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GEOTEXTILE DESIGN AND CONSTRUCTION GUIDELINES

CHAPTER 1

INTRODUCTION, IDENTIFICATION & EVALUATION

1.1 Scope

These "guidelines" were prepared to assist design engineers,
specification writers, estimators, construction personnel,
inspectors, and maintenance personnel with the design, selection,
and installation of geotextiles and related products. 1In addition
to providing a general overview of these materials and their
application, the guidelines provide step by step procedures for
the use of geotextiles and related products in drainage and
erosion control systems, roadways, and as reinforcement. Although
only geotextiles are included in the title, design using other
geosynthetic products such as geogrids for reinforcement and
geocomposites for drainage applications are mentioned where
appropriate.

These guidelines are based on the procedures and background
information in the FHWA Geotextile Engineering Manual (Christopher

and Holtz, 1985). If you are not already familiar with
geotextiles, you are encouraged to review that manual, especially
if you are attempting to design with geotextiles for the first
time. The FHWA Manual is our basic reference for this document,
although occasionally we will refer to other published
information. We will also assume that you are already familiar
with the basics of highway engineering, pavement design, and
geotechnical engineering. We have tried to use common symbols and
notation throughout, and a list is provided in the Appendix for
easy reference.



In addition to notations, the Appendix includes a glossary of
terms relating to geosynthetics, a 1list of representative
geosynthetic manufacturers and suppliers, and general range of
strength properties for representative types of geotextiles.

Specifications included in the design sections were in several
cases developed by Task Force No. 25 of the Joint Committee on
Materials of the American Association of State Highway and
Transportation Officials (AASHTO), the Association General
Contractors (AGC), and the American Road and Transportation
Builders Association (ARTBA), along with representatives from the
geosynthetic industry. Important input has also been obtained
from the AASHTO-AGC-ARTBA Task Force 27 on Ground Modification
Systems. Finally, sample specifications were obtained from some
state highway agencies. These specifications are meant to serve
only as a guide and should be supplemented as required by
‘engineering judgment and experience.

Chapter 1 of the Guidelines will introduce you to the functions
and applications of. geotextiles and related products, to the
identification of the materials themselves, and to the methods
used to evaluate their properties. The remaining eight chapters
give specific details about each of the important applications of
geotextiles in highway engineering. Each chapter provides a
systematic approach to designing with geotextiles so that
successful design and installation can be achieved.

1.2 Approach to Design

Our recommended approach to designing with geotextiles includes
the following steps:

1. Define the purpose and establish the scope' of the
proiject.



2. Investigate and establish the geotechnical conditions at
the site (geology, subsurface exploration, laboratory
and field testing, etc.).

3. Formulate trial designs and compare several
alternatives.

4. Establish the models to be analyzed, determine the
parameters, and carry out the analysis.

5. Compare results and select the most appropriate design;
consider alternatives versus cost, construction
feasibility, etc. Modify the design if necessary.

6. Prepare detailed plans and specifications including:

a. Specific property requirements for the geotextile.
b. Detailed installation procedures.

7. Observe construction.

By following this systematic approach to designing with
geotextiles, cost effective designs can be achieved, along with
improved performance, increased service 1life, and reduced
maintenance costs. It is imperative throughout the design and
selection process that good communication and interaction exist
between all concerned parties and the design engineer.

1.3 Geotextile Definitions, Functions and Applications

A geotextile is any permeable textile material used with soil,
rock, etc. in c¢ivil engineering —construction. Although
technically not textiles, a number of other materials such as
webs, grids, nets, meshes, and composites available today are used
in combination with or in place of geotextiles. We refer to these
in the guidelines as geotextile-related materials. Geotextiles

|



and related materials all fall under the principal category of
geosynthetics. Geomembranes are also a type of geosynthetic, but
they are not included in these guidelines.

The four primary functions of geotextiles and related materials
are:

1. Filtration

2. Drainage

3. Separation
4., Reinforcement

Geotextile applications are wusually defined by the principal
function of the geotextile for the particular application. 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
rip-rap and other armorV materials in coastal and stream bank
protection systems to prevent soil erosion.

Geotextiles can also be used as drainage or transmission media by

allowing water to drain from or through soils of lower
permeability. Applications would include dissipation of pore
water pressures at the base of an embankment. For situations with
higher flow requirements, prefabricated drains and other
geo-composites have been developed. These materials are used as
pavement edge drains, interceptor drains in slopes, and for drains
behind abutments and retaining walls.

Geotextiles often find application as separators to prevent road
base materials from penetrating into the underlying soft subgrade,
thus maintaining the design thickness and integrity of the

roadway.

Geotextiles and related materials such as geogrids can also be
used as reinforcement to add tensile strength to a soil matrix,

and thereby provide a more competent structural material.

4



Reinforcement enables stable embankments to be constructed over
very soft foundations and permits the construction of steep slopes
and retaining walls.

One other geotextile function, that of waterproofing after
appropriate treatment, should also be mentioned, as it finds wide

application in asphalt pavement overlays.

All these functions are covered in detail in the FHWA Geotextile

Engineering Manual. 1In actual practice in addition to the primary

function, the geotextile wusually performs one or more other
functions (called secondary functions) to make up the total
contribution of the geotextile in a particular application. Table
1-1 is a listing of a number of common applications according to
primary and secondary functions. It is important to consider both
the primary and secondary function in the design computations and
geotextile specifications.

1.4 Identification of Geotextiles

Geotextiles or geotextile-related products should be identified
by:

Polymer

Type of fiber or yarn, if appropriate

Type of geotextile or geotextile related product
Mass per unit area

D W
.

Any additional information necessary to describe the

material
Two examples are:

1. Polypropylene stable fiber needlepunched nonwoven, 350
g/m2 (10 oz/ydz).

2. Polyethylene net, 440 g/m’ (13 oz/yd®’) with 8 mm (5/16
in.) openings.



TABLE 1-1

REPRESENTATIVE APPLICATIONS AND CONTROLLING FUNCTIONS OF GEOTEXTILES

PRIMARY FUNCTION

Separation

Drainage-Transmission

Reinforcement

Filter

APPLICATION

Unpaved Roads (temporary & permanent)
Paved Roads (secondary & primary)
Construction Access Roads

Working Platforms

Railroads (new construction)
Railroads (rehabilitation)

Landfill Covers

Pre-Loading (stabilization)

Marine Causeways

General Fill Areas

Paved & Unpaved Parking Facilities
Cattle Corrals

Coastal & River Protection

Sports Fields

Retaining Walls
Vertical Drains
Horizontal Drains

Below Membranes (drainage of gas & water)

Earth Dams
Below Concrete (decking & slabs)

Pavement Overlays
Concrete Overlays

Subbase Reinforcement in Roadways & Railways

Retaining Structures
Membrane Support
Embankment Reinforcement
Fill Reinforcement

Foundation Support

Soil Encapsulation

Net Against Rockfalls

Fabric Retention Systems
Sand Bags

Reinforcement of Membranes
Load Redistribution

Bridging Non-Uniformity Soft Soil Areas
Encapsulated Hydraulic Fills
Bridge Piles for Fill Placement

Trench Drains
Pipe Wrapping
Base Couse Drains
Frost Protection
Structural Drains
Toe Drains in Dams
High Embankments
Filter Below Fabric-Form
Silt Fences
Silt Screens
Culvert Outlets
Reverse Filters for Erosion Control:
Seeding and Mulching
Beneath Gabions
Ditch Amoring
Embankment Protection, Coastal

