atianta, Caargla SREZE-S263 7.001, 112, Pemns or mmmmmsm i o 2 abova-

Fhana: B00-TENZAR-1 mmmmwmunummnmnmammuumnnm of ha .

wew_tamsar—iniernational com Tansy ATy and Al @xprass. IMpikad o Stakioy wamartas. DU nat mied i,
any warmaniy of morchastabiliy or fnass ir ar puspos magasding Bils produc or o ‘w.citur producs,

or sanvicas. Th rw-dmmlu-sg-nng-ng
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| Product Properties
' ' Index Properties Units MD Values' XMD Values' .
i » Aperiurs Dimensicns" rrinn i) 25 (1.0) 23 (1.3) | ' A
= Minimum Rib Thickness” mnm {in} 1.27 (0.05) 1.27 (0.05) ; l !
' * Tensile Strength @ 2% Strain® kit I 5.0 (410} 8.0 (820) . b
' * Tensile Strength @ 5% Strain® kit I 11.8 (810} 1908 (1,340) h
= Ultimate Tensile Elr-er'ug'ﬂ"u:i kbt (1B 18.2 (1,310) 288 (1,970 '
Structural Integrity
* Junction Efficiency o, 03
_» Flexural Sfiffnass” mg-cm 750,000
= Aperture Stability® mi-Mideg 0.85
Durability
» Resistance to Installation Damage? WwSC [ WESW S WGP 85 /83 /80
» Resistance to Long Term DEQI‘:I.dEI‘tiHI‘IB O 100

» Resistance to UV Degradatio n g 100

Dimensions and Delivery
The biaxial geognd shall be delivered to the jobsite in roll form with each roll individually identified and nominally measuring 3.0 meters
(8.8 fest) or 4.0 meters (13.1 feet) in width and 50.0 meters {164 fest) in length. A typical truckload guantity is 160 to 210 rolls.

Hotes

1. Unless indicated otherwise, values shown are minimum average roll values (MARVY) determined in accordance with ASTM D4750.
The column labeled MD Values represents results from testing the praduct in the Machine Direction. The column labeled XMD Values
represents resulis from testing the product in the Cross-Machine (Transverse) Direction.

> Nominal di .

3. True resistance to elongation when initially subjected to a load determined in accordance with ASTM DEG3T without deforming test
materials under load before measunng such resistance or employing "secant” or "offset” tangent methods of measurement so as io

|__overciaie tencile properies

4. Load transfer capability determined in accordance with GRI-GG2-87 and expressed as a percentage of ulimate tensile strength.

5. Resistance to bending force determined in accordance with ASTM DET32-85, using specimens of width two ribs wide, with transverse
ribs cut flush with extenor edges of longitudinal rbs (as a “ladder”), and of length sufficiently long to enable measurement of the
owverhang dimensicn. . The overall Flexural Stiffness is calculated as the sguare root of the product of MD and XMD Flexural Stiffness
valuss.

G. Resistance to in-plane rotational movemeant measured by applying a 20 kg-cm (2 m-N) moment o the central junction of a 8 inch x 8
inch specimen restrained at its perimeier im accordance with U.S. Army Corps of Engineers Methodology for measurement of Torsional

Eigidify.
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Structural Integrity

»

* _ Junction efficiency®) % 93
» | Aperture stability®, kg-cm/deg @ 5.0kg-cm @ 3.6
» | Radial stiffness at low strain®®, kN/m @ 0.5% strain 300
(Ib/ft @ 0.5% strain) (20,580)
Durability
= Resistance to chemical degradation® 100%
= Resistance to ultra-violet light and weathering® 100%

Dimensions and Delivery
The TX geogrid shall be delivered to the jobsite in roll form with each roll individually identified and nominally measuring 4.0 meters (13.1feet) in
width and 75 meters (246 feet) in length.

Notes

1. Unless indicated otherwise, values shown are minimum average roll values determined in accordance with ASTM D4759-02. Brief descriptions of test
procedures are given in the following notes.
Nominal dimensions.

3. Load transfer capability determined in accordance with GRI-GG2-87 and GRI-GG1-87 and expressed as a percentage of ultimate tensile strength.

