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PREFACE

The study reported herein was performed from February 1978 through
February 1979 by the U. S. Army Engineer Waterways E?;Z;EEZZE—EEEEEon
- tWESY For the Office, Chief of Engineers, U. S. Army, under Work Unit 3,
"Hydraulic Research on the Effectiveness of Bank Protection Methods,"
authorized by Section 32 of the Water Resources Development Act of 197h,
Public Law 93-251. Section 32 may be cited as the "Streambank Erosion
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Control Evaluation and Demcnstration Act cf 197k."
f. This study was a multilaboratory effort planned by Mr. N. R.
l Oswalt, Chief of the Spillways and Channels Branch, under the gener-.i
supervision of Messrs. J. L. Grace, Chief cof the Structures Divisicen,
H. B. Simmons, Chief of the Hydraulics Laboratory, and E. B. Pickett,
WES Program Manager for the Section 32 Prcgram. Also participating in
this study were Messrs. M. P, Keown, E. A. Dardeau, Jr., and Dr. J. R.
Rogers, of the Environmental Assessment Group (EAG) under direct super-
, vision of Mr. J. K. Stoll, Chief of EAG, and under the general super-
vision cof Dr. C. J. Kirby, Chief of the Environmental Resources Divisiocn,
and Dr. J. Harrison, Chief of the Environmental Laboratory (EL). 1In-
valuable guidance and background material were provided by Dr. E. B.
Perry and Mr. S. P. Miller of the Scil Mechanics Division under the
:j direct supervision of Mr. C. L. McAnear, Acting Chief of the Geo-
‘ technical Labecratory. Messrs. Keown and Dardeau prepared this repcrt.
Mr. R. M. Russell, Jr. (EL), prepared the figures.
Special acknowledgment is due the following without whose assis-
tance the procject cbjectives could not have been successfully met:
a. U. S. Army Corps of Engineers

(1) Lower Mississippi Valley Division: Memphis, New Orleans,
St. Louis, and Vicksburg Districts

(2) Missouri River Division: Kansas City District
(3) North Atlantic Division: New York and Norfolk Districts
(4) North Central Division: Chicago and St. Paul Distriets

:
k4
.
1

8 (5) Ohio River Division: Huntington, Louisville, Nashville,
and Pittsburgh Districts




{6) South Atlantic Division: Charleston, Jacksonville,
Savannah, and Wilmington Districts

(7) South Pacific Division: Sacramento and San Francisco
Districts

(8) Southwestern Division: Albuquerque, Galveston, and Tulsa
Districts.

b. U. S. Department of Transportation, Federal Highway
Administration

(1) washington, D. C.

(2) sevierville, Tenn.

| c. Private Concerns
I (1) Advance Construction Specialties Co.
(2) American Enka Co.
(3) AMOCO Fabrics Co.
(4) Bay Mills Midland Limited
(5) Bradley Materials
; (6) Carthage Mills
’ (T) Celanese Fibers Marketing Co.
(8) Crown Zellerbach Corp.
* (9) E. I. DuPont de Nemours and Co.
(10) ERCO Systems, Inc.
(11) Erosion Control Systems, Inc.

(12) Kenross-Naue, Inc.
{ (13) Koch Brothers, Inc.
,; (14) Monsanto Textiles, Co.
’ (15) Nicolon Corp.
(16) Phillips Fivers Corp.
(17) Southern Natural Gas Co.
(18) staff Industries, Inc.
' (19) J. P. Stevens and Co., Inc.
(20) Tex-el, Inc.

L S . &

Commanders and Directors of WES during this study and the prepara-
‘ tion and publication of this report were COL John L. Cannon, CE, and
! COL Nelson P. Conover, CE. Technical Director was Mr. F. R. Brown.
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be con-

verted to metric (SI) units as follows:

Multiply By To Obtain
acre-feet 1233.482 cubic metres
cubic feet per second 0.02831685 cubic metres per seccnd
cubic yards 0.76L5549  cubic metres
Fahrenheit degrees 5/9 Celsius degrees or Kelvins¥*
feet 0.3048 metres
feet per second 0.3048 metres per second
inches 25.k millimetres
miles (U. S. statute) 1.609 kilometres
mils 0.0254 millimetres
pounds (force) per inch 175.1268 newtons per metre
pounds {mass) 0.4535924  kilograms
square feet 0.09290304 square metres
square miles (U. S. statute) 2.589988 square kilometres
square yards 0.8361274  square metres
tons (2,000 1b, mass) 907.1847 kilcgrams
yards 0.914k netres

# To obtain Celsius (C) temperature readings from Fahrenheit (F) read-
ings, use the fcllowing formula: C = (5/9)(F - 32). To obtain
Kelvin (K) readings, use: K = (5/9)(F - 32) + 273.15.

R




UTILIZATION OF FILTER FABRIC FOR STREAMBANK
PROTECTION APPLICATIONS

PART I: INTRODUCTION

Objective

1. The objective of this report is to describe applications of
and experiences with filter fabrics as a component of protection against
streambank failures. Available information on the currently specified
methods of installing filter fabric and cautions concerning its use for

this purpose are also provided.

Streambank Failure

2. Streambank failures may be caused by the removal and transport
of soil particles away from the channel sides and/or bottom by the bank
and subsurface drainage, rapid drawdown of the stream water level, wave
action, streamflow, or precipitation falling on the banks. Other contrib-
uting factors may include channel realignment (horizontal or vertical),
placement of structures in the channel, changes in land use along the
stream, groundwater seepage from the banks, liquefaction of the bank
material, impact and scour by debris or ice, or effects from navigation
in the channel. The implementation of effective streambank protection
techniques is often required through reaches where active bank erosion
is occurring in order to avoid significant losses of property, degrada-

tion of water quality, or loss of navigation channels.

Background

3. During early efforts to stabilize streambanks with a layer of
heavy stones or broken rocks (riprap), the Corps of Engineers (CE) found
that placement of a granular filter (crushed rock, gravel, sand) between

a riprap blanket and prepared bank surface resulted in a considerable




improvement of revetment stability. Properly designed granular filters
effectively prevented soil from being piped through the blanket, re-
strained the blanket from sinking into the soil, and permitted natural
seepage from the streambank, thus avoiding a potential buildup of exces-
sive hydrostatic pressure.

4. In 1956, as the result of severe HNorth Sea storm and tidal
damages, the Dutch Government initiated an extensive construction pro-
gram to minimize the future deterioration of stream and coastal protec-~
tion works. This program required the placement of large numbers of
sandbags. Newly available experimental woven synthetic filter fabrics¥
were used to form the sandbags. This activity was the first known appli-
cation of filter fabric material as a component of a major hydraulic
structure (Figures 1 and 2).