Embankment Protection, Rivers & Streams

Embankment Protection, Lakes
Vertical Drains (wicks)

SECONDARY FUNCTION(S)

Filter, drains, reinforcement
Filter, drains

Filter, drains, reinforcement
Filter, drains, reinforcement
Filter, drains, reinforcement
Filter, drains, reinforcement
Reinforcement, drains
Reinforcement, drains
Filter, drains, reinforcement
Filter, drains, reinforcement
Filter, drains, reinforcement
Filter, drains, reinforcement
Filter, drains, reinforcement
Filter, drains

Separation, filter
Separation, filter

‘Reinforcement

Reinforcement
Filter

Filter

Drains

Separation, ‘drains, filter
Drains

Drains

Drains

Drains, filter, separation
Drains

Drains

Separation
Separation
Separation

Separation, drains
Separation, drains
Separation, drains
Separation, drainage, reinforcement
Separation, drains
Separation, drains
Drains
Separation, drains
Separation, drains
Separation
Separation
Separation



A convenient classification scheme for geotextiles and related
materials is given in Fig. 1.1. For details on the composition,
materials, and manufacturing processes for geotextiles and related
materials, see the books by Koerner and Welsh (1980), Rankilor
(1981), and Koerner (1986). The article by Giroud and Carroll
(1983), reprinted in the Geotextile Engineering Manual, also
provides good descriptive material. As Fig. 1.1 indicates, a
number of processes can be used to manufacture geotextiles. Most
geotextiles, as with most of the related products, are made from
polymers such as polypropylene, polyester, polyethylene,
polyamides (nylon) and glass fibers. These materials are highly
resistant to biological and chemical degradation. Natural fibers

such as cotton, jute, etc. could also be used as geotextiles,
especially for temporary applications, but they have not been
promoted nor has research been performed as widely as for
polymeric geotextiles.

In manufacturing geotextiles, elements such as fibers or yarns are
combined into planar structures called fabrics. The fibers can be
continuous filaments, which are very long thin strands of a
polymer or staple fibers in which the filaments are rather short,
typically 2 to 5 cm long. The fibers may also be produced by
slitting an extruded plastic sheet or film to form thin flat
tapes. 1In both filaments and slit films, the extrusion or drawing
process elongates the polymers in the direction of the draw and

increases in the strength of the filaments.

The type of geotextile is determined by the method used to combine
the filaments into the planar structure. The great majority of
geotextiles are either woven or nonwoven. The weaving process is
as old as Homo Sapiens have been making textiles for clothing.

Nonwoven textile manufacture is a modern development, a "high
tech” process industry, in which synthetic polymer filaments are
extruded or spun onto a moving belt. Then the mass of filament or
fibers are either needlepunched in which the filaments are
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(adapted from Rankilor, 1981)



entanged by a series.of small needles, or heat bonded in which the

fibers are "welded" together by temperature and pressure at the
points of contact in the nonwoven mass.

The manufacture of geotextile-related products is as varied as the
products themselves. Geonets, geomats, geogrids, etc. can be made
from large and rather stiff filaments formed into a mesh and
welded or glued at the crossover points, or they may be extruded
from plastic sheets with holes punched in then.

A number of composite materials also exist. These may consist of
two or more geotextiles combined in the manufacturing process or a
combination of a geotextile and a geotextile related product. One
of the more common geo-composites are prefabricated drains, which
are formed by either wrapping or covering a fluted or dimpled
polymeric sheet, to act as a conduit for water, with a geotextile
to perform as a filter.

1.5 Evaluation of Geotextile Properties

Today in the U.S. there are probably 250-350 different geotextiles
or geotextile related materials available. Because of the wide
variety of materials available, with their different polymers,
filaments, weaving (or nonwoven) patterns, bonding mechanisnms,
thicknesses, masses, etc., they have a large range of physical and
mechanical properties. Thus, the process of comparison and
selection of geotextiles and related materials is somewhat
difficult for the designer. A further complicating factor is the
variability of some properties, even within the same manufactured
lot or roll. As many test methods for geotextiles have only
recently been standardized, there also may be differences in test
procedures for some properties reported in the literature. The
FHWA Geotextile Engineering Manual discusses geotextile testing in
detail and gives the complete test procedures for geotextile
properties listed in this section and mentioned throughout the

guidelines.



The particular properties of the geotextile required for design
will depend on the specific applications. The properties listed
in Table 1-2 cover the range of important criteria and properties
required to evaluate the suitability of the geotextile for most
applications. It should be noted that all of the requirements
listed will not be required for all applications. For properties
required for a specific application, refer to the specific chapter
covering that application.

A listing of all geotextile properties and parameters that may
require consideration for specific project are listed in Table
1-3. Again, the test procedures for each specific property is
discussed in detail in the FHWA Geotextile Engineering Manual.

The tests 1listed in Table 1-3 include "index" tests and
"performance" tests. 1Index tests in most cases do not produce an
actual property, but they generally provide a value from which the
property of interest can be qualitatively assessed. When
determined using identical test procedures, index tests can be
used as a means of product comparison and can be used for
specifications and quality control evaluation.

Performance tests require testing of the geotextile with soil to
obtain a direct assessment of the property of interest. Since
performance tests should be performed in conjunction with site

soils under specific design conditions, it cannot be expected that

manufacturers should have the capability nor should they be

required to perform such tests.

These tests should be performed under the direction of the design
engineer in his own or his representative’s soils laboratory.
Performance tests should not be wused in specifications;
rather,geotextiles should be preselected for performance testing
based on index values or performance test results should be
correlated to index values for use in specifications.

10



IMPORTANT CRITERIA AND PRINCIPAL PROPERTIES REQUIRED FOR GEOTEXTILE EVALUATION

Criteria and Parameter

Design Requirements

Mechanical Strength
Tensile Strength
Tensile Modulus
Seam Strength
Tension Creep
Soil-Fabric Friction

Hydraulic

. Flow Capacity
Piping Resistance

Clogging Resistance

Constructability Requirements

Tensile Strength
Seam Strength
Bursting Resistance
Puncture Resistance
Tear Resistance

Longevily (Durability)

Abrasion Resistance®*
UV Stability®#*
Soil Compatabilityst+

*Compression Creep

TABLE 1-2

Property
(See Table 1-3 for

Speclic Procedures)

Wide Width Strength
Wide Width Modulus
Wide Width

Creep

Friction Angle

Permeability

Transmissivity

Apparent Opening Size (AOS)
Porimetry

Gradient Ratio

Grab Strength
Grab Strength
Mullen Burst
Rod Puncture
Trapezoidal Tear

Reciprocating Block Abrasion
UV Resistence

Chemical

Biological

Wet-Dry

Freeze-Thaw

**Erosion control applications where amor stone may move

##Exposed fabrics only
+e+xWhere required

11
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TABLE 1-3

GEOTEXTILE PROPERTIES AND PARAMETERS FOR GEOTEXTILE SELECTION

PROPERTY

GENERAL PROPERTIES
(FROM MANUFACTURERS)