4. | In-plane torsional rigidity measured by applying a moment to the central junction of a 225mm x 225mm specimen restrained at its perimeter in
accordance with U.5. Army Corps of Engineers Methodology for measurement of Torsional Rigidity, (Kinney, T.C. Aperture stahility Modulus ref 3,
3.1.2000)

5. | Radial stiffness is determined from tensile stiffness measured in any in-plane axis from testing in accordance with ASTM D6637-01.

Resistance to loss of load capacity or structural integrity when subjected to chemically aggressive environments in accordance with EPA 9090
immersion testing.




Punched & Drawn Geogrids:
Biaxial vs. Triaxial

(Geosynthetics

Manufacturer provided no tensile data for TriAx in 2010 or 2011 A

Geosynthetics Specifier's Guides Specifier’s
Guide

Tensile Strength/[Elongation]

Dimensional Properties (2] ASTM D 6637 [2] kN/m (Ib/ft)/% | o
2 Aperture Size Ultimate Strength/% S ! g
ot =0 . @ 59 i &= — =
8 £ _r;i i i) Strength @ 5% Strain (Tult) = = 'E z
(= — — = - = [ = ——
= = (=) m 3 v = = = I
e £ 2 @ E ~ = o E = g 5
= £ S 2 £S Ex  Sf £%3
= e v = — - = e = o w
= - E = = 0 = bt -
= = = = 2~ o = w E —=
o = = s g N =] = = = = = L e = s &
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Tensar International Corp. | www.tensar-international.com

BX Type 1 integrally formed PP NA NA SAINMA | 33[AIN3NA 85 (580) 134(920) NA NA NA NA 5I.B
BXTypel integrally formed P NA NA SAINMEA | 33AN3A T1A (8100 196 (1340) NA NA NA NA 5.8
BX1300 integrally formed PP NA NA M08 | AR5 105 (720) T7.5(1200) NA NA NA NA 5,8
BX1500 integrally formed P NA NA SAINMA | AN 175{1200) 20001370) NA NA NA NA 5.8
T160 integrally formed PP NA NA NA NA NA NA NA NA NA NA 5,8
14 integrally formed P NA NA NA NA NA NA NA NA NA NA 5.8

L] inteqrally formed u NA NA NA HA NA NA NA NA NA NA 5B



Standard Termineclogy for
Geosynthetics?

‘supesscrip cpation (x) isdicaies an eilodal change since the st cevision or reappeoval

‘absorption, n—the process by which a liquid is drawn into and
tends to fill permeable pores in a posous solid body, also, the
solid

21 + °C (T0° + &°F).
back fushing, n—a process by which liquid is forced in the
reverse direction to the flow direction. D987
basis weight—deprecated term (do not use in the sense of
‘mass per unit area). D439
bend, vi—in mechanics, to force an object from its natural or
‘manufactured shape into a curve or into increased curvature.

D4439
biinding, n—for geotextiler, the condition where ssil particles

mn—ammnhﬂm«muﬂmm
1987
h-hh'rmu,fF)Jn—n-muﬁnn D488
breaking load, n—the mrmmﬂldnnm
in a tensile test carmied to

breaking foughness, T, |FL"] i n—ﬁ!rggrlz:ﬁhx the
actual work-o-break per umit surface aren of muterial.
4595, DSBS
chemical resistance, n—the sbility to resist chemical attack.
D532
clogging, n—for gestextiles, the condition where soil particles
move into and are mr-rlmllnnpnmpnfﬂmﬁit-:

thereby reducing the hydraulic conductivity.

" This iermianiogy is undes e Jurisdiction of D33 00 Ceosynielics and Is e
et mspomibitty of Seheemmiles 13593 e s ety

Carves. efition sppeoved Jane 1, 2004 | 2004, Ciciginally appeovet
In 1984, Last previous efition spproved In 2002 5 [M4% 2. DOE: 101520
a1,

«clogging potential, n—in geotextiles, the tendency for a given
geotextile to decrease permeability due to soil particles that
have either lodged in the geatextile openings or have built up
& restrictive layer on the surface of the geotextile. DS101

thickness (t, (L), mm), n—thickness under a
‘specified stress applied normal 1o the material.  D4439

constant-rate-of-load tensile testing machine (CRL), n—a
testing machine in which the rate of increase of the load
being applied to the specimen is uniform with time afier the
first 3 5. D439

ﬂn‘qmnﬁu force, n—synonym for force at specified

D488S

mHmnnnnx-lu sample from
wmmmmmhmmm D547

creep, n—the time-dependent increase in accumulative strain

in 2 muedal resulting from an applied comstant force.