5. The use of petrochemical-based synthetic materials did not
find immediate acceptance in the American engineering community. As
late as 1967, there were only two domestic sources of filter fabric,*¥*
although the use of fabric as a filter under interlocking block revetment
had been reported as early as 1958 in Florida. A brief chronology of
early uses of filter fabric for coastal and streambank applications is
given in Table 1. The recent enactment of Federal and State legislation
(1970) has made the purchase of American-made filter fabric more
economically advantageous than that of comparable European material.

6. Prior to 1970, no site-specific cost comparisons for using
filter fabric as a substitute for granular filters were readily avail-
able. The initial economic case study of record was conducted by the
U. S. Army Engineer District, Memphis (ILMM), in 1966. Results of this
study indicated that filter fabric could be put in place under articu-
lated concrete mattresses (ACM) for $9.71/square (100 ft2) as opposed to
$8.03/square for a b-in.-thick granular filter (FPairley et al. 1970).

However, a factor not considered in this comparison was the repair cost

* More recently also called geotextiles.
** A current list of commercial concerns that market filter fabric
products is provided in Appendix A.




of undermined ACM, which comprises a large percentage of upper bank

! repairs along the Lower Mississippl River. A study »f repairs made

| through this reach was conducted to determine what cost reductions could
be realized by the use of adequate filter material. Even though it was
not possible to accurately isolate all repairs attributable to the loss
of granular filter and subgrade material through the mattresses, costs
compiled from many construction sites through fiscal years 1967, 1968,
and 1969 indicated that the repair cost for undermined ACM was $1.73 per

square. No repairs were needed where filter fzbric had been placed

under the mattresses. Thus, fabric was directly competitive with granu-
lar filters through this LMM reach on a short-term basis.

7. As the utility of filter fabric became apparent, the Office,
Chief of Engineers (OCE), directed the U. S. Army Engineer Waterways
Experiment Station (WES) to conduct a study to determine the extent and
diversity of use of this material by the CE Divisions and Districts.
The findings of this study (Calhoun 1969) indicated that although there
was a wide and varied use of filter fabrics by the CE, a test program
was needed to define the engineering properties of the fabrics when used
for filter and drainage applications. Much of the reported fabric usage
had been as a filter placed under riprap with lesser amounts being placed
around pipes, well screens, and piezometer tips. In some Districts the
fabric material was also used as a substitute for a granular layer in a
multilayered filter, for surface erosion control, and for grout stops.

8. The study described in paragraph 7 became the first phase of
a broader program conducted at WES (1967-1972). As part of this program,
seven filter fabrics (six woven and one nonwoven) were evaluated by
chemical, physical, and filtration testing. Additional work by LMM pro-
vided needed information on the large-scale field application of filter
fabric. From the results of the WES program (Calhoun 1970 and 1972)
and CE project experience, OCE guide specifications were developed for
the field use of filter fabric (OCE 1973).

9. As nonwoven or random fiber fabrics became available, an
additional examination of fabrics and methods of evaluating their engi-

neering properties was considered necessary. Laboratory testing was




conducted at WES during 19T4~1976 to refine existing test methods for
woven fabric and to develop new methods for the evaluation of nonwoven
fabrics. Results of this effort and further field experience provided
the basis for new CE guidelines (OCE 1977) for the field use of woven
and nonwoven filter fabrics. In addition to the WES work, laboratory
testing of filter fabrics has been conducted by the Bundesanstalt flr
Wasserbau in Germany (List 1977) (350 fabrics) and Oklahoma State
University (Haliburton et al. 1972) (28 fabrics).

Scope and Approach

10. This study was initiated by conducting a literature survey to
determine what documentation was available relevant to the use of filter
fabric for streambank protection applications.¥* After the survey was
completed, each CE District was contacted to obtain information on un-
published or limited distribution documents pertinent to filter fapric
utilization for streambank protection, and to acquire case histories
related to the use of filter fabric as a component of streambank protec-
tion works. In addition, all filter fabric manufacturers known to the
participants of this study were contscted to obtain recent documentation
on fabric usage and to gather the cost information given in Tables 2
and 3 for currently available fabrics.¥* The resulting information col-
lected from the above sources has been collated into the narrative docu-
mentation which is provided herein. A glossary containing the basic
terminology related to the use of filter fabric for streambank protection
applications (Appendix B), and a bibliography relevant to filter fabric
technology and application as directly related to streambank protection

(Appendix C) are included as part of this report.

* The foundation of this survey was based on previous work completed
by WES under the Section 32 Program (Keown et al. 197T).

#* A tabulation of 1978 material costs for selected commercially avail-
able woven and nonwoven fabrics is presented in Tables 2 and 3, respec-
tively. In-place costs are difficult, if not impossible, to estimate
on a generalized basis because of the many variables involved such
as bank preparation, transportation, etc.

9




PART II: FUNCTIONAL USES OF FILTER FABRIC FOR STREAMBANK
PROTECTION APPLICATIONS

11. The availability of filter fabric for a variety of engineering
applications has fostered consideration and use of this material as a
component of streambank protection works. Two applications currently
employ filter fabric as: (a) a substitute for part or all of a granular
filter; and (b) container material for sack revetment. A brief descrip-
tion of both applications is provided in this part; however, the applica-
tion of filter fabric within the CE has generally been restricted to
usage as a substitute for granular filters; thus, the remaining parts of

this report are directed toward this application.

Substitute for Granular Filter

12. Granular filters are often placed beneath revetment to
prevent piping of scil through the revetment, to prevent the revetment
from sinking into the soil, and to permit natural seepage from the
streambank and thus prevent the buildup of excessive hydrostatic pres-
sure. Ideally, a filter bed of crushed rock, gravel, or sand is placed
between the revetment and the prepared bank to provide a gradual reduc-
tion in particle size until the particles blend with the natural bank
material. To prevent infiltration of the bank material being drained
into the filter material, the following conditions should be met (see
EM 1110-2-1913, 1978):

Stability

15 percent size* of filter material <s
85 percent size of material being drained —

and

50 percent size of filter material < 25
50 percent size of material being drained —

* The "15 percent size" of the material (i.e. Djs5) is that sieve size
that will pass 15 percent by weight of the material.

