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Preface

The 1998 update to the Geosynthetic Design & Construction Guidelines manual was

initiated to incorporate the following recent publications:

following FHWA manuals:

the 1997 revised AASHTO Standard Specifications for Geotextiles — M 288;

the 1997 interims to the AASHTO Standard Specifications for Highway Bridges,
Sixteenth Edition, 1996,

Mechanically Stabilized Earth Walls and Reinforced Soil Slopes Design and
Construction Guidelines, FHWA Demonstration Project 82, August 1997; and
Corrosion / Degradation of Soil Reinforcements for Mechanically Stabilized Earth
Walls and Reinforced Soil Slopes, FHWA Demonstration Project 82, August 1 997.

The 1995 Geosynthetic Design & Construction Guidelines maual has evolved from the

Geotextile Design & Construction Guidelines - Participan! @ pk by Barry R.

Christopher and Robert D. Holtz; STS Consulta pook, lllinois, and

GeoServices, Inc., Boca Raton, Florida; Octobeg 1 electively updated to

April 1992.

Geotextile Engineering Manual by Barr/®,

Consultants, Northbrook, 1llinois; Marchﬁ
i1

er and Robert D. Holtz; STS
y D.

Type Related Applications by T.
e C. McGuffey, 1981.

Use of Engineering Fabrics in
Allan Haliburton, J.D. Lawmast

This 1995 Geosynthetic Desigia& Co ction Guidelines manual was also derived from

the following FHWA reports:

Guidelines for
Stabilized Eart.
Associates, St. P

sign, cification, and Contracting of Geosynthetic Mechanically
irm Foundations; by Ryan R. Berg; Ryan R. Berg &

innésota; January, 1993, 88p.

Reinforced Soil Strilgtures - Volume I, Design and Construction Guidelines, and Volume

1I Summary of Resé@ch and Systems Information; by B.R. Christopher, S.A. Gill, J.P.

Giroud, J.K. Mitchell, F. Schlosser, and J. Dunnicliff; STS Consultants, Northbrook,

Illinois, November 1990.

0
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1.0 INTRODUCTION, IDENTIFICATION, AND EVALUATION

1.1 BACKGROUND

This manual was prepared to assist design engineers, specification writers, estimators, construction
inspectors, and maintenance personnel with the design, selection, and installation of geosynthetics.
In addition to providing a general overview of these materials and their applications, step-by-step
procedures are given for the cost-effective use of geosynthetics in drainage and erosion control
systems, roadways, and reinforcement, and in containment applications. Although the title refers
to the general term geosynthetic, specific applications address the appropriate use of subfamilies
of geotextiles, geogrids, geocomposites, and geomembranes.

The basis for much of this manual is the FHWA Geotextile Enginef
Holtz, 1985). Other sources of information include the books b
and Veldhuijzen van Zanten (1986). If you are not already fam
encouraged to read Richardson and Koerner (1990) and Ingg
are attempting to use geosynthetics for the first time. g g other geosynthetics literature
can be found in Cazzuffi and Anzani (1992) and Holt flson (1988), both of which are
reproduced in Appendix A. Comprehensiv?%u ic bibliographies have recently been
u i

ing Manual (Christopher and
'o@ener (1994), John (1987),

geosynthetics, you are
1988), especially if you

prepared by Giroud (1993, 1994). If you iliar with geosynthetics terminology, see
ASTM (1997) D 4439 Standard Term
Appendix B. The authors assume t (o]
geotechnical, highway, hydraulic ininfgwall, and pavement design. Common notation and
symbols are used throughout thigihan a list is provided in Appendix C for easy reference.

synthetics. Basic terms are defined in

ly consistent with the International Geosynthetic Society's

(IGS) Recommended and Graphical Symbols (1993).

Sample specifications includ@d in this manual were developed in several cases by Task Force 25
Subcommittee of the American Association of State Highway and Transportation Officials
(AASHTO, 1990), the Association General Contractors (AGC), and the American Road and
Transportation Builders Associations (ARTBA) Joint Committee, along with representatives from
the geosynthetic industry. Important input has also been obtained from the AASHTO-AGC-
ARTBA Task Force 27 Subcommittee (1990). Specifications from the FHWA Guidelines for
Design, Specification, and Contracting of Geosynthetic Mechanically Stabilized Earth Slopes on
Firm Foundations (Berg. 1993) are also used with this manual. Finally, sample specifications
were obtained from some state Departments of Transportation. These specifications are meant
to serve only as guidelines and should be modified as required by engineering judgment and
experience, based upon project specific design and performance criteria.
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Chapter 1 introduces you to the functions and applications of geosynthetics, to the identification
of the materials, and to the methods used to evaluate their properties. The remaining nine
chapters give specific details about important application categories of geosynthetics, such as
drainage and roadways. Each chapter provides a systematic approach to applying geosynthetics
so that successful cost-effective designs and installations can be achieved.

1.2 DESIGN APPROACH

We recommend the following approach to designing with geosynthetics:
1. Define the purpose and establish the scope of the project.
2. Investigate and establish the geotechnical conditions at the site (geology, subsurface
exploration, laboratory and field testing, etc.).
3. Establish application criticality, severity, and perform criteria. Determine external
factors that may influence the geosynthetic's perform
4. Formulate trial designs and compare several alternati

5. Establish the models to be analyzed, determi eters, and carry out the
analysis.

6. Compare results and select the most appropriat@de nsider alternatives versus cost,
construction feasibility, etc. Modi ioW if necessary.

7. Prepare detailed plans and specifi
the geosynthetic; and b) de tiofi procedures.

8. Hold preconstruction meeti contractor and inspectors.

9. Approve geosynthetic the @asts of specimens' laboratory test results and/or
manufacturer's certifg€atio

10. Monitor con! ion.

11. Inspect after
By following this systemaf

s Meluding: a) specific property requirements for

ins

100 year rainfall) that may tax structure performance.

approach to designing with geosynthetics, cost-effective designs can
be achieved, along with improved performance, increased service life, and reduced maintenance
costs. Good communication and interaction between all concerned parties is imperative
throughout the design and selection process.

1.3 DEFINITIONS, MANUFACTURING PROCESSES, AND IDENTIFICATION

ASTM (1997) has defined a geosynthetic as a planar product manufactured from a polymeric
material used with soil, rock, earth, or other geotechnical-related material as an integral part of
a civil engineering project, structure, or system. A geotextile is a permeable geosynthetic made
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of textile materials. There are a number of other materials available today that technically are not
textiles -- including webs, grids, nets, meshes, and composites -- that are used in combination with
or in place of geotextiles. These are sometimes referred to as geotextile-related materials.
Geotextiles and related materials all fall under the principal category of geosynthetics. Geogrids,
geosynthetics primarily used for reinforcement, are formed by a regular network of tensile
elements with apertures of sufficient size to interlock with surrounding fill material.
Geomembranes are low-permeability geosynthetics used as fluid barriers. Geotextiles and related
products, such as nets and grids, can be combined with geomembranes and other synthetics to
complement the best attributes of each material. These products are called geocomposites, and
they may be geotextile-geonets, geotextile-geogrids, geotextile-geomembranes, geomembrane-
geonets, geotextile-polymeric cores, and even three-dimensional polymeric cell structures. There
is almost no limit to the combinations of geocomposites.

deure 1-1. For details on the
$994), Ingold and Miller

A convenient classification scheme for geosynthetics is provided in
composition, materials, and manufacturing processes, see Koerj
(1988), Veldhuijzen van Zanten (1986), Christopher and Holtz (193 @ d and Carroll (1983),
Rankilor (1981), and Koerner and Welsh (1980). Most : ire made from synthetic

polymers of polypropylene, polyester, or polyethyleng. se Jpolymer materials are highly
S§-
S

resistant to biological and chemical degra%tion. ently-used polymers include
polyamides (nylon) and glass fibers. Natural fibe cotton, jute, etc., could also be used
as geotextiles, especially for temporary applicadi \they have not been researched or utilized
in the U.S. as widely as polymeric geot

In manufacturing geotextiles, el ts sucll as fibers or yarns are combined into planar textile
structures. The fibers can be ¢ uo ents, which are very long thin strands of a polymer,
or staple fibers, which filafents, typically 20 to 150 mm long. The fibers may also be
produced by slitting an e ic sheet or film to form thin flat tapes. In both filaments and
slit films, the extrusion or dfawing process elongates the polymers in the direction of the draw and
increases in the filament strehgth.

Geotextile type is determined by the method used to combine the filaments or tapes into the planar
structure. The vast majority of geotextiles are either woven or nonwoven. Woven geotextiles are
made of monofilament, multifilament, or fibrillated yarns, or of slit films and tapes. The weaving
process is as old as Homo sapiens' textile cloth-making. Nonwoven textile manufacture is a
modern development, a high-tech process industry, in which synthetic polymer fibers or filaments
are continuously extruded and spun, blown or otherwise laid onto a moving belt. Then the mass
of filaments or fibers are either needlepunched, in which the filaments are mechanically entangled
by a series of small needles, or heat bonded, in which the fibers are welded together by heat
and/or pressure at their points of contact in the nonwoven mass.
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TEXTILES WEBBINGS
SYNTHETIC NATURAL SYNTHETIC NATURAL
Various polymers - Cotton Steel Palm wood
Polypropylene Jute Polymers Wood
Polyethylene Reeds Bamboo
Polyester, etc. Grass
IMPERMEABLE PERMEABLE CLOSE-MESH OPEN-MESH
I i
i i E Nets Geogrids
1 [ Mats Bar mats
- I '
Geomembrane polymers — i
Polyethylene (HDPE, LLDPE, etc.) i
Polyvinyl Chloride (PVC)
Cholorosulphonated Polyethylene (CSPE) . .
Ethylene Interpolymer Alloy (EIA) Combination -
Rubber, etc. Products
STRIPS
GEOTEXT[LE% Formed Plastic Reinforced Earth
with pins, etc. York System
NONWOVEN WOVEN
1 1
Continuous Filament : :
Staple Filament e cocomposites) ~=====—== J
NEEDLE- CHEMICAL HEAT-
PUNCHED BO D BONDED
Wet Laid Spunbonded
Resin Bonded
MONOFILAMENT SLIT FILM FIBRILLATED MULTIFILAMENT
YARNS YARNS YARNS YARNS

Noncalendered
Calendered

Noncalendered
Calendered

Figure 1-1 Classification of geosynthetics and other soil inclusions (after Rankilor, 1981).
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The manufacture of geotextile-related products is as varied as the products themselves. Geonets,
geosynthetic erosion mats, geogrids, etc., can be made from large and often rather stiff filaments
formed into a mesh with integral junctions or which are welded or glued at the crossover points.
Geogrids with integral junctions are manufactured by extruding and orienting sheets of
polyolefins. These types of geogrids are usually called sriff geogrids. Geogrids are also
manufactured of polyester yarns, joined at the crossover points by a knitting or weaving process,
and encased with a polymer-based, plasticized coating. These types of geogrids are generally
called flexible geogrids. Manufacture of geomembranes and other geosynthetic barriers is
discussed in Chapter 10.

Geocomposites result when two or more materials are combined in the geosynthetic manufacturing
process. Most are used in highway drainage applications and waste containment. A common
example of a geocomposite is a prefabricated drain formed by wrapping a fluted or dimpled
polymeric sheet, which acts as a conduit for water, with a geotextile which acts as a filter.

Geosynthetics are generically identified by:
1. polymer (descriptive terms, e.g., high density, lo i . should be included);
2. type of element (e.g., filament, yarn, strand, gib) edWib), if appropriate;

3. distinctive manufacturing process (e.g., wovengne nched nonwoven, heatbonded
nonwoven, stitchbonded, extruded, 1 ughened sheet, smooth sheet), if
appropriate;

4. primary type of geosynthetic (€ il&, geogrid, geomembrane, etc.);

5. mass per unit area, if approprigteute. @y for geotextiles, geogrids, GCLs, erosion control

blankets,) and/or thickness,@f app ate (e.g., for geomembranes); and
6. any additional informaglon o cal properties necessary to describe the material in

relation to spe licaons.

Four examples are:
polypropylene staple filament needlepunched nonwoven geotextile, 350 g/m?;

polypropylene extruded biaxial geogrid, with 25 mm x 25 mm openings; and

°

e polyethylene geonet, 440 g/m’ with 8 mm openings;

°

® high-density polyethylene roughened sheet ggomembrane, 1.5 mm thick.

1.4 FUNCTIONS AND APPLICATIONS

Geosynthetics have six primary functions:
1. filtration
2. drainage
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separation
reinforcement
fluid barrier, and
protection

onkw

Geosynthetic applications are usually defined by their primary, or principal, function. For
example, geotextiles are used as filters to prevent soils from migrating into drainage aggregate or
pipes, while maintaining water flow through the system. They are similarly used below riprap
and other armor materials in coastal and stream bank protection systems to prevent soil erosion.

Geotextiles and geocomposites can also be used as drainage, or lateral transmission media, by
allowing water to drain from or through soils of lower permeability. Geotextile applications
include dissipation of pore water pressures at the base of roadway embankments. For situations
with higher flow requirements, geocomposite drains have been
used as pavement edge drains, slope interceptor drains, and abut
Filtration and drainage are addressed in Chapter 2 - Geosy
Systems.

gveloped. These materials are
and retaining wall drains.
p Subsurface Drainage

Geotextiles are often used as separarors to prevent roa@ba erials from penetrating into the
underlying soft subgrade, thus maintaining the*dgsi icKhess and roadway integrity. Separators
also prevent fine-grained subgrade soils fro umped into permeable, granular road bases.
Separators are discussed in Chapter 5 t188 in Roadways and Pavements.

Geogrids and geotextiles can also ballised afyreffiforcement to add tensile strength to a soil matrix,
thereby providing a more compgfent al material. Reinforcement enables embankments to
be constructed over soft Y@undations and permits the construction of steep slopes and
retaining walls. Reinfo tions are presented in Chapter 7 - Reinforced Embankments
on Soft Foundations; ter 8 - Reinforced Slopes; and Chapter 9 - Mechanically Stabilized
Earth Retaining Walls and§Abutments.

Geomembranes, thin-film geotextile composites, geosynthetic clay liners, and field-coated
geotextiles are used as fluid barriers to impede the flow of a liquid or gas from one location to
another. This geosynthetic function has wide application in asphalt pavement overlays,
encapsulation of swelling soils, and waste containment. Barrier applications are summarized in
Chapters 6 - Pavement Overlays, and 10 - Geomembranes and Other Geosynthetic Barriers.

In the sixth function, prorection, the geosynthetic acts as a stress relief layer. Temporary
geosynthetic blankets and permanent geosynthetic mats are placed over the soil to reduce erosion
caused by rainfall impact and water flow shear stress. A protective cushion of nonwoven
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geotextiles is often used to prevent puncture of geomembranes (by reducing point stresses) from
stones in the adjacent soil or drainage aggregate during installation and while in service. Erosion
control is presented in Chapter 3 - Geotextiles in Riprap Revetments and Other Permanent Erosion
Control Systems; and Chapter 4 - Temporary Runoff and Sediment Control.

In addition to the primary function, geosynthetics usually perform one or more secondary
functions. The primary and secondary functions make up the total contribution of the geosynthetic
to a particular application. A listing of common applications according to primary and secondary
functions is presented in Table 1-1. It is important to consider both the primary and secondary
functions in the design computations and specifications.

1.5 EVALUATION OF PROPERTIES

polymers, filaments,
asses, etc., they have a
e process of comparison and
gressed significantly since the
first Geotextile Engineering Manual (ChristophemN 1985) was published. Specific test

weaving (or nonwoven) patterns, bonding mechanisms, t
considerable range of physical and mechanical properti

procedures are given in AASHTO (1997) 1997), and GRI (1997). The AASHTO
Standard Specification for Geotextiles, de , is specifically for highway applications
and addresses subsurface drainage, s ntrol, erosion control, separation, and pavement
overlay applications. The AASH 288@pecification can be found in Appendix D. Testing
procedures developed by the G the search Institute of Drexel University are considered
only interim standards u equiv@lent ASTM standard is adopted. ASTM and GRI standards
are listed in Appendix

The particular, required dgsign properties of the geosynthetic will depend on the specific
application and the associated function(s) the geosynthetic is to provide. The properties listed in
Table 1-2 cover the range of important criteria and properties required to evaluate geosynthetic
suitability for most applications. It should be noted that not all of the listed requirements will be
necessary for all applications. For a specific application requirements, refer to the subsequent
chapter covering that application.

All geosynthetic properties and parameters to be considered for specific projects are listed in Table
1-3. Again, see AASHTO (1997), ASTM (1997), and GRI (1997) for test procedures for each
specific property. Manufacturers can provide information on general properties. The December
issue of Geotechnical Fabrics Report magazine, published by the Industrial Fabrics Association
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TABLE 1-1

REPRESENTATIVE APPLICATIONS AND
CONTPROLLING FUNCTIONS OF GEOSYNTHETICS

PRIMARY APPLICATION SECONDARY FUNCTION(S)
FUNCTION
Separation Unpaved Roads (temporary & Filter, drains, reinforcement

permanent)

Paved Roads (secondary & primary)
Construction Access Roads
Working Platforms

Railroads (new construction)
Railroads (rehabilitation)

Landfill Covers

Preloading (stabilization)

Marine Causeways

General Fill Areas

Paved & Unpaved Parking Facilities
Cattle Corrals

Coastal & River Protection

Sports Fields

Filter

Trench Drains

Pipe Wrapping L 3

Base Course Drains

Frost Protection

Structural Drain

Toe Drains in Da

High Embank

Filter Below [fabric-E

Silt Fen

Silt Sc S

lvert ts

il for Erosion Control:

Mulching

eneath Gabions

itch Armoring

bankment Protection, Coastal

Embankment Protection, Rivers
& Streams

Embankment Protection, Lakes

Vertical Drains (wicks)

Filter, drains

Filter, drains, reinforcement
Filter, drains, reinforcement
Filter, drains, reinforcement
Filter, drains, reinforcement
Reinforcement, drains, protection
Reinforcement, drains
Filter, drains, reinforcement
drains, reinforcement
ains, reinforcement
reinforcement
einforcement
, protection

ation, drains
Separation, drains, protection
Separation, drains
Separation, drainage, reinforcement
Separation, drains
Separation, drains
Drains
Separation, drains
Separation, drains
Separation
Separation
Separation

Drainage-Transmission

Retaining Walls

Vertical Drains

Horizontal Drains

Below Membranes (drainage of gas &
water)

Earth Dams

Below Concrete (decking & slabs)

Separation, filter
Separation, filter
Reinforcement
Reinforcement, protection

Filter
Protection
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TABLE 1-1

REPRESENTATIVE APPLICATIONS AND
CONTROLLING FUNCTIONS OF GEOSYNTHETICS

Embankment Reinforcement
Fill Reinforcement
Foundation Support

Soil Encapsulation

Net Against Rockfalls

Fabric Retention Systems
Sand Bags

Reinforcement of Membranes
Load Redistribution

Bridging Nonuniformity Soft Soil Ar
Encapsulated Hydraulic Fil
Bridge Piles for Fill Placemén

(continued)
PRIMARY APPLICATION SECONDARY FUNCTION(S)
FUNCTION
Reinforcement Pavement Overlays | c=---mee-
Subbase Reinforcement in Roadways & Filter
Railways
Retaining Structures Drains
Membrane Support Separation, drains, filter, protection

Drains
Drains

er, separation

Fluid Barrier

Asphalt Pavement
Liners for Canals
Liners for Landfills an
Repositories
Covers for Lan
Repositorie
Cutoff Walls\for

11 and

Protection

Geomembrane cushion
Temporary erosion control
Permanent erosion control

Drains
Fluid barrier
Reinforcement, fluid barrier
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TABLE 1-2

IMPORTANT CRITERIA AND PRINCIPAL
PROPERTIES REQUIRED FOR GEOSYNTHETIC EVALUATION

FUNCTION
CRITERIA AND PROPERTY'
PARAMETER Filtration | Drainage | Separation | Reinforcement | Barrier Protection
Design Requi .
Mechanical Strength
Tensile Strength Wide Width Strength - - - v v -
Tensile Modulus Wide Width Modulus - - - v v -
Seam Strength Wide Width Strength - - - v v -
Tension Creep Creep Resistance - - - v v -
Compression Creep Creep Resistance - v? - - - -
Soil-Geosynthetic Shear Strength - - - v v v
Friction
Hydraulic
Flow Capacity Permeability v v v v v -
Transmissivity - v - - - v
Piping Resistance Apparent Opening Size v - v v - v
Clogging Resistance Porimetry v - - - v
Gradient Ratio or Long- v - - - v
Term Flow
c bili
Tensile Strength Grab Strength V‘ v v v v
Seam Strength Grab Strength v v - v -
Bursting Resistance Burst Strength v v v v v
Puncture Resistance Rod or Pyramid v v v v
Puncture
Tear Resistance Trapezoidal Tear v v v v v
L ity (Durability);
Abrasion Resistance® Reciprocati ock - - - - -
UV Stability* v - - v v v
Soil Environment® v v ? v v ?
v v ? v v ?
v v - - - v
v v - - v -

NOTES

1. See Table 1-3 for specific procedures.
2.

3.