Ds262

critical height {ch), n—the maximum exposed height of a
cone or pyramid that will not cause a puncture failure of a
geosynthetic at a specified hydrostatic pressure for a given
period of time. Ds514
cross-machine direction, n—the direction in the plane of the
fabric perpendicular to the direction of mannfacture.
Dde3?

density (p, (ML™), kg/m’), n—mass per unit vo'lm.

wm-mm:mmmm“mb
‘operate in order to perform its intended
elastic limit, n—in mechanics, the stress. mmnqu-mm

when the force is removad, and hence, nol a permanent st
D48SES
elongation at break, n—the eloagation cormesponding 1o the

failure, n—in resting geosynthetics, water or air pressure in the
Dss14

a 2% secant

‘modulus of less than 300 MPa (40,000 psi) as determined by

‘Copyfght © ASTM Infsmators, 104 Barr Haser Dvs, PO Box G700, Wt Corshofiockan, P 1425:2058, Unied Slatss

Standard Test Method for

Determining Tensile Properties of Geogrids by the Single or

ib Tensile Method?

‘seperscript epsllon (v} iadicaies an ofiiodal chnge since the st cevision or reappeoTal.

1. Scope

1.1 This test method covers the determination of the tensile
strength properties of geogrids by subjecting sirips of varying
width to tensile loading.

12 Thmﬂ'umwpmdnlnmllmlkdmlhm
the tensile strength, as.

(=X m‘—mglmpegmyldnhntmm
or 1bf).

1.2.2 Method B—Testing multiple geogrid ribs in tension
TkN/m or IbfT).
123 Method C— ngmmplehymufmnphgm
gnid ribs in tension (kN/m or bi7ft)

l’iThulmnnhndumndedfmqmlnymmlmd

e of senen

1.4 The values stated in SI units are to be reparded as the
standard. The inch-pound values stated in parentheses are
provided for information oaly.

15 This standard may involve hazardous materials, opera-

wse. It i the responsibility of the user of this standard to
establish appropriate safety and health practices and deter-
mine the applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:*

D76 Specification for Tensile Testing Machines for Textiles

D123 Terminology Relating to Textiles

D 1909 Standard Table of Commercial Moisture Regains
for Textile Fibers

D 4354 Practice for Sampling of Geosynthetics for Testing

D 4439 Terminology for Geosynthetics

" This st method 15 uader (he jurisfiction of ASTM Commiis DA3 o
CieosynInetics 30 s B dvect FespOSEIY 0 SDCOMMiSe D35.01 on Machanl-
cal Properties.

‘Curret sition approves Juse 1, J009. Pubiiseg July 2046 Ceiginally appeovet
In 2001, Last previous sdiSon approved in 3001 a5 D837 01,

D) 5261 Test Method for Evaluating the Unconfined Teasion
Creep and Creep Rupture Behavior of Geosynthetics

of 21 x 2°C (70 = 4°F).
breaking force. (F), n—the force at failure.
corresponding force, n—synonym for force at speci-

hmnrm_ﬁedemm.:—.rmm
I'III specific elongation on the force-elongation
(synomym for comesponding force.)
1l5ﬁllr!—dm_gmmlm n—in a tensile test, a graphi-
cal representation of the relationship between the magnitude of
an extemally applied force and the change in length of the

3.1.6 pengrid, n—a geosynthetic formed by o regular net-
work of integrally connected elements with aperetures greater
than 6.35 mm (% inch) to allow interlocking with surrounding
soil, rock, earth, and other surrounding materials to primarily
function as reinforcement. D 5262)
3.1.7 integral, adi—in peosynthetics, forming a necessary
part of the whole: a constituent.