10




To assure that the filter material is much more permeable than the mate~

rial being drained, the following condition should be met:

Permeability

15 percent size of filter material
15 percent size of material being drained —

13. When the use of granular material has not been feasible,
filter fabric has been substituted for one or more layers or has com-
pletely replaced the granular filter (Figure 3). By far, the most com-
mon use for filter fabric as a substitute for & granular filter has been
placement beneath stone riprap (Figures 3 and 4); however, additional
application has been realized by placing the fabric below articulated
concrete mattresses (Figure 5), gabions (Figure 6), and precast cellular
blocks (Figure 7). The fabric has also been used as & carrier for pre-
cast cellular blocks attached to the fabric with adhesive material
(Figure 8) and as a foundation support for a dike or jetty (Figure 9).

14. The formation mechanism of a fabric-soil filtration system is
not well understood for streambank protection applications where the
revetment is placed directly on the fabric. A study conducted by Marks
(1975) to evaluate the behavior of filter fabric for subdrainage use has
been broadly extended toward understanding this mechanism; however, that
study was limited to one fabric type subjected to constant-head, steady-
state flow. According to Mark's study, the soil particles of the stream-
bank would be generally well distributed immediately after placement of
the filter fabric and revetment (Figure 10a). As filtration begins,
the soils particles are reoriented. A "bridging network" begins to
form, and some of the fine particles "pipe" through the fabric (Fig-
ure 10b). 1In the mature fabric-soil system the bridging network is
completed (Figure 10c). A porous filter cake has formed, and the piping
of fine particles through the fabric is virtually eliminated.

15. In accordance with specifications presented in paragraph 23
of this report, filter fabric should not be used in lieu of a granular

filter on soils having more than 85 percent of material by weight passing

the No, 200 sieve. Also, in the present absence of pertinent laboratory

11
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data and field experience, caution is advised on the use of filter

fabrics in lieu of graded granular filters beneath revetments subject to
intensely turbulent flow. Additional revetment thickness may be re-
quired to keep the fabric in a low-turbulence environment free of adverse

and fluctuating pressures.

Sack Revetment

16. Sacks made of burlap or paper and filled with soil, sand,
soil-cement, or sand-cement mixtures have been used for erosion protec-
tion around hydraulic structures and for emergency work along levees
and streambanks during floods (Figure 11). The bags eventually rot or
become damaged by cattle traffic or vandals; therefore, only bags
filled with soil-cement or sand-cement mixtures can maintain the longer-
term benefits of the bags' concentrated mass.

17. Although soil-cement- and sand-cement-filled bags may be
effective against stream attack, the revetment itself is often relatively
impermeable. As a result, this type of revetment is subject to failure
from back pressure when the bank is saturated or rapid drawdown occurs,
if drainage relief is not provided. Bags made of long-life, nondeterio-
rating fabric and filled with uncemented sand can allow bank drainage
through the sand and fabric material. Although such sack revetments
using filter fabric material have not yet been placed on & widespread |
basis, limited reports indicate that this may be a succesful approach to

the construction of sack revetment.

12
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PART III: FILTER FABRIC DESIGN CONSIDERATIONS

18. Three factors must be carefully weighed during the selection
and placement of a specific filter fabric for a given project applica-

ticn. These factors are:

a. Filtration. The fabric must act as a filter, i.e. the
flow path through the fabric mesh must be fine enough
to prevent continuous infiltration and passing of soil,
yet large enocugh to allow water to pass freely.

b. Chemical and physical properties. The fabric's chemical
composition must be such that it will resist deteriora-
tion from climatic conditions and from chemicals found
in the soil and water, and must possess sufficient
strength so that it will nct be torn, punctured, or
otherwise damaged during placement and through continued
use.

c. Acceptance of mill certificates and compliance testing.
The fabric must meet Government standards for acceptance
of mill certificates and compliance testing.

These topics are further developed below to guide the designer in
selecting a filter fabric that will perform satisfactorily under given
conditicns; placement of the fabric is treated in Part IV.

19. The only CE guidelines (OCE 1977) relative toc the use of
filter fabric as a component of a streambank works are directed toward
the placement of riprap on the fabric; however, the specifications preo-
vided in these guidelines can be generally extended to the placement or
support of other revetment materials on the fabric, i.e., articulated
concrete mattresses, gabions, precast cellular blocks, carrier fabrics,
and dike foundation supports (Figures 5-9). Thus, because the infcrma-
tion in this report is based largely on the current CE guidelines, the
concepts developed in this part and the following parts should be

generally applicable to various other applicaticns as noted above.

Filtration

20. The Equivalent Opening Size (EOS) of a fabric and the Gradient

Ratio (GR) of the fabric-soil filtration system determine the filtraticn

13




| characteristics of a given fabric. These two parameters are discussed {

| below.

Equivalent opening size

21, The EOS of a filter fabric is defined as the number of the 1

(ol i i i

U. S. Standard Sieve having openings closest in size to the fabric
openings. A procedure to determine the EOS is thus a test that provides
the designer with information needed tc select a filter fabric which

will minimize the passage of soil particles based on the grain-size

distribution cf the bank material. The EOS for a specific fabric is
determined by testing five unaged fabric samples. Prior to testing, 4

50 gm of each of the following six fractions cf standard glass beads

must be obtained:¥

Sieve Size Range¥* Corresponding

Fraction Passing Retained On EOS*

1 No. 18 No. 20 No. 20

2 25 30 30

3 35 Lo Lo

i L5 50 >0
' 5 60 70 70 i
6 80 100 100 ]

* M1 entries in tabulaticn are U. S. Standard
Sieve numbers. (See Figure 12 for equivalent
grain size.)
Within each cf the six fractions, 95 percent of the beads should be

within the specified size range. The fabric to be tested is then

affixed to a standard 8-in.-diam sieve having openings larger than the
largest beads to be used in the test. The fabric is attached to the
sieve in such a manner that no beads can pass between the fabriec and
the sieve wall. Each successively coarser fraction is then dry-sieved

for 20 min with an automatic shaker to determine that fraction of which

* Suitable glass beads can be obtained from:
Cataphone Division
Ferrc Corporation
P. 0. Box 2369

: Jackson, Mississippi 39205

; Telephone: (601) 939-4631




5 percent or less by weight of the standard beads will pass the test
fabric. Shaking shall be accomplished as described in paragraph 24(1)(g),
Appendix V, EM 1110-2-1906, except the time for shaking is 20 min.

Once the correct fraction is known, the corresponding EOS for the test
fabric can be determined (last column of tabulation).

22. The 1977 specifications for filter fabric usage (OCE 1977)
are interpreted as applying to any fabric type, i.e. woven or nonwcven.
The nonwoven fabrics with random fiber mats do not have well-defined
openings for the application cof an EOS test. A Forest Service report
(Steward et al. 1977) cn fabric use states:

"The EOS test, developed for designing and specify-

ing woven fabric filter systems, does not appear to

be appropriate for a nonwoven filter system... .