4. Exposed geosynthetics only.

S.  Where required.

Compression creep is applicable to some geocomposites.
Erosion control applications where armor stone may move.

10
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TABLE 1-3

GEOSYNTHETIC PROPERTIES AND PARAMETERS

d) Dynamic Loading

e) Creep Resistance

f) Index Friction

g) Seam Strength
1) Sewn (geotextiles)
2) Factory Peel and Shear (geome! nes)
3) Field Peel and Shear (geomemb )

h) Tear Strength
1) Trapezoid Tearing (geotextile)
2) Tear Resistance (geomembranes)

a) Burst Strength
1) Mullen Burst (geotextiles)
2) CBR (geotextiles, geonets, geomembranes)
3) Large Scale Hydrostatic (geomembranes and
geotextiles)

b) Puncture Resistance
1) Index (geotextiles and geomembranes)
2) Pyramid Puncture (geomembranes)
3) CBR (geotextile, geonets, and geomembranes)

c) Penetration Resistance (Dimensional Stability)

D 5262
Note: interpretation required)

GRI:GS7

ASTM D 4884
ASTM D 4545
ASTM D 4437

ASTM D 4533
ASTM D 1004

ASTM D 3786
GRI:GSI
ASTM D 5514

ASTM D 4833
ASTM D 5494
GRI:GSI

no standard

PROPERTY TEST METHOD UNITS OF MEASUREMENT
I. GENERAL PROPERTIES (from manufacturers)
Type and Construction Na 0
Polymer Na
Mass per Unit Area ASTM D 5261 g/m?
Thickness (geotextiles & geomembranes) ASTM D 5199 mm
Roll Length Measure m
Roll Widths Measure m
Roll Weight Measure kg
Roll Diameter Measure m
Specific Gravity & Density ASTM D 792 and D 1505 g/m’
Surface Characteristics Na 1
II. INDEX PROPERTIES
a) Tensile Strength (Quality Control)
1) Grab Strength (geotextiles & CSPE ASTM D 4632 N
reinforced geomembranes)
2) Single Rib Strength (geogrids) GRI:GG1 N
3) Narrow Strip (geomembranes)
- EDPM, CO, IR, CR ASTM D 412 N
- HDPE ASTM D 638 N
- PVC, VLDPE ASTM D 882 N
b) Tensile Strength (Load-Strain Characteristics)
1) Wide Strip (geotextiles) ASTM D 4595 N
2) Wide Strip (geogrid) r?lan N
3) Wide Strip Strength (geomembranes) A D N
4) 2% Secant Modulus (PE geomembranes) AST 882 N
¢) Junction Strength (geogrids) %

creep strain: %€/hr
creep rupture: kN/m

dimensionless

% efficiency
kg/mm
kg/mm

Pa
Pa or N
Pa

ZzZZZ
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TABLE 1-3 GEOSYNTHETIC PROPERTIES AND PARAMETERS (continued)

PROPERTY TEST METHOD UNITS
II. INDEX PROPERTIES (continued)
MECHANICAL STRENGTH - RUPTURE RESISTANCE
(cont.)
d) Geosynthetic Cutting Resistance no standard
e) Flexibility (Stiffness) ASTM D 1388 mg/cm’
ENDURANCE PROPERTIES
a) Abrasion Resistance (geotextile) ASTM D 4886 %
b) Ultraviolet (UV) Radiation Stability
1) Xenon-Arc Apparatus (geotextile) ASTM D 4355 %
2) Outdoor Exposure ASTM D 5970 %
¢) Chemical Resistance
1) Chemical Immersion ASTM D §322 N/A
2) Oxidative Induction Time ASTM D 5885 minutes
3) Environmental Exposure EPA 9090 % change
d) Biological Resistance
1) Biological Clogging (geotextile) ASTM D 1987 m¥/s
2) Biological Degradation ASTM G 21 and G 22
3) Soil Burial ASTM D 3083 % change
e) Wet and Dry Stability no standard
f) Temperature Stability
1) Temperature Stability (geotextile) ASTM D 4 % change
2) Dimensional Stability (geomembrane) S % change
HYDRAULIC
a) Opening Characteristics (geotextiles)
1) Apparent Opening Size (AOS) 4751 mm
2) Porimetry (pore size distribution) Use®OS for Oy, Oy, Oy, mm
O,,, and Oy
3) Percent Open Area (POA) see Christopher & Holtz, 1985) %
4) Porosity (n) V voias! Vi) 100 %
b) Permeability (k) and Permittivity ( ¥) ASTM D 4491 m/s and s!
¢) Soil Retention Ability Empirically Related to Opening
Characteristics
d) Clogging Resistance ASTM D 5101 and GRI:GT8
¢) In-Plane Flow Capacity (Transmissivity, 0) ASTM D 4716 m*/s

III. PERFORMANCE PROPERTIES

a) Tension Test in Soil

b) Triaxial Test Method

¢) CBR on Soil Fabric System
d) Tension Test in Shear Box

Creep Tests:
a) Extension Test in Soil
b) Triaxial Test Method
¢) Extension Test in Shear Box
d) Pullout Method

(see McGown, et al., 1982)

(see Holtz, et al., 1982)

(see Christopher & Holtz, 1985)
(see Christopher & Holtz, 1985)

(see McGown, et al., 1982)
(see Holtz, et al., 1982)

(see Christopher & Holtz, 1985)
(see Christopher, et al., 1990)

kN/m and % strain

kN/m and % strain

12
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TABLE 1-3 GEOSYNTHETIC PROPERTIES AND PARAMETERS (continued)

PROPERTY TEST METHOD UNITS
III. PERFORMANCE PROPERTIES (cont.)
Eriction/Adhesion:
a) Direct Shear (soil-geosynthetic) ASTM D 5321 degrees (°)
b) Direct Shear (geosynthetic-geosynthetic) ASTM D 5321 degrees (°)
¢) Pullout (geogrids) GRI:GGS dimensionless
d) Pullout (geotextiles) GRI:GTé6 dimensionless
e) Anchorage Embedment (geomembranes) GRI:GM2 kN/m
Dynamic and Cyclic Loading Resistance: no standard procedures N/A
Puncture
a) Gravel, truncated cone or pyramid ASTM D 5494 kPa
Chemical Resi i
a) In Situ Immersion Testing ASTM D 5496 N/A
a) Gradient Ration Method - for noncohesive ASTM D 5101 dimensionless
sand and silt type soils
b) Hydraulic Conductivity Ratio (HCR) - for fine-grained ASTM D 5567 dimensionless
soils
¢) Slurry Method - for silt fence applications ASTM D 5141 %
International (IFAI), is formatted as a Specifier's Guidef ral@nd some index properties are

listed according to product type and manufactureg, Spagifier's Guide also contains a directory
of product manufacturers, product distributors,Sgeos ic installers, design engineers and
testing laboratories, with contact perso t one and facsimile numbers noted.

The tests listed in Table 1-3 include i sts A performance tests. Index tests do not produce
an actual design property in mo S, they do provide a general value from which the
property of interest can be qualitatigely as . Index tests are primarily used by manufacturers

for quality control purpo
used for product compari

rmined using identical test procedures, index tests can be
cations, and quality control evaluation.

On the other hand, performanCe tests require testing of geosynthetic with its companion material
(e.g., soil) to obtain a direct assessment of the property of interest. Since performance tests
should be performed under specific design conditions with soils from the site, manufacturers
should no be expected to have the capability or the responsibility to perform such tests.
These tests should be performed under the direction of the design engineer. Performance tests are
not normally used in specifications; rather, geosynthetics should be preselected for performance
testing based on index values, or performance test results should be correlated to index values for
use in specifications.

Brief descriptions of some of the basic properties of geosynthetics (after Christopher and
Dahlstrand, 1989) are presented below.
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Mass per Unit Area: The unit weight of a geosynthetic is measured in terms of area as opposed
to volume due to variations in thickness under normal stress. This property is mainly used to
identify materials.

Thickness: Thickness is not usually required information for geotextiles except in permeability-
flow calculations. It is used as a primary identifier for geomembranes. When needed, it can be
simply obtained using the procedure in Table 1-3, but it must be measured under a specified
normal stress. The nominal thickness used for product comparison is measured under a normal
stress of 2 kPa for geotextiles and 20 kPa for geogrids and geomembranes.

Tensile Strength: To understand the load-strain characteristics, it is important to consider the
complete load-strain curve. It is also important to consider the nature of the test and the testing
environment. With most materials, it is usual to use stress in strength and modulus determination.
However, because of the thin, two-dimensional nature of geofynthetics, it is awkward to use
stress. Therefore, it is conventional with geosynthetics to use forge®@r unit length along the edge
of the material. Then, strength and modulus have units of F

There are several types of tensile strength tests. gd@synthetic specimen shapes and
loadings are indicated by the referenced pro‘cedures M Ta -3. These tests all give different
results.

The plane-strain test represents the 1o
to perform, it is not a practical test

arty applications, but because it is complicated
routine applications. Therefore, it is approximated

by a strip tensile test. Since m ow Sitrip geosynthetic specimens neck when strained, most
applications use wide, short gpeci his is called a wide strip tensile test.
Geosynthetics may h strengths in different directions. Therefore, tests should be

conducted in both prindjpal directions.

The grab tensile test is typically used in the specification of geotextiles and is an unusual test. It
is widely used and almost universally misused. The grab test may be useful in some applications,
but it is difficult, if not impossible, to relate to actual strength without direct correlation tests.
The grab tensile test normally uses 25 mm jaws to grip a 100 mm specimen. The strength is
reported as the total force needed to cause failure -- not the force per unit width. It is not clear
how the force is distributed across the sample. The effects of the specimen being wider than the
grips depend on the geotextile filament interaction. In nonwoven geotextiles, these effects are
large. In woven geotextiles, they are small.
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The burst test is performed by applying a normal pressure (usually by air pressure) against a
geosynthetic specimen clamped in a ring. The burst strength is given in pascals. This is not the
stress in the specimen - it is the normal stress against the geosynthetic at failure. The burst
strength depends on the strength in all directions and is controlled by the minimum value. Burst
strength is a function of the diameter of the test specimen; therefore, care must be used in
comparing tests.

Creep is a time-dependent mechanical property. It is strain at constant load. Creep tests can be
run for any of the tensile test types, but are most frequently performed on a wide strip specimen
by applying a constant load for a sustained period. Creep tests are influenced by the same factors
as tensile load-strain tests - specimen length to width ratio, temperature, moisture, lateral restraint,
and confinement.

Short-term creep strain is strongly influenced by the geosynthetic st
geotextiles have the least; heat-bonded geotextiles have intermediate;
the most. Longer-term creep rates are controlled by structure 2
common polymers, polyester has lower creep rates than ’
most important creep characteristic. It is the load per Jn thf@bove which the geosynthetic
will creep to rupture. The creep limit is controlled by th§po and ranges from 20% to 60%
of the material's ultimate strength.

cture. Geogrids and woven

Friction: Soil-geosynthetic and geosynthSii
common to assume a soil-geotextile frigtipn Walue between %4 and 1 of the soil angle of friction.
For geogrid materials, the valu e full friction angle. Caution is advised for
geomembranes where soil-geosglitheti@igtion angle may be much lower than the soil angle of
friction. For importan jcati tests are justified.

The direct friction test is siffiple in principle, but numerous details must be considered for accurate
results. Recent procedures ppoposed by ASTM indicate a minimum shear box size of 300 mm by
300 mm to reduce boundary effects. For many geosynthetics, the friction angle is a function of
the soils on each side of the geosynthetic and the normal stress; therefore, test conditions must
model the actual field conditions.

Durability Properties: Other properties that require consideration are related to durability and
longevity. Exposure to ultraviolet light can degrade some geosynthetic properties. The
geosynthetic polymer must be compatible with the environment chemistry. The environment
should be checked for such items as high and low pH, chlorides, organics and oxidation agents
such as ferroginous soils which contain Fe,SO;, calcareous soils, and acid sulfate soils that may
deteriorate of the geosynthetic in time. Other possible detrimental environmental factors include
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chemical solvents, diesel, and other fuels. Each geosynthetic is different in its resistance to aging
and attack by chemical and biological agents. Therefore, each product must be investigated
individually to determine the effects of these durability factors. The geosynthetic manufacturer
should supply the results of product exposure studies, including, but not limited to, strength
reduction due to aging, deterioration in ultraviolet light, chemical attack, microbiological attack,
environmental stress cracking, hydrolysis, and any possible synergism between individual factors.

Guidelines on soil environments and on geosynthetics properties are presented in the FHWA
Corrosion/Degradation of Soil Reinforcements for Mechanically Stabilized Earth Walls and
Reinforced Soil Slopes (Elias, 1997). This research has been summarized and numeric
recommendations for selecting aging reduction factors for reinforcement applications is presented
in an FHWA Geotechnology Technical Note (1997); attached in Appendix F. A durability
reduction factor as low as 1.1 is recommended with supporting data.

Hydraulic Properties: Hydraulic properties relate to the pore size diitribution of the geosynthetic
and correspondingly its ability to retain soil particles over the @ e project while allowing
water to pass. Hydraulic properties may also be affected b agdl biological agents. Ionic
deposits as well as slime growth have been known to cl ystems (granular filters as well
as geotextiles).

L 4
The ability of a geotextile to retain soil partiuwir tly related to its apparent opening size
(AOS) which is the apparent largest hol@ifl’ the@eotSRtile. The AOS value is equal to the size of
the largest particle that can effectiv through the geotextile in a dry sieving test.
The ability of water to pass u textile is determined from its hydraulic conductivity

(coefficient of perm s measured in a permeability test. The flow capacity of the
material can then be d oM Darcy's law. Due to the compressibility of geotextiles, the
permittivity, § (permeal divided by thickness), is often determined from the test and used to

directly evaluate flow cafacity.

ility,

The ability of water to pass through a geotextile over the life of the project is dependent on its
filtration potential or its ability not to clog with soil particles. Essentially, if the finer particles
of soil can pass through the geotextile, it should not clog. Effective filtration can be evaluated
through relations between the geotextile's pore size distribution and the soil's grain size
distribution; however, such formulations are still in the development phase. For a precise
evaluation, laboratory performance testing of the proposed soil and candidate geotextile should
be conducted.
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One popular filtration test is the gradient ratio test (ASTM D 5101). This test is primarily suitable
for sandy and silty soils (k < 107 m/s). In this test, a rigid wall permeameter, with strategically
located piezometer ports, is used to obtain a ratio of the head loss in the soil to the head loss at
the soil-geotextile interface under different hydraulic gradients. Although the procedure indicates
that the test may be terminated after 24 hours, to obtain meaningful results, the test should be
continued until stabilization of the flow has clearly occurred. This may occur within 24 hours,
but could require several weeks. A gradient ratio of 1 or less is preferred. Less than 1 is an
indication that a more open filter bridge has developed in the soil adjacent to the geotextile.
However, a continued decrease in the gradient ratio indicates piping, and an alternate geotextile
should be evaluated. A high gradient ratio indicates a flow reduction at the geotextile. If the
gradient ratio approaches 3 (the recommended maximum by the U.S. Army Corps of Engineers,
1977), the flow rate through the system should be carefully evaluated with respect to design
requirements. A continued increase in the gradient ratio indicates clogging, and the geotextile is
unacceptable.

For fine-grained soils, the hydraulic conductivity ratio (HCR) D 5567) should be

considered. This test uses a flexible wall permeameter and ong-term permeability

under increasing gradients with respect to the short-term
hydraulic gradient. A decrease in HCR indicates aWflo
measurements are not taken near the geoteﬁ‘ €S0k 1
measured, it is questionable whether an H

geotextile or blinding within the soil matgigitse
include piezometer or transducers withigt zones (after the gradient ratio method) to aid in
interpretation of the results.

y of the system at the lowest
ction in the system. Since
rface and soil permeability is not
the result of flow reduction at the
AWimprovement to this method would be to

Other filtration tests fi
1982), which was devel
and Koerner, 1992), an

tential include the Caltrans slurry filtration test (Hoover,
(1990) into the Fine Fraction filtration (F*) test (Sansone
e Long-Term Flow (LTF) test (Koerner and Ko, 1982; GRI Test
Fischer (1994), all of these tests have serious disadvantages that
make them less suitable than the Gradient Ratio (GR) test for determining the filtration behavior
of the soil-geotextile system. The GR test must be run longer than the ASTM-specified 24 hours,
and proper attention must be paid to the test details (Maré, 1994) to get reproducible results.

Some additional hydraulic properties often required in filtration design are the Percent Open Area
(POA) and the porosity. As noted in Table 1-3, there are no standard tests for these properties,
although there is a suggested procedure for POA given by Christopher and Holtz (1985), which
follows Corps of Engineers procedures. Basically, POA is determined on a light table or by
projection enlargement. Porosity is readily calculated just as it is with soils; that is, porosity is
the volume of the voids divided by the total volume. The total volume is, for example, 1 m?,
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times the nominal thickness of the geotextile. The volume of voids is the total volume minus the
volume of the fibers and filaments (solids), or the mass of 1 m” divided by the specific gravity of
the polymer.

1.6 SPECIFICATIONS

Specifications should be based on the specific geosynthetic properties required for design and
installation. Standard geosynthetics may result in uneconomical or unsafe designs. To specify
a particular type of geosynthetic or its equivalent can also be very misleading. As a result, the
contractor may select a product that has completely different properties than intended by the
designer. In almost every chapter of this manual, guide specifications are given for the particular
application discussed in the chapter. See Richardson and Koemer (1990) and Koerner and Wayne
(1989) for additional guide specifications.

All geosynthetic specifications should include:
® general requirements

specific geosynthetic properties

seams and overlaps

placement procedures 4

repairs, and

acceptance and rejection crite’
General requirements include th€ type eosynthetics, acceptable polymeric materials, and
comments related to the stabilit§fof rial. Geosynthetic manufacturers and representatives

these characteristics. Other items that should be specified in
e and handling so products can be protected from ultraviolet

on-site storage and handljg of geotextiles are contained in ASTM D 4873, Standard Guide for
Identification, Storage, and Handling of Geotextiles. If pertinent, roll weight and dimensions may
also be specified. Finally, certification requirements should be included in this section.

Specific geosynthetic physical, index, and performance properties as required by the design
must be listed. Properties should be given in terms of minimum (or maximum) average roll values
(MARYV35), along with the required test methods. MARVs are simply the smallest (or largest)
anticipated average value that would be obtained for any roll tested (Koerner, 1994). This
average property value must exceed the minimum (or be less than the maximum) value specified
for that property based on a particular test. Ordinarily it is possible to obtain a manufacturer's
certification for MARVs.
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If performance tests have been conducted as part of the design, a list of approved products could
be provided. The language or equal and or equivalent should be avoided within the
specification, unless equivalency is spelled out in terms of the index properties and the
performance criteria that were required to be included on the approved list. Approved lists
can also be developed based on experience with recurring application conditions. Once an
approved list has been established, new geosynthetics can be added as they are approved.
Manufacturer's samples should be periodically obtained so they can be examined alongside the
original tested specimens to verify whether the manufacturing process has changed since the
product was approved. Development of an approved list program will take considerable initial
effort, but once established, it provides a simple, convenient method of specifying geosynthetics
with confidence.