3.1B geasynihetic, n—a product manufactured from poly-
meric material used with soil, rock, earth, or other
engineering related material as an integrl part of a man made
mmme,onynm_

9 index fest, n—a test procedure which may contain
hﬂwnhnmwhﬁnyhﬂlﬁdbmmudlm:
of specimens with respect to the property of interest.
':lloma—mepmmwmmmmm

connected to provide structure and dimensional stability.

1 rib , n—for geogrids, the continuous elements of 2
geogrid which are either in the machine or cross-machine
direction as manufactured.

3112 rupture, n—for peogrids, the hreaking or tearing
apart of ribs.

‘Coppfght © ASTM Infsmatorss, 101 Ban Hasor D, PO fSox 708, Was! Oorehofocken, P 104252058, Linfiad Stzies

—




D4439 - 04

that purpose. (Syn. test specimen)
S. stiffness, n—resistance to bending.




| WHAT IS RADIAL STIFFNESS?

JASTM D6637 does noi define radial stn‘fness or taking of
j samplqs In any other dlrectlon than D or T

1t
N ‘ , b '
. .‘.l | ll il e AR IL 1L .Al AN d 'I WL l L il ﬁu MLM..,M |

| 8. Test Specimen |

ll.""l 8.1 The specimens shall consist of three (3) junctions or 300 i
| mm in length (12 in.), in order to establish a minimum §
specimen length in the direction of the test (either the machine

;‘ or cross-machine direction). All specimens should be free of ’
 surface defects, etc., not typical of the laboratory sample. Take

no specimens nearer the selvage edge along the geogrid than
10 the width of the sample.

||“:|""|H “l!il" |“ ""1 1‘ i. | ‘ " Ao | | | M { ,.l
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i ’STIFFNIIEﬁ ‘$l 1YY 'll

| MLl “ _ A“.‘l l .Ahl |
Radial Stiffness describes tensile properties

measuredin the TD and 45° and 135° off TD ‘
according to ASTM D 6637.

dilii A d §.a

! l :
1] 1 [N ! 1 |
1 1
ASTM D 553? measures tensile prupertles of |

‘
!
i
conventional biaxial geogridsin the TD and MDD

l ll:h‘lu.‘All lL
| with the highest strength typicallyin the TD.

|
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Punched & Drawn Geogrids:
Biaxial vs. Triaxial

LOAD @ 2% STRAIN | LOAD @ 5% STRAIN LOAD @ PEAK

PER ASTM D 6637

Lbs/ft KN/m Lbs/ft Ibs/ft

TriAx 140 TD 3.95 270 8.99 616 14.73 1,009
BX1100 TD 6.6 450 13.4 920 19 1,300
(Type 1) MD 4.1 280 8.5 580 12.4 850

.

TriAx 160 TD 4.6 314 10.64 726 18.924 1,291
BX1200 TD 8.6 590 19.6 1,343 28.8 1,970
(Type 2)

MD 6 410 11.8 810 19.2 1,310
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Laboratory Evaluation of Geogrid Base Reinforcement

Qiming Chen PhD.
Louisiana Transportation Research Center
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Baton Fouge. LA, 70808, gchenl@lsu.edu

Research Associate, ‘
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Associate Professor — Research .
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TRIAXIAL GEOGRID
Research funded in part by Tensar STUDIES:

2 Geogrids Tested (tensile modulus)

GG1 = 450 kN/m @ 2% (BX1200) LOUISIANNA
GG2 =475 KN/m @ 2% (TriAx 170) TRASPORTATION

RESEARCH CENTER

Currently Available (tensile modulus)
TriIAX 140 = 198 kN/m @ 2%
TriAX 160 = 230 kN/m @ 2%

From the report:
“...the triaxial geogrid GG2 performed a little better than the

biaxial geogrid GG1. However, the difference Is considered
insignificant and lies within the test variations.”



|"