Nonwoven fabrics are manufactured by extrusicn and

randoem orientation of fibers in the fabric. The

resulting EOS cof the nonwoven fabrics is variable

and built into the fabric to varying degrees, de-

pending on the fabric weight and the process used

to bond the fibers together."
Nonwoven fabric manufactuers have been gquick tc point out that the yarn
and weaving processes used for woven fabric producticn are often some-
what nonuniform and thus the finished woven fabric may reflect scme
EOS variations. Results from EOS testing indicate that the glass beads
will travel to the slightest opening larger than what is designed into
the woven fabric, thus causing the sample to be misclassified; in
almost every square yard cf woven fabric, there are openings which could
cause an incorrect classification.

23. For a given field application, the EOS must be known for the
various fabrics available for placement at the construction site. The
correct fabric can then be selected to ensure that the fabric and bank
soil are properly matched tc provide an effective filtration system.
The following criteria (OCE 1977) should be used to select the correct
filter fabric:

a. For fabric to be placed adjacent to granular materials
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containing 50 percent or less fines* by weight, the
following ratio must be satisfied:

85 percent passing size of soil (mm) > 1
EOS of filter fabric No. (mm) =

|o

For fabric to be placed adjacent to all other type soils:
EOS no larger than the openings in the U. S. Standard
Sieve No. 70 (0.211 mm). Filter fabric should not be
placed on soils where 85 percent or more of the soil
materials are fines (No. 200 sieve).

To reduce the chance of clogging, no fabric should be specified with an
EOS smaller than the cpenings of the No. 100 sieve (0.1L9 mm). When
possible, it is preferable to specify a fabric with openings as large
as allowed by the criteria. Thus, the EOS selected for a fabric to be
used with scils falling into criterion a. must be no smaller than
No. 100 (0.149 mm) and must be equal to or less than the 85 percent
passing size of the soil. The EOS specified for & fabric to be used
with soils falling into criterica b. must be nc smaller than No. 100
(0.149 mm) and no larger than No. 70 (0.211 mm); ncte that soils under
criterion b. must have at least 50 percent but no more than 85 percent
fines by weight.

2L, To illustrate the use of the filter criteria, consider the
two soil gradations shown in Figure 12. Scil No. 1 is a medium to
fine sand containing about 9 percent silt, while soil No. 2 is a silt
containing some medium to fine sand. The 85 percent passing size of
both soils is 0.49 mm. Since soil No. 1 is a granular material con-
taining less than 50 percent silt, the criterion applied is that the
85 percent passing size of the soil must be equal to or greater than
the EOS of the fabric. Therefore, the fabric EOS should not exceed
0.49 mm (No. 40 sieve) but must be larger than 0.149 mm (No. 100 sieve).
Ideally the larger EOS should be selected for placement if the fabric

material is available. Soil No. 2 contains more than 50 percent silt,

* Fines are here defined as those soils that will pass a U. S.
Standard Sieve No. 200 (0.074 mm).
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thus the EOS can be no larger than 0.211 mm (No. 70 sieve) but must be
larger than 0.149 mm (No. 100 sieve). Again, the larger EOS should be
used if the fabric material is available.

Gradient ratio of fabric-
soil filtration system

25. The GR cf a given fabric-soil filtration system is the ratioc
of the hydraulic gradient over the 1 in. of scil immediately next to the
fabric (if), to the hydraulic gradient over the 2 in. of soil between
1 and 3 in. abcve the fabric (ig).

s
i

g

GR =

If the fine particles in the soil adjacent to the fabric beccme trapped
in cr on the fabric (clogging), the GR will increase. Likewise, if
the fine soil particles move through the filter fabric (piping), the
GR will decrease. CE guide specifications indicate that the GR should
not exceed 3 (OCE 1977).

26. Determinaticn of the CR is a flow perfermance test conducted
in accordance with EM 1110-2-1906, Appendix VII, with the fellowing
modifications:

a. The soil specimen shall be 5 in. in diameter and 4 in.
in height (Figure 13) and shall consist of the soil that
is tc be protected in the field by the fabric.

A piece of hardware cloth with 1/k-in. openings is placed
beneath the filter fabric specimen to support it. The
fabric and the hardware cloth should be clamped between
flanges so that no soil or water can pass around the
edges cf the cloth.

[f=2

¢c. Piezometer taps shall be placed 1 in. below the fabric,
and 1, 2, and 3 in. above the fabric.

d. Tap water shall be permeated through the specimen at a
constant head for a continuous pericd of 24 hr. The GR
shall be determined from piezcmeter readings taken at
the end of the 2h-hr pericd.

27. Documentaticn reported in a Forest Service report (Steward et
al. 1977) indicates that the GR test used by the CE appears to be appli-

cable to both the selection of woven and nonwoven fabrics; in addition,
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the tests for either type of fabric need to be continued until the GR be-
comes constant, typically 10 days but possibly as long as 3 to L weeks
(Marks 1976). The GR test should be performed under intermittent flow
conditions representative of fluctuations in the water table or seepage

flow.

Chemical and Physical Properties

28. 1In addition to filtraticn properties, the designer must in-
clude chemical and physical (strength and slippage) properties in a
project plan tc assure the correct selecticn cof a specific filter fabric.
These considerations are developed belcw.

Chemical composition

29. Current CE construction specificaticns (OCE 1977) require
that the plastic yarn used to manufacture filter fabric should ccnsict
of a long-chain synthetic polymer ccmpcsed of at least 85 percent by
weight of propylene, ethylene, ester, amide, cr vinylidene~chloride,
and shall contain stabilizers and/or inhibitors added to the base plastic
(if necessary) tc make the filaments resistant to detericration due to
ultraviolet and heat expcsure. No CE guidelines are provided for non-
plastic fabrics.

Strength characteristics

30. Plastic filter fabric used feor CE projects must conform to
the physical strength requirements provided in Table L. 1In additicn,
the fabric should be fixed so that the yarn filaments will retain their
relative position with respect to each other, and the edges of the
fabric should be finished tc¢ prevent the outer yarn filament from
pulling away from the fabric. No CE guidelines are provided fer ncn-
plastic fabrics.