Seam and overlap requirements should be specified along with the design properties for both
factory and field seams, as applicable. A minimum overlap of G m is recommended for all
geotextile applications, but overlaps may be increased due to SPEEHc site and construction
requirements. Sewing of seams, discussed in Section 1.8, may be @ pr special conditions.
Also, certain geotextiles may have factory seams. The sea Smspecified should equal the
required strength of the geosynthetic, in the direction pe lagito the seam length, using the
same test procedures. For designs where wide width tests e.g., reinforced embankments
on soft foundations), the required seam strengti\ ated design value. Therefore, seam

strengths should not be specified as a thejgeosynthetic strength.

Geogrids and geonets may be connec hanical fasteners, though the connection may be
either structural or a constructi @ strength perpendicular to the seam length is not
required by design). Geome es rmally thermally bonded and specified in terms of
peel and shear seam st as digcussed in Chapter 10.

For sewn geotextiles, geo branes, and structurally connected geogrids, the seaming material
(thread, extrudate, or fastene®) should consist of polymeric materials that have the same or greater
durability as the geosynthetic being seamed. For example, nylon thread, unless treated, which
is often used for geotextile seams may weaken in time as it absorbs water.

Placement procedures should be given in detail within the specification and on the construction
drawings. These procedures should include grading and ground-clearing requirements, aggregate
specifications, aggregate lift thickness, and equipment requirements. These requirements are
especially important if the geosynthetic was selected on the basis of survivability. Detailed
placement procedures are presented in each application chapter.
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Repair procedures for damaged sections of geosynthetics (i.e., rips and tears) should be detailed.
Such repairs should include requirements for overlaps, sewn seams, fused seams, or replacement
requirements. For overlap repairs, the geosynthetic should extend the minimum of the overlap
length requirement from all edges of the tear or rip (i.e., if a 0.3 m overlap is required, the patch
should extend at least 0.3 m from all edges of the tear).

Acceptance and rejection criteria for the geosynthetic materials should be clearly and concisely
stated in the specifications. It is very important that all installations be observed by a designer
representative who is knowledgeable in geotextile placement procedures and who is aware of
design requirements. Sampling (e.g., ASTM D 4354, Standard Practice for Sampling of
Geosynthetics for Testing) and testing requirements be required during construction should also
be specified. Guidelines for acceptance and rejection of geosynthetic shipments are contained in
ASTM D 4759, Standard Practice for Determining the Specification Conformance of
Geosynthetics.

For small projects, the cost of ASTM acceptance/rejection crits ‘ g is often a significant
portion of the total project cost and may even exceed the osynthetic itself. In such
cases, a manufacturer's product certification specificati nt or an approved product list
type specification may be satisfactory.

1.7  SPECIFICATION CONFO

DEFINITION OF EXAMPLE

® Project Description: a'ggotextile separator will be used in construction of a roadway

GIVEN DATA

® aClass 2 (AASHTO M 288) geotextile was specified for survivability

® 110 rolls of geotextile are required for the project, and have arrived on site in one shipment

® geotextile is a nonwoven, with an elongation at failure (per ASTM D 4632) of greater than 50%
® test results for the samples are presented in the table below

® the coefficient of variation for the test laboratory is undefined
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DETERMINE

® whether the geotextile meets the required grab tensile strength of 700 N

SOLUTION

A. What is the lot size?

The lot size is 110, the number of rolls shipped to this project.
B. How many units, or number of rolls, should be selected for as samples for conformance testing?

The total number of units, or rolls, in this lot is 110. The number of rolls to take lot samples from is 5, per
ASTM D 4354, Standard Practice for Sampling of Geosynthetics for ing.

C. How many sampling units should be take from each roll?

One laboratory sampling unit should be tak‘fro eachifoll (Tot sampling unit), per ASTM D 4632,
Standard Test Method for Grab Breaking Load E of Geotextiles.

D. How many test specimens per laboratory unit, ¥ each direction, are required?
Since the coefficient of variati @A for the test laboratory (in this example), specify the fixed
in e

machine and cross-machine directions, are required. This is

which is somewhat larger than usually found in practice.
The number of tests be reduced, with the following equation, when the laboratory’s coefficient of
variation is defined. t Method D 4632 defines the following number of test specimens per laboratory
sampling unit in each difection:
n = (tv/A)?
where:

n= number of test specimens per laboratory sampling unit (rounded upward to the
next whole number);

V= reliable estimate of the coefficient of variation for individual observations based
on similar materials in the user’s laboratory under conditions of single-operator
precision, %;

t = the value of Student’s t for one-sided limits, a 95% probability level, and the
degrees of freedom associated with the estimate of v; and

A= 5.0% of the average, the value of allowable variation.
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Per Test Method D 4632 if there is no reliable estimate of v for the user’s laboratory, the equation above
should not be used directly. Instead, specify the fixed number of 10 specimens for the machine direction
tests and 10 specimens for the cross-machine direction test.

Test Results — Machine Direction

Roll Number
Specimen 1 2 3 4 5
1 720 733 687 702 693
2 713 715 715 689 701
3 715 721 717 707 698
4 708 719 706 716 711
5 707 707 724 730 707
6 700 713 699 724 720
7 699 720 705 725
8 711 703 712 720
9 717 700 717 718
10 703 712 722 715
Average 709.3 714.3 71 710.8
L 2
Test Results — Cro achiné®irection
Number
Specimen 1 3 4 5
1 715 723 683 699 690
2 708 710 687 700
3 711 707 701 691
4 717 707 706 701
5 7 709 713 723 706
6 70 715 688 719 718
7 689 710 701 707 721
8 701 708 700 702 719
9 707 707 693 707 713
10 700 710 701 710 711
Average 704.5 712.0 700.3 706.1 707.0

All roll averages exceed the specification value of 700 N. Therefore, the grab strength of this lot is
acceptable.
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1.8 FIELD INSPECTION

Problems with geosynthetic applications are often attributed to poor product acceptance and
construction monitoring procedures on the part of the owner, and/or inappropriate installation
methods on the part of the contractor. A checklist for field personnel responsible for observing
a geosynthetic installation is presented in Table 1-4. Recommended installation methods are
presented in the application chapters.

1.9 FIELD SEAMING

Some form of geosynthetic seaming will be utilized in those applications that require continuity
between adjacent rolls. Seaming techniques include overlapping, sewing, stapling, tying, heat
bonding, welding and gluing. Some of these techniques are mo
geosynthetics than others. For example, the most efficient 2
geotextiles are overlapping and sewing, and these techniques are

uitable for certain types of

The first technique, the simple overlap, will be suitablg, f st Beotextile and biaxial geogrid
projects. The minimum overlap is 0.3 m. Greater overlap§ ar ired for specific applications.

If stress transfer is required between adjacent ToUs, strength provided by an overlap is
the friction between adjacent sheets of geo Nd y friction and fill strike-through of
substantial apertures of biaxial geogrids. essQyuerdtrden pressures are large and the overlap
substantial, very little stress can actu e sferred through the overlap.

The second technique, sewing, rsgal and economical alternative for geotextiles when
overlaps become excessifé sfer is required between two adjacent rolls of fabric. For
typical projects and cond ing is generally more economical when overlaps of 1 m or
greater are required. To QBtain good-quality, effective seams, the user should be aware of the

following sewing variables @Koerner, 1994; Diaz and Myles, 1990; Ko, 1987):

® Thread type: Kevlar aramid, polyethylene, polyester, or polypropylene (in approximate
order of decreasing strength and cost). Thread durability must be consistent with project
requirements.

® Thread tension: Usually adjusted in the field to be sufficiently tight; but not cut the
geotextile.

e Stitch density: Typically, 200 to 400 stitches per meter are used for lighter-weight
geotextiles, while heavier geotextiles usually allow only 150 to 200 stitches per meter.

® Stitch type: Single- or double-thread chainstitch, Types 101 or 401; with double-thread
chain- or lock-stitch preferred because it is less likely to unravel (Figure 1-2(a)).

® Number of rows: Usually two or more parallel rows are preferred for increased safety.

e Seam type: Flat or prayer seams, J- or Double J-type seams, or butrerfly seams are the
most widely used (Figure 1-2(b)).
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TABLE 1-4
GEOSYNTHETIC FIELD INSPECTION CHECKLIST

0o

N

10.

11.

12.

. Obtain test samples a

. Read the specifications; determine if geosynthetic is specified by (a) specific

properties or (b) an approved products list.

. Review the construction plans.
. (a) For specification by specific properties, check listed material properties of

supplied geosynthetic, from published literature, against the specific property
values specified.

OR
(b) Obtain the geosynthetic name(s), type, and style, along with a small
sample(s) of approved material(s) from the design engineer. Check supplied
geosynthetic type and style for conformance to approved material(s). If the
geosynthetic is not listed, contact the designer with a description of the
material and request evaluation and approval or r ion.
On site, check the rolls of geosynthetics to see t are properly stored;
check for any damage.

. Check roll and lot numbers to verify whe certification

documents.

Cut two samples 100 mm to 150 mm aroll. Staple one to your
copy of the specifications forgo isof\with future shipments and send one
to the design engineer for appr mation.

Observe materials in each r. e sure they are the same. Observe rolls
for flaws and nonuniformi

to specification requirements from randomly
selected rolls. Marl@the e direction on each sample and note the roll

number.

. Observe constriigtion that the contractor complies with specification

llation.

factory and field, for any flaws (e.g., missed stitches in
f necessary, either reseam or reject materials.

If possiblefgheck geosynthetic after aggregate or riprap placement for possible
damage. This can be done either by constructing a trial installation, or by
removing a small section of aggregate or riprap and observing the geosynthetic
after placement and compaction of the aggregate, at the beginning of the
project. If perforations, tears, or other damage has occurred, contact the
design engineer.

Check future shipments against the initial approved shipment and collect
additional test samples. Collect samples of seams, both factory and field, for
testing. For field seams, have the contractor sew several meters of a dummy
seam(s) for testing and evaluation.

Or 1
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When constructed correctly, sewn seams can provide reliable stress transfer between adjacent
sheets of geotextile. However, there are several points with regard to seam strength that should
be understood, as follows.

1. Due to needle damage and stress concentrations at the stitch, sewn seams are weaker than
the geotextile (good, high-quality seams have only about 50% to 80% of the intact
geotextile strength based on wide width tests).

2. Grab strength results are influenced by the stitches, so the test yields artificially high seam
strengths. Grab test should only be used for quality control and not to determine strength.

3. The maximum seam strengths achievable at this time are on the order of 200 kN/m under
factory conditions, using 330 kN/m geotextiles.

4. Field seam strengths will most likely be lower than laboratory or factory seam strengths.

5. All stitches can unravel, although lock-type stitches are less likely to.

6. Unraveling can be avoided by utilizing high-quality equipment and proper selection of
needles, thread, seam and stitch type, and by using two o

7. Careful inspection of all stitches is essential.

ore rows of stitches.

Field sewing is relatively simple and usually requires tw
geotextile, seam type, and sewing machine. Good seam
cleanliness, and protection from the elements Howevgr, se field conditions can easily
complicate sewing operations. Although most p ing machines are electric, pneumatic
equipment is available for operating in et f&ts

rers, depending on the
ful control of the operation,

Since the seam is the weakest link in
carefully inspected. To facilitate i
inspected prior to placement) wi
can facilitate inspection.

Test Method for Seam S

ile, all seams, including factory seams, should be
repair, the geotextile should be placed (or at least
(Figure. 1-2(c)). Using a contrasting thread color
r testing sewn seams are given in ASTM D 4884, Standard
wn Geotextiles.

Seaming of biaxial geogrids ad geocomposites is most commonly achieved by overlaps, and the
remarks above on overlap of geotextiles are generally appropriate to these products. Uniaxial
geogrids are normally butted in the along-the-roll direction. Seams in the roll direction of uniaxial
geogrids are made with a bodkin joint for HDPE geogrids, as illustrated in Figure 1-3, and may
be made with overlaps for coated PET geogrids.

Seaming of geomembranes and other geosynthetic barriers is much more varied. The method of
seaming is dependent upon the geosynthetic material being used and the project design. Overlaps
of a designated length are typically used for thin-film geotextile composites and geosynthetic clay
liners. Geomembranes are seamed with thermal methods or with solvents.
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(a) Type of stitches

< ™
N
——
Direction of successive Direction of successive
- —

stitch formation stitch formation
Type 101: Type 401:
Single Thread Chain Stitch Double Thread Chain

or “Locl“Stitch

(b) Type of seams

7
26mm l @ Iﬂ)mm 26mm 1 26mm 1
KE
Flat or “praycr Scam % “Butterfly” Seam
: ‘pe SSH-2

Type SSa-2 Type SSd-2

(c) Improper placement \

>

TR
NN A

Cannot Inspect or Repair

Figure 1-2  Types of (a) stitches and (b) seams, according to Federal Standard No.
751a (1965); and (c) improper seam placement.
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38§mmzx6mm
HDPE bar (typ.)

HDPE "ﬂlf.\

geogrid

Figure 1-3  Bodkin connection of HDPE uniaxial geogrid.
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2.0 GEOSYNTHETICS IN SUBSURFACE DRAINAGE SYSTEMS

2.1 BACKGROUND

One major area of geotextile use is as filters in drain applications such as trench and interception
drains, blanket drains, pavement edge drains, structure drains, and beneath permeable roadway
bases. The filter restricts movement of soil particles as water flows into the drain structure and
is collected and/or transported downstream. Geocomposites consisting of a drainage core
surrounded by a geotextile filter are often used as the drain itself in these applications. Geotextiles
are also used as filters beneath hard armor erosion control systems, and this application will be
discussed in Chapter 3.

Because of their comparable performance, improved economy, co
placement, geotextiles have been used successfully to replace gradg
drainage applications. Thus, they must perform the same functi
® to allow water to flow through the filter into t i
throughout the life of the project; and

istent properties, and ease of
pular filters in almost all
ded granular filters:

# to continue doing this

® to retain the soil particles in place and grevent tRgir tion (piping) through the filter
(if some soil particles do move, they mus e to pass through the filter without
blinding or clogging the downstrea \ing the life of the project).

Geotextiles, like graded granular file®®, ire proper engineering design or they may not
perform as desired. Unless flgw@requir@inents, piping resistance, clogging resistance and
constructability requirements (¢efin are properly specified, the geotextile/soil filtration
system may not perforfi¥psgperl
materials are installed \?' ;

In most drainage and filtrd

n addition, construction must be monitored to ensure that

on applications, geotextile use can be justified over conventional
graded granular filter material use because of cost advantages from:

the use of less-costly drainage aggregate;

the possible use of smaller-sized drains;

the possible elimination of collector pipes;

expedient construction;

lower risk of contamination and segregation of drainage aggregate during construction;
reduced excavation.

Geosynthetics in Subsurface Drainage Systems 31




2.2  APPLICATIONS

Properly designed geotextiles can be used as a replacement for, or in conjunction with,
conventional graded granular filters in almost any drainage application. Properly designed
geocomposites can be used as a replacement for granular drains in many applications (e.g.,
pavement edge drains). Below are a few examples of drainage applications.

- //
® Filters around trench drains sy /// /

and edge drains -- to prevent
soil from migrating into the
drainage aggregate or system,
while allowing water to exit
from the soil.

® Filters beneath pavement
permeable bases, blanket
drains and base courses.

DA '. . \//- X/ "./"//

Prefabricated geocomposite ,/\/-/-\/ \ SN Tk W
- : N A AN A SN
drains and geotextile-wrapped _ />\//>\//}\///\\//>\\‘//>\//>\///\\///\\///\\//\\//§\//>\\\/

trenches are used in pavement
edge drain construction.

® Drains for structures $ich as
retaining walls and bridge
abutments. They separate the
drainage aggregate or system
from the backfill soil, while
allowing free drainage of
ground and infiltration water.
Geocomposite drains are
especially useful in this
application.
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® Geotextile wraps for slotted

7,
R R
‘ointed drain and well AR G
or joint rain and we NSNS 7SS
- LKL VGG
. SEKK KK
pipes -- to prevent filter //\\>/></>\</>\ , o ///\\\\//,\\\///\\\%
. [ < . /W\ LY
aggregate from entering the Y R N
- pipe, while allowing the free N RO
AN 5 NANNNL
. . I RS )
flow of water into the pipe. Z\\\ff\\\;//\\%//\\/\‘ SOPS SIS
R
N AN N AN AN NN AN
ORI LRGIGI
- IS SN NN
IRIINIRIRIRRRI NI NIRIRIRR,

® Interceptor, toe drains, and
surface drains -- to aid in the
stabilization of slopes by
allowing excess pore
pressures within the slope to
dissipate, and by preventing

S
o . \¢
N

______ surface erosion. Again, ¢ < \\\/\\\2\\\2

geocomposites have been A ) )é{%%

. . NN N /\\//\\//‘

successfully used in this /\\gj\\é\é\\é\\z/)\w T

app]ication . ////\>>//>}//i\>7/§//>}//>}//>}//$}//>»>\//\>§//>>7>}//>>//t

|||<]

® Chimney and toe d
earth dams and levee§h-- to
provide seepage control.

In each of these applications, flow is through the geotextile -- that is, perpendicular to the plane
of the fabric. In other applications, such as vertical drains in soft foundation soils, lateral drains
below slabs and behind retaining walls, and gas transfer media, flow may occur both
perpendicular to and transversely in the plane of the geotextile. In many of these applications,
geocomposite drains may be appropriate. Design with geocomposite systems is covered in Section
2.11.
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All geosynthetic designs should begin with a criticality and severity assessment of the project
conditions (see Table 2-1) for a particular application. Although first developed by Carroll (1983)
for drainage and filtration applications, the concept of critical-severe projects -- and, thus, the
level of engineering responsibility required -- will be applied to other geosynthetic applications
throughout this manual.

TABLE 2-1
GUIDELINES FOR EVALUATING THE CRITICAL NATURE OR SEVERITY

OF DRAINAGE AND EROSION CONTROL APPLICATIONS
(after Carroll, 1983)

A. Critical Nature of the Project
I Critical I Critical

1. Risk of loss of life and/or
structural damage due to
drain failure: High None

2. Repair costs versus

installation costs of drain: >>> =or <
3. Evidence of drain Y 3
clogging before potential
catastrophic failure: o Yes
B. Severity of the Conditions
Item Severe Less Severe
1. Soil to be drain Gap-graded, pipable, Well-graded or uniform
or dispersible
2. Hydraulic gradient: High Low
3. Flow conditions: Dynamic, cyclic, or Steady state
pulsating

A few words about the condition of the soil to be drained (Table 2-1) are in order. First, gap-
graded, well-graded and uniform soils are illustrated in Figure 2-1. Certain gap-graded and
broadly graded soils may be internally unstable; that is, they can experience piping or internal
erosion. On the other hand, a soil is internally stable if it is self-filtering and if its own fine
particles do not move through the pores of its coarser fraction (LaFluer, et al., 1993). Criteria
for deciding whether a soil is internally unstable will be given in the next section.
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Figure 2-1  Soil descriptions. P
Dispersible soils are fine-grained na so':hich deflocculate in the presence of water and,
therefore, are highly susceptible ion afd piping (Sherard, et al., 1972). See also Sherard
and Decker (1977) for more in at1 dispersible soils.
2.3 GEOTEXTILE R DESIGN

Designing with geotextiles for filtration is essentially the same as designing graded granular filters.
A geotextile is similar to a soil in that it has voids (pores) and particles (filaments and fibers).
However, because of the shape and arrangement of the filaments and the compressibility of the
structure with geotextiles, the geometric relationships between filaments and voids is more
complex than in soils. In geotextiles, pore size is measured directly, rather than using particle
size as an estimate of pore size, as is done with soils. Since pore size can be directly measured,
relatively simple relationships between the pore sizes and particle sizes of the soil to be retained

can be developed. Three simple filtration concepts are used in the design process:
1. If the size of the largest pore in the geotextile filter is smaller than the larger particles of
soil, the soil will be retained by the filter. As with graded granular filters, the larger
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particles of soil will form a filter bridge over the hole, which in turn, filters smaller
particles of soil, which then retain the soil and prevent piping (Figure 2-2).

2. If the smaller openings in the geotextile are sufficiently large enough to allow smaller
particles of soil to pass through the filter, then the geotextile will not blind or clog (see
Figure 2-3).

3. A large number of openings should be present in the geotextile so proper flow can be
maintained even if some of the openings later become plugged.

