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Brief History of Geotextiles & Geogrids

= Geosynthetics — numerous categories based on function

= Geotextiles - textile fabrics
= First used late 1950’s in Europe
= Became widespread in USA during 1970’'s

= Geogrids — open mesh, grid structure

= Developed shortly after geotextiles began widespread use
= Tensar introduced to USA in early 1980’'s

= Many similarities and many differences



Geotextile / Geogrid Types and Manufacturing

= Materials
= Polypropylene, high-density polyethylene, polyester
= PVC & polymer coatings

= Manufacturing processes
Extruded-punched-and-drawn

Slit film, monofilament, multifilament (yarn)
= Woven

Needle punched, non-woven

Knit

Welded
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Function and Performance Mechanisms
Geotextiles

sets of dual wheels

aggregate geotextile
-

subgrade soil

FIG. 10.—Kinematics of Unpaved Road with Geotextile

Source: Geotextile-Reinforced Unpaved Road Design — Giroud-Noiray



Function and Performance Mechanisms
Geotextiles

= Load distribution
= Soil separation
= Tensioned Membrane Effect



Function and Performance Mechanisms |
Geogrids

Lateral Restraint and Confinement

»
Vi
T

1

“...lateral restraint has been identified as the primary reinforcement mechanism...”

Source: USACOE ETL 1110-1-189



Function and Performance Mechanisms =~ 8 _ Tensar
Geogrids

Lateral Restraint resists aggregate particle movement under load =




Function and Performance Mechanisms
Geogrids
Lateral Restraint
= Mechanical Interlock & Lateral Confinement
= Rib profile
= Stiff junctions
= Geogrid/fill compatibility
= FHWA Guideline:
Dy < Aperture Size < 2Dg;
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Function and Performance Mechanisms ‘*
Geogrids

Improved Bearing Capacity
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Tensar

Sandbox Demonstration
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UNSTABILIZED: STABILIZED:
Aggregate moves Aggregate is confined
laterally and within and above
vertically under the TriAx Geogrid
traffic loading. reducing both vertical

and lateral movement.

“Geogrid improves the ability to obtain compaction in overlying aggregates”



Function and Performance Mechanisms

Geogrids

Separation

This phenomenon of soil migration is called piping, and relatively simple geometrical
relationships quantify whether or not distributed pore spaces within a particular aggregate fill
are small enough to hold the finer soil particles of a particular subgrade in place. The concept
1s illustrated in Figure 3 (Cedergren, 1989).

Particle Size Ratio
Fundamental to Piping Concept

A Sphencal particle
“B" will just pass
through pore
space between
three spheres “A”
6 1/2 times the
diameter of “B".

This size ratio 1s approximatcly
that of a pea to billard balls
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Preventing Piping with Graded (Natural) Filters
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Function and Performance Mechanisms
Geogrids

Separation

D15 (filter)
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Geogrids for Roadway Applications

Geogrid enhances:

= Stiffness and resiliency of aggregate and granular fill
Load distribution
Rutting resistance under repeated loads
Bearing capacity and settlement resistance
Separation of dissimilar soils
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Geogrids for Roadway Applications

Benefits of using geogrid:
= Reduce aggregate thickness
Reduce or eliminate undercut
Expedite construction
Cost-effective alternative to cement
Improved performance relative to geotextile fabrics

Where to use:
= Beneath or within aggregate and granular fill
= Paved and unpaved roads
= Above and below utilities
= Whole roadway or isolated areas



Geogrids for Roadway Applications

Subgrade Improvement:
= Establish stable working platform
= Support construction equipment without disturbing subgrade

Aggregate Base Reinforcement:
= Stiffen aggregate base
= Extend roadway life
= Prevent base failure















Roadway Applications
Unpaved road




Roadway Applications
Unpaved road
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7" Het Bituminous Pavement - CL 33
Arga = 17.50 SF Paved in 4 lifis.
(2 -2.5" lifts and 1 - 2" wear course)

Geoleutile Fabs
T R1 - 40" wid

12° Subgrade Preparation - 95% T-99

18° Amsmgﬂu Base Course CL 5

Roadway Symmetrical about €



7" Hot Bituminous Pavement CL 33
Area = 17.5 5F Paved in 4 lifts.
(2 - 2.5" lifts and 1 - 2" wear course)