31. One of the mest thorough fabric strength testing studies was
performed by Oklahoma State University for the U. S. Army Engineer Dis-
trict, Mobile (SAM) (Haliburton et al. 1978). The cbjective cf the
testing effort was to find a fabric capable of supporting a dredge-fill
embankment in Mobile Harbor. Ten woven fabrics (including one fiber-

glass fabric) and eighteen nonwoven fabrics were tested in uniaxial
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tension, in both the warp and fill directions (see Appendix C for defini-
tions), using at least three samples (6 in. wide x 12 in. lcng) of each
fabric. The purpose of this test was to determine the stress-strain
characteristics of each fabric and to identify those fabrics which had
the highest ultimate tensile strength and stress-strain modulus. A
minimum strength criterion of 100 1b/in. in the warp direction at

10 percent strain was specified for any fabric that would possibly be
used in the Mobile Harbor Project.

32. Only four woven plastic fabrics (Nicolon HD 10,000 Poly-
Filter X, Advance Construction Specialties Laurel Erosion Control Cloth-I,
and Nicolen MD 7,500) and the woven fiberglass fabric (Bay Mills 196-380-
000) exceeded the criterion with the other 23 fabrics having a wide
variation in uniaxial tension and stress-strain behavior (a complete
listing of the test results is provided in Table 3.1 of Haliburton et al.
1978). The five stronger fabrics exceeding the strength criterion were
subjected to additicnal testing for determination of soil-fabric slippage
resistance (discussed in the next section), the effects of immersion
and water absorption on developed tensile strength, and creep behavicr.
Creep is the tendency of a fabric to elongate with time under a ceontin-
uously applied static load. The results were:

a. Both Nicolon materials were found to have minimal creep
tendency and strength loss after soaking.

b. The Bay Mills fiberglass fatric had zero creep tendency
but was not tested for soaking strength loss.

c. Poly-Filter X had moderate to high creep tendencies and
the highest strength loss (32 percent) after soaking.

d. The Advance Type I fabric had high to extremely high
creep tendencies and an 18 percent strength loss after
soaking.

33. The collective conclusions derived from this study indicate:

a. In general, woven fabrics are considerably stronger in
uniaxial tension than nonwoven fabrics, with the general
ranking, in order of decreasing strength, being:

(1) Heavy to intermediate-weight woven fabrics.

(2) Intermediate to lightweight woven and heavy to
intermediate-weight nonwoven fabrics.
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(3) Lightweight nonwoven fabrics.

I

Woven fabrics generally fail from localized strand
breaking in tension or diagonal tearing suggestive of
shear failure. Nonwoven fabrics fail primarily from
diagonal tearing, excessive elongation, or strength drop
without outward signs of fabric rupture or tearing.

Slippage

34, No direct guidance has been provided relevant to slippage
between the soil slope and fabric, or the fabric and revetment material;
however, the current guide specifications (OCE 1977) do state that
securing pins should be used to keep the fabric in place. The pin
spacing specifications are 2 ft for slopes steeper than 1V on 3H, 3 ft
for slopes of 1V on 3H to 1V on LH, and 5 ft for slopes flatter than
1V on 4H (OCE 1977). Several U. S. Army Engineer Districts have re-
ported (Calhoun 1970) some tearing of filter fabric at the seams and
pins due to stone sliding down 1V-on-2H slopes (Figure 14). This
problem has been minimized in the Divide Cut Section of the Tennessee-
Tombigbee Waterway by loosely placing the fabric over the prepared bank,
using only enough pins to hold the fabric in position prior to place-
ment of the stone (Figure 15). After placement, the stone moves to-
ward its permanent resting position; as this occurs the loosely placed
fabric is allowed to move with the stone, thus avoiding the pin and
seam tears which often occur on steep slopes where many pins are used.

35. The "effective" slippage resistance can be raised by adequate
toe protection; a toe failure encourages the in-place stone to slide,
thus leaving the bank unprotected except for the fabric and possibly
resulting in torn fabric as the stone slides down the bank. The U, S.
Army Engineer District, St. Paul, placed a fine sand bedding under
rather than on top of filter fabric as part of a revetment construction
project on the Vermillion River at Hastings, Minn. Later onsite inspec-
tions indicated that by placing the stone in direct contact with the
fabric, depressions were made in the fabric at the stone-fabric contact
points, thus apparently increasing the slippage resistance.

36. The Oklahoms State University/SAM study (Haliburton et al.
1978) showed that soil-fabric frietional properties can be evaluated
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by & direct shear test (relative displacement of bank material against
the fabric) under various values of applied normal loading. The direct
shear test for the five acceptable fabrics (paragraph 32) against loosely
compacted sand indicated that the fabric could be placed on a bank of

29 deg to 33 deg before slippage occurred; testing with the sand in a
heavily compacted state ylelds higher angles, ranging from 37 deg for
Advance Type I to L6 deg for Nicolon 66186,

Acceptance of Mill Certificates and Compliance Testing

37. The 1977 Civil Works Construction Guide Specificaticn for
Filter Fabric (OCE 1977) states that all brands of filter fabric and
all seams to be used shall be accepted on the following basis:

"The Contractor shall furnish the Contracting Office,
in duplicate, a mill certificate or affidavit signed
by a legally authorized official from the company
manufacturing the fabric. The mill certificate or
affidavit shall attest that the fabric meets the

chemical, physical, and manufacturing requirements
stated in this specification.”

38. If the Contracting Officer wishes to test one or more filter
fabric samples for compliance {which is highly recommended), the contrac-
tor is required to provide to the Government fabric samples for testing
to determine compliance with any or all of the requirements in the
project specifications. When samples are to be provided, they must be

submitted for testing a minimum of 60 days prior to placement.
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PART IV: PLACEMENT OF FILTER FABRIC

39. The proper placement of filter fabric requires that the bank
first be cleared of vegetation, debris, etc. After the streambank has
been sloped, graded, and compacted to meet project specifications, the
fabric is removed from the protective covering used for shipment and
spread on the prepared bank. The fabric edges are overlapped and joined
after which the fabric is secured on the bank by pinning. The revetment
materials are then placed on the fabric, completing the streambank

protection works. These procedures are discussed below.

Shipment and Storage

40. Due to possible damage resulting from solar ultraviolet
radiation or improper handling, the fabric should be wrapped in a heavy

duty protective covering such as burlap during shipment and storage

(Figure 16). In addition, the fabric must be protected from mud, dust,
and debris and from temperatures in excess of 1L0°F. At the time of
placement, the fabric should be rejected if it has rips, holes, flaws,
or evidence of deterioration or damage incurred during manufacture,

shipment, or storage.