Type and Construction
Polymer

Weight

Thickness

Roll Length

Roll Widths

Roll Weight

Roll Diameter

Specific Gravity & Density
Absorption

Surface Characteristics
Geotextile Isotropy

[y

INDEX PROPERTIES

Mechanical Strength -
Uniaxial Loading

a) Tensile Strength
1) Grab Strength
2) Strip Tensile
- Strength
3) Wide Width Strength

b) Poisson’s Ratio

c) Stress-Strain
Characteristics

d) Dynamic Loading
e) Creep Resistance
f) Friction/Adhesion

(slick, rough, smooth)

g Seam Strength

h) Tear Strength

TEST METHOD

N/A

N/A

ASTM proposed (FHWA Manual®)
ASTM proposed (FHWA Manual*)
Measure

Measure

Measure

Measure

FHWA Manual*

FHWA Manual*

N/A

N/A

ASTM D-4632
ASTM D-1682 -
Sections 18 and 20 using
a CRE of 12-inch/min
ASTM D-4595 (FHWA Manual*)

No Test

ASTM D-4595 (FHWA Manual*)

No standard

(FHWA Manual®)

Modified Corps of Engineers EM
1110 -2-1906, using Ottawa
20-30 sand

See 1I a)Tensile Strength above;
use 1), 2), or 3) depending on

requirements)

ASTM D-4533

*See FHWA Geolextile Engineering Manual (Appendix B) for detailed procedures

12

UNITS OF MEASUREMENT

b/ 1'[3
percent

fbs
ib/in.

1b/in.

1b/in.

Ib (at rupture)

degrees

b (grab) or Ib/in.
(strip) as required

Ib (at peak strength)



TABLE 1-3 (con’t)

GEOTEXTILE PROPERTIES AND PARAMETERS FOR GEOTEXTILE SELECTION

PROPERTY .

Mechanical Strength - Rupture Resistance

a) Burst Strength

b) Puncture Resistance

©) Penetration Resistance
(Dimensional Stability)

) Fabric Cutting Resistance

e) Flexibility (Stiftness)

Endurance Properties

a) Abrasion Resistance

b) Ultraviolet (UV) Radiation
Stability

) Chemical and Biological
Resistance

c) Wet and Dry Stability
)] Temperature Stability
Hydraulic
a) Opening Characteristics
1) Apparent Opening Size
ra
(AOS)
2) Porimetry (pore size
distribution)

3) Percent Open Arca (POA)

4) Parosity (n)

TEST METHOD

UNITS OF MEASUREMENT

Mullen Burst - ASTM D-3786, Ib/in.2
(Fed, Std. 191A, Mcthod 5122)

ASTM D-4833 Ib

No standard  aeen

No standard eeee-

Modified ASTM D-1388 - Option

A using 2-in. x 12-in. sample

(FHWA Manual*) mg/cm2
(Fed. Swl. 191A, Method 5206)

ASTM D-4886 Percent retained in
weakest direction
(2-in, strip test)

ASTM D-4355 Percent strength

retained
(2-in. strip test)

No standard for geotextiles eeees
(For textiles: Fed. Std. 191A,

Methods 5760, 5762, 2015, 2016,

and 2053)

No standard e

No standard e

ASTM D-4751 (FHWA Manuai*) U.S. sieve equivalent
in mm (and sieve no.)
Use AOS for 09 5 08 5 05 0 Ol 5 mm

and O5
(FHWA Manual*) Percent

No standard aeeee

*See FHWA Geotextile Engincering Manual (Appendix B) for detailed procedures

13



TABLE 1-3 (con’t)

GEOTEXTILE PROPERTIES AND PARAMETERS FOR GEOTEXTILE SELECTION

PROPERTY

b) Permeability (k)
and Permittivity (¥ )

<) Soil Retention Ability
d) Clogging Resistance
€) In-Plane Flow Capacity

(Transmissivity, © )

IIL. PERFORMANCE PROPERTIES
FOR SOIL-GEOTEXTILE SYSTEMS

Stress-Strain Characteristics:

Creep Tests:

Friction/Adhesion:

Dynamic and Cyclic Loading Resitance:

Soit Retention and Filtration

Properties:

TEST METHOD

UNITS OF MEASUREMENT

cm/sec

sec

ASTM D-4491
(FHWA Manual*)
Empirical Relationsto ~ aeeee

Opening Characteristics

No standard - See Soil-Fabric
Tests

ASTM D-4716 gal/min per ft width

Tension Test in Soil - McGown,
et al.. (1982)
Triaxial Test Method - Holtz,
et. al., (1982)
California Bearing Ratio on Soil
Fabric System - Christopher (1983)
Tension Test in Shear Box -
FHWA Manual

b/in. and percent
strain

Extension Test in Soil - McGown,
et al., (1982)

Triaxial Test Method - Holtz,
et al., (1982)

Extension Test in Shear Box -
Christopher, (1983)

creep strength
(v/in.)

creep strain

percent

Direct Shear Method - Modified, -
Corps of Engineers Procedure
EM1110-2-1906;:Bell -2- 1906;
FHWA Manual*

Pull-Out Method - Holtz, (1977)

No standard procedures

Soil-Fabric Permeameter Gradient
Ratio - (FHWA Manual*)
Slurry Method - CALTRANS, Hover (1982)
Application Model - e.g.,
Virginia HTRC Silt Fence Method
(FHWA Manual*)

*See FHWA Geotextile Engineering Manual (Appendix B) for detailed procedures
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1.6 Specifications

Specifications should be based on the specific geotextile
properties required for design and installation. "standard"
geotextiles may result in uneconomical or unsafe designs. To
specify a particular type of geotextile or its equivalent can also
be very misleading and may result in selection of a fabric by the
contractor which has completely different properties than intended
by the designer.

All specifications should include the following:

. General requirements

. Specific geotextile properties

. Seams and overlaps

. Placement procedures

. Repairs

. Requirements for testing and placement observations

General requirements include the types of geotextiles, acceptable
polymeric materials, and comments related to the stability of the
material. Other items that should be specified in this section
are instructions on storage and handling so that the geotextile
will be protected from wultraviolet exposure, dust, mud or any
other elements that may effect its performance. Guidelines
concerning on site storage and handling of geotextiles are
contained in a proposed ASTM standard. If pertinent, roll weight
and dimensions may also be specified. Finally, certification
requirements should be included in this section.

Specific geotextile physical, index and performance properties
required by the design must be listed. Properties should be given
in terms of minimum average roll values along with the required
test methods. Minimum average roll values are simply the smallest
anticipated average value that would be obtained for any roll
tested. This average property value must exceed the minimum value

15



specified for that property based on a particular test. It is
ordinarily possible to obtain a manufacturer’s certification for
minimum average roll values. If performance tests have been
performed as part of the design, a list of approved products could
be provided. Use of "or equal" geotextiles should be avoided
unless equivalency is spelled out in terms of the index properties
and performance criteria that were required to meet the approved
list.

Approved lists can also be developed based on experience with
reoccurring problem conditions. Once an approved list has been
established, new geotextiles can be added as they are approved.
Geotextiles should be periodically obtained from the manufacturers
so that they can be examined alongside the original tested
specimens to make sure that the manufacturing process has not
varied since the product was approved. This type of program will
take considerable initial effort, but once established, it should
provide a method of specifying geotextiles with confidence.