These simple concepts and analogies with soil filter design criteria are used to establish design
criteria for geotextiles. Specifically, these criteria state:

® the geotextile must retain the soil (retention criterion), while

® allowing water to pass (permeability criterion), throughout

® the life of the structure (clogging resistance criterion).

To perform effectively, the geotextile must also survive the igtallation process (survivability

criterion).

After a detailed study of research carried out both j
conventional and geotextile filters, Christopher and Haqlt

rica and in Europe on
eveloped the following design
nd permanent erosion control
nds on the critical nature of the project
(Table 2-1). Especially for critical projects,

otextile filter failure require great care in
uch projects, and for severe hydraulic conditions,

applications (Chapter 3). The level of design Tequ
and the severity of the hydraulic and soil congditi
consideration of the risks and the co
selecting the appropriate geotextile

conservative designs are recommendgd. teRtile selection should not be based on cost alone.
The cost of the geotextile igflisu or in comparison to the other components and the
construction costs of inage m. Also, do not try to save money by eliminating laboratory
soil-geotextile perfor i hen such testing is required by the design procedure.

A recent National Cooperdfiye Highway Research Program (NCHRP) study (Koerner et al., 1994)
of the performance of geotextile drainage systems indicated that the FHWA design criteria
developed by Christopher and Holtz (1985) were an excellent prediction of filter performance,
particularly for granular soils (<50% passing a 0.075 mm sieve).
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Figure 2-2  Filter bridge formation.
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Figure 2-3  Definitions of clogging and blinding (Bell and Hicks, 1980).
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2.3-1 Retention Criteria

2.3-1.a  Steady State Flow Conditions

AOS or Ogsgeoenity < B Dis g [2-1]
where:
AOS = apparent opening size (see Table 1-3) (mm);
Oys = opening size in the geotextile for which 95% are smaller (mm);
AOS = O;
B = a coefficient (dimensionless); and
Dys = soil particle size for which 85% are smaller (mm).

The coefficient B ranges from 0.5 to 2 and is a function of thgtype of soil to be filtered, its
density, the uniformity coefficient C, if the soil is granular, th e of geotextile (woven or
nonwoven), and the flow conditions.

For sands, gravelly sands, silty sands, and clayey sands S 50% passing the 0.075 mm
sieve per the Unified Soil Classification System), B is a fanc the uniformity coefficient, C,.
Therefore, for \ 2

C,<2o0r>8: —\ [2 - 2a]

2<C,<4: .5 C, [2 - 2b]

4<C 8 B = 8/C, [2 - 2c]

where:
C, = Dgo/Dyo

Sandy soils which are not uniform (Figure 2-1) tend to bridge across the openings; thus, the larger
pores may actually be up to twice as large (B < 2) as the larger soil particles because, quite
simply, two particles cannot pass through the same hole at the same time. Therefore, use of the
criterion B = 1 would be quite conservative for retention, and such a criterion has been used by,
for example, the Corps of Engineers.

If the protected soil contains any fines, use only the portion passing the 4.75 mm sieve for
selecting the geotextile (i.e., scalp off the +4.75 mm material).
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For silts and clays (with more than 50% passing the 0.075 mm sieve), B is a function of the type

of geotextile:
B for wovens, B = 1; Oy < Dy [2 - 3]
- for nonwovens, B = 1.8; Ogs < 1.8 Dy 2 - 4]
- and for both, AOS or Oy < 0.3 mm [2-5]

— Due to their random pore characteristics and, in some types, their felt-like nature, nonwovens will
generally retain finer particles than a woven geotextile of the same AOS. Therefore, the use of
B = 1 will be even more conservative for nonwovens.

P,

In absence of detailed design, the AASHTO M 288 Standard Specifgcation for Geotextiles (1997)
..... provides the following recommended maximum AOS values in rgldhion to percent of situ soil
passing the 0.075 mm sieve: (i) 0.43 mm for less than 15% passi @ 5 mm for 15 to 50%
passing; and (iii) 0.22 mm for more than 50% passing. V cohesive soils with a
plasticity index greater than 7, the maximum AOS size is . These default AOS values
are based upon the predominant particle sizes of the 1 s . The engineer may require
performance testing based on engineering @i ainage systems in problematic soil

% e

environments. Site specific testing should be perfo specially if one or more of the following

e problematic soil environments are enc stable or highly erodible soils such as non-
cohesive silts; gap graded soils; alternatj silt [@minated soils; dispersive clays; and/or rock
flour.

2.3-1.b Dynamicgldow C&ms
- If the geotextile is not w-, vélghted down and in intimate contact with the soil to be
protected, or if dynamic, cYiffic, or pulsating loading conditions produce high localized hydraulic
- gradients, then soil particl&8§ can move behind the geotextile. Thus, the use of B = 1 is not
conservative, because the bridging network will not develop and the geotextile will be required
to retain even finer particles. When retention is the primary criteria, B should be reduced to 0.5;
or:

095 < 0.5 Dgs [2 '6]

- Dynamic flow conditions can occur in pavement drainage applications.  For reversing
inflow-outflow or high-gradient situations, it is best to maintain sufficient weight or load on the
filter to prevent particle movement. Dynamic flow conditions with erosion control systems are
discussed in Chapter 3.
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2.3-1.c  Stable versus Unstable Soils
The above retention criteria assumes that the soil to be filtered is internally stable -- it will not
pipe internally. If unstable soil conditions are encountered, performance tests should be conducted
to select suitable geotextiles. According to Kenney and Lau (1985, 1986) and LaFluer, et al.
(1989), broadly graded (C, > 20) soils with concave upward grain size distributions tend to be
internally unstable. The Kenney and Lau (1985, 1986) procedure utilizes a mass fraction analysis.
Research by Skempton and Brogan (1994) verified the Kenney and Lau (1985, 1986) procedure.

2.3-2 Permeability/Permittivity Criteria

Permeability requirements:
-- for less critical applications and less severe conditions:

kgeotcxtilc 2 ksoil [2 - 7a]
-- and, for critical applications and severe conditions:
Koeoexite 2 10 k.o [2 - 7b]
Permittivity requirements: ¢

¥ > 0.5 sec 1 \ing 0.075 mm [2 - 8a]
¥ > 0.2 sec’ 0 50% passing 0.075 mm [2 - 8b]
Y > 0.1 se¢¥ for % passing 0.075 mm [2 - 8c]

of permeability (m/s); and

In these equations:

For actual flow capacity, the permeability criteria for noncritical applications is conservative, since
an equal quantity of flow through a relatively thin geotextile takes significantly less time than
through a thick granular filter. Even so, some pores in the geotextile may become blocked or
plugged with time. Therefore, for critical or severe applications, Equation 2-7b is recommended
to provide an additional level of conservatism. Equation 2-7a may be used where flow reduction
is judged not to be a problem, such as in clean, medium to coarse sands and gravels.

The AASHTO M 288 Standard Specification for Geotextiles (1997) presents recommended
minimum permittivity values in relation to percent of situ soil passing the 0.075 mm sieve. The
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values are the same as presented in Equations 2-8a, 2-8b, and 2-8c above. The default
permittivity values are based upon the predominant particle sizes of the in situ soil. Again, the
engineer may require performance testing based on engineering design for drainage systems in
problematic soil environments.

The required flow rate, q, through the system should also be determined, and the geotextile and
drainage aggregate selected to provide adequate capacity. As indicated above, flow capacities
should not be a problem for most applications, provided the geotextile permeability is greater than
the soil permeability. However, in certain situations, such as where geotextiles are used to span
joints in rigid structures and where they are used as pipe wraps, portions of the geotextile may be
blocked. For these applications, the following criteria should be used together with the
permeability criteria:

qrequimed = qgcotexu'le(Ag/ At) [2 - 9]
where:
A, = geotextile area available for flow; and
A, = total geotextile area.
2.3-3 Clogging Resistance .

2.3-3.a Less Critical/Less Severe Co
For less critical/less severe conditions:

D

95 (g ile) 3 D15 (soil) [2 - 10]

Equation 2-10 applies ils withhC, > 3. For C, < 3, select a geotextile with the maximum

AOS value from Sectio

In situations where clogging\ a possibility (e.g., gap-graded or silty soils), the following optional
qualifiers may be applied:

for nonwovens -
porosity of the geotextile, n > 50% [2-11]

for woven monofilament and slit film wovens -

percent open area, POA > 4% [2-12]

NOTE: See Section 1.5 for comments on porosity and POA.
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Most common nonwovens have porosities much greater than 70%. Most woven monofilaments
easily meet the criterion of Equation 2-12; tightly woven slit films do not, and are therefore not
recommended for subsurface drainage applications.

Filtration tests provide another option for consideration, especially by inexperienced users.

2.3-3.b  Critical/Severe Conditions
For critical/severe conditions, select geotextiles that meet the retention and permeability criteria
in Sections 2.3-1 and 2.3-2. Then perform a filtration test using samples of on-site soils and
hydraulic conditions. One type of filtration test is the gradient ratio test (ASTM D 5101).

Although several empirical methods have been proposed to evaluate geotextile filtration
characteristics (i.e., the clogging potential), the most realistic approach for all applications is to
perform a laboratory test which simulates or models field conditiong, We recommend the gradient
ratio test, ASTM D 5101, Measuring the Soil-Geotextile Systg
Gradient Ratio. This test utilizes a rigid-wall soil permeamete
for simultaneous measurement of the head losses in
soil/geotextile interface (Figure 2-4). The ratio of the hg@ddBssfcross this interface (nominally

L 4
Manometer flow rate
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Figure 2-4  U.S. Army Corps of Engineers gradient ratio test device.
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25 mm) to the head loss across 50 mm of soil is termed the gradient ratio. As fine soil particles
adjacent to the geotextile become trapped inside or blind the surface, the gradient ratio will
increase. A gradient ratio less than 3 is recommended by the U.S. Army Corps of Engineers
(1977), based upon limited testing with severely gap-graded soils. Because the test is conducted
in a rigid-wall permeameter, it is most appropriate for sandy and silty soils with k > 107 m/s.

For soils with permeabilities less than about 107 m/s, long-term filtration tests should be
conducted in a flexible wall or triaxial type apparatus to insure that flow is through the soil rather
than along the sides of the specimen. The soil flexible wall test is ASTM D 5084, while the
Hydraulic Conductivity Ratio (HCR) test (ASTM D 5567) has been suggested for geotextiles (see
Section 1.5). Unfortunately, neither test is able to measure the permeability near the soil-
geotextile interface nor determine changes in permeability and hydraulic gradient within the soil
sample itself - a serious disadvantage (Fischer, 1994). Fortunately, very fine-grained, low-
permeability soils rarely present a filtration problem unless thefare dispersive (Sherard and
Decker, 1977) or subject to hydraulic fracturing, such as mi ur in dams under high
hydraulic gradients (Sherard, 1986).

Again, we emphasize that these filtration tests are perfo st They must be conducted on
samples of project site soil by the specifying &genc oNits sentative. These tests are the
responsibility of the engineer because manufactgger ally do not have soil laboratories or
samples of on-site soils. Therefore, rgalis N manufacturers are unable to certify the
clogging resistance of a geotextile.

For less critical/less severe conditi sim ay to avoid clogging, especially with silty soils,
is to allow fine particles alrea su on to pass through the geotextile. Then the bridge
network (Figure 2-2) : larger particles retains the smaller particles. The bridge
network should develop ré , and the quantity of fine particles actually passing through
the geotextile is relatively@small. This is why the less critical/less severe clogging resistance
criteria requires an AOS (O, sufficiently larger than the finer soil particles (D,5). Those are the
particles that will pass through the geotextile. Unfortunately, the AOS value only indicates the
size and not the number of O,,-sized holes available. Thus, the finer soil particles will be retained
by the smaller holes in the geotextile, and if there are sufficient fines, a significant reduction in
flow rate can occur.

Consequently, to control the number of holes in the geotextile, it may be desirable to increase
other qualifiers such as the porosity and open area requirements. There should always be a
sufficient number of holes in the geotextile to maintain permeability and drainage, even if some
of them clog.
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It should be pointed out that some soil types and gradations, may result in calculated AOS values
that cannot reasonably be met by any available product. In these cases, the design must be
modified accordingly to accommodate available products or possibly use multistage filters. In
either case, performance tests should then be performed on the selected system.

2.3-4 Survivability and Endurance Criteria

To be sure the geotextile will survive the construction process, certain geotextile strength and
endurance properties are required for filtration and drainage applications. These minimum
requirements are given in Table 2-2. Note that stated values are for less critical/less severe
applications.

It is important to realize that these minimum survivability values are not based on any systematic
research, but on the properties of existing geotextiles which are known to have performed
satisfactorily in drainage applications. The values are m to serve as guidelines for
inexperienced users in selecting geotextiles for routine projects. re not intended to replace
site-specific evaluation, testing, and design.

Geotextile endurance relates to its longevity. Geotextil veBeen shown to be basically inert
materials for most environments and applicatigns. . Howgver, certain applications may expose the
geotextile to chemical or biological activity that@Qu ically influence its filtration properties
or durability. For example, in drai &ers and geotextiles can become chemically
clogged by iron or carbonate precipi@es, amgh biologically clogged by algae, mosses, etc.
Biological clogging is a potential pr: n filters and drains are periodically inundated then
exposed to air. Excessive chemi d bi@logical clogging can significantly influence filter and
drain performance. These cdilitio present, for example, in landfills.

Biological clogging
Biological Clogging of
concern, a higher-porosi

e examined with ASTM D 1987, Standard Test Method for
textile or Soil/Geotextile Filters (1991). If biological clogging is a
geotextile may be used, and/or the drain design and operation can
include an inspection and maintenance program to flush the drainage system.
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TABLE 2-2
GEOTEXTILE STRENGTH PROPERTY REQUIREMENTS"***

FOR DRAINAGE GEOTEXTILES
(after AASHTO, 1997)

Geotextile Class 2°
ASTM ) Elongation
Property Test Method Units
<50%° > 50%°

Grab Strength D 4632 N 1100 700

Sewn Seam Strength’ D 4632 N 990 630

Tear Strength D 4533 N 400° 250

Puncture Strength D 4833 N 400 250

Burst Strength D 3786 kPa 00 1300

NOTES:

1.  Acceptance of geotextile material shall be based on ASTM D 473§

2.  Acceptance shall be based upon testing of either conformance ined using Procedure A of
ASTM D 4354, or based on manufacturer’s certifications lity assurance samples
obtained using Procedure B of ASTM D 4354.

3. Minimum; use value in weaker principal direction. @All n | values represent minimum average roll
value (i.e., test results from any sampled roll i ot ] meet or exceed the minimum values in the
table). Lot samples according to ASTM

4. Woven slit film geotextiles will not be a

5.  Default geotextile selection. The en ify a Class 3 geotextile (see Appendix D) for trench
drain applications based on one of thelfollowing:

a) The engineer has found Cl geot to have sufficient survivability based on field experience.
b) The engineer has fi lass textiles to have sufficient survivability based on laboratory testing
and visual inspection o v lle sample removed from a field test section constructed under
anticipated field conditiopg

c) Subsurface drain depth8\less than 2 m, drain aggregate diameter is less than 30 mm and compaction
requirement is equal to or l€ss than 95% of AASHTO T-99.

6.  As measured in accordance with ASTM D 4632.

7. When seams are required. Values apply to both field and manufactured seams.

8. The required MARYV tear strength for woven monofilament geotextiles is 250 N.
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2.4 DRAINAGE SYSTEM DESIGN GUIDELINES

In this section, step-by-step design procedures are given. As with a chain, the integrity of the

resulting design will depend on its weakest link; thus, no steps should be compromised or omitted.

STEP 1. Evaluate the critical nature and site conditions (see Table 2.1) of the application.
Reasonable judgment should be used in categorizing a project, since there may be a
significant cost difference for geotextiles required for critical/severe conditions. Final
selection should not be based on the lowest material cost alone, nor should costs be
reduced by eliminating laboratory soil-geotextile performance testing, if such testing
is appropriate.

STEP 2. Obtain soil samples from the site and:

A. Perform grain size analyses.
g

* Calculate C, = D¢y/Dy, (Eq. &-

* Select the worst case soil eten .e., usually the soil with smallest B x Dy;)

NOTE: When the soil contaips [Particle: and larger, use only the gradation of soil passing the 4.75
mm sieve in selecting th tex (. scalp off the +4.75 mm material).

B. Perform field oratory permeability tests.
* Select worst case soil (i.e., soil with highest coefficient of permeability, k).
* The permeability of clean sands with 0.1 mm < D, < 3 mm and C, < 5 can be
estimated by the Hazen formula, k = (D,o)* (k in cm/s; D,, in mm). This formula
should not be used for soils with appreciable fines.

C. Select drainage aggregate.

» Use free-draining, open-graded material and determine its permeability (e.g., Figure
2-5). If possible, sharp, angular aggregate should be avoided. If it must be used, then
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a geotextile meeting the property requirements for high survivability in Table 2-2
should be specified. For an accurate design cost comparison, compare cost of open-
graded aggregate with select well-graded, free-draining filter aggregate.

STEP 3.

Calculate anticipated flow into and through drainage system and dimension the system.

Use collector pipe to reduce size of drain.

A. General Case

Use Darcy's Law

where:

[
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Typical gradations and Darcy permeabilities of several aggregate and graded
filter materials (U.S. Navy, 1982).
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Use conventional flow net analysis to calculate the hydraulic gradient (Cedergren, 1977)
and Darcy's Law for estimating infiltration rates into drain; then use Darcy's Law to
design drain (i.e., calculate cross-sectional area A for flow through open-graded
aggregate). Note that typical values of hydraulic gradients in the soil adjacent to a
geotextile filter (Giroud, 1988) are:

® i < ] for drainage under roads, embankments, slopes, etc., when the main source of

water is precipitation; and
® i = 1.5 in the case of drainage trenches and vertical drains behind walls.

B. Specific Drainage Systems

Estimates of surface infiltration, runoff infiltration rates, and drainage dimensions can be
determined using accepted principles of hydraulic engineering (Moulton, 1980). Specific
references are:

1. Flow into trenches -- Mansur and Kaufman (1962)

2. Horizontal blanket drains -- Cedergren (1977)

3. Slope drains -- Cedergren (1977)

STEP 4. Determine geotextile requiremerﬁ.

A. Retention Criteria Q\
From Step 2A, obtain Dy, @ determine largest pore size allowed.

AOS < (Eq.2- 1)

where:
B = 1 for a @@nservative design. For a less-conservative design, and for < 50%
passing 0.075 mm sieve:
B=1 forC,<2or>8 (Eq. 2 - 2a)
B=05C, for2<C,6<4 (Eq. 2 - 2b)
B = 8/C, fora < C, <8 (Eq. 2 - 2¢)

and, for > 50% passing 0.075 mm sieve:
B = 1 for wovens,
B = 1.8 for nonwovens,
and AOS (geotextile) < 0.3 mm (Eq.2-5)
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NOTE: Soils with a C, of greater than 20 may be unstable (see section 2.3-1.c): if so, performance
tests should be conducted to select suitable geotextiles.

B. Permeability/Permittivity Criteria

1. Less Critical/Less Severe
Kyemece 2 Koo (Eq. 2 - 7a)

2. Critical/Severe
Kyeoonite > 10 Ko (Eq. 2 - Tb)

3. Permittivity Requirements

Y > 0.5 sec” for < 15% passing 0.075 mm (Eq. 2 - 8a)
¥ > 0.2 sec’ for 15 to 50% passing 0.075 mm W(Eq. 2 - 8b)
Y > 0.1sec for > 50% passing 0.075 mm . 2 -8¢)

4. Flow Capacity Requirement
Qrequired = Qgeotentite! (Ag/A), OF 12-9)
L 2
(Kgeotexite/t) 1 Qrequ [2 - 14]

where:

Qrequirea 1S ODtained from Eq. 2-14) above;

Kgeoronite/t = W per ity;

t = tile fllickness;

h = rage head in field;

A, xtile area available for flow (i.e., if 80% of geotextile is
covered by the wall of a pipe, A; = 0.2 x total area); and

A, = total area of geotextile.