12" Cement Treated Base |
Area = 38.00 SF

12" Subgrade Preparation - 95% T-29




7" Hot Bituminous Pavement
Area = 17.5 SF Paved in 4 lifts.
{2 - 2.5 lifts and 1 - 2" wear course)

14" Aggregate Base Course CL 5\
Araa = 44,33 SF
Gectextile Fabric - Type R2
Width = 40 ft

12" Subgrade Preparation - 95% T-99




Roadway Applications
Structure & utility support
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Roadway Applications
Structure & utility support
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Roadway Applications
Structure & utility support
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Roadway Applications
Construction Entrance

CL5 AGGREGATE BASE OPEN-GRADED STONE SURFACE
(SEE NOTE 3) 2" — 4” STONE SIZE 3" MINIMUM
(SEE NOTE 4) (SEE NOTE 4)
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Guidance Documents

e

LS, Department of Transportation Publication No. FHWA NHI-07-092
Federal Highway Administration August 2008

NHI Course No. 132013
Geosynthetic Design & Construction Guidelines
Reference Manual




Guidance Documents

Standard Practice for

Geosynthetic Reinforcement of the
Aggregate Base Course of Flexible
Pavement Structures

AASHTO Designation: R 50-09"

1. SCOPE

1.1. This stamdard practics provides guidanes o pavement designen inkeresisd i incomorating
geoaynihetics for the purpaie of reinfircing the apgregate baie comse of Nexible pavement
strnctures. Ceoaynthetic reinforcement {4 indended o provide stractural suppon of trailic loeds
aver the life of the pavement.

1.1.1. Fuor the purpaose of this guide, base relnforcementis the wse of & goosynthetic within, or dinectly
beneath, the ymlu.hn base course.

1.1.2 When referming to geosynihetics, the discmsion 15 hmited to geotatiles, poogrids, or
oo il peotextile composiles.

2 REFERENCED DOCUMENTS

2.1. AASHTO Srandard
B M 28R, Geostile Specfication for Highway Applicatioms

22 (her K,

B Geosynthelics Materials Association (GMA) While Paper I—"Geosynthetics in Pavement
Sysiems Agplications,™ May 1999, Available st booksoneii fal com.

B Geosynthetic Makrak Associstion (GMAY Whik Paper 1—"Gesynthetic Reinforcement of
the Aggesale Baie Cowse of Flexible Pavement Stroctmes,” June 2000, Avadlable st
books el il com.

B Mational Highway Institube { MHI) Participan Mok book—CGeospnteris Desn and
Consruefon Gudelines, Aprl 1999 Available st wowonhi Toadotgov.

3 INTRODUCTION

31 Beocsuse the benefits of goosynthetic seinforosd pavement siruclanes may nol be desived
theame tically, test sections ane necessay b oblan benefit quantification. Studies have boon done
that demonstrate the value sdded by & geosynthetic s pavement strustone. These stadies,
necesdanly limikd i scope, remain the basts for desdgn in this fiekl.

32 This stamdard gractios 4 very empinical in natare s sestricted o applications already
demonstrated to be useful. The practitioner will need o consult the referenoes and locste & tesbed

TS4a R &50-1 AASHTO




Guidance Documents

“Use of Geogrids in Pavement Construction”

Engineering Technical Letter (ETL) 1110-1-189
Department of the Army, US Army Corps of Engineers (USACE)

“Extruded geogrids have shown good performance when compared to other types for
pavement reinforcement applications.”

Geogrid’s primary uses are... “(a) serve as a construction aid over soft subgrades, (b) improve
or extend the pavement’s projected service life, and (¢) reduce the structural cross section for a
given service life.”

“Geogrid improves the ability to obtain compaction in overlying aggregates, while reducing
the amount of material required to be removed and replaced.”

“The ability of a geogrid to separate two (dissimilar) materials is a function of the gradations
of the two materials.”