Site Preparation

L1. The streambank soil surface should be graded to a relatively
smooth plane, free of obstructions, depressions, and soft pockets of
material. Depressions or holes in the soil should be filled before the
fabric is placed since the fabric could bridge such depressions and be
torn when the revetment materials are installed. Rock, stones, and
other debris should be removed prior to fabric placement to prevent the
fabric from being damaged or pinched between these objects and the

revetment material.

Seams

L2. The 1977 Civil Works Specifications (OCE 1977) require that

fabric seams must be sewn with thread meeting the chemical requirements
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stated in paragraph 30 applicable to plastic yarn (Figures 17 and 18) or
should be bonded by cementing or by heat. Seams should be tested in
accordance with method ASTM-D-1683, using l-in. square jaws and a 12-in.
per minute constant rate of traverse. The strengths should not be less
than 90 percent of the required tensile strength of the unaged fabric

in any principal direction.

43, Most fabrics are manufactured in 6-ft widths. To reduce the
number of overlaps, narrow sections can be assembled together by the
manufacturer to produce wider sections. Preassembled sections of 36-ft
widths or more are advantageous in order to reduce the number of overlaps
that must ve made at the construction site. Laps and seams alone often
account for up to 25 percent of the total project cost when 6-ft widths

are used. Some fabric companies market widths of up to 66 ft.

Securing Pins

44, The filter fabric should be secured to the streambank to
prevent movement prior to placement of the revetment material (Figure 19).
The revetment material will hold the fabric in place once the structure
has been completed (unless the bank is very steep, see paragraph Ls);
thus, the devices used to secure the fabric do not need to be made of
"permanent" or long-lasting materials. The securing pins should be
inserted through both strips of overlapped fabric along a line through
the midpoint of the overlap at intervals no greater than those specified
in paragraph LS.

45, Securing pins are generally available from the fiiter fabric
manufacturer or distributor. One particular type of pin that has
performed well under most conditions is the 3/16-in.-diam, 18-in.-long |
steel pin, pointed at one end and fitted with a 1-1/2-in.-diam washer
on the other; these pins can be used in rather firm soils such as dense
silty material. Longer pins are advisable for use in loose materials
such as sands. When pins are used, the following maximum spacings

between pins are recommended:
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Slope Spacing, ft
Steeper than 1V on 3H 2
1V on 3H to 1V on LH 3
Flatter than 1V on LH 5

Several U. S. Army Engineer Districts have reported some tearing of
filter fabric at the seams and pins due to stones sliding down 1V-on
2H-slopes; however, this problem does not normslly occur where the slopes
are 1V on 3H or flatter (paragraph 3.4).

46. Problems are often encountered in maintaining the placement
position when fabrics are laid on loose sands on windy days. Such prob-
lems can usually be remedied by placing additional pins along the laps
and within the fabric or by placing stones on the fabric. If windy
conditions are expected, it 1is advisable to have additional pins at the

construction site and comply with paragraph 50.

Placement of Fabric on Bank

LT. The heavy duty protective covering can be taken off the fabric
roll somewhat before the time of placement; however, the fabric should
not be left exposed to ultraviolet deterioration for extended periods.
After the protective covering is removed, the fabric should be laid flat
(but not stretched) on the prepared bank with no folds in the material
(Figure 20). During placement of the revetment, the fabric should be
protected at all times from contamination by surface runoff. Any
contaminated fabric should be removed and replaced with new fabric. A
period of low streamflow should be selected to facilitate fabric instal-
lation, provided the period is compatible with the construction schedule.

48. To prevent soil leaching, the filter fabric strips should be
properly joined together by seams (paragraphs 42 and 43) and/or overlaps.
The strips should be placed with the longer dimension parallel to the
current when used along streams where currents acting parallel to the
bank are the principal means of attack (Figure 2la). The upper strip of
fabric should overlap the lower strip (like roofing shingles are commonly

placed) and the upstream strip should overlap the downstream strip. To
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avoid having long sections of continuous overlap, the overlaps at the
ends of the strips should be staggered at least 5 ft as shown in Fig-~
ure 2la. The revetment and fabric should extend below mean low water to
minimize erosion at the toe (Figure 22).

49, When the revetment materials and fabric are subject to wave
attack, the customary construction practice is to place the fabric strips
vertically down the slope of the bank (Figure 21b). The upper vertical
strip should overlap the lower strip. The fabric usually needs to be
keyed at the toe to prevent uplift or undermining (Figure 23). It is
important that the key trench be below mean low water to prevent erosion
of material adjacent to the trench and the subsequent loss of the trench.
When it is not possible to maintain vertical trench walls, the fabric
may have to be keyed as shown in Figure 2L. Here the trench is excavated
and the walls are allowed to assume a stable slope. The key at the top
(shown in Figure 23) is usually not necessary unless wave action is
expected to reach that elevation or if overbank drainage is anticipated.
A key trench at top bank should also be used for streambank protection
works subject to current attack where there is an overbank drainage

problem.

Placement of Revetment on Fabric

50. If filter fabric is considered adequate for a selected project,

the placement of revetment materials on filter fabric must be conducted

in such a manner that the fabric is not torn or punctured. The most
common material placed on fabric for streambank protection applications
is stone riprap. Heavy and angular stone dropped from heights even less
than 1 ft can damage the filter fabric. Displacement and settling of
stone after placement could also result in ultimate failure. Various
precautions have been taken in previous applications to prevent damage
of the fabric, such as a cushioning layer of gravel, etc., between the
filter fabric and the riprap (Figure 25). However, care should be taken
to ensure that any cushioning layer does not form a low permeability

layer between the stone and fabric (see paragraph 12 for desirable
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gradation). Some problems related to the extra care required for revet-

ment placement can be avoided by using a granular filter instead of

filter fabric.

Measurement and Payment

51. Current CE guidelines (OCE 1977) specify that measurement for

"in-place" basis. No allowance

payment of filter fabric is made on an
is made for fabric material in the laps and seams. Payment is therefore
made at a contract unit price which includes furnishing all plant, labor,

material, and equipment and performing all operations in connection with

placing of the fabric. No count or payment is made for the securing pins,

which are included in the contract unit price. No additional payment
will be made for the material in and placement of a cushion layer used
to permit increased stone drop height. All costs incidental to this
phase of the construction effort must be included in the contract unit

price.
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PART V: CASE HISTORIES

52. Present CE guidelines (OCE 1977) and published literature
deal principally with the placement of riprap on filter fabric. To
demonstrate this use and other varied uses, the following case histories
were prepared.

a. Ohio River at Wheeling, W. Va. (riprap placed on filter
fabric).

b. Mississippi River at Island 40 near Memphis, Tenn.
(articulated concrete mattress bonded to filter fabric).

c. Little Rockfish Creek at Hope Mills, N. C. (gabions
placed on filter fabric).

d. Red River at Morameal Revetment near Shreveport, La.
(precast cellular blocks placed on filter fabric).

e. Tangipahoa River near Independence, La. {precast cellular
blocks bonded to carrier fabric).