Seam and overlap requirements should be specified along with the

design properties for both factory and field seams. A ninimum
overlap of 1 ft is recommended for all applications, but overlaps
may be increased due to site and construction requirements.
Sewing of seams may be required for special conditions discussed
in Section 1.8. Also, certain geotextiles may have factory seams.
For confidence that the seams will perform as intended, the seam
strengths specified should be greater than or equal to the
strength required for the geotextile wusing the same test
procedures. For the case of survivability where grab tests are
performed, test results may be influenced by the presence of the
seam. For designs where wide width tests are used, the seam
strength is a calculated design value. Therefore, whether they
are required for survivability or design, seam strengths should
not be specified as a percent of the geotextile strength.

16
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Like the geotextile, the thread should consist of polymeric
materials and the ﬁype of thread used should have the same or
greater durébility as the fabric. For example, nylon thread which
is often used for seams, unless treated, may reduce in strength
with time as it absorbs water.

Placement procedures should be given in detail. These should

include grading and ground clearing requirements, aggregate
specifications, aggregate lift thickness and equipment
requirements. These requirements are especially important if the
geotextile was selected on the basis of survivability.

Repair procedures for damaged sections of geotextiles (i.e., rips
and tears) should be detailed. Such repairs should include
requirements for overlaps or sewn seams Or replacement
requirements. For overlap repairs, the geotextile should extend
from the edge of the tear or rip, a minimum of the overlap length
requirement (i.e., if a 1 ft overlap is required, the geotextile
should extend 1 ft minimum from all edges of the tear).

Requirements for testing and placement observations should be

stated clearly in the specifications. It is very important that
all installations be observed by a representative of the designer
who is knowledgeable in the placement procedures for geotextiles
and who is aware of the design requirements. Sampling and testing
requirements which will be required during construction should
also be specified. Guidelines for acceptance and rejection of
geotextile shipments are contained in ASTM D-4759.

Sometimes for small projects, the cost of testing to meet the ASTM
acceptance/rejection criterism is a significant portion of the
total project cost and may even be greater than the cost of
geotextiles itself. In such cases, some type of approved list
type specifications should be used.

17



1.7 Field Inspection

The following is a checklist for field technicians responsible for

observing a geotextile installation.

1.

2.

Read the specifications.

If previously approved, obtain the name, geotextile
type, and style along with a small sample of material
from the engineer.

Check geotextile type and style number to see if it
matches approved material. If the geotextile has not
previously been approved, call the engineer with a
description of the material for approval.

On site, check the rolls of geotextiles to see that they
are properly stored; check for any damage.

Check roll and 1lot numbers to see if they match
certification documents.

Cut two samples 4 to 6 in. square from a roll. Staple
one to your copy of the specifications for comparison
with future shipments and send one to the design
engineer for approval.

Observe materials in each roll to make sure they are the
same. Observe rolls for flaws and nonuniformity.

Obtain test samples . according to specification
requirements from randomly selected rolls. Mark the
machine direction on each sample and note the roll
number.

18



9. Observe construction to see that the contractor complies
with specification requirements for installation.

10. Check all seams, both factory and field, for any flaws
or missed stitches. If necessary, either resew or
reject materials.

11. 1f possible, check geotextile after aggregate or rip rap
placement for damage. This can be done by having the
contractor perform a trial installation or after
placement and compaction of the aggregate at the
beginning of the project, remove a small section of
aggregate and observe the geotextile. If perforations,
tears or other damage has occurred, call the engineer.

12. 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, the contractor can sew several yards of
a dummy seam for testing and evaluation.

1.8 Field Seaming

To obtain continuity between adjacent rolls of fabric, .some form
of seaming will be required.’ Seaming techniques include
overlapping, sewing, stapling, bolting, riveting, tying, heat
bonding, and gluing. However, the most efficient and widely used
methods at this time are overlapping and sewing.

The first technique, the simple overlap, will be suitable for most
projects. A minimum overlap of 1 foot is always required with
increases in overlap determined by specific applications. If
stress transfer is required between adjacent rolls, the only
strength provided by the overlap is the friction between adjacent
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sheets. Unless overburden pressures are large and the overlap
substantial, very 1little stress can actually be transferred
through the overlap.

The second technique, sewing, offers a practical and economical
alternative when overlaps become excessive or stress transfer is
required between two adjacent rolls of fabric. A simple cost
analysis generally indicates sewing to be economical when overlaps
of 3 feet or greater are required. To obtain good quality
effective seams, the user should be aware of sewing requirements.
Sewing details include (after Koerner, 1986):

. Thread Type - Kevlar, nylon, polyester, polypropylene
(in order of decreasing strength and decreasing cost).
Durability of the thread should be consistent with the
project requirements.

. Thread Tension - Usually adjusted in the field so as to
be sufficiently tight but not cut the fabric.

. Stitch Density - Three to five stitches per inch are
typically used.

. Stitch Type - Usually single or double thread with
double thread lock type stitch preferred as it is less
likely to unravel (Fig. 1l.2a).

. Seam Type - Flat or prayer seam, J-type seams, or
butterfly seams, with flat and J-seams most widely used

(Fig. 1.2b).

. Number of Rows - Usually two or more parallel rows
preferred for increased safety.

When constructed correctly, sewn seams can provide good stress
transfer between adjacent sheets of geotextile. However, there
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Direction of Successive Stitch Formation

) Type 101; Single Thread Type 401; Double Thread
? Chain Stitch Chain or "Lock" Stitch
b} TYPES OF SEAMS

"Flat" or "Prayer Seam "J" Seam "Butterfly"” Seam
! Type SSa-2 Type SSn-2 Type SSd-2
e c) IMPROPER PLACEMENT: Cannot Inspect or Repair

NS

f Fig. 1.2 Types of (a) Stitches and (b) Seams,
- According to Federal Standard No. 75la
(1965). (c) Improper Seam Placement
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are several points with regard to seam strength that should be
understood by the user.

1. Due to heedle damage and stress concentrations at the
stitch, sewn seams are weaker than the fabric (gbod,
high quality seams have on the order of 60% of the
actual fabric strength based on wide width tests).

2. Grab  strength results are influenced by the seam,
usually producing -artificially high seam strength to
fabric strength ratios.

3. The maximum seam strengths achievable at the time of
this writing are on the order of 800 1lbs/in. wunder
factory conditions, and these are on 2,000 1lbs/in.
geotextiles.

4. Field seam strengths will most 1likely be 1lower than
laboratory or factory seam strengths.

5. Most stitches can unravel, including lock type stitches
(although less likely to do so).

6. Unraveling can be avoided by careful inspectipﬁ of all
stitches and by using two or more rows of stitches.

Actual field sewing is relatively simple and usually requires two
or three laborers depending on the seam type and sewing machine.
However, field conditions can easily complicate sewing operations.

Good seams require careful control of the operation, cleanliness,

and protection from the elements. Pneumatic equipment is
available for operating in wet environments.
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/ As the seam is the weakest 1link in the fabric, all seams,

- including factory seams, should be inspected. To facilitate
inspection and repair, the geotextile should be placed with all
seams up (Fig. l1l.2c).
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CHAPTER 2

GEOTEXTILES FILTERS IN DRAINAGE SYSTEMS

2.1 Background

One of the major areas of geotextile use is as filters in
applications such as trench and interception drains, blanket
drains, pavement edge drains, and structure drains, to name just a
few. Geotextiles are also used as filters in erosion control
systems, but this application will be discussed in Chapter 3.