C. Clogging Criteria

1. Less Critical/Less Severe
a. From Step 2A obtain D,; then determine minimum pore size requirement from

Oys 2 3 Dyg, for C, > 3 (Eq. 2 - 10)
b. Other qualifiers:
Nonwovens:
Porosity (geotextile) > 50% (Eq.2-11)
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Wovens:
Percent open area > 4% (Eq.2-12)

Alternative: Run filtration tests
2. Critical/Severe
Select geotextiles that meet retention, permeability, and survivability criteria, as
well as the criteria in Step 4C.1 above, and perform a filtration test.
Suggested filtration test for sandy and silty soils is the gradient ratio test. The
hydraulic conductivity ratio test is recommended by some people for fine-grained

soils, but as noted in Section 2.3-3, the test has serious disadvantages.

Alternative: Long-term filtration tests, F* tests,¢

NOTE: Experience is required to obtain reproducible res
test. See Fischer (1994) and Maré (1994).

he gradient ratio

D. Survivability
Select geotextile properties required) fomgurviWiability from Table 2-2. Add durability
requirements if appropriate.

STEP 5. Estimate costs. :

(if required), the volume of aggregate, and the area of the
te unit cost values.

Geotextile (/m")
Geotextile placement (/m?)
Construction (LS)

Total Cost:

STEP 6. Prepare specifications.

Include for the geotextile:
A. General requirements
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Specific geotextile properties

Seams and overlaps

Placement procedures

Repairs

. Testing and placement observation requirements
See Sections 1.6 and 2.7 for specification details.

TmO 0w

STEP 7. Collect samples of aggregate and geotextile before acceptance.

STEP 8. Monitor installation during and after construction.

STEP 9. Observe drainage system during and after storm event

2.5 DESIGN EXAMPLE

® Project Description: drains to i

\er are to be placed adjacent to a two-lane highway

aggregate drain stone

® Type of Structure: trench drain
e Type of Application: geotextil@ wrap
®  Alternatives: i) ded lter between aggregate and soil being drained; or

i) g tile wrapping of aggregate

GIVEN DATA

® site has a high groundwater table

® drain is to prevent seepage and shallow slope failures, which are currently a maintenance problem
® depth of trench drain is 1 meter

® soil samples along the proposed drain alignment are nonplastic

® gradations of three representative soil samples along the proposed drain alignment
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PERCENT PASSING, BY WEIGHT
SIEVE SIZE
(mm) Sample A Sample B Sample C
25 99 100 100
13 97 100 100
4.76 95 100 100
1.68 90 96 100
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rain Size Distribution Curve
DEFINE

A. Geotextile function(s)

B. Geotextile properties required

C. Geotextile specification

SOLUTION

A. Geotextile function(s):

Primary
Secondary

filtration
separation
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B. Geotextile properties required:
apparent opening size (AOS)
permittivity
survivability

DESIGN

STEP 1. EVALUATE CRITICAL NATURE AND SITE CONDITIONS

From given data, assume that this is a noncritical application.
Soils are well-graded, hydraulic gradient is low for this type of application, and flow conditions are steady

state for this type of application.

STEP 2. OBTAIN SOIL SAMPLES

A. GRAIN SIZE ANALYSES
Plot gradations of representative soils. The D¢y, Do, and Dy sizes froffijthe gradation plot are noted in the
table below for Samples A, B, and C. Determine uniformity coefficient, fficient B, and the maximum

AOS.

Worst case soil for retention (i.e., smallest B x Dy;) is Soil C ing table.

Soil
Sample Dy + Dp=C,
A 0.48 + 0.15 = 3.2 1.6 x1.0 =1.6
B 0.25 + 0.06 = 4.2 1.9x0.75 = 1.4
Cc 0.36 + 0.14 = 2.6 1.3x0.55 = 0.72

conservatively designed with an estimated permeability.
The largest D,, contrQlfpermeability; therefore, Soil A with D,, = 0.15 mm controls. Therefore,

D} = (0.152 = 2(10)*cm/s = 2 (10)* m/s

C. SELECT DRAIN AGGREGATE
Assume drain stone is a rounded aggregate.

STEP 3. DIMENSION DRAIN SYSTEM

Determine depth and width of drain trench and whether a pipe is required to carry flow - details of which are not
included within this example.
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STEP 4. DETERMINE GEOTEXTILE REQUIREMENTS

A. RETENTION CRITERIA
Sample C controls (see table above), therefore, AOS <0.72 mm

B. PERMEABILITY CRITERIA
From given data, it has been judged that this application is a less critical/less severe application.
Therefore, K i 2 K,

Soil C controls, therefore Kyeoientie 2 2 (10)* m/sec
Flow capacity requirements of the system - details of which are not included within this example.

C. PERMITTIVITY CRITERIA
All three soils have < 15% passing the 0.075 mm, therefore ¥ > 0.5 sec?

D. CLOGGING CRITERIA
From given data, it has been judged that this application is a less critical/less severe application, and Soils
A and B have a C, greater than 3. Therefore, for soils A and B, O, > 3 D,

Oy 2 3x0.15 = 0.45 mm for Sample A

3 x 0.075 = 0.22 mm for Sample B
Soil A controls [Note that sand size particles typically don't ¢ ems, therefore, Soil B could
have been used as the design control.], therefore, AOS > 0.45mm
For Soil C, a geotextile with the maximum AOS value dete: the retention criteria should be used.
Therefore AOS = 0.72 mm
Also,

nonwoven porosity > 50%
and

woven percent open area

For the primary functi ratigll, the geotextile should have 0.45 mm < AOS <

0.72 mm; and Ko,y W2 (10) ec and, ¥ > 0.5 sec’. Woven slit film geotextiles
are not allow

E. SURVIVABILITY
From Table 2-2, the following minimum values are recommended:

For Survivability, the geotextile shall have the following minimum values (values are MARYV) -

Woven Geotextile = Nonwoven Geotextile

Grab Strength 1100 N 700 N
Sewn Seam Strength 990 N 630 N
Tear Strength 400* N 250N
Puncture Strength 400 N 250 N
Trapezoidal Tear 2700 N 1300 N

*250 N for monofilament geotextiles
NOTE: With lightweight compaction equipment and ﬁeld inspection, Class 3 geotextile (see
Appendix D) could be used.
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Complete Steps 5 through 9 to finish design.

STEP S. ESTIMATE COSTS

STEP 6. PREPARE SPECIFICATIONS
STEP 7. COLLECT SAMPLES

STEP 8. MONITOR INSTALLATION

STEP 9. OBSERVE DRAIN SYSTEM DURING AND AFTER STORM EVENTS

2.6 COST CONSIDERATIONS

Determining the cost effectiveness of geotextiles versus convepgiofial drainage systems is a
straightforward process. Simply compare the cost of the geotextile @ ost of a conventional
granular filter layer, while keeping in mind the following:
® Overall material costs including a geotextile vers vélltional system - For example,
the geotextile system will allow the use of poorljgr: ess-select) aggregates, which
may reduce the need for a collector%’ , ed the amount of fines is small (Q
decreases considerably if the percent p, '&).0 5 mm sieve is greater than 5%, even
in gravel).
® (Construction requirements -
most cases, it is less th e cosfho
example, which are oft ith conventional filters and fine-grained soils.
rovements - If an open-graded aggregate is used (especially
jderable reduction in the physical dimensions of the drain can
be made without a @€crease in flow capacity. This size reduction also reduces the volume
of the excavation, $he volume of filter material required, and the construction time
necessary per unit length of drain.

f course, a cost for placing the geotextile; but in
constructing dual-layered, granular filters, for

In general, the cost of the geotextile material in drainage applications will typically range from
$1.00 to $1.50 per square meter, depending upon the type specified and quantity ordered.
Installation costs will depend upon the project difficulty and contractor's experience; typically,
they range from $0.50 to $1.50 per square meter of geotextile. Higher costs should be anticipated
for below-water placement. Labor installation costs for the geotextile are easily repaid because
construction can proceed at a faster pace, less care is needed to prevent segregation and
contamination of granular filter materials, and multilayered granular filters are typically not
necessary.
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2.7 SPECIFICATIONS

The following guide specification is provided as an example. It is a combination of the AASHTO
M288 (1997) geotextile material specification and its accompanying construction/installation
guidelines; developed for routine drainage and filtration applications. The actual hydraulic and
physical properties of the geotextile must be selected by considering of the nature of the project
(critical/less critical), hydraulic conditions (severe/less severe), soil conditions at the site, and
construction and installation procedures appropriate for the project.

SUBSURFACE DRAINAGE GEOTEXTILES
(after AASHTO M288, 1997)

1. SCOPE

1.1 Description. This specification is applicable to placing a geotextile agai e soil to allow long-term passage

of water into a subsurface drain system retaining the in situ soils. ry function of the geotextile in
subsurface drainage applications is filtration. Geotextile filtration prope g function of the in situ soil

gradation, plasticity, and hydraulic conditions.

2. REFERENCED DOCUMENTS

2.1 AASHTO Standards \
T88 Particle Size Analysis of So

T90 Determining the Plastic Limit Index of Soils
T99 The Moisture-Density Rélationshi

Soils Using a 2.5 kg Rammer and a 305 mm Drop

2.2 ASTM Standards

D 123 Standard Te

D 276 Test Methods f entification of Fibers in Textiles

D 3786 Test Method fofg@Hydraulic Burst Strength of Knitted Goods and Nonwoven Fabrics, Diaphragm
Bursting Strength Pester Method

glatifig to Textiles

D 4354 Practice for Sampling of Geosynthetics for Testing

D 4355 Test Method for Deterioration of Geotextiles from Exposure to Ultraviolet Light and Water (Xenon Arc
Type Apparatus)

D 4439 Terminology for Geosynthetics

D 4491 Test Methods for Water Permeability of Geotextiles by Permittivity

D 4632 Test Method for Grab Breaking Load and Elongation of Geotextiles

D 4751 Test Method for Determining Apparent Opening Size of a Geotextile

D 4759 Practice for Determining the Specification Conformance of Geosynthetics

D 4833 Test Method for Index Puncture Resistance of Geotextiles, Geomembranes and Related Products

D 4873 Guide for Identification, Storage, and Handling of Geotextiles

D 5141 Test Method to Determine Filtering Efficiency and Flow Rate for Silt Fence Applications Using Site
Specific Soil
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3. PHYSICAL AND CHEMICAL REQUIREMENTS

3.1 Fibers used in the manufacture of geotextiles and the threads used in joining geotextiles by sewing, shall consist
of long chain synthetic polymers, composed of at least 95% by weight polyolefins or polyesters. They shall be
formed into a stable network such that the filaments or yams retain their dimensional stability relative to each
other, including selvages.

3.2 Geotextile Requirements. The geotextile shall meet the requirements of following Table. Woven slit film
— geotextiles (i.e., geotextiles made from yarns of a flat, tape-like character) will not be allowed. All numeric
values in the following table, except AOS, represent minimum average roll values (MARYV) in the weakest
principal direction (i.e., average test results of any roll in a lot sampled for conformance or quality assurance
e testing shall meet or exceed the minimum values). Values for AOS represent maximum average roll values.

NOTE: The property values in the following table represent default values which provide for
sufficient geotextile survivability under most conditions. Minimum property requirements may be
reduced when sufficient survivability information is available [see Note 2 of Table 2-2 and
Appendix D]. The Engineer may also specify properties different from listed in the following

Table based on engineering design and experience.

Subsurface Drainage Geotextile R

ASTM Test longation®
3 Property Method Units > 50%"
-
Grab Strength D 4632 N 700
- Sewn Seam D 4632 990 630
Strength®
Tear Strength D 4533 N 400® 250
Puncture Strength D 483 400 250
Burst Strength 86 kPa 2700 1300
Percent In Situ Passing 0.075 mm Sieve®
- <15 15 to 50 > 50
Permittivity D 4491 sec’ 0.5 0.2 0.1
N Apparent Opening D 4751 mm 0.43 0.25 0.22%
Size
Ultraviolet Stability D 4355 % 50% after 500 hours of exposure
NOTES:

1) As measured in accordance with ASTM D 4632.

2) When sewn seams are required.

(3)  The required MARYV tear strength for woven monofilament geotextiles is 250 N.

C)) Based on grain size analysis of in situ soil in accordance with AASHTO T88.

_— (5)  For cohesive soils with a plasticity index greater than 7, geotextile maximum average roll value for

apparent opening size is 0.30 mm.
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4. CERTIFICATION

4.1 The Contractor shall provide to the Engineer a certificate stating the name of the manufacturer, product name,
style number, chemical composition of the filaments or yarns and other pertinent information to fully describe
the geotextile.

4.2 The Manufacturer is responsible for establishing and maintaining a quality control program to assure compliance
with the requirements of the specification. Documentation describing the quality control program shall be made
available upon request.

4.3 The Manufacturer’s certificate shall state that the furnished geotextile meets MARV requirements of the
specification as evaluated under the Manufacturer’s quality control program. The certificate shall be attested to
be a person having legal authority to bind the Manufacturer.

4.4 Either mislabeling or misrepresentation of materials shall be reason to reject those geotextile products.

5. SAMPLING, TESTING, AND ACCEPTANCE

5.1 Geotextiles shall be subject to sampling and testing to verify conforman
testing shall be in accordance with ASTM D 4354. Acceptance s

samples obtained using Procedure A of ASTM D 4354, or bas cturer’s certifications and testing of
quality assurance samples obtained using Procedure B of AS lot size for conformance or quality
assurance sampling shall be considered to be th*hip t quantity of the given product or a truckload of the
given product, whichever is smaller. \

5.2 Testing shall be performed in accordanc thods referenced in this specification for the indicated

application. The number of specimens t r sample is specified by each test method. Geotextile product
acceptance shall be based on ASTM ct acceptance is determined by comparing the average test
results of all specimens within a the specification MARV. Refer to ASTM D 4759 for more
details regarding geotextile ac ce

6.1 Geotextile labeling, shipnignt, and storage shall follow ASTM D 4873. Product labels shall clearly show the
manufacturer or supplier nani, style number, and roll number. Each shipping document shall include a notation
certifying that the material is in accordance with the manufacturer’s certificate.

6.2 Each geotextile roll shall be wrapped with a material that will protect the geotextile from damage due to shipment,
water, sunlight, and contaminants. The protective wrapping shall be maintained during periods of shipment and
storage.

6.3 During storage, geotextile rolls shall be elevated off the ground and adequately covered to protect them from the
following: site construction damage, precipitation, extended ultraviolet radiation including sunlight, chemicals
that are strong acids or strong bases, flames including welding sparks, temperatures in excess of 71°C (160°F),
and any other environmental condition that may damage the physical property values of the geotextile.
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7.

7.1

7.2

7.3

7.4

7.5

CONSTRUCTION

General. Atmospheric exposure of geotextiles to the elements following lay down shall be a maximum of 14 days
to minimize damage potential.

Seaming.

a. If a sewn seam is to be used for the seaming of the geotextile, the thread used shall consist of high strength
polypropylene, or polyester. Nylon thread shall not be used. For erosion control applications, the thread shall
also be resistant to ultraviolet radiation. The thread shall be of contrasting color to that of the geotextile itself.

b. For seams which are sewn in the field, the Contractor shall provide at least a 2 m length of sewn seam for
sampling by the Engineer before the geotextile is installed. For seams which are sewn in the factory, the
Engineer shall obtain samples of the factory seams at random from any roll of geotextile which is to be used on
the project.

b.1 For seams that are field sewn, the seams sewn for sampling shall be using the same equipment and

procedures as will be used for the production of seams. If seams are ewn in both the machine and

®

Trench. Trench excavation shall be done in accor
excavation shall be done in such a way so as to prevent la
trench. The graded surface shall be smoo T

Geotextile Placement.

a. In placement of the geotextile fi
or folds, and with not vqi
shall be overlapped a

ions, the geotextile shall be placed loosely with no wrinkles
the geotextile and the ground surface. Successive sheets of geotextiles
, with the upstream sheet overlapping the downstream sheet.

a.1 In trenches equal to or than 300 mm in width, after placing the drainage aggregate the geotextile shall
be folded over the top ofthe backfill material in a manner to produce a minimum overlap of 300 mm. In
trenches less than 300 mm but greater than 100 mm wide, the overlap shall be equal to the width of the
trench. Where the trench is less than 100 mm the geotextile overlap shall be sewn or otherwise bonded.
All seams shall be subject to the approval of the Engineer.

a.2 Should the geotextile be damaged during installation, or drainage aggregate placement, a geotextile patch
shall be placed over the damaged area extending beyond the damaged area a distance of 300 mm, or the
specified seam overlap, whichever is greater.

Drainage Aggregate

a. Placement of drainage aggregate should proceed immediately following placement of the geotextile. The
geotextile should be covered with a minimum of 300 mm of loosely placed aggregate prior to compaction. Ifa
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perforated collector pipe is to be installed in the trench, a bedding layer of drainage aggregate should be placed
below the pipe, with the remainder of the aggregate placed to the minimum required construction depth.

a.1 The aggregate should be compacted with vibratory equipment to a minimum of 95% Standard AASHTO
density unless the trench is required for structural support. If higher compactive effort is required, a Class
1 geotextile as per Table 1 of the M288 Specification is needed.

8. METHOD OF MEASUREMENT
8.1 The geotextile shall be measured by the number of square meters computed from the payment lines shown
on the plans or from payment lines established in writing by the Engineer. This excludes seam overlaps, but shall

include geotextiles used in crest and toe of slope treatments.

8.2 Slope preparation, excavation and backfill, bedding, and cover material are separate pay items.
9. BASIS OF PAYMENT

9.1 The accepted quantities of geotextile shall be paid for per square lace.

9.2 Payment will be made under:

Pay Item Pay @Unit
Subsurface Drainage Geotextile ¢ \ eter
2.8 INSTALLATION PROCE g

For all drainage applications

construction steps should be followed:

eotextile is to be placed should be excavated to design grade

surface free of debris and large cavities.

of the subgrade and construction of the system itself, the geotextile

ted to prevent any degradation due to exposure to the elements.

3. After excavating to design grade, the geotextile should be cut (if required) to the desired
width (including allowances for non-tight placement in trenches and overlaps of the ends
of adjacent rolls) or cut at the top of the trench after placement of the drainage aggregate.

4. Care should be taken during construction to avoid contamination of the geotextile. If it
becomes contaminated, it must be removed and replaced with new material.

5. In drainage systems, the geotextile should be placed with the machine direction following
the direction of water flow; for pavements, the geotextile should be parallel to the
roadway. It should be placed loosely (not taut), but with no wrinkles or folds. Care
should be taken to place the geotextile in intimate contact with the soil so that no void
spaces occur behind it.

1. The surface
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6. The ends for subsequent rolls and parallel rolls of geotextile should be overlapped a
minimum of 0.3 in roadways and 0.3 to 0.6 m in drains, depending on the anticipated
severity of hydraulic flow and the placement conditions. For high hydraulic flow
conditions and heavy construction, such as with deep trenches or large stone, the overlaps
should be increased. For large open sites using base drains, overlaps should be pinned or
anchored to hold the geotextile in place until placement of the aggregate. Upstream
geotextile should always overlap over downstream geotextile.

7. To limit exposure of the geotextile to sunlight, dirt, damage, etc., placement of drainage
or roadway base aggregate should proceed immediately following placement of the
geotextile. The geotextile should be covered with a minimum of 0.3 m of loosely placed
aggregate prior to compaction. If thinner lifts are used, higher survivability fabrics may
be required. For drainage trenches, at least 0.1 m of drainage stone should be placed as
a bedding layer below the slotted collector pipe (if required), with additional aggregate
placed to the minimum required construction depth. Compgagtion is necessary to seat the
drainage system against the natural soil and to reduce settlgs
aggregate should be compacted with vibratory equipment t pum of 95% Standard
AASHTO T99 density unless the trench is requir support. If higher
compactive efforts are required, the geotextiles m property values listed under
the high survivability category in Table 2-2 sho idized.

8. After compaction, for trench drains, th(ﬁ&v ing edges of the geotextile should be

r

overlapped at the top of the compact ar drdinage material. A minimum overlap
of 0.3 m is recommended to ens erage of the trench width. The overlap
is important because it protects ge aggregate from surface contamination. After
completing the overlap, backfill shoul laced and compacted to the desired final grade.