The location of each of the five sites is shown in Figure 26. A brief
narrative consisting of known construction history, documented successes
or failures of the revetment, and reasons for this performance is pre-

sented below for each site.

Ohio River at Wheeling, W. Va. (Riprap on Filter Fabric)#®

53. In 1974 the U. S. Army Engineer District, Pittsburgh (ORP),
completed construction of Hannibal Locks and Dam on the Ohio River at
mile 126.L.** As a result of this action, the pool that includes the
Wheeling, W. Va., reach was raised from an elevation of 617.8 ftt (eleva-
tion of the old Dam 13 pool) to its present normal pool elevation of 623
ft which extends upstream to Pike Island Locks and Dam {mile 84.2). The

623-ft elevation of the new Hannibal pool required raising the elevation

* Unpublished file information provided by the U. S. Army Engineer
District, Pittsburgh, CE.

#% Ohio River mileage begins with mile 0 at the confluence of the
Allegheny and Monongahela Rivers. This system of mileage terminates
at mile 981.5 at Cairo Point, Ill., the confluence of the Ohio and
Mississippi Rivers (Pittsburgh District 1975).

+ All elevations noted in this report are referenced to mean sea level.
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of several riverfront structures and their associated protecticn works

to a level that would accommodate anticipated flows. Among the struc-
tures affected was the Wharf Parking Garage (mile 90.6) (Figure 27),
which is operated by the City of Wheeling and located on the left bank
of the main channel of the Ohio River directly across from the center
of Wheeling Island (Figure 28), and approximately 0.4 mile downstream
from the historic Wheeling Suspension Bridge.

54, Unpublished discharge data available for the U. S. Weather
Bureau gaging station at the Wheeling Parking Wharf are representative
of the Wheeling reach. Discharge ranges for the project life (1971 to
present) are 348,000 to 6,300 cfs. Discharges of 235,000 cfs or more
are considered flood flows. The maximum discharge measured at the
Wheeling gage occurred on 23 June 1972. Since October 1971 other flood
flows have been measured on 18 and 25 February 1966; throughout the

period of record there have been many other days on which the flows

have approached flood stage. Stream velocities range from 0.1 to 5.9 fps.

This reach is subjected to waves from passing tows. No suspended-
sediment load or bed-material gradation samples have been taken in this
reach. The bed gradient is 0.80 ft/mile with the channel bed material
consisting of sand and gravel. The bank slopes are 1V on 2H in the
vicinity of the parking facility, and the bank soils are clay, sandy
clay, and silt. The depth to bedrock ranges from 15 to 25 ft (U. S.
Geol Survey 1956).

55. The original bank protection at the Wheeling site consisted
of 624 1in ft of a concrete slurry blanket, approximately 12 in. thick,
constructed to an elevation varying between 625.5 and 626.5 ft. The
date of placement of this slurry is not known. With the anticipated rise
of the Hannibal Pool, ORP decided to raise the elevation of the lower
level of the parking garage to 631 ft and to extend the slope protection
to the 631-ft elevation.

56. In mid-1971, ORP advertised for bids to raise and resurface
the lower parking level with bituminous pavement, to remove and replace
the existing steel guard rail, and to place 624 lin ft of riprap bank

potection in a 12-in. layer over filter fabric and granular f£ill
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extending from the elevation of the existing concrete slurry revetment
(625.5-626.5 ft) to an elevation of 631 ft. Figure 29 shows a typical
section of this revetment taken from plans prepared by ORP. On 27 July
1971 the contract was awarded to the James White Construction Company of
i Weirton, W. Va. Work on the project began on 9 August 1971 and was

ﬁ completed by 20 October 1971. The total cost was $107,348.51 wnich in-
1 cluded $12,342.00 for 374 yd> of riprap and $3,910.00 for 1,150 yd- of
3 Filter-X fabric manufactured by Carthage Mills of Cincinnati, Ohio.

57. Partial failure of the revetment occurred in March 1972
(Figure 30). As a result of this failure, an inspection was conducted
by ORP personnel on 29 March 1972 after the water had receded to L ft
below the top of the original concrete slurry revetment. The investiga-
tion revealed that in many locations the 1971 protection had been placed
on top of the original concrete slurry revetment with no toe support to
prevent the stone from sliding downslope (Figure 31). The original con-
tract drawings (Figure 29) clearly indicate that the new riprap should
have been keyed through the surface of the existing protection as toe
support. In a number of sections the riprap had slid into the river,
thus exposing and often tearing the filter fabric.

58. Repair of the damaged revetment was requested on 19 June 1973
by the Engineering Division of ORP and was completed by personnel of the
Operations and Maintenance Branch on 13 September 1973. Figure 32 shows
f: a profile view of a typical secton of the repairs to the slope protec-
tion. The total cost of the 1973 repairs was $33,700 which included
removal of the 1971 revetment and part of the lower bituminous pavement,
purchase of filter fabric (Eg;erilter X, manufactured by Carthage Mills
of Cincinnati, Ohio) and limestone riprap, entrenchment of toe stone
through the origincel concrete slurry revetment, placement of the riprap,
repaving some of the eroded bituminous pavement, and replacement of some
of the bituminous pavement on the lowermost parking level with a slurry-
grouted riprap. Where possible the existing filter fabric (Filter-X) was
left in place; but where the fabric was damaged or missing, new fabric
(Poly-Filter X) was used. The U. S. Army Engineer Division, Ohio River

' (ORD) selected this revetment as an existing site for monitoring as a
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part of the Section 32 Program (paragraph 2).

59. In general, the fabric and stone have performed well since the
1973 repairs. The WES Section 32 Program evaluation team accompanied by
ORP and ORD personnel inspected the site on 22 June 1978 and found that
some of the fabric placed in 1973 had been exposed due to removal of
rock but that no tears in the fabric were visible (Figure 33). The WES
team also found that the bituminous pavement adjacent to the guard rail
had failed in a few places (Figure 34) and that some of the 1973 stone
protection had slid over the original concrete slurry and into the river
(Figure 35). ORP personnel inspected the condition of the revetment on
29 Mar 1979 after subsidence of the March 1979 high water. They found
there was further damage to the revetment as evidenced by Figure 36. At
the time of this inspection, the fabric had been pulled away from the

bank and more riprap had slid into the river.