Because of their comparable performance, improved economy,
consistent properties, and ease of placement, geotextiles have
been used successfully to replace graded granular filters in
almost all drainage applications. Thus, they must successfully
perform the same functions as graded granular filters, which are

to:

1. Allow water to flow through the filter into the drain,
and be able to continue doing this throughout the life
of the project; and

2. Retain the soil particles in place and prevent their
migration ("piping") through the filter. If some soil
particles do move, they must be able to pass through the
filter without clogging or plugging it during the life
of the project.

Geotextiles, 1like graded granular filters, require proper
engineering design or they may not work as desired. Unless flow
requirements, piping resistance, clogging resistance and

constructability requirements (defined 1later) are properly
specified, it is doubtful that a filter will perform as
anticipated. In addition, construction must be monitored to see
that materials are installed correctly.
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[ In most drainage and filtration applications, use of a geotextile
— can be Jjustified over a conventional graded granular filter
material because of cost advantages from:

1. The use of less or lower quality drainage aggregate;

2. The possible use of smaller sized drains;

3. The possible elimination of collector pipes;

_ 4. Expediency of construction;

- 5. Lower risk of contamination and segregation of drainage
aggregate during construction;

6. Reduced excavation; and

7. Less wasted materials.

"""" i 2.2 Applications

- Properly designed geotextiles can be used as replacement for or in
conjunction with conventional graded granular filters in almost
any drainage application. A number of examples are:

5 » Protective filters around i 62?;44;;. ...
o trench drains and edge L ﬂE§==ép Ce .
drains to prevent soil from ", '_IDOOé)‘, T
- migrating into the drainage . °.=Ei§%>0= . .‘.
aggregate or system while A kgégg:} e
allowing the water to exit A ..

from the soil.

e - Blanket drains and pavement
- base course or edge drains.

« Drains for structures such
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. 25




A

TIRGR

Y
&

- Wraps for slotted or jointed
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drain and well pipes, to

SN

prevent the filter aggregate

N
NS
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>:
N
¥
N

from entering into the pipe

O

while allowing the free flow
of water into the pipe.

- 1Interceptor, toe drains and
surface drains to aid in the
stabilization of slopes by
allowing excess pore
pressures to dissipate in
the slope and preventing

erosion.

« Chimney and toe drains for
earth dams and 1levees to

provide seepage control.

In all 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 be both perpendicular to and transversely
in the plane of the fabric. In many of these applications,
prefabricated or composite drains may be appropriate. Design of
these systems will be covered in Section 2.10.

Before designing a project, the application should be reviewed to

determine the critical nature of the design and the severity of
the conditions (see Table 2-1).
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TABLE 2-1

GUIDELINES FOP EVALUATING THE CRITICAL NATURE
OR SEVERITY OF DRAINAGE AND EROSION CONTROL APPLICATIONS

A, Critical Nature of the Project Summary (Carroll, 1983)
Item Critical Noncritical
1. Risk of loss of life and/or
structural damage due to
i drain failure: High None
- 2. Repair costs vs. installation
costs of drain: >> = or <
3. Evidence of drain clogging
before potential catastrophic
failure: None Yes
B. Severity of the Conditions Summary (after Carroll, 1983)
Item Severe Nonsevere
. 1. Soil to be drained ' Gap-graded/ Well-graded/
| pipable/ uniform
- dispersible
L 2. Hydraulic gradient High Low
3. Flow conditions Dynamic Steady state
- cyclic or
pulsating

.....

i .



2.3 Geotextile 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, with geotextiles, the geometric relationships
between filaments and voids is more complex than in soils because
of the shapes and compressibility of the filaments. In
geotextiles, we generally try to measure the pore size directly
instead of, as with soils, using the particle size to estimate the
pore size. Since the pore size is directly measured, relatively
simple relationships between the pore sizes and the particle sizes
of the soil to be retained can be developed. Looking at particle
retention, three simple filtration concepts are:

1. I1f the size of the largest pore in the geotextile filter
is smaller than the larger particles of soil, the soil
will not pass the filter. As with graded granular
filters, the larger particles of soil will form a filter
bridge over the hole, which in turn, filters smaller
particles of soil, in turn, retaining the soil and
preventing piping (Fig. 2.1).

2. If the smaller openings in the geotextile are
sufficiently large such that the smaller particles of
soil are able to pass through the filter, then the
geotextile will not "clog" or "blind" (see Fig. 2.2).

3. A large number of openings should be present in the
geotextile so that 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.
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Specifically, the criteria are:

. The geotextile must retain the soil (retention

criterion) while
. Allowing water to pass (permeability criterion) during

. The 1life of the structure (clogging resistance
criterion).

To perform effectively, the geotextile must also survive the
installation process (survivability criterion). For a detailed
discussion of the development and background for the recommended
geotextile filter criteria, see the FHWA Geotextile Engineering-

Manual.

2.3.1 Retention Criteria (For Steady State Flow)

< BD (1)

AOS or O 85 (soil)

95(geotextile)

where: A0S = apparent'opening size (see Table 1-3), mm;
0

95 opening size in the geotextile for which 95%

are smaller, mm;
B = a coefficient; and

=
]

65 particle size for which 85% are smaller, mm.
The coefficient B ranges from 1 to 2 and is a function of the type
of soil to be filtered, its density, the uniformity coefficient C,
if the soil is granular, the type of geotextile (woven or
nonwoven) and the flow conditions.

For sands, gravelly sands, silty sands, and clayey sands (with

less than 50% passing the No. 200 sieve), B is a function of the
uniformity coefficient, C,: therefore, for
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C, <2o0r >8: B= 1 (3a)
2 <c, < 4: B =20.5¢C, (3b)
4 < C < 8: B = 8/C (3c)

where C, = D, /D,, .

Sandy soils which are not uniform tend to bridge across the
openings and 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, using B = 1 would be a conservative design for
retention. Such a criterion has been used by, e.g.; the Corps of

Engineers.

For silts and clays (more than 50% passing a No. 200 U.S. sieve),
B is a function of the type of geotextile:

For wovens, B=1: 0,, < D, (4)
For nonwovens, B.=-178: O,, < 1.8 D, (5)
And for both, the AOS or O0,, < 0.3 mm (No. 50

U.S. Sieve) (6)

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

If the geotextile is not properly weighted down, soil particles
can move behind the geotextile and we recommend that B be reduced

to 0.5; or:

o < 0.5 D (7)
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In this case, the use of B = 1 is nonconservative as the bridging
network will not develop and the geotextile will be required to
retain even the finer particles. This condition is most likely to
occur under wave action in places where the geotextile may be
loose between riprap, where it spans joints between sheet pile
walls, and where geotextiles are used under temporary sandbag
revetments. For these reversing inflow-outflow situations, it is
best to maintain sufficient weight on the system to prevent
particle movement and thus B = 1 will again apply. Erosion
control systems are discussed in Chapter 3.

2.3.2 Permeability Criteria

For non-critical applications and less severe conditions:

k > k

geotextile -~ soil

(8)
For critical applications and severe conditions:

k > 10 k

geotextile - soil

(9)
In these equations, k = Darcy coefficient of permeability, m/s.

For actual flow  —capacity, the permeability «criteria for
noncritical applications is conservative, since an equal quantity
of flow through a relatively thin geotextile would take much less
time than through a much thicker granular filter. Even so, some
pores in the fabric may become blocked or plugged with time;
therefore, for <critical or severe applications, the more
conservative relation is recommended to provide an extra factor of
safety. Equation 8 may also be used where clogging is judged not
to be a problem, such as in clean, medium to coarse sands and
gravels.