A schematic of the con
Figure 2-6. ConstructiGh phg

edures for a geotextile-lined underdrain trench is shown in
apfis of an underdrain trench are shown in Figure 2-7, and
*ment beneath a permeable roadway base are shown in Figure 2-8.

2.9 FIELD INSPECTION

The field inspector should review the field inspection guidelines in Section 1.7. Special attention
should be given to aggregate placement and potential for geotextile damage. Also, maintaining
the appropriate geotextile overlap at the top of the trench and at roll ends is especially important.
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Figure 2-6  Construction procedure for geotextil derdrains.

2.10 ADDITIONAL SELECTION C

NXT ONS

The late Dr. Allan Haliburton, a g til§ypioneer, noted that all geotextiles will work in some
applications, but no one geotextil@ will ®orX in all applications. Even though several types of
geotextiles (monofilament way€ns ay of light- to heavy-weight nonwovens) may meet
all of the desired desi iteriafpit may be preferable to use one type over another to enhance
system performance. 1 depend on the actual soil and hydraulic conditions, as well
as the intended function @f the design. Intuitively, the following considerations seem appropriate
for the soil conditions gi

1. Graded gravels and coarse sands -- Very open monofilament or even multifilament wovens
may be required to permit high rates of flow and low-risk of blinding.

2. Sands and gravels with less than 20% fines -- Open monofilament wovens and
needlepunched nonwovens with large openings are preferable to reduce the risk of
blinding. For thin, heat-bonded geotextiles and thick, needlepunched nonwoven
geotextiles, filtration tests should be performed.

3. Soils with 20% to 60% fines -- Filtration tests should be performed on all types of
geotextiles.
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(c) (d)

- Figure 2-7  Construction of geotextile drainage systems: a.) geotextile placement in
drainage ditch; b.) aggregate placement; c.) compaction of aggregate; and d.)
geotextile overlap prior to final cover.
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Construction geotextile filters and separators beneath permeable pavement base:

Figure 2-8

a.) geotextile used as a separator; and b.) permeable base and edge drain

combination. (Baumgardner, 1994)
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4. Soils with greater than 60% fines -- Heavy-weight, needlepunched geotextiles and heat-
bonded geotextiles tend to work best as fines will not pass. If blinding does occur, the
permeability of the blinding cake would equal that of the soil.

5. Gap-graded cohesionless soils -- Consider using a uniform sand filter with a very open
geotextile designed to allow fines to pass.

6. Silts with sand seams -- Consider using a uniform sand filter over the soil with a very open
geotextile, designed to allow the silt to pass but to prevent movement of the filter sand;
alternatively, consider using a heavy-weight (thick) needlepunched nonwoven directly
against soil so water can flow laterally through the geotextile should it become locally
clogged.

These general observations are not meant to serve as recommendations, but are offered to
provide insight for selecting optimum materials. They are not intended to exclude other
possible geotextiles that you may want to consider.

2.11 IN-PLANE DRAINAGE; PREFABRICATED G, ITE DRAINS

Geotextiles with high in-plane drainage ability and\pr jfated geocomposite drains are

potentially quite effective in several applicati&\\
The ability of geotextiles to transmit e of the geotextile itself may be an added

benefit in certain drainage applicatio
reduction of pore water pressures{in the

interceptor drains, transmissio

and vertical strip drainsgiggacce consolidation of soft foundation soils, dissipation of seepage
forces in earth and rock vv of chimney drains in earth dams, dissipaters of pore water
pressures in embankmen d fills, gas venting below containment liner systems, etc. However,
it should be realized that
(typically on the order of 2 x 10 m*/s/linear meter of geotextile under a pressure equivalent to
0.6 m of soil) are relatively small when compared to the seepage capacity of 0.150 to 0.3 m of

sand or other typical filter materials. Therefore, geotextiles should only replace sand or other

laterd] transmission of water is desirable or where
1®can be accelerated. These applications include
ater below pavement base course layers, horizontal

e seepage quantities transmitted by in-plane flow of geotextiles

filter layers where they can handle high seepage quantities. Remember, too, that seepage
quantities are highly affected by compressive forces, incomplete saturation, and hydraulic
gradients.

In recent years, special geocomposite materials have been developed which consist of cores of
extruded and fluted plastics sheets, three-dimensional meshes and mats, plastic waffles, and nets
and channels to convey water, which are covered by a geotextile on one or both sides to act as a
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filter. Geocomposite drains may be prefabricated or fabricated on site. They generally range in
thickness from 5 mm to 25 mm or greater and have transmission capabilities of between 0.0002
and 0.01 m’/s/linear width of drain. Some geocomposite systems are shown in Figure 2-9.
Geocomposite drains have been used in six major areas:

Edge drains for pavements.

Interceptor trenches on slopes.

Drainage behind abutments and retaining structures.

Relief of water pressures on buried structures.

Substitute for conventional sand drains.

Waste containment systems for leachate collection and gas venting.

AN e

Prefabricated geocomposite drains are essentially used to replace or support conventional drainage
systems. According to Hunt (1982), prefabricated drains offer a readily available material with
known filtration and hydraulic flow properties; easy installatiog, and, therefore, construction
economies; and protection of any waterproofing applied to thesSfucture's exterior. Cost of
prefabricated drains typically ranges from $4.50 to $25.00 per gter. The high material
cost is usually offset by expedient construction and red ggtiired quantities of select
granular materials. For example, geocomposites us ent edge drains typically cost
$1.75 to $5.00/linear meter installed.

\ 4

2.11-1 Design Criteria

For the geotextile design and selg€tion witf®in-plane drainage capabilities and geocomposite

drainage systems, there are t ba 'gn considerations:
1. ogging or piping.
2 flow capacity under design loads to provide maximum anticipated

3. System performance considerations.

As with conventional drainage systems, geotextile selection should be based on the grain size of
the material to be protected, permeability requirements, clogging resistance, and physical property
requirements, as described in Section 2.3. In pavement drainage systems, dynamic loading means
severe hydraulic conditions (Table 2-1). If, for example, the geotextile supplied with the
geocomposite drainage system is not appropriate for your design conditions, system safety will
be compromised and you should specify alternate geotextiles. This is important especially when
prefabricated drains are used in critical situations and where failure system could lead to structure
failure.
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Figure 2-9  Geocomposite drains.
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The maximum seepage flow into the system must be estimated and the geotextile or geocomposite
selected on the basis of seepage requirements. The flow capacity of the geocomposite or
geotextile can be determined from the transmissivity of the material. The test for transmissivity
is ASTM D 4716, Constant Head Hydraulic Transmissivity (In-Plane Flow) of Geotextiles and
Geotextile Related Products. The flow capacity per unit width of the geotextile or geocomposite
can then be calculated using Darcy's Law:

q =kiA =k iBt [2 - 15]
or,
¢/B = 0i 2 -16]
where
q = flow rate (L*/T)
k, = in-plane coefficient of permeability for th nthetic (L/T)
B = width of geosynthetic (L)
t = thickness of geosynthetic (L)
0 = transmissivity of geosynthetic (= )
i = hydraulic gradient (L/I;)

The flow rate per unit width of the geosyntheti
width required of the drainage system.

en be compared with the flow rate per unit
resognized that the in-plane flow capacity for
geosynthetic drains reduces significan compression (Giroud, 1980). Additional decreases
in transmissivity may occur with tinj€ due p. Therefore, the material should be evaluated
by an appropriate laboratory gifod rmance) test, under the anticipated design loading
conditions (with a saft ctor) %@r the design life of the project.

Long-term compressive §ffess and eccentric loadings on the core of a geocomposite should be
considered during design selection. Though not yet addressed in standardized test methods
or standards of practice, the following criteria (Berg, 1993) are suggested for addressing core
compression. The design pressure on a geocomposite core should be limited to either:
1) the maximum pressure sustained on the core in a test of 10,000 hour minimum duration; or
ii) the crushing pressure of a core, as defined with a quick loading test, divided by a safety
factor of 5.
Note that crushing pressure can only be defined for some core types. For cases where a crushing
pressure cannot be defined, suitability should be based on the maximum load resulting in a
residual thickness of the core adequate to provide the required flow after 10,000 hours.

68 April 1998



........

pr—

Intrusion of the geotextiles into the core and long-term outflow capacity should be measured with
a sustained transmissivity test (Berg, 1993). The ASTM D 4716 test procedure (1987), Constant
Head Hydraulic Transmissivity of Geotextiles and Geotextile Related Products, should be
followed. Test procedure should be modified for sustained testing and for use of sand substratum
and super-stratum in lieu of closed cell foam rubber. Load should be maintained for 300 hours
or until equilibrium is reached, whichever is greater.

Finally, special consideration must be given to drain location and pressures on the wall when using
geosynthetics to drain earth retaining structures and abutments. It is important that the drain be
located away from the back of the wall and be appropriately inclined so it can intercept seepage
before it impinges on the back of the wall. Placement of a thin vertical drain directly against a
retaining wall may actually increase seepage forces on the wall due to rainwater infiltration
(Terzaghi and Peck, 1967; and Cedergren, 1989). For further discussion of this point, see
Christopher and Holtz (1985).

2.11-2 Construction Considerations

The following are considerations specific to the installatign omposite drains:
1. As with all geotextile applications, care’ en during storage and placement to
avoid damage to the material.

2. Placement of the backfill direct

e%eotextile must be closely observed, and
compaction of soil directly a material should be avoided. Otherwise, loading
during placement of backfil Id da the filter or even crush the drain. Use of clean
granular backfill reducegthe ¢ ion energy requirements.

sheBtg.or strips of geocomposite butt together, the geotextile must
revent soil infiltration. Also, the geotextile should extend
e drain to prevent soil from entering at the edges.

ed on how the prefabricated drains tie into the collector drainage

4, Details must be pro
systems.

Construction of an edge drain installation is shown in Figures 2-10 and 2-11. Additional
information and recommendations regarding proper edge drain installation can be found in
Koerner, et al. (1993) and in ASTM D 6088 Practice for Installation of Geocomposite Edge
Drains.
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cleanup broom —»
deployment trailer —m

i T

(b) Sand installation and backfilling equipment at end of equipment train according to Figure 2-11.

Figure 2-10  Prefabricated geocomposite edge drain construction using sand fill upstream of
composite (as illustrated in Figure 2-11) (from Koerner, et al., 1993).
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Trench Width
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Pavement == .
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Geotextile
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00000

% / /% .

75 to 25mm
125mm

Figure 2-11 Recommended installation method for prefabrit omposite edge drains
(from Koerner, et al., 1993).
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3.0 GEOTEXTILES IN RIPRAP REVETMENTS AND
OTHER PERMANENT EROSION CONTROL SYSTEMS

3.1 BACKGROUND

As in drainage systems, geotextiles can effectively replace graded granular filters typically used
beneath riprap or other hard armor materials in revetments and other erosion control systems
designed to keep soil in place. This was one of the first applications of woven monofilament
geotextiles in the United States; rather extensive use started in the early 1960s. Numerous case
histories have shown geotextiles to be very effective compared to riprap-only systems and equally
effective as conventional graded granular filters in preventing fines from migrating through the
armor system, while providing a cost savings.

Since the early developments in coastal and lake shoreline erosi 0
concepts and construction procedures have subsequently been appli

(see HEC 11, FHWA, 1989), cut and fill slope protection,

ntrol, the same design
eam bank protection
various small drainage

structures (see HEC 14, FHWA, 1983) and ditches (see A, 1988), wave protection
for causeway and shoreline roadway embankments, andgsco tection for structures such as
bridge piers and abutments (see HEC 18, FH d HEC 23, FHWA, 1997). Design

guidelines and construction procedures for other similar permanent erosion control
applications are presented in sections 3. Y Hydraulic design considerations can be
found in the AASHTO Model Draj nual (1991) and the above FHWA Hydraulic
Engineering Circulars. Also note tiat, at the Yime of printing of this manual, a new FHWA
course and text entitled Identiffing ontrolling Erosion and Sedimentation was under

development.

Erosion control mats are an@ffier type of geosynthetic used in permanent erosion control systems.
They are also referred to as afolled Erosion Control Product (RECP). These three-dimensional
mats retain soil and moisture, thus promoting vegetation growth. Vegetation roots grow through
and are reinforced by the mat. The reinforced grass system is capable of withstanding short-term
(e.g., 2 hours), high velocity (e.g., 6 m/s) flows with minimal erosion. Erosion control mats are
addressed in section 3.11. Sediment control and temporary erosion control designed to keep soil
within a prescribed boundary, including the use of geotextiles as silt fences, erosion control
blankets, and other geosynthetics, are covered in Chapter 4.
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3.2

APPLICATIONS

Riprap-geotextile systems have
found successful application in
protecting precipitation runoff
collection and high-velocity
diversion ditches.

Geotextiles may be used in slope
protection to prevent or reduce
erosion from  precipitation,
surface runoff, and internal
seepage or piping. In this
instance, the geotextile may
replace one or more layers of
granular filter materials which
would be placed on the slope in
conventional applications.

Erosion control systems h
geotextiles may also be gequi

t
I
ent
or

Similarly, they may be used for
scour protection around
structures.

AR
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® A riprap-geotextile system can
also be effective in reducing
erosion caused by wave attack or
tidal variations when facilities are
constructed across or adjacent to
large bodies of water.

® Finally, hydraulic structures such
as culverts, drop inlets, and
artificial stream channels may
require protection from erosion.
In such applications, if vegetation
cannot be established or the
natural soil is highly erodible, a

geotextile can be used beneath *

armor materials to increase \

erosion resistance. Q
In several of the above applications,§placengnt®f the filter layer may be required below water.
In these cases, in comparison witll co idnal granular filter layers, geotextiles provide easier
placement and continui the medium is assured.

webbings and reinforce the
vegetation root mass to provide
tractive resistance to high water
velocity on slopes and in ditches.
These three-dimensional mats
retain soil, moisture, and seed,
and thus promote vegetative
growth.
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3.3 DESIGN OF GEOTEXTILES BENEATH HARD ARMOR

Geotextile design for hard armor erosion control systems is essentially the same as geotextile
design for filters in subsurface drainage systems discussed in Section 2.3. Table 3-1 reiterates the
design criteria and highlights special considerations for geotextiles beneath hard armor erosion
control systems. The following is a discussion of these special considerations.

3.3-1 Retention Criteria for Cyclic or Dynamic Flow
In cyclic or dynamic flow conditions, soil particles may be able to move behind the geotextile if
it is not properly weighted down. Thus, the coefficient B = 1 may not be conservative, as the
bridging network (Figure 2-2) may not develop and the geotextile may be required to retain even
the finer particles of soil. If there is a risk that uplift of the armor system can occur, it is
recommended that the B value be reduced to 0.5 or less; that is, the largest hole in the geotextile
should be small enough to retain the smaller particles of soil.

In absence of detailed design, the AASHTO M 288 Standard Sp
provides the following recommended maximum AOS v,

y for Geotextiles (1997)
on to percent of situ soil
passing the 0.075 mm sieve: (i) 0.43 mm for less th 1 ssibg; (ii) 0.25 mm for 15 to 50%
passing; and (iii) 0.22 mm for more than 50% pasSing. ever, for cohesive soils with a
plasticity index greater than 7, the maximug i 0.30 mm. These default AOS values
are based upon the predominant particle gizesQf the 1n situ soil. The engineer may require

for erosion control systems in problematic soil

performance testing based on enginee
environments. Site specific testing
problematic soil environments
cohesive silts; gap graded soi

rformed especially if one or more of the following
tefed: unstable or highly erodible soils such as non-
d/silt laminated soils; dispersive clays; and/or rock
flour.
In many erosion control @pplications it is common to have high hydraulic stresses induced by wave
xtile may be loose when it spans between large armor stone or large
joints in block-type armor systems. For these conditions, it is recommended that an intermediate
layer of finer stone or gravel be placed over the geotextile and that riprap of sufficient weight be
placed to prevent wave action from moving either stone or geotextile. For all applications where
the geotextile can move, and when it is used as sandbags, it is recommended that samples of the
site soils be washed through the geotextile to determine its particle-retention capabilities.

or tidal action. The g

3.3-2 Permeability and Effective Flow Capacity Requirements for Erosion Control

In certain erosion control systems, portions of the geotextile may be covered by the armor stone
or concrete block revetment systems, or the geotextile may be used to span joints in sheet pile
bulkheads. For such systems, it is especially important to evaluate the flow rate required through
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TABLE 3-1
SUMMARY OF GEOTEXTILE DESIGN AND SELECTION CRITERIA FOR
HARD ARMOR EROSION CONTROL APPLICATIONS

SOIL RETENTION (PIPING RESISTANCE CRITERIA)'
Soils Steady State Flow Dynamic, Pulsating and Cyclic
Flow (if geotextile can move)

<50% Passing’ 0.075 mm AOS or Oy < B Dy

C,s2o0r28 B=1

2<C, <4 B=0.5C, 0,5 < 0.5 Dy
4<C, < 8: B=8/C,
250% Passing 0.075 mm Woven: 0y <Dg 0,5 < 0.5 Dy

Nonwoven: Oy < 1.8 Dy

For cohesive soils (PI > 7) 0,5 (geotextile) < 0.3 mm

II. PERMEABILITY/PERMITTIVITY CRITERIA®

A. Critical/Severe Applications
Kpooue 2 10k
B. Less Critical/Less Severe Applications (with‘l editim to Coarse Sands and Gravels)
Keoexte 2 Ko
< 15% passing 0.075 mm
for 15 to 50% passing 0.075 mm
for > 50 % passing 0.075 mm

C. Permittivity Requirement

III. CLOGGING CRITERIA

A. Critical/Severe Applications
Select geotextile 1 ~
prequalifying the g
specification for filt
5101 for cohesionless

after selection before bid closing. Alternative: use approved list
oils or Hydraulic Conductivity Ratio, ASTM D 5567 for cohesive soils.
B. Less Critical/Less Severe Applications

1. Perform soil-geotextile filtration tests.

2. Alternative: Oy > 3D forC, > 3

3. For C, < 3, specify geotextile with maximum opening size possible from retention criteria

4. Apparent Open Area Qualifiers

For soils with % passing 0.075 mm >5% <5%
Woven monofilament geotextiles: Percent Open Area : > 4% 10%
Nonwoven geotextiles: Porosity® > 50% 70%

applications. Suggested performance test method: Gradient Ratio, ASTM D
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IV. SURVIVABILITY REQUIREMENTS

Property ASTM Units Geotextile Class 1% Geotextile Class 2*%’
Test Method Elongation® Elongation®

< 50% > 50% <50% >50%
Grab Strength . D4632 N 1400 900 1100 700
Sewn Seam Strength® D 4632 N 1260 810 990 630
Tear Strength D 4533 N 500 . 350 400'° 250
Puncture Strength D 4833 N 500 350 400 250
Burst Strength D 3786 kPa 3500 1700 2700 1300
Ultraviolet Stability D 4355 % 50% strength retained after 500 hours of exposure

GEOTEXTILE STRENGTH PROPERTY REQUIREMENTS!***
FOR PERMANENT EROSION CONTROL GEOTEXTILES
(after AASHTO, 1997)

9.

NOTES:
1.
2.

b

8.

10. The required MARYV tear strength for woven monofilament geotextiles is 250 N.

Acceptance of geotextile material shall be based on ASTM D 4759.
Acceptance shall be based upon testing of either conformance sample
ASTM D 4354, or based on manufacturer’s certifications ang
using Procedure B of ASTM D 4354.
Minimum; use value in weaker principal direction. All n@ine gities represent minimum average roll
value (i.e., test results from any sampled roll i a 1 all t or exceed the minimum values in the
table). Lot samples according to ASTM D 4354

Woven slit film geotextiles will not be allowed.
Use Class 2 for woven monofilament
As a general guideline, the default geote’
severity than either of the following;

a) Armor layer stone weights do ngffexc
layer is required.

b) Armor layer stone weightggeXc , stone drop height is less than 1 m, and the geotextile is
protected by a 150 zmm thick ag@segate bedding layer designed to be compatible with the armor layer.
More severe applica ‘Yw guire ssessment of geotextile survivability based on a field trial section and

using Procedure A of
ag’of qUdlity assurance samples obtained

ss 1 for all other geotextiles.
is appropriate for conditions of equal or less

g, stone drop is less than 1 m, and no aggregate bedding

may require a geote: er strength properties.