USACE-ETL1110-1-189
Aggregate Surfaced Roads

Table 5
Reinforced Bearing Capacity Factors, N/, for Aggregate-Surfaced Pavements

Step 1: Determine Design Subgrade Soil Strength and Geosynthetic Applicability

CBR < 0.5 0.5<CBR<2.0 2.0<CBR <4.0 CBR > 4.0
Use a geotextile Both a geogrid and a A geotextile is required for ~ Perform a
and a geogrid at geotextile are fine-grained subgrades. A cost analysis.
subgrade-base recommended. Use this  geogrid may also be cost-  Consider
interface. No design procedure for effective. Perform a life “hidden”
aggregate aggregate thickness cycle cost analysis. benefits.
thickness reduction reduction. [nadequate
recommended. Geotext Geogri Geotextil Bot datais

Use TM 5-822-12 ile d Both’ e Geogrid| h  available to
for Fl]iCkHESS 5 0 58 58 5 0° 58 5 g {letE{‘mine

|'The unreinforced bearing capacity factor, N.. is 2.8.|
“Both a geotextile and a geogrid are recommended. The geotextile serves primarily as a

aration fabric
IEUSE' a factor of 3.6 for conservative geotextile-reinforced pavement clesi;;{ns.l




USACE-ETL1110-1-189
Aggregate Surfaced Roads
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Required Aggregate Depth, in.
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Tensar SpectraPave Software

SPECTRAPAVE4-PRO™

SOFTWARE

www.tensarcorp.com




TriAx Pocket Card

Aggregate Thickness Requirements for a
Typical Unpaved Applications Scenario

Rut Depth = 1% Inches

Thickness Requirements (in.)

35,

I Given:

Axle Load = 20 kips
Tire Pressure = 100 psi

’ No. Passes=1,200
< Unreinfo;rced Subbase CBR = 20 (min.)

/ w/TX140 Geogrid

Subgrade
Consistency:

soft
medium
stiff

I

i
\ w/TX160 Geogrid
?

0.8 1.2 : 1.6 2.4 ' 2.8 3.2
Subgrade CBR (see “NOTE" on reverse side)




TriAx Pocket Card

Guide for Estimating Subgrade Soil Strengths (Fine-Grained Soils)

Estimated Consistency by:

Test by:

Correlates to:

Standard Dynamic Cone Penetrometer | Shear Strength, C,
Penetration California
Feel Equipment/Visual JTest(blows/ft)|SC,SM,SP| CL CH (psi) (tsf) RValue | RValue
e == e
Veiysare] Manstndingsinks <2 - - = <1.7 €0.125 <5 = 0.4
>3 inches
Soft B 2-4 o = = 1.7-35 [0.125-0.25] <5 <0.36 |0.4-0.8
~2-3inches
Medium || Menvalkingsinis 4-8 — »2.6 — | 35-69|025-050]| <5 0.36- l58.1.6
~1inch 2.5
Stiff LiSupRceiuts 8-15 »3.9 |2.6-1.8] — [lé6.9-139] 0.50-10 | 5-20 |25-6.8|1.6-3.2
~1/2-1inch
varysar| Loaced dump thuck 15-30 3.9-2.2 |1.8-1.3| »43 |13.9-27.8| 1.0-20 | 20-33 |6.8-15.5|3.2-6.4
ruts ~1 -3 inches
Hard |!nsignificantrutsfrom »30 2.2-11 |1.3-09]43-21] >27.8 52.0 »33 »15.5 | 6.4
loaded dump truck
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: DCP Test

DCP TEST DATA

Project:

Location:
Hamimer
{101 bs
Wi

{3 Both hammers used

Date:

Soil Type(s): High plasticity Clay
Gl Ty

W cx
Qo

2 Al other soils

MNo. of
Blows

Accumulative

Type of

Penetration | Hammer

(mmj

M3 BRI — =k =k =k =k

30
100
180
270
400
&600
750

S S S 4 G A Y O T 4 s S U U

DEPTH, in.

10

15 F

0.1

1.0

CER

10.0

100.0

{ 127

{1 254

{14 508

1 &35

] 782

10186

0.1

1.0

10.0

100.0

DEPTH, mm




NDDOT 2014 Specs - Geogrid

SECTION 709
GEOSYNTHETICS

709.01 DESCRIPTION
This work consists of fumishing and installing geosynthetics.

709.02 EQUIPMENT

Reserved.