The required flow rate q through the system should also be

determined, and the geotextile and drainage stone selected to
provide adequate flow capacity. As indicated above, flow
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capacities should not be a problem for most applications, provided
the permeability is greater than the permeability of the soil.
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:

(A, /A.) (10)

qrequired qgeotextile

where: A fabric area available for flow, and

A,

£
total fabric area

It

2.3.3 Clogging Resistance

For less critical/less severe conditions:

o} > 3D (11)

95 (geotextiles) — 15 (soil)

The above applies for soils with C, > 3. For C < 3, maximize the

AOS value from Section 2.3.1.

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

For nonwovens:
porosity of the geotextile (n) > 30% (12)
For monofilament and slit film wovens:

percent open area (POA) > 4% (13)

Another option in ‘this case that should always be considered
especially by inexperienced users, is to conduct filtration tests.
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For «critical/severe conditions, filtration tests, which are
performance tests, should be conducted. One type of filtration
test is the gradient ratio test, which is applicable for sandy and
silty soils with coefficients of permeability greater than 1072
cm/sec. In this case, the U.S. Army Corps of Engineers

recommends:
gradient ratio < 3 - (14)

Long term gradient ratio or other filtration tests should also be
performed. '

For less critical/less severe conditions, a simple solution to
avoid clogging would be to allow fine particles already in
suspension to pass through the fabric and let the "bridge network"

(Fig. 2.2) formed by the larger retained particles provide
retention for the smaller particles. As the bridge network should
develop rather quickly, the quantity of particles that would
actually pass through the geotextile would be relatively small.
The less critical/less severe clogging resistance criteria is thus
required to have an AOS (0,.) sufficiently larger than the finer
soil particles (D,,) such that those particles will pass through
the fabric. Unfortunately, the AOS value only indicates the size
and not the number of O,, holes available. Thus, the finer soil
particles can still be retained by the smaller holes in the
fabric, and if they are sufficient in number, it could lead to
significant reduction in flow rate. Consequently, it may be
desirable to use other qualifiers to control the number of holes
in the fabric such as the porosity and open area requirements.
There should always be a sufficient number of holes in the
geotextile so that many of them will remain open even if some of
them clog.

Although several empirical methods have been proposed to evaluate

the filtration characteristics of a geotextile, the most realistic
approach for all applications is to perform a laboratory test
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which simulates or models field conditions. One model test that
is gaining wide acceptance is the gradient ratio test. This test
utilizes a soil permeameter with piezometer taps which allows for
simultaneous measurement of the head losses in the soil and the
head loss at the soil/geotextile interface (Fig. 2.3). The ratio
of the head loss over the soil/geotextile interface to the head
loss in the so0oil is termed the gradient ratio. As fine soil
particles adjacent to the fabric become trapped in or blind the
fabric, an increase in the gradient ratio will result. A gradient
ratio less than 3 (Eq. 14) is recommended by the U.S. Army Corps
of Engineers (1977). Detailed test procedures are included in the
Geotextile Engineering Manual. The test is limited to soils with

k > 107° cm/sec. References for other test methods are included
in the Geotextile Engineering Manual. For soils with

permeabilities less than about 1077 cm/sec, long term filtration
test should be conducted in triaxial type cells (to insure that
flow is through the soil rather than along the sides of the
specimen). It should be noted that these tests are performance

type tests and must be performed with samples of soil from the

project site. As such, this test is the responsibility of the
engineer because the manufacturers generally do not have soils
laboratories nor will they have samples of on-site soil.
Therefore, realistically they are unable to certify as to the
clogging resistance of a geotextile.

2.3.4 Survivability and Endurance Criteria

Certain geotextile strength and endurance properties are required
for filtration and drainage applications to have confidence that
the geotextile will survive the construction process. These
requirements are shown in Table 2-2.

It is important to realize that these survivability specifications

are not based on any systematic research but on the properties of
existing geotextiles which are known to have ©performed
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TABLE 2-2

PHYSICAL REQUIREMENTSI’2 FOR
DRAINAGE GEOTEXTILES
(AASHTO-AGC-ARTBA TASK FORCE 25, JULY, 1986)

Dr?inage3 5

Property ‘ Class A Class B Test Method

Grab Strength 180 80 ASTM D4632

(1bs) ,

Elongation (%) n/a n/a ASTM D4632

Seam Strength® 160 70 ASTM D4632

(1bs)

Puncture Strength 80 25 ASTM D4833

(1lbs)

Burst Strength 290 130 ASTM D3786

(psi)

Trapezoid Tear 50 25 ASTM D4533

(1bs)

1. Acceptance of geotextile material shall be based ASTM D-4759.

2. Contracting agency may require a letter from the supplier
certifying that  its geotextile meets specification
requirements.

3. Minimum; Use value in weaker principal direction. All
numerical values represent minimum average roll value (i.e.,
test results from any sampled roll in a lot shall meet or
exceed the minimum values in the Table). Stated values are
for non-critical, non-serve applications. Lot samples
according to ASTM D4354.

4, Class A drainage applications for fabrics are where
installation stresses are more severe than Class B
applications, i.e., very coarse sharp angular aggregate is
used, a heavy degree of compaction (>95% AASHTO T99) is
specified or depth of trench is greater than 10 ft.

5. Class B drainage applications are those where fabric is used
with smooth graded surfaces having no sharp angular
projections, no sharp angular aggregate is used; compaction
requirements are light, (<95% AASHTO T99), and trenches are
less than 10 ft in depth.

6.

Values apply to both field and manufactured seams.
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satisfactorily in drainage applications. The values are meant to
serve as guidelines for inexperienced wusers in selecting
geotextiles for routine projects.- They are not intended to
replace site specific evaluation, testing and design.

Geotextile endurance relates to its longevity. Geotextiles have
been shown to be basically inert materials for most environments
and applications. However, certain applications may expose the
fabric to chemical or biological activity that could drastically
influence the filtration ©properties of the fabric or its
durability. For example, geotextiles (as well as granular
filters) can become chemically clogged by iron, carbonate, and
some organic deposits. In some erosion control applications,
riprap or stones may continuously be moving on the surface of the
fabric causing abrasion. The specific site conditions should be
reviewed and if such conditions exist, testing and specifications
should be written around these requirements. A standard test
using a sliding block (Modified Flex Stoll) abrasion apparatus has
been developed by ASTM (D4886). No reduction in piping
resistance, permeability criteria, or clogging resistance should
be allowed after exposure to abrasion. Allowable physical
property reduction due to abrasion should be specified.

2.4 Drainage System Design Guidelines

In this section, step by step design procedures are given. As
with the links of a chain, one’s confidence in the resulting
design will depend on the weakest link, and thus no steps should
be compromised or omitted.

Step 1 - Evaluation of the application -- critical nature and site
conditions (see Section 2.1).

Reasonable judgment should be used in categorizing a project

since a significant cost difference may exist between
geotextiles required for critical/severe conditions. Final
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selection should not be based on the lowest material cost
alone, nor should cost be reduced by eliminating laboratory
soil-geotextile performance testing, if such testing is

deemed appropriate,

Step 2 - Obtain soil samples from the site

A,

Perform grain size analyses

Select the "worst case" soil for retention (i.e. soil
with smallest Das)

Calculate C, = D.,/D,, (3)

NOTE: When the soil contains particles 1 in. and
larger, use only the gradation of soil passing the U.S.
No. 4 sieve in selecting the geotextile (i.e., scalp off

the +No.4 material).