R

UDIES L‘Ln j
{ Different Geogrids
|

9th [nternational Conference on Geosynthetics, Brazil, 2010

The confinement effect of different geogrids

Wrigley. N.E.
NewGrids Limited, Poole, England, nigel@newassociates.com

Zheng, H.
BOSTD Geosynthetics Qingdao Ltd., Qingdao, China

Liu. X.J.
Bostd Geosynthetics Qingdao Lid., Qingdao, China

Sama. S.R.
SKZ, Wiirzbure, Germany
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Field Imrestlgptlun of Geosynthetics used for Subgrade

excavation and replacement
of thess =ils i nat com
effective, soil sabilization
may be necessary to provide
a working platform so that

stabilization] o reinforce and?
or separaie the surrounding
sails. Subgrade stabilization
is bypically applicable for

u roads

stabilization and sy
I]mlumn:hhec:l;wm:l
currently there is 2 hl:koF

redevant as MDT sesks io
L‘Hh.l! its qxﬂ- i finns o
mare broadly encompass
materials with which it has
had ence, as well
ucj’-fdl.pT:pprnnm
tov ather suitable materals.
This is particularly important
sinoe new geosynthetics and
manufacturing processes ae
regulady introduced inio the
market.

What we did

genemlly similar between
test sections, sspecially

for the upper layers which
mpnmﬂnlyr\:qmmlble

sensars were installed at a

To achiewe these
abjectives, 3 full scale field

trafficked, and monitorsd at
TRAMSCEND, a full scale

rch
facility managed by the
Western Transportation
Institute, o compare the

113 universlly

12 test sections — ten with

standard design tadmu:pe

stabilization, and 2)
agresment as to which

prasynthetics and two
without grosynthetics (Figure
1} Existing pavement

and materials werne
excavated from the site 1o
EIE.EEI:IEIICI dﬂE-"

artificial subgrade [A-2-6

along the

was placed, all construction
squipment was prevented
from driving on the best anea,
and the base course layer was
placed, leveled and graded
from the side of the test area_




TRIAXIAL GEOGRID STUDIES: Western
Transportation Institute

Diraction of travel

R

#im 18 m 15m | 15 m | 15m 15 m Hm |

Progress Report #2

—-—---I

Control 1 .u. ] [ o] E F G H | ] K |Control 2

=July 1, 2008 — Sep 30, 2008 L e = e e ~

Figure 1. Layout of test sections.

I
E]

=13 Sections Constructed

Table 1. Summary of Geosynthetic Properties
Rall Mamper  Aperture  Stremgth’  Streagth” Ultimate”

Test

1 . Siruciure Polymer” Width unit area Size ) 2% 5 Strength ‘
=13 Sections Tested o e e
A Wicuik] wilded geogsid PP 5,00 140 e 11 M) 22 1R 30

‘ o ~ibramrywebéed grogrid PE 1.7% 154 St 8] 6 L8] 20 (201

o vl i PF 4.EE MF ELEE 0[5 T0.E[19E] 192 2R 3]

x i 8 _ Lil ] L _ Wy il i ] mb foemed biaxdal
l Percent of Tasks Completed and Remaining as of September 30, 2008 r compaske vikmumy-wrided - P B 24 (4] 30 34
’ 0 10 20 30 40 50 60 70 80 90 100 o' aeognid with imegraicd non- PP 4,7%
] . wonizn groteatile 150 ik ik Mis & 114
H Design of Test-Bed
9 E mmdw PP o P By13 £1165] B3[134] 124 [19.0]

= Pre-Construction Soil Testing

F wilrakory-welded geogrid FP 475 1 NxE: 12[12) 24 [24] 30 1]

§ Instrumentation Planning o intrgralby-formod timial

FE il L5 ] Xa] B =Y

I Construction of Test-Bed

. ) ] H BVC cenitid sworres progrid PMY £00 AR5 HAxA T3[73] 134 [12.4] 0 [29.2)
i During-Construction Soil Testing polymer cated waven
) ] 1 d Py 166 HP A5 TIRA] 1.5 [15.2] 14,0 |56.5]
Intaliation of Instrumentation g
) i woven geotexiile FRY 181 3 b B8 7
B Vehicle Loading & Data Collection s R IR mEs]
- S K nmuv;l;rlllr:'nlt\edlrpmhd PR FET) P n“_h HP Hp a12?
Forensic Investigation of Test-Bed Fooe

T -
\ Matcrial I 15 a compogite; the 1op row of values is for the grid componest and the battom row is for the non-woven textile
F§ = polyprogy lene, PMY = polyester muiufiament vam, FI'Y = polyprogylens vam

| Post-Construction Soil Testing

| | Analysis Apparent Opening Size (ACS), ASTM D 4751
8 . * Machine diroction [eross-machine direeton]
: i i Reporting d Chrab strength in Mewtons