The engineer may spe@ifif’a Class 2 geotextile based on one or more of the following:

a) The engineer has fougill Class 2 geotextiles to have sufficient survivability based on field experience.
b) The engineer has founi Class 2 geotextiles to have sufficient survivability based on laboratory testing
and visual inspection of a geotextile sample removed from a field test section constructed under anticipated
field conditions.

¢) Armor layer stone weighs less than 100 kg, stone drop height is less than 1 m, and the geotextile is
protected by a 150 mm thick aggregate bedding layer designed to be compatible with the armor layer.

d) Armor layer stone weights do not exceed 100 kg, stone is placed with a zero drop height.

As measured in accordance with ASTM D 4632.

When seams are required. Values apply to both field and manufactured seams.
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the open portion of the system and select a geotextile that meets those flow requirements. Again,
since flow is restricted through the geotextile, the required flow capacity is based on the flow
capacity of the area available for flow; or

Qrequired = qgmxme(Ag/ A) (Eq.2-9)
where: A, =  geotextile area available for flow, and
A, = total geotextile area.

The AASHTO M 288 Standard Specification for Geotextiles (1997) presents recommended
minimum permittivity values in relation to percent of situ soil passing the 0.075 mm sieve. The
values are the same as presented in Table 3-1. The default permittivity values are based upon the
predominant particle sizes of the in situ soil. Again, the engineer may require performance testing
based on engineering design for drainage systems in problematic soil environments.

3.3-3 Clogging Resistance for Cyclic or Dynamic Flow
Since erosion control systems are often used on highly erodible
flow conditions, severe hydraulic conditions often exist. A
conditions, and soil-geotextile filtration tests should alwa ofiducted. Since these tests are
performance-type tests and require project site soil sampld§, t st be conducted by the owner
or an owner representative and not by the geoﬁ i acturers or suppliers. For sandy and
silty soils (k > 107 m/s) the long-term, gradi n&:‘es (ASTM D 5101) is recommended as
i lic conductivity ratio (HCR) test (ASTM
ifications and caveats recommended in Chapter 1.
te for finer soils, are described by Christopher
g others.

described in Chapter 1. For fine-grain ,
D 5567) should be considered with t
Other filtration tests, some of which @fe ap

3.3-4 Survivability C @ osion Control

Because the construction§focedures for erosion control systems are different than those for
drainage systems, the geofgxtile property requirements for survivability in Table 3-1 differ
somewhat from those discussed in Section 2.3-4. As placement of armor stone is generally more
severe than placement of drainage aggregate, required property values are higher for each category
of geotextile.

Riprap or armor stone should be large enough to withstand wave action and thus not abrade the
geotextile. The specific site conditions should be reviewed, and if such movement cannot be
avoided, then an abrasion requirement based on ASTM D 4886 (modified flex stoll) should be
included in the specifications. Allowable physical property reduction due to abrasion should be
specified. No reduction in piping resistance, permeability, or clogging resistance should be
allowed after exposure to abrasion.
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It is important to realize that these minimum survivability values are not based on any systematic
research but on the properties of existing geotextiles which are known to have performed
satisfactorily in hard armor erosion control applications. The values are meant to serve as
guidelines for inexperienced users in selecting geotextiles for routine projects. They are not
intended to replace site-specific evaluation, testing, and design.

3.4 GEOTEXTILE DESIGN GUIDELINES

STEP 1.

Application evaluation.

A. Critical/less critical

1.
2.

B. Severe/less severe
1.
2.

If the erosion control system fails, will there be a risk of loss of life?

Does the erosion control system protect a significantgstructure,. and will failure lead
to significant structural damage?
If the geotextile clogs, will failure occur wit @ sning?  Will failure be
catastrophic?

If the erosion control system fails, will theh
costs?

psts greatly exceed installation

\ 4

Are soils to be protect
Are soils present whi
passing the 0.15 mm(§ieve?
Will the erosion g@ntr be subjected to reversing or cyclic flow conditions
such as e actiOfpor tidal variations?

radients exist in the soils to be protected? Will rapid
drawdown '@dniditions or seeps or weeps in the soil exist? Will blockage of seeps and
high hydraulic pressures?

Will high-velocity conditions exist, such as in stream channels?

, pipable, or dispersive?
ist primarily of silts and uniform sands with 85%

NOTE: If the answer is yes to any of the above questions, the design should proceed under the critical/severe

requirements; otherwise use the less critical/less severe design approach.

STEP 2.

Obtain soil samples from the site.

A. Perform grain size analyses

1.

Determine percent passing the 0.075 mm sieve.
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2.  Determine the plastic index (PI).
3. Calculate C, = Dgy/Dy,.

NOTE: When the protected soil contains particles passing the 0.075 mm sieve, use only the gradation of
soil passing the 4.75 mm sieve in selecting the geotextile (i.e., scalp off the +4.75 mm material).

4. Obtain Dy, for each soil and select the worst case soil (i.e., soil with smallest B x
- Dy;) for retention.

B. Perform field or laboratory permeability tests
1.  Select worse case soil (i.e., soil with highest coefficient of permeability k).

NOTE: The permeability of clean sands (<5 % passing 0.075 mm sieve) with 0.1 mm D,; < 3 mm and
C, < 5 can be estimated by Hazen's formula, k = (D,o)* (k in cm/s; D,y in mm). This formula should not
be used for finer-grained soils.

STEP 3. Evaluate armor material and placement.

Design reference: FHWA Hydraulic Engineerin, 15 (FHWA, 1988).
A. Size armor stone or riprap

Where minimum size of stone gxc m, or greater than a 100 mm gap exists

between blocks, an intermediate 50 mm thick should be used between the

armor stone and geotextile. G 1d be sized such that it will not wash through the
armor stone (i.e., Dy grayel@@ D p/S).

-

B. Determine ar e plagement technique (i.e., maximum height of drop).

o STEP 4. Calculate anticip: reverse flow through erosion control system.
Here we need to estimate the maximum flow from seeps and weeps, maximum flow from
‘‘‘‘‘ ~ wave runout, or maximum flow from rapid drawdown.

A. General case -- use Darcy's law

q = kiA (Eq. 2 - 15)
where
"""" ' q = outflow rate (L*/T)
k = effective permeability of soil (from Step 2B above) (L/T)
— i = average hydraulic gradient in soil (e.g., tangent of slope angle for wave
runoff)(dimensionless)
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A = area of soil and drain material normal to the direction of flow (L?). Can be
evaluated using a unit area.
Use a conventional flow net analysis (Cedergren, 1977) for seepage through dikes and
dams or from a rapid drawdown analysis.

B. Specific erosion control systems -- Hydraulic characteristics depend on expected
precipitation, runoff volumes and flow rates, stream flow volumes and water level
fluctuations, normal and maximum wave heights anticipated, direction of waves and tidal
variations. Detailed information on determination of these parameters is available in the
FHWA (1989) Hydraulic Engineering Circular No. 11.

STEP 5. Determine geotextile requirements.

A. Retention Criteria
From Step 2A, obtain Dy and C,; then determine large
AOS or Ogsgeotextiy < B Dasgaoin
where: B = 1 for a conservative design.

e allowed.

For a less-conservative design and f(# ing 0.075 mm sieve:
B=1 forC, <20 (Eq. 2 - 2a)
B=05C, for2x<CNsl4 (Eq. 2 - 2b)

B = 8/C, for 4 A (Eq. 2 - 2¢)

For > 50% passing O. m

(Eq. 2 - 5)
For nondispersive cohesive soils (PI > 7) use:
AOS or Oys < 0.3 mm
If geotextile and soil retained by it can move:
B=0.5
B. Permeability/Permittivity Criteria
1. Less Critical/Less Severe
Koeotexite 2 Ko (Eq. 2 - 7a)
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2. Critical/Severe

Kgeoteniite 2 10 Ky (Eq. 2 - 8a)

3. Permittivity { Requirement
Y > 0.7sec’ for < 15% passing 0.075 mm [3 - 1a]
¥ > 0.2sec’ for 15 to 50% passing 0.075 mm [3 - 1b]
¥ > 0.1sec’ for > 50% passing 0.075 mm [3-1c]

4. Flow Capacity Requirement
qgeotexﬁle 2 (At/ Ag) qmquimi (from Eq 2- 9)
or
(kgeo(exulc/ t) h Ag 2 qrequired

where: Qrequirea 18 Obtained from Step 4 (Eq. 15

Keeuexuie/t = Y = permittivity
h =  average head in field
A, = area of fabric availablg

covered by flat rocks O
A, = total area gg text
C. Clogging Criteria \
1. Less critical/less severe
a. Perform soil-geote ilfration tests.

b. Alternative: E StepRA obtain D,,; then determine minimum pore size

22., if 50% of geotextile
A, = 0.5 total area)

requirement, soi C, > 3, from
Oy > (Eq. 2 - 10)
c. Other
For soil$fvith % passing 0.075 mm > 5% <5%
Woven monofilament geotextiles: Percent Open Area > 4% 10%

Nonwoven geotextiles: Porosity > 50% 70%

2.  Critical/severe
Select geotextiles that meet retention, permeability, and survivability criteria; as well as
the criteria in Step 5C.1 above; perform a filtration test.

Suggested filtration test for sandy and silty soils (i.e., k > 107 m/s) is the gradient ratio
test as described in Chapter 1. The hydraulic conductivity ratio test (see Chapter 1) is
recommended for fine-grained soils (i.e., k < 10”7 m/s), if appropriately modified.
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D.

STEP 6.

STEP 7.

Survivability

Select geotextile properties required for survivability from Table 3-1. Add durability
requirements if applicable. Don't forget to check for abrasion and check drop height.
Evaluate worst case scenario for drop height.

Estimate costs.
Calculate the volume of armor stone, the volume of aggregate and the area of the
geotextile. Apply appropriate unit cost values.

Grading and site preparation (LS)
Geotextile (/m?)

Geotextile placement (/m?)

In-place aggregate bedding layer (/m?)
Armor stone (/kg)

Armor stone placement (/kg)

Total cost

Include for the geotextile:

A.

mmyU QW

STEP 8.

STEP 9.

Prepare specifications. ‘\A

General requirements

Specific geotextile properti

Seams and overlaps

Placement procedura&

Repairs

Testing and p servation requirements
See Sections 1.68&nd 3.7 for specification details.

Obtain samples of the geotextile before acceptance.

Monitor installation during construction, and control drop height. Observe erosion
control systems during and after significant storm events.
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3.5 GEOTEXTILE DESIGN EXAMPLE

DEFINITION OF DESIGN EXAMPLE

®  Project Description: Riprap on slope is required to permit groundwater seepage out of slope face, without
erosion of slope. See figure for project cross section.

®  Type of Structure: small stone riprap slope protection
®  Type of Application: geotextile filter beneath riprap

------- ®  Alternatives: i) graded soil filter; or
ii) geotextile filter between embankment and riprap

GIVEN DATA

®  see cross section
®  riprap is to allow ﬁnimpeded seepage out of slope
- ®  riprap will consist of small stone (50 to 300 mm)
®  stone will be placed by dropping from a backhoe
®  seeps have been observed in the existing slope A g

®  5oil beneath the proposed riprap is a fine silty \

®  gradations of two representative soil samples

Project Cross Section
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PERCENT PASSING, BY WEIGHT
SIEVE SIZE
(mm) Sample A Sample B
4.75 100 100
1.68 96 100
0.84 92 98
0.42 85 76
0.15 43 32
0.075 25 15
0.037 3 0
100 " 0
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90 i . 10
80 1 20
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
'5S  [Coarse [rne CoARsE | meoim | Fng| ST OR AT

DEFINE

A. Geotextile function(s)

B. Geotextile properties required

C. Geotextile specification

Grain Size Distribution Curve
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SOLUTION

A. Geotextile function(s):

Primary - filtration
Secondary - separation

B. Geotextile properties required:

STEP 1.

apparent opening size (AOS)
permittivity
survivability

EVALUATE CRITICAL NATURE AND SITE CONDITIONS.

From given data, this is a critical application due to potential for loss of life and potential for significant
structural damage.

Soils are well-graded, hydraulic gradient is low for this type of applicati d flow conditions are steady
state.

STEP 2. OBTAIN SOIL SAMPLES.
A. GRAIN SIZE ANALYSES
Plot gradations of representative soils. The Dw,o d Dfsizes from the gradation plot are noted in the
table below for Samples A and B.
Soil
Sample Dg + Dy = C, B x Dgs 2 AOS (mm)
A 0.20 + 0.045 = 4.4 = 1.82 1.82x0.44 = 0.8
B 0.30 +~ 0.06 = 5 = 1.6 1.6 x 0.54 = 0.86
Worst case soil fi ion 1sQail A, with Dy, equal to 0.44 mm.
B. PERMEABILITY
This is a critical appligation and soil permeability tests should be conducted. An estimated permeability
will be used for preli ry design purposes.
STEP 3. EVALUATE ARMOR MATERIAL AND PLACEMENT.
A. Small stone (50 to 300 mm) riprap will be used.
B. A placement drop of less than 1 m will be specified.
STEP 4. CALCULATE ANTICIPATED FLOW THROUGH SYSTEM.

Flow computations are not included within this example. The entire height of the slope face will be
protected, to add to conservatism of design.
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STEP 5. DETERMINE GEOTEXTILE REQUIREMENTS.

A. RETENTION

AOS < B Dy, (Eq.2-1)
Determine uniformity coefficient, C,, coefficient B, and the maximum AOS.
Sample A controls (see table above), therefore, AOS < 0.8 mm

B. PERMEABILITY/PERMITTIVITY

This is a critical application, therefore,
Koo 2 10 X K,y

Estimate permeability (after Hazen's formula, which is for clean sands), for preliminary design,

k= (Dlo)2
where:  k = approximate soil permeability (cm/sec); and
D, is in mm.
k,, = 2.0(10)* cm/sec for Sample A
3.6 (10)** cm/sec for Sample B
Therefore (with rounding the number), K ppientie 2 4 (10) cm/sec
Since 15% to 25 % of the soil to be protected is finer than 0. , fifom Table 3-1:
Veotexie 2 0.2 sec™
C. CLOGGING 4
As the project is critical, a filtration test €Co! ded to evaluate clogging potential. Select
geotextile(s) meeting retention, sUgivability criteria, and the following qualifiers. Run
filtration test (e.g., gradient ratio pr ify ¥naterials or test representative materials to confirm
compatibility.
Minimum Opening Size Qualifier (for @ > 3): Oy 2 3D
Oy 2 3 x 0,057 = ONGA.mm ample A
3x = 0.2 for Sample B

Sample A controls, th ) Oy 2 0.17 mm

Other Qualifiers, since gigater than 5% of the soil to be protected is finer than 0.075 mm, from Table 3-1:

for Nonwovens -  Porosity > 50 %
for Wovens - POA (Percent Open Area) > 4 %

D. SURVIVABILITY

A Class 1 geotextile will be specified because this a critical application. Effect on project cost is minor.
Therefore, from Table 3-1, the following minimum values will be specified:

<50% Elongation = >350% Elongation

Grab Strength 1400 N 900 N
Sewn Seam Strength 1260 N 810N
Tear Strength 500 N 350 N
Puncture Strength 500 N 350N
Burst Strength 3500 N 1700 N
Ultraviolet Degradation 50 % strength retained at S00 hours
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Complete Steps 6 through 9 to finish design.

STEP 6. ESTIMATE COSTS.
STEP 7. PREPARE SPECIFICATIONS.
STEP 8. COLLECT SAMPLES.

STEP 9. MONITOR INSTALLATION, AND DURING & AFTER STORM EVENTS.

3.6 GEOTEXTILE COST CONSIDERATIONS

The total cost of a riprap-geotextile revetment system will depend on the actual application and
type of revetment selected. The following items should be consid€sed:
1. grading and site preparation;

2. cost of geotextile, including cost of overlapping and pi @ yost of sewn seams;
3. cost of placing geotextile, including special consi s YoPbelow-water placement;
4. bedding materials, if required, including placege
5. armor stone, concrete blocks, sand b%s, etc.;
6. placement of armor stone (dropped ver: & machine-placed).

For Item No. 2, cost of overlapping incl the 8Rtra ‘material required for the overlap, cost of

pins, and labor considerations versus t
cost of laboratory seam testing.
of a sewn seam are equivalent t
required to supply the
Corps of Engineers S

ield and/or factory seaming, plus the additional
be obtained from manufacturers, but typical costs
' of geotextile. Alternatively, the contractor can be
vered or in-place basis. For example, current U.S. Army

W-02215 (1977) require measurement for payment for
geotextiles in streambank slope protection to be on an in-place basis without allowance for
any material in laps and se@ms. Further, the unit price includes furnishing all plant, labor,
material, equipment, securing pins, etc., and performing all operations in connection with
placement of the geotextile, including prior preparation of banks and slopes. Of course, field
performance should also be considered, and sewn seams are generally preferred to overlaps.

Items 2, 4, and 6 can be compared with respect to using Moderate Survivability versus High
Survivability (Table 3-1, Section IV) geotextiles based on the cost of bedding materials and
placement of armor stone.

To determine cost effectiveness, benefit-cost ratios should be compared for the riprap-geotextile
system versus conventional riprap-granular filter systems or other available alternatives of equal
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technical feasibility and operational practicality. Average cost of geotextile protection systems
placed above the water level, including slope preparation, geotextile cost of seaming or securing
pins, and placement is approximately $3.00-6.00 per square meter, excluding the armor stone.
Cost of placement below water level can vary considerably depending on the site conditions and
the contractor's experience. For below-water placement, it is recommended that prebid meetings
be held with potential contractors to explore ideas for placement and discuss anticipated costs.

3.7 GEOTEXTILE SPECIFICATIONS

In addition to the general recommendations concerning specifications in Chapter 1, erosion control
specifications must include construction details (see Section 3.8), as the appropriate geotextile will
depend on the placement technique. In addition, the specifications should require the contractor
to demonstrate through trial sections that the proposed riprap placggent technique will not damage
the geotextile.

Many erosion control projects may be better-served b -type filtration tests that
provide an indication of long-term performance. T n fhany cases, approved list-type
specifications, as discussed in Section 1.6, may be a To develop the list of approved
geotextiles, filtration studies (as suggested i .4, Step 4) should be performed using
ﬂ%ﬁtl s where geotextiles will be used. An

In addition, geotextiles should be classified

iles, 1l accordance with the index properties listed in

problem soils and conditions that exist i

approved list for each condition shoul
as High or Moderate Survivability
Table 3-1 and construction condit§ons.

The following exam

ifisation is a combination of the AASHTO M288 (1997) geotextile
panying construction/installation guidelines. It includes the
ection 1.6 for a good specification. As with the specification presented
hydraulic and physical properties must be appropriately selected and

material specification
requirements discussed
in Chapter 2, site-speci
included.

EROSION CONTROL GEOTEXTILE SPECIFICATION
(after AASHTO M288, 1997)

1. SCOPE

1.1 Description. This specification is applicable to the use of a geotextile between energy absorbing armor systems
and the in situ soil to prevent soil loss resulting in excessive scour and to prevent hydraulic uplift pressure
causing instability of the permanent erosion control system. This specification does not apply to other types of
geosynthetic soil erosion control materials such as turf reinforcement mats.
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2.1

2.2

3.1

3.2

4.1

4.2

REFERENCED DOCUMENTS
AASHTO Standards

T88 Particle Size Analysis of Soils
T90 Determining the Plastic Limit and Plasticity Index of Soils
T99 The Moisture-Density Relationships of Soils Using a 2.5 kg Rammer and a 305 mm Drop

ASTM Standards

D 123  Standard Terminology Relating to Textiles

D 276  Test Methods for Identification of Fibers in Textiles

D 3786 Test Method for Hydraulic Burst Strength of Knitted Goods and Nonwoven Fabrics, Diaphragm
Bursting Strength Tester Method

D 4354 Practice for Sampling of Geosynthetics for Testing

D 4355 Test Method for Deterioration of Geotextiles from Exposure to Ultraviolet Light and Water (Xenon
Arc Type Apparatus)

D 4439 Terminology for Geosynthetics

D 4491 Test Methods for Water Permeability of Geotextiles by Permxmvny

D 4632 Test Method for Grab Breaking Load and Elongation of Geote

D 4751 Test Method for Determining Apparent Opening Size of a Geote

D 4759 Practice for Determining the Specification Conformance of Gegd#y

D 4833 Test Method for Index Puncture Resistance of Geotextlles, 26) and Related Products
D 4873  Guide for Identification, Storage, and Handling of Geotexdile
D 5141 Test Method to Determine Filtering Efficiency and Flow#Rate ence Applications Using Site

Specific Soil
PHYSICAL AND CHEMICAL REQUIREME]@S

Fibers used in the manufacture of geotextiles and the thr used 1M joining geotextiles by sewing, shall consist
of long chain synthetic polymers, compo a S weight polyolefins or polyesters. They shall be
formed into a stable network such that the fi nts ofgams retain their dimensional stability relative to each
other, including selvages.