Perform field or laboratory permeability tests

Select worst case soil (i.e. soil with highest
coefficient of permeability, k).

Permeability of clean sands with 0.1 mm < D, , < 3 mm and
C. < 5 can be estimated.by the Hazen formula, k = Dlo2

u

(k in cm/sec; D,, in mm). This formula should not be

used for finer grained soils.

Select drainage aggregate

Use free draining open graded material and

determine permeability (e.g. Fig. 2.4)
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Step 3

If possible, sharp angular aggregate should be avoided.
If it must be wused, then a geotextile meeting the

properties. requirements for Class A, "high
survivability", fabrics in Table 2-1 should be
specified. For an accurate design cost evaluation,

compare cost of open graded aggregate with select
well-graded free draining filter aggregate.

Calculate anticipated flow into and through drainage

system and dimension system. Use collector pipe to reduce size of

drain.

A.

General Case: Use Darcy’s Law

g = kiA (15)

where: g = Infiltration rate (L3/T)
k = Effective permeability of soil (from Step 2B
above) (L/T)

i = Average hydraulic gradient in soil and in
drain (L/L)
A = Area o0f soil and drain material normal to

the direction of flow (Lz)

Use conventional flow net analysis (Cedergren, 1977) and
Darcy’'s Law for estimating infiltration rates into
drain, then wuse Darcy’s Law to design drain (i.e.
calculate A for flow through open graded aggregate).

Specific Drainage Systems

Estimates of surface infiltration, runoff infiltration
rates, and drainage dimensions can be determined using
accepted principles of hydraulic .engineering (Moulton,
1980). sSpecific references are:
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1. Flow into trench - (Mansur and Kaufman, 1962)
2. Horizontal blanket drains - (Cedergren, 1977)
3. Slope drains - (Cedergren, 1977)

Step 4 - Determine geotextile requirements

A.

Retention Criteria

From Step 2.A, obtain D, and C ; then determine largest
pore size allowed.

AOS < B D, (2)

where B = 1 for a conservative design. For a less
conservative design and for < 50% passing U.S. No. 200

sieve:
B =1 for C, < 2 or > 8 (3a)
B=20.5¢C, for2¢<cC <14 (3b)
B = 8/C, for 4 < Cc, < 8 (3c)
and, for > 50% passing U.S. No. 200 sieve:
B =1 for wovens
B=1.8 for nonwovens
and AOS (geotextile) < 0.3 mm (6)

Permeability Criteria

1. Less Critical/Less Severe
k > k

geotextile — s0il (8)
2. Critical/severe
k > 10 k

geotextile -~ soil

(9)
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3. Flow Capacity Requirement
qreql!ired = qgeotextile/Af or (10)
(k /t) h Af Z qrequired (16)

geotextile

where, Qequired is obtained from Step 3 (Eq. 15) above.

/t = Y = permittivity

geotextile

h = average head in field

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

C. Clogging Criteria

1. Less Critical/Less Severe

a. From Step 2A obtain D, then determine minimum

pore size requirement from

0,, > 3D (11)

95 15

b. Other qualifiers:

Nonwovens:

Porosity (geotextile) > 30% (12)
Wovens:
percent open area > 4% (13)

Alternative: Run filtration tests

2. Critical/Severe

Select fabrics that meet retention, permeability,
and survivability criteria as well as the criteria
in Step 4.C.1 above and perform a filtration test.
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Suggested filtration test and criteria for sandy and
silty soils:

gradient ratio < 3 (14)
Alternative: Long-term filtration tests.

D. Survivability

Select geotextile properties required for survivability
from Table 2-2. Add durability requirements if
applicable.

Step 5 - Estimate costs
Calculate the pipe size (if required), the volume of
aggregate and the area of the geotextile. Apply appropriate

unit cost values.

Pipe (if required)

Aggregate:
Geotextile:

Geotextile placement:

Construction:

Total Cost:

Step 6 — Prepare Specifications
Include for the geotextile:

A. General requirements ‘

B. Specific geotextile properties

C. Seams and overlaps

D. Placement procedures

E. Fabric repairs

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

Step 7 - Collect samples of aggregate and geotextile before
acceptance '

Step 8 - Monitor installation during and after construction
Observe drainage system during and after storm events.

2.5 Design Example

Relevant examples are included in the FHWA publications, "Geotextile
Engineering Workshop Design Examples (FHWA-HI-89- 002) and Geotextile
Engineering Manual FHWA-86-203.

2.6 Cost Considerations

Determining the <cost effectiveness of wusing geotextiles and
conventional drainage systems is a straight forward process. Just
compare the cost of the geotextile with the cost of a conventional
granular filter layer, while keeping in mind the following:

. Overall material costs including a geotextile

versus a conventional system - For example the

geotextile system will allow the use of poorly graded
(less select) aggregates which may reduce the need for a
collector pipe, provided the amount of fines is small (Q
decreases considerably if % minus No. 200 sieve 1is
greater than 5%, even in gravel).

. Construction requirements - There is, of course, a cost

for placing the geotextile, but in most cases, it is
less than the cost of constructing dual granular layered
filters.

. Possible dimensional design improvements - If a more

open-graded aggregate is utilized (especially with a
collector pipe), a considerable reduction in the
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physical dimensions of the drain can be made without a
decrease in flow efficiency. Such a size reduction also
reduces the volume of the excavation, the volume of
filter material required, and the construction time
necessary per unit length of drain.

In general, the <cost of a geotextile itself in drainage
applications will typically range from $0.50 to $1.00 per square
yard (1987 dollars), depending upon the type of fabric specified
and quantity ordered. Installation costs will depend upon the
project difficulty and contractor’s experience, and will typically
range on the order of $0.40 to $1.00 per square yard of
geotextile. Higher costs should be anticipated for below water
placement. Labor costs to install the geotextile are regained
because the construction can proceed at a faster pace, because
less care is needed to prevent segregation and contamination of
granular filter materials and because multilayered granular
filters are typically not necessary.

2.7 Specifications

The following guide specifications are provided as an example.
They have been developed by the AASHTO-AGC-ARTBA Task Force 25 for
routine drainage and filtration applications. The actual
hydraulic and physical properties of the geotextile must be
selected by proper consideration of the nature of the project
(critical/noncritical), hydraulic conditions (severe/nonsevere),
soil conditions at the site, and construction and installation
procedures appropriate for the project.
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AASHTO-AGC—-ARTBA
TASK FORCE 25
SPECIFICATION GUIDE FOR
DRAINAGE GEOTEXTILES
(JUuLY, 1986)

1. Description

1.1

This work shall consist of furnishing and placing a
geotextile for the following drainage applications:
edge of pavement drains, interceptor drains, wall
drains, recharge basins, and relief wells. The
geotextile shall be designed to allow passage of water
while retaining in-situ soil without clogging. The
quantities of drainage geotextiles as shown on the
plans may be increased or decreased at the direction
of the Engineer based on construction procedures and
actual site conditions that occur during construction
of the project. Such variations in quantity will not
be considered as alterations in the details of
construction or a change in the character of the work.