B Completed O Remaining

Figure 2. Project schedule Western Transportation Institute




TRIAXIAL GEOGRID STUDIES: Western Transportation
Institute

100

Project Summary Report it

—o— IFG-3
80 1 —— CoG-4
' —— IFG5

=August 2009 T Weor

-Only 12 ﬁectlons | ,i I -

,' -Trle Sec‘tlon Str}cken' Wh&/’? .
(LI RV RRETRI R A R kL,['.A...m.,

Direction of travel 0 20 40 60 80 100 120 ’
> Mean Rut Depth {(mm)

20m 15 m 15 m 15 m 15 m

- - o - - - o
- - - - - - - - - =

4m |Control1| WeG1 |WeG2| IFG3 | CoG4 | IFGS | WeGS6 | WoG7 | WoGS | WoT9 |[NWoT-10

l Not to scale
J 1

R TN 1Em 5m 15m 15 m ' < 20m

R
l
f
(1|
Acronym meanings: WeG = welded grid, IFG = integrally-formed grid, CoG = composite grid, WoG = woven grid, WoT = woven .
| textile, NWoT = non-woven textile; numbers represent position along length of test site




Punched & Drawn Geogrids:
Biaxial vs. Triaxial

1) Many designers still desire the proven BX geogrids

2) Many BX specifications still remain in use, Tensar is
often able to switch to Triax

3) Afew designers simply want Tensar geogrids

4) Syntec SBX geogrids are direct replacements to
Tensar BX geogridj | |
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4300 Pulaskl Highway
Baitimore, MD 21224-USA & l
E

Toil Free: 1-800HJSGRICS
Tel 410-327-1070 )
Fan: 410-327-1073
WWWLSYTRECCOVL GO |
SYNTEC PRODUCT COMPARISON 'I.

SYNTEC SBX vs. TENSAR BX GEOGRIDS

Tensile Temnsile

Feak
Polymer Apse;:m Tensile @:f gsf Junction | Aperiure i:guﬁsﬁ i
Type MOVTD EH'JMDE“E"” Strain Strain 'Eﬂim“ejmr ;m"'q g | sTmTEC sBx
{in x in) MDD MD/TD g-hide Geogrid
(1) (i)
SYMNTEC SBX

280/ 50 580820

5BX 11 B50M, 20D

SBxX 12 1.210M 970 210/620

1.100/1.89:20

410/1.240

SBX 13 Ja0/a50 720¢1,:200

S5a0/680

S5BX 15 1.850/2,050 1,200¢1,370

SBX 41 270/2a0 550720

EEOMCHD

SBX 42 Ja0/510
TEHNSAR BX

BX 1100

1.400/M1.810 7201,000

SBX 11

280/ 50 580820 93

PP 1013

B50M, 20D

BX 1200 PP 1013 1.310/1.97D A10/620 310/M.,240 93 SBX 12

Janfesa SBX 13

B 1300 a3 5.8

PP 1825 1,100,920

1.850/2.050

72001,:200

Jaofasa SBX 15

B 1500 a3 FE]

PP 10012 1.200M.370

270380 SBX 41

BX 4100 S50 T20 a3 28

PP 1.3x1.3 EBOrec0

BX 4200 PP 13213 1,400/ 810 380510 T20/1,000 g3 4B SBX 42
Hotes: 1. Information for Geogrid products is obfained fom the mamfcurer’s website. This chant is for companson purposs enly. Consal your local Syobec representative
for cument desizn assistance.




SYNTEC SBX vs. TENSAR BX

4% s5YNT=C
W ATVHE LIS B E 3

ABO0 Puliiki Highway

Bualtimere, MD HIMLEA

Tol Frea! 1-800-USSRINS

SYNTEC Product Specification:
Biaxial Geogrid SBX 12 (Type 2)

Product Type: Intagrally Formed Biaxial Geogrid Tel: 410 237 1070
Polymer: Pol e Fax: 410527 107§
Load Transfer Mechanism: Positive Mechanical Interlock e e
Primary Applications: Base Reinf

SYNTEC reserves the right fo change its product specificotions af any fime. ¢ is the responsibility of the specifier ond
purchaser fo ensure that produd specificalions used for design and procurement purposes ane curnent and consishent with
ithe products wsed in eoch instance.