Geotextile Requirements. The g e shalllineet the requirements of following Table. Woven slit film
geotextiles (i.e., geotextiles ma om a flat, tape-like character) will not be allowed. All numeric
values in the followinggtable, excéph AOS, represent minimum average roll values (MARYV) in the weakest
principal direction (i.e. test Its of any roll in a lot sampled for conformance or quality assurance
testing shall meet or exc m values). Values for AOS represent maximum average roll values.

NOTE: The property ¥alues in the following table represent default values which provide for
sufficient geotextile su; bility under most conditions. Minimum property requirements may
be reduced when sufficient survivability information is available [see Note 5 of Table 2-2 and
Appendix D]. The Engineer may also specify properties different from those listed in the
following Table based on engineering design and experience.

CERTIFICATION

The Contractor shall provide to the Engineer a certificate stating the name of the manufacturer, product name,
style number, chemical composition of the filaments or yarns and other pertinent information to fully describe
the geotextile.

The Manufacturer is responsible for establishing and maintaining a quality control program to assure compliance
with the requirements of the specification. Documentation describing the quality control program shall be made
available upon request.
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Permanent Erosion Control Geotextile Requirements

Geotextile
Property ASTM Test Units All other geotextiles
Method Woven ) )
Monofilament Elongation < Elongation >
50%(” 50%(1)
Grab Strength D 4632 N 1100 1400 900
Sewn Seam D 4632 N 990 1200 810
Strength®
Tear Strength D 4533 N 250 500 350
Puncture Strength D 4833 N 400 500 350
Burst Strength D 3786 kPa 2700 3500 1700
Percent In Situ Passing 0.075 mm Sieve®
> 50
Permittivity D 4491 sec’! 0.1
Apparent Opening D 4751 mm 0.1
Size
Ultraviolet Stability D 4355 %
NOTES: L 4
(1) As measured in accordance with ASTM D 4632%
(2) When sewn seams are required.
(3) Based on grain size analysis of in situ§@il¥n a arige with AASHTO T88.

4.3

4.4

5.1

5.2

The Manufacturer’s certificate_sh at the furnished geotextile meets MARV requirements of the
specification as evaluated un e urer’s quality control program. The certificate shall be attested
to be a person having legal a ity to bind the Manufacturer.

Either mislabeling o on of materials shall be reason to reject those geotextile products.

SAMPLING, TESTING) AND ACCEPTANCE

Geotextiles shall be subject to sampling and testing to verify conformance with this specification. Sampling for
testing shall be in accordance with ASTM D 4354. Acceptance shall be based on testing of either conformance
samples obtained using Procedure A of ASTM D 4354, or based on manufacturer’s certifications and testing of
quality assurance samples obtained using Procedure B of ASTM D 4354. A lot size for conformance or quality
assurance sampling shall be considered to be the shipment quantity of the given product or a truckload of the
given product, whichever is smaller.

Testing shall be performed in accordance with the methods referenced in this specification for the indicated
application. The number of specimens to test per sample is specified by each test method. Geotextile product
acceptance shall be based on ASTM D 4759. Product acceptance is determined by comparing the average test
results of all specimens within a given sample to the specification MARV. Refer to ASTM D 4759 for more
details regarding geotextile acceptance procedures.
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6.1

6.2

6.3

7.1

7.2

7.3

SHIPMENT AND STORAGE

Geotextile labeling, shipment, and storage shall follow ASTM D 4873. Product labels shall clearly show the
manufacturer or supplier name, style number, and roll number. Each shipping document shall include a notation
certifying that the material is in accordance with the manufacturer’s certificate.

Each geotextile roll shall be wrapped with a material that will protect the geotextile from damage due to
shipment, water, sunlight, and contaminants. The protective wrapping shall be maintained during periods of
shipment and storage.

During storage, geotextile rolls shall be elevated off the ground and adequately covered to protect them from
the following: site construction damage, precipitation, extended ultraviolet radiation including sunlight,
chemicals that are strong acids or strong bases, flames including welding sparks, temperatures in excess of 71°C
(160°F), and any other environmental condition that may damage the physical property values of the geotextile.

CONSTRUCTION

General. Atmospheric exposure of geotextiles to the elements following lay down shall be a maximum of 14
days to minimize damage potential.

Seaming.

a. If a sewn seam is to be used for the seaming of the geotextile, tk
polypropylene, or polyester. Nylon thread shall not be used. Fo
also be resistant to ultraviolet radiation. The thread shall be qfic

all consist of high strength
control applications, the thread shall
olor to that of the geotextile itself.

b. For seams which are sewn in the field, the Coffirac alprovide at least a 2 m length of sewn seam for
sampling by the Engineer before the geotextile is ifitalled® seams which are sewn in the factory, the
Engineer shall obtain samples of the factory sea r from any roll of geotextile which is to be used on
the project.

b.1 For seams that are field sewn, the for sampling shall be sewn using the same equipment and
procedures as will be used for th@iproduction'of seams. If seams are to be sewn in both the machine and
cross machine directions, sagiple! seami§ from both directions shall be provided.

hall be submitted by the Contractor along with the sample of the seam.
m type, stitch type, sewing thread, and stitch density.

Geotextile Placement.

a. The geotextile shall be pfaced in intimate contact with the soils without wrinkles or folds and anchored on
a smooth graded surface approved by the Engineer. The geotextile shall be placed in such a manner that
placement of the overlying materials will not excessively stretch so as to tear the geotextile. Anchoring of the
terminal ends of the geotextile shall be accomplished through the use of key trenches or aprons at the crest and
toe of slope. See Figures 3-2 and 3-3 [this manual].

NOTE 1: In certain applications to expedite construction, 450 mm anchoring pins placed on
600 to 1800 mm centers, depending on the slope of the covered area, have been used
successfully.

a.2 Care shall be taken during installation so as to avoid damage occurring to the geotextile as a result of the
installation process. Should the geotextile be damaged during installation, a geotextile patch shall be placed
over the damaged area extending 1 m beyond the perimeter of the damage.
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b. Armor. The armor system placement shall begin at the toe and proceed up the slope. Placement shall take
place so as to avoid stretching resulting in tearing of the geotextile. Riprap and heavy stone filling shall not be
dropped from a height of more than 300 mm. Stone weighing more than 450 N shall not be allowed to roll
down the slope.

b.1 Slope protection and smaller sizes of stone filling shall not be dropped from a height exceeding 1 m, or a
demonstration provided showing that the placement procedures will not damage the geotextile. In under
water applications, the geotextile and backfill material shall be placed the same day. All void spaces in the
armor stone shall be tackfilled with small stone to ensure full coverage.

b.2 Following placement of the armor stone, grading of the slope shall not be permitted if the grading results
in movement of the stone directly above the geotextile.

¢. Damage. Field monitoring shall be performed to verify that the armor system placement does not damage
the geotextile.

c.1 Any geotextile damaged during backfill placement shall be replaced as directed by the Engineer, at the
Contractor’s expense.

8. METHOD OF MEASUREMENT
8.1 The geotextile shall be measured by the number of square meters g from the payment lines shown
on the plans or from payment lines established in writing by the Eng excludes seam overlaps, but
shall include geotextiles used in crest and toe of slope treatmen
8.2 Slope preparation, excavation and backfill, bedding, rial are separate pay items.
\ 4
9. BASIS OF PAYMENT
9.1 The accepted quantities of geotextfg s x per square meter in place.
9.2 Payment will be made under:
Pay Item Pay Unit
Erosion Control Geote Square Meter

3.8 GEOTEXTILE INSTALLATION PROCEDURES

Construction requirements will depend on specific application and site conditions. Photographs
of several installations are shown in Figure 3-1. The following general construction considerations
apply for most riprap-geotextile erosion protection systems. Special considerations related to
specific applications and alternate riprap designs will follow.
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(a) (b)

Figure 3-1 Erosion control installations: a) installation in wave protection revetment; b)

shoreline application; and c) drainage ditch application.

Erosion Control Systems

97




3.8-1

General Construction Considerations

Grade area and remove debris to provide smooth, fairly even surface.

a. Depressions or holes in the slope should be filled to avoid geotextile bridging and
possible tearing when cover materials are placed.

b. Large stones, limbs, and other debris should be removed prior to placement to
prevent fabric damage from tearing or puncturing during stone placement.

Place geotextile loosely, laid with machine direction in the direction of anticipated water
flow or movement.

Seam or overlap the geotextile as required.

a. For overlaps, adjacent rolls of geotextile should be overlapped a minimum of 0.3 m.
Overlaps should be in the direction of water flow aad stapled or pinned to hold the
overlap in place during placement of stone. Steel pinss
0.5 m long, pointed at one end, and fitted with 40
end. Pins should be spaced along all
approximately 1 m center to center.

s normally 5 mm diameter,
eter washers at the other
' ments at a distance of

b. The geotextile should be pinned loose easily conform to the ground
surface and give when stone 1@1

c. If seamed, seam strength should
indicated in the specificati

or €xceed the minimum seam requirements
Chapter 1.

The maximum allowable glbpe o h a riprap-geotextile system can be placed is equal
to the lowest soil- X igfion angle for the natural ground or stone-geotextile
(armor) materials. Additional reductions in slope may be

: considerations and possible long-term stability conditions.
For slopes greaf€r than 2.5 to 1, special construction procedures will be required,
to provide a buttress against slippage, loose placement of geotextile
sufficient to allow for downslope movement, elimination of pins at overlaps, increase in
overlap requirements, and possible benching of the slope. Care should be taken not to
put irregular wrinkles in the geotextile because erosion channels can form beneath the

geotextile.

For streambank and wave action applications, the geotextile must be keyed in at the
bottom of the slope. If the riprap-geotextile system cannot be extended a few meters
above the anticipated maximum high water level, the geotextile should also be keyed in
at the crest of the slope. Alternative key details are shown in Figure 3-2.
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Figure 3-2 Construction of hard armor erosion control systems (a., b. after Keown and
Dardeau, 1980; c. after Dunham and Barrett, 1974)
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6. Place revetment (cushion layer and/or riprap) over the geotextile width, while avoiding
puncturing or tearing it.

a. Revetment should be placed on the geotextile within 14 days.

b. Placement of armor cover will depend on the type of riprap, whether quarry stone,
sandbags (which may be constructed of geotextiles), interlocked or articulating
concrete blocks, soil-cement filled bags, or other suitable slope protection is used.

c. For sloped surfaces, placement should always start from the base of the slope,
moving up slope and, preferably, from the center outward.

d. Inno case should stone weighing more than 400 N be allowed to roll downslope on
the geotextile.

e. Field trials should be performed to determine if placement techniques will damage
the geotextile and to determine the maximum height of safe drop. As a general
guideline, for Moderate Survivability geotextiles (Table 3-1) with no cushion layer,
height of drop for stones less than 100 kg should bgless than 300 mm. For High
Survivability geotextiles (Table 3-1) or Moderate hvability geotextiles with a
cushion layer, height of drop for stones less than 1( !@ 1d be less than 0.9 m.
Stones greater than 100 kg should be plac e fall unless field trials

demonstrate they can be dropped without d ngithe geotextile.

f. Grading of slopes should be performed durihg ent of riprap. Grading should
not be allowed after placemen? i in stone movement directly on the
geotextile. \

As previously indicated, constructio ments will depend on specific application and site
conditions. In some cases, geotefftile sefectfon is affected by construction procedures. For
example, if the system will bg¥plac water, a geotextile that facilitates such placement
ptextile also affect the construction procedures. For example, the
red with riprap for protection from long-term exposure to
ent anchorage must also be provided by the riprap for weighting the
pplications. Other requirements related to specific applications are
depicted in Figure 3-3 and are reviewed in the following subsections (from Christopher and Holtz,
1985).

must be chosen. The

geotextile must be co
ultraviolet radiation. Su
geotextile in below-water

3.8-2  Cut and Fill Slope Protection

Cut and fill slopes are generally protected using an armor stone over a geotextile-type system.
Special consideration must be given to the steepness of the slope. After grading, clearing, and
leveling a slope, the geotextile should be placed directly on the slope. When possible, geotextile
placement should be placed parallel to the slope direction. A minimum overlap of 0.3 m between
adjacent roll ends and a minimum 0.3 m overlap of adjacent strips is recommended. It is also
important to place the up-slope geotextile over the down-slope geotextile to prevent overlap
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Figure 3-3  Special construction requirements related to specific hard armor erosion control
applications.
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(d) SCOUR PROTECTION FOR ABUTMENTS

Figure 3-3  Special construction requirements related to specific hard armor erosion control
applications (cont.).
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separation during aggregate placement. When placing the aggregate, do not push the aggregate
up the slope against the overlap. Generally, cut and fill slopes are protected with armor stone,
and the recommended placement procedures in Section 3.8-1 should be followed.

3.8-3 Streambank Protection

For streambank protection, selecting a geotextile with appropriate clogging resistance to protect
the natural soil and meet the expected hydraulic conditions is extremely important. Should
clogging occur, excess hydrostatic pressures in the streambank could result in slope stability
problems. Do not solve a surface erosion problem by causing a slope stability problem!

Detailed data on geotextile installation procedures and relevant case histories for streambank
protection applications are given by Keown and Dardeau (1980). Construction procedures
essentially follow the procedures listed in Section 3.8-1. The geotextile should be placed on the
prepared streambank with the machine direction placed parallel togthe bank (and parallel to the
direction of stream flow). Adjacent rolls of geotextile should be segsi@d, sewed, or overlapped,
if overlapped, secure the overlap with pins or staples. A 0.3 @
adjacent roll edges, with the upstream roll edge placed over t ggf roll edge. Roll ends
should be overlapped 1 m and offset as shown in Figurg 3 upslope roll should overlap
the downslope roll.

\ 4

amglevation determined to be below mean low

The geotextile should be placed along the ban
water level based on anticipated flow veloCii stféam. Existing agency design criteria for
conventional nongeotextile streambank could be utilized to locate the toe of the erosion
protection system. In the absence of ather s ations, placement to a vertical distance of 1 m
below mean water level, or to bo the streambed for streams shallower than 1 m, is
recommended. Geotexig houldRgither be placed to the top of the bank or at a given distance
up the slope above expect level from the appropriate design storm event, including
whatever requirements are ally used for conventional (nongeotextile) streambank protection
systems. In the absence of o
of 0.5 m above the expected maximum water stage, or at least 1 m beyond the top of the

embankment if less than 0.5 m above expected water level.

1

r specifications, the geotextile should extend vertically a minimum

If strong water movements are expected, the geotextile must be toed in at the top and bottom of
the embankment, or the riprap extended beyond the geotextile 0.5 m or more at the toe and the
crest of the slope. If scour occurs at the toe and the rocks beyond the geotextile are undermined,
they will in effect roe into the geotextile. The whole unit thus drops, until the toed-in section is
stabilized. However, if the geotextile extends beyond the stone and scour occurs, the geotextile
will flap in the water action, causing accelerated formation of a scour pit at the toe. Alternative
toe treatments are shown in Figure 3-2. The trench methods in Figures 3-2a and 3-2b require
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excavating a trench at the toe of the slope. This may be a good alternative for new construction;
however, it should be evaluated with respect to slope stability when a trench will be excavated at
the toe of a potentially saturated slope below the water level. Keying in at the top can consist of
burying the top bank edge of the geotextile in a shallow trench. This will provide resistance to
undermining from infiltration of over-the-bank precipitation runoff, and also provide stability
should a storm greater than anticipated occur. However, unless excessive quantities of runoff are
expected and stream flows are relatively small, this step is usually omitted.

The armoring material (e.g., riprap, sandbags, blocks) must be placed to avoid tearing or
puncturing the geotextile, as indicated in Section 3.8-1.

3.8-4 Precipitation Runoff Collection and Diversion Ditches

Runoff drainage from cut slopes along the sides of roads and in the median of divided highways
is normally controlled with one or more gravity flow ditches. Rdoff from the pavement surface
and shoulder slopes are collected and conveyed to drop inlets, st annels, or other highway
drainage structures. If a rock protection-geotextile system i control localized ditch
erosion problems, select and specify the geotextile usin P s indicated in Table 3-1.
Geotextile requirements for ditch linings are less criti r ofher types of erosion protection,

and minimum requirements for noncritical, n gsevere Ih s can generally be followed. If
care is taken during construction, the prot requirements appear reasonable. The

geotextile should be sized with AOS to prev and piping erosion of the underlying natural
soil and to be strong enough to surviv ement.

The ditch alignment should be gradéd fairl ooth, with depressions and gullies filled and large
stones and other debris moved4fom ieh alignment. The geotextile should be placed with the
machine direction pa o thc@litch alignment. Most geotextiles are available in widths of 2
m or more, and, thus, width of geotextile may provide satisfactory coverage on the
entire ditch. If more tH@h one roll width of geotextile is required, sew adjacent rolls together.
This can be done by the ufacturer or on site. Again, for seams, the required strength of the
seam should meet the minimum seam requirements in Table 3-1. The longitudinal seam produced
by roll joining will run parallel with the ditch alignment. Geotextile widths should be ordered to
avoid overlaps at the bottom of the ditch, since this is where maximum water velocity occurs.
Roll ends should also be sewn or overlapped and pinned or stapled. If overlap is used, then an
overlap of at least 1 m is recommended. The upslope roll end should be lapped over the
downslope roll end, to retard in-service undermining. Pins or staples should be spaced so slippage
will not occur during stone placement or after the ditch is placed in service.

Cover stone, sandbags, or other material intended to dissipate precipitation runoff energy should
be placed directly on the geotextile, from downslope to upslope. Cover stone should have
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sufficient depth and gradation to protect the geotextile from ultraviolet radiation exposure. Again,
the stone should be placed with care, especially if the geotextile strength criteria have been
reduced to a less critical in-service application. A cross section of the proper placement is shown
in Figure 3-3c. Vegetative cover can be established through the geotextile and stone cover if
openings in the geotextile are sufficient to support growth. If a vegetative cover is desirable,
geotextiles should be selected on the basis of the largest opening possible.

3.8-5 Wave Protection Revetments

Because of cyclic flow conditions, geotextiles used for wave protection systems should be selected
on the basis of severe criteria, in most cases. Geotextile should be placed in accordance with the
procedures listed in Section 3.8-1.

If a geotextile will be placed where existing riprap, rubble, or other materials placed on natural
soil have been unsuccessful in retarding wave erosion, site prepara
the existing riprap with a filter sand. The geotextile could then b
requirements as a filter for the sand than if the geotextile is requii

on could consist of covering

The geotextile is unrolled and loosely laid on the smooth gr. slgpe. The machine direction of
the geotextile should be placed parallel to the slope dirgcti ther than perpendicular to the
slope, as was recommended in streambank protectign. the long axis of the geotextile strips
will be parallel to anticipated wave action. S 'k&ijacent rolls or overlapping rolls and roll
ends should follow the steps described i .8-1, except that a 1 m overlap distance is
recommended by the Corps of Engin rwater placement (Figure 3-2). Again, securing
pins (requirements per Section 3.8- IfAshoul@ b€ used to hold the geotextile in place.

If a large percentage of g8atgxtile 1S4@ be placed below the existing tidal level, special fabrication
and placement techniques w - ired. It may be advantageous to pre-sew the geotextile into
relatively large panels andfpull the prefabricated panels downslope, anchoring them below the
waterline. Depending upo®the placement scheme used, selection of a floating or nonfloating

geotextile may be advantageous.

Because of potential wave action undermining, the geotextile must be securely toed-in using one
of the schemes shown in Figure 3-2. Also, a key trench should be placed at the top of the bank,
as shown in Figure 3-2a, to prevent revetment stripping should the embankment be overtopped
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