2. Materials

2.1

Fibers used in the manufacture of geotextiles, and the
threads used in joining the geotextiles by sewing,
shall consist of 1long <chain synthetic polymers
composed of at least 85% by weight polyolefins,
polyesters, or olyamides. They shall be formed into a
network such that the filaments or yarns retain
dimensional stability relative to each other,
including selvedges. These materials shall conform to
the performance requirements for soil retention,
permeability, and clogging resistance (Section 2.3)
and the physical requirements of Table 2-1 (Section
2.3.4.) constructability, survivability, and
durability.

Geotextile rolls shall be furnished with suitable
wrapping for protection against moisture, and extended
ultraviolet exposure prior to placement. Each roll
shall be labeled or tagged to provide product
identification sufficient for inventory and quality
control purposes. Rolls shall be stored in a manner
which protects them from the elements. If stored
outdoors, they shall be elevated and protected with a
waterproof cover.
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3.

Construction Requirements

3.1

Geotextile Exposure Following Placement - Exposure of
geotextiles to the elements between lay down and cover
shall be a maximum of 14 days to minimize damage
potential.

Geotextile Placement - In trenches, after placing the
backfill material, the geotextile shall be folded over
the top of the filter material to produce a minimum
overlap of 12 inches for trenches greater than 12
inches wide. In trenches 1less than 12 inches in
width, the overlap shall be equal to the width of the
trench. The geotextile shall then be covered with the
subsequent course. .

Successive sheets of geotextiles shall be overlapped a
minimum of 12 inches in the direction of flow.

Seams - Where seams are required in the longitudinal
trench direction, they shall be joined by either
sewing or overlapping. All seams shall be subject to
the approval of the Engineer.

Overlapped seams shall have a minimum overlap equal to
the width of the trench.

Repair - A geotextile patch shall be placed over the
amaged area and extend 3 feet beyond the perimeter of
the tear or damage.

Method of Measurement

4.1

4.2

Basis

The geotextile shall be measured by the number of
square yards computed from the payment lines shown on
the plans or from the payment lines established in
writing by the Engineer. This excludes seam overlaps.

Excavation, backfill, bedding, and cover material are
separate pay items.

of Payment

5.1

5.2

The accepted quantities of geotextiles shall be paid
for at the contract unit price per square yard in
place.

Payment will be made under:

Pay Item Pay Unit
Drainage Geotextile Square Yard
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2.8 Installation Procedures

For all drainage applications, the following construction steps
should be followed: '

1.

The surfaces on which the geotextile is to be placed
should be excavated to design grade to provide a smooth,
graded surface free of debris and large cavities.

Between the preparation of the subgrade and the
construction of the system itself, the geotextile should
be well protected to prevent any possible degradation
due to the elements.

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

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

The geotextile should be placed with the machine
direction in the direction of water flow in the drainage
system. It should be placed 1loosely (nbt 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.

The ends for subsequent rolls and parallel rolls of

geotextile should be overlapped a minimum of 1 to 2 ft,
depending on the severity of hydraulic flow
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anticipated 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.
The upstream geotextile should always be overlapped over
the downstream.

Placement of drainage aggregate should proceed
immediately following placement of the geotextile to
limit exposure of the geotextile to sunlight, dirt,
damage, etc. The geotextile should be covered with a
minimum of 12 in. of loosely placed aggregate prior to
compaction, If thinner 1lifts are used, higher
survivability fabrics may be required. For drainage
trenches, several inches of drainage stone should be
placed as a bedding layer below the slotted collector
pipe (if required), with additional aggregate then
placed to the minimum required construction depth.
Compaction is necessary to seat the drainage system
against the natural soil and to reduce settlement within
the drain. 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 efforts are required, the
geotextiles meeting the property values listed under the
high survivability category in Table 2~1 should be
utilized.

For trench drains, after compaction, the two protruding
edges of the geotextile should be overlapped at the top
of the compacted granular drainage material. A minimum
overlap of 12 in. is recommended to insure complete
coverage of the width of the trench. The overlap is

50



important as it will protect the granular material from
surface contamination. After completing the overlap,
the improved shoulder subbase, topsoil or other material
should be placed and compacted to the desired final
grade.

A schematic of the construction procedures for. a geotextile lined
underdrain trench is shown in Figure 2.5. Construction photos of

several applications are shown in Fig. 2.6.

2.9 Field Inspection

The field inspector should review the field inspection guidelines
in Chapter 1, Section 1.7. Special attention should be given to
aggregate placement and potential for fabric damage. 1In addition,
maintaining the appropriate fabric overlap at the top of the
trench and at roll ends is especially important.

2.ld Geotextile Selection Considerations

The late Dr. Allen Haliburton, a geotextile pioneer, noted that
all geotextiles will work in some applications, but no one
geotextile will work in all applications. Even though several
types of geotextiles (monofilament wovens and an array of light to
heavy weight nonwovens) may meet all of the desired design
criteria, it may'be preferable to use one type over another to
enhance the performance of the system. Selection will depend on
the actual soil and hydraulic conditions as well as the intended
function of the design. Intuitively, the following considerations
seem appropriate for the soil conditions given.

1. Graded gravels and coarse sands - Very open monofilament

or multifilament wovens may be required to permit high
rates of flow and a low risk of blinding.
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1 EXCAVATE
TRENCH

ADD BEDDING
AND PIPE

5 WRAP FABRIC

4 PLACE/COMPACT 6 COMPACT
FILTER MATERIAL OVER TOP BACKFILL
Fig. 2.5 Sequential Procedure for Fabric-Lined

Underdrain Construction
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a) Geotextile Placement in Drainage Trwiich

c¢) Compaction of Aggregate

Fig. 2.6 Construction
System
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b) Aggregate Placement

d) Geotextile Overlap prior to Final
Cover

of Geotextile Drainage



2. Sands and gravels with 1less 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 fabric types.

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 woven geotextile as a filter for the
sand.

6. Silts With sand seams - Consider using a uniform sand
filter over the soil with a woven geotextile to prevent
movement of the filter sand; alternatively, consider
using a heavy weight (thick) needlepunched nonwoven
directly against soil as water can flow laterally
through the geotextile should it become locally clogged.

These general observations are not meant as recommendations but to

provide some insight into the various considerations for selecting

the optimum material. They are not intended to exclude other

possible geotextiles that you may want to consider.

2.11 In-Plane Drainage; Prefabricated Drains

Geotextiles with high in-plane drainage ability and prefabricated
composite drains are potentially quite effective in several
applications.
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The ability of geotextiles to transmit water in the plane of the
geotextile itself may be an added benefit in certain drainage
applications where lateral transmission of water is desirable or
reduction of pore water pressures in the soil can be accelerated.
These applications include interceptor drains, transmission of
seepage water below pavement base course layers, vertical strip
drains to decrease consolidation times of soft foundation soils,
dissipation of seepage forces in earth and rock slopes, as part of
chimney drains in earth dams, dissipaters of pore water pressures
in embankments and fills, etc. However, it should be realized
that the seepage quantities transmitted by in-plane flow of
geotextiles (typically on the order of 0.01 ft® /min/linear foot
width of fabric under a pressure equivalent to a couple of feet of
soil) are relatively small when compared to 6 to 12 in. of sand or
other typical filter materials. Therefore, geotextiles should not
be assumed capable of replacing s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>