Product Properties
Index Properties Units MD Values' XMD Values'
= Aperture Dimensions mm ({in) 25 (1.0) 33(1.3)
= Minimum Rib Thickness® mam {in) 1.27 (0.05) 1.27 (0.05)
= Tensile Strength @ 2% Strain® KN/ {Ivit) 6.0 (410) 2.0 (620)
» Tensile Strength @ 5% Strain® KN/ (i) 11.8 (B10) 19,6 (1,340)
= Ulimate Tensile Strength® KN/ (i) 192 (1,310) 28,8 (1,970)
Structural Integrity
= Junction Efficiency” % 03
» Flexural Stifiness® mg-cm 750,000
= Aperture Stability” m-Nideg 065
Durability
» Resistance to Installation Damage W%SC/WSW/%GP  05/03/00
= Resistance to Long Termn Degad.ahoﬂ o 100
» Resistance to UV Degradation® % 100
Dimensions and Delivery

The biaxial geogrid shall be delivered to the jobsite in roll form with each roll ndrvidually identfied and nominally measarng 3.0 meters
(9.8 feet) or 4.0 meters (13.1 feet) in width and 50,0 meters (184 feet) in length. A typical truckload quantity 5 160 to 210 rolks.

Notes:

1. Uniess Indicated othenwise, valles Shown are minimum average roll values oetemined In accondance with ASTM D4759-02. Brief gescriplions of iest
procadures are givan In the folkwing notes.

2. Nominal dmensions.

3. True reskstance i alongation when Inftially subjected i a load defermined in accomdance with ASTM DEE3T-01 without
load Defore messwng such resistance or “sacant” or “ofMsat”

deforming test materals under
tangent methods of measurement 50 35 to overstate tensle

capabllity detesmines In accordanca with GRI-GG2-05 and expressed a5 a percentage of ultimate tenslie strength.

5. Reslstance to bending force detemined in accondance with ASTM DST32-01, using specimens of width two fks wide, with transverse nbs cut Nush with
menorengasnrwmnrunns[zamm and of length sMdenty long fo enable measuremant of the ovamang dmension. The ovarall Flexural

Siifness Is calculated as the square noot of the product of MD and XMD Flexural Sifhess values.

6. Resistance to In-plane rotational mavement messured by applying 3 20 kg-cm (2 m-N) moment to the cantral junction of 3 @ Inch 3 9 Inch spacimen
restrained at s perimeter In accomiance with U.S. Army Cosps of Enginears Mathodalogy Tor measurement of Torsional Rigidity.

7. Reslstance to loss of load capachty of structural Integrity when subjected to meshanical Installation stress In dayey sand (SC), well graded sand (SW),
and crushed stone classifled as poorly graded grawvel (GP). The geogrid shall be sampied In accordance with ASTM DS313-06 and load capacity shall be
determined In accordance with ASTM DEG3T-01.

&. Reslstance to loss of load capachty of structural Integrity when subijectad to chemieally aggressive environments In accordance with EPA 5090
Immersion

testing.
9. Resistance to loss of 1030 capactty of structural Integrity when SuDjectad 10 500 hours of itraviolst Iight and AQQESSIVE WESIANNG In accordance with
ASTM D4355-05.

wamﬁﬂhhduﬂ-mm_ﬂﬂmhh
merchurtabity an S io @ partcuter
g-gunu-mnn-u-q-:lnnn i paga wed

This product specSication supersedes all prior specifications for e product desoibed
‘aborwe and Is not appicabie to any products shipped prior i Criober, 2011

¥ I ¥ 1 Tarsar Intemational Gorparation

5283 Glennage Dive, Sulle 200

Atiania, Georgla 20228-5363

Tensar, Phane: 800-TENSARH
ETES AT O,

e demLnr- Ternay fovel com

Product Specification - Biaxial Geogrid BX1200

Tensariniemational Coporaton resarves the night o change Iis proouct speciications St any Bme. /s the responsibilly of e speciler and purchasar
I ensure that prods of speafications used for design and procurement puTposes are cument and consisfent with the prooucts wsedin aach instance.