709.03 MATERIALS
ltem Section
Geosynthetics 858

|C. Geosynthetic Geogrid (Type G). |

Table 858-03 Table 85803
Geoqrid Geosynthetics Geoqgrid Gensmthetic:s
GEOGRID TEST GEOGRID GEOGRID TEST GEOGRID
PROPERTY METHOD _TYPE G PROPERTY METHOD TYPE G
| Aperture Size ID Calipered | 0.5-15inch Junchion Strength, 2
Tensile Strength’ bomin | GRFGG2 -
@ 2% Strain, Ibft, | ASTM D 6637 400 UV Resistance
_FT‘IiI'I_-_ (After 500 hrs), % | ASTM D 4355 70
Tensile Strength Retained
Sirer_bgﬂf @5 _n"'r“' ASTM D 6637 800 ' Strength values represent weakest principal direction
Strain, Ibft,_ min * Geosynthetic Research Institute
Ultimate Tensile'
Strength, Ibf, ASTM D 6637 1,300
.




NDDOT 2014 Specs - Geogrid

Owerlap the geognd a minimum of 30 inches at all splices or joints. Construct joints at the
end of a roll so the previous roll laps over the subsequent roll in the direction of the cover
matenal placement. Mechanically tie transverse joints at 3 foot intervals, and longitudinal
joints at 15 foot intervals. Place pins or staples at all comers and at 15 foot intervals along

all edges, before placing cover matenal on the geognd.






Site Preparation

Clear and grub

Strip topsoil and other unsuitable material if necessary

Avoid subgrade disturbance if existing/plan grades allow

Lightly roll or backdrag to smooth ruts



Placing and Overlapping Geogrid
= Shingle in the direction of fill placement

= Plastic or wire ties may be used to secure overlaps
= These are non-structural, only for ease of construction
= Most helpful on extremely soft subgrades

= Geogrid may exhibit “roll memory”
= Pins, staples, or small piles of aggregate may be used to secure
= Not required



Geogrid Overlaps

Summary of Tensar” TriAx" Geogrid Installation Parameters

CBR<D.5 N Torl 3ft

¥ N Analysis Reg'd
0.5<(BRx<2 Usually L 2-3ft N N Analysis Reg'd
2<(BRz<4 Y L 1-2ft N Limited Analysis Reqg'd
4<(BR Y L 1ft N N N
NOTES:

1. Summary is o generalized presentation; see text for specifics.

2.Y = Yes, normally required; N = No, not normally required.

3 Geogrid Orientation (roil axis in refation to troffic): T = Tronsverse. L = Longitudinal.

4. Ceneral Geogrid Overiop Rule: Overiap = 3 ft for CBR < 1; Overiap =1 ft for CBR 2 4; interpolate between.
5. Direct Troffic pertains only to conventional rubber-tired equipment.

6. Analysis Reguired = Geotextile required only If fiftration criteria is not met by aggregote fiil.



Geogrid Overlaps
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(32" Wide) J

T
r e

(22.0833 5F)
12" Subgrade L (25  Wide)
Praperation Geogrid
PROPOSED TYPICAL

STA. 12+04 TO STA. 278+82

10" Aggregate Surface Course CL 13

Varies 29" Graded Roadway Varias
2.5 24" Aggregata Top |25
Tl:l ﬂil Tl:l a“
ps 2ge ps
T e

“Heshape Foreslopes



Fill Placement

6" minimum compacted thickness recommended
= 8” recommended for CL5 / CL13 subjected to traffic

Dump at or before edge of exposed geogrid

Spread with dozer (preferred) or grader

Rubber tires directly on geogrid is acceptable (avoid turning)
No tracked equipment directly on geogrid

Advance fill ahead and to the edges of geogrid

Some “waving” in geogrid ahead of fill placement is normal
= Excessive pinning and tying can create problems

Compact using standard equipment and procedures
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Spreading Aggregate




Spreading Aggregate
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CONSTRUCTION MATERIALS
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