Product Type: Integrally Formed Biaxial Gaogrid
Polymer: Polypropylene
Load Transfer Mechanism:  Positive Mechanical Interlock
Primary Applications: Spectra System (Base Reinforcement, Subgrade Improvement)
Product Properties
Index Properties Units MD Values'  XMD Values'
= Aperiure Dimensions” mm (i} 25 (1.0} 33013
« Minimum Rib Thickness” mm i} 1.27 {0.05) 1.27 (0.05)
» Tansie Strength & 2% Strain” kM'm (b 6.0 {410 9.0 (620
» Tensde Strength @ 5% Strain” kM'm (k) 11.8 (810) 19,6 (1,340)
= Uliimate Tensile Strangth’ kM'm (b 102(1,310)  28.8(1,970)
Structural i
» Junchion Eficiency” o 5
= Flexuwral Si mg-cm T&0,000
» Aperture Stahility® m-Nideg 0.65
Durability
= Remstance o Insiallabon Damage’ W0/ T5W | FaGP EETE]
* Resistance to Long Term Degradation’ % 100
* Resistance to UV Degradation” % 100
Dimensions and Delivery

The biaxial geognd shall be delfiverad to the jobsite in roll form with each roll individually identified and nominally measuring 3.0 meters
(9.8 feet) or 4.0 meters (13.1 feef) in width and 50.0 meters (184 feet) in length. A typical truckload quantity is 160 to 210 rolls.
Notes

1. Unless indicated otherwize, values shown are minimum average roll values determined in accondance with ASTM D4758-02. Braf
descriptions of test procedwes are given in the following notes.

2. Mominal dimensions.

3. True reasistance to elongation when initially subjectad to a load determined in accordanca with ASTM DEE37-01 without deforming test
matenials under load before measuning such resistance or employing "secant” or "offset” tangent methods of measwement so as to
overstate tensile properties.

4. Load transfer capability determined in accordance with GRHGGE2-05 and expressed as 8 percentage of ulimate tensile strength.

5. Remstance to bending force determined in accordance with ASTM D5732-01, using specimens of width two ribe wide, with tranavense
ribs cut flush with exterior edges of longitudinal rbs (25 a adder”), and of long to enable messurement of the
overhang dimension. The overall Flexural Stiffness is calculated as the square root of the product of MD and XMD Flexural Stiffness
values.

6. Resistance to in-plans rotational movement measured by applying & 20 kg-cm (2 m-N) moment to the cantral jundlion of 2 @ inchx 8
inch spacimen restrained af its pefimeter in accordance with ULS. Army Corps of Engineers Methodology for measwrement of Torsional
Ri

T Hﬂﬂmlumﬂdkﬂjm or struchural integrty when subjected to mechanical installation stress in clayey sand (SC), well
graded sand (SW), and crushed stone dassified as poody graded gravel (GP). The geogrid shall be sampled in accordance with
ASTM D5218-06 and load capacity shall be determined in accordance with ASTM DEEIT-01.

B Resistance to boss of load capadity or struchural integnty when subjected to chemically aggressive amvironments in accordance with
EPA 9030 immersion testing.

9. Resistance to boss of load capadity or structural integrty when subjected to 500 hours of ulraviolst light and aggressive weatheding in
accordance with ASTM D4355-05.

Tonsar iniomational Corpocaiion wamanis hal ai the Ime of delvery he geognd

T b harootey a1 I Bt 3 ,._““’m""“ M b T procust speciicabion superEades all pAor Speciicabions fof the product

acisat 11 tioas ol mod tha spacifications: on Tis page and T._""Z described sbove and IS not applicatie to &y products shipped pror 1o June 1, 2007
nobiiod prar ke Tonzar will re e the geogrid at no cost o the cusionar.




The product marketed and distributed by SynTec, LLC under the SynTec brand name “SBX “are
manufactured by Tensar. The following attached table presents the list of which SynTec-branded
product aligns with which Tensar-branded product, along with test data from an independent laboratory
for SBX11 and SBX12.

If you need any additional information, please feel free to contact me,

Respectively
Giovanni Capra

President
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