Mississippi River at Island 40 near Memphis, Tenn. (Articulated
Concrete Mattress Bonded to Filter Fabric)

60. The development of articulated concrete mattresses (ACM) began
in 191k chiefly as a result of the threatened exhaustion of convenient
willow growths from which timber and brush mattresses could be con-
structed. The basic un®t of the ACM is a slab of concrete 46-1/k in.
long by 14 in. wide by 3 in. thick. These slabs are cast on and tied
together by corrosion-resistant wire to form rectangular units 4 ft wide
by 25 ft long when allowance 1s made for the l-in. space between the
slabs and for the space between adjacent rectangles. These units are
commonly called "squares" (100 ft2). Because a mattress is made up of
squares connected by articulated joints, it possesses a measure of
flexibility in all directions. Thus a mattress has the capability of
adjusting itself to irregularities in the bank and to scour pockets that
may develop. The principal disadvantage of the concrete mattress is the
possibility of bank material eroding and escaping through the interstices
of the articulated joints. To mitigate this problem a gravel filter is
often placed beneath the mattress.

61. Studies conducted by the U. S. Army Engineer District, Memphis
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(LMM), in 1965 (Fairley et al. 1970) indicated that filter fabric was
superior to gravel as a filter for the ACM revetment placed at Island 63
Bar in the Mississippi River {mile 639.5 AHP¥*). The revetment design in-
cluded ACM extending from the thalweg, or toe of the slope, to an eleva-
tion of about +5 ALWP (5 ft above the elevation of average low-water
plane)}. Ten-in.-thick riprap paving was placed from the inshore edge

of the mattress to the top of the bank. The filter fabric was installed
manually at Island 63 Bar site, but LMM found it difficult to extend the
fabric to the desired water depth, especially with river stages rising
during construction. LMM then attempted to determine the feasibility

of using filter fabric bonded to ACM during casting operations by con-
structing an experimental subaqueous revetment on the right bank of the
Mississippi River at Island 40 (mile T47.0 AHP), approximately 12 miles
upstream from Memphis, Tenn. (Littlejohn 1977) (Figure 37).

62. The closest gaging station to Island 40 site is the CE
station located at the Harahan Railroad bridge in Memphis (mile T73L.8
AHP). Discharges measured during the period of record (1933 to present)
are: maximum 1,980,000 cfs; mean 462,100 cfs; and minimum 19,200 cfs.
In 1973, the U. S. Geological Survey (USGS) began collecting sediment
samples from the Harahan Railroad bridge as part of the National Stream
Quality Accounting Network. The number of samples taken in a given year
has ranged from 3 to 12. Based on this limited sampling, the estimated
daily suspended-sediment loads for the period of record (February 1973
to the present) are: maxiuwn 1,119,000 tons/day; mean 248,000 tons/day;
and minimum 28,000 tons/day. The estimated mean daily dissolved solids
load occurring during 1973-1974 was 460,000 tons/day. The channel gradi-
ent through this reach is approximately 0.5 ft/mile; the bed is con-
sidered to be unstable. The bed and banks are composed of sandy soils
(Keown et al. 1977).

63. On 22 August 1968, a CE sinking unit placed 4il squares of
ACM revetment at Island 40 with fabric that was bonded to the squares

during the casting operation. The fabric selected for this revetment

*  pAbove Head of Passes, Mississippi River mile 0.0 (MRC 1976).
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was Poly-Filter X, manufactured by Carthage Mills of Cincinnati, Ohio.
The fabric was ordered in 50-in. widths so that is would extend 1-7/8 in.
beyond the edge of the concrete mattress on each side. The width of a
mattress square is 46-~1/4 in. and the longitudinal space between adjacent
in-place squares 1-3/4 in. Since the fabric on each of the two squares
would extend over the space, one overlapping the other, this space was
covered by two layers of filter fabric, thus providing an extra margin
of safety to ensure that the fabric would extend over the full area of
the mattress.

64. The placement of ACM with attached filter fabric at Island 40
required development of a method to fasten the fabric to the squares.
After considering several possibilities, LMM decided to incorporate a
raised seam in the fabric to form a protrusion that would be imbedded
in the concrete during the casting operation. The idea was simple; how-
ever, the seam was devised within two basic constraints: (a) to protrude
far enough to become firmly imbedded in the concrete; (b) to be either
sufficiently small or compressible to prevent raising the steel forms
excessively. Samples of fabric with two types of raised seams, located
6 in. from the longitudinal edges of the fabric strip, were supplied by
the manufacturer. One type of seam consisted of a 1/8-in. hollow poly-
ethylene cord that was sewn into a fold of the fabric. The other con-
sisted of a double fold in the fabric sewn in place., Small-scale
laboratory tests were conducted by casting individual concrete blocks to
determine the bonding qualities of each seam (Figure 38). These tests
indicated that the seam with the cord sewn in furnished a more satisfac-~
tory fastening capability than the seam with the double fold. Since the
laboratory tests were of such limited scale, LMM decided to cast LOT
squares using the cord seam and 37 squares using the double~fold seam to
test both types under actual field conditions.

65. The experimental squares were cast at Richardson Landing
Casting Field, Tenn., from 6-21 May 1968. The operation was conducted in
conjunction with the casting contract, which was modified to incorporate
the casting of LUl squares with the filter fabric bonded to the bottom

side.
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66. There are six steps to be completed during a normal casting
operation (i.e. when no filter fabric is used), as follows:

a. Kraft paper is placed on the ground and on successive
layers as the squares are cast.

Wire-mesh fabric is placed in the casting forms.

|o

c. The forms are set in position on the kraft paper and the
mesh positioned in the forms.

[ =2

Concrete is poured into the forms.

The concrete is finished.

The forms are removed after the initial set of the
concrete, completing the fabrication.

|- |o

The squares are cast in stacks 12 units high with the ends of the stacks
normally spaced 10 in. apart. The casting of the experimental squares
required a slight alteration of the normal procedure to include two
additional steps. After the kraft paper was positioned, the filter
fabric was placed on top of the paper with the seams on the top side
(Figure 39). The fabric was supplied in rolls 470 and 495 ft long, and
placed in continuous runs to cover 18 and 19 stacks, respectively, for
a complete row of 37 stacks. This required that the fabric between the
ends of the stacks be cut after the concrete had set (Figure 40). The
mattress stacks were spaced 5 in. apart at the ends rather than the
usual 10 in. to minimize waste of the filter fabric. The fabric was

cut nearly flush with the ends of the concrete slabs to prevent the
excess fabric from interfering with tying the three wires at the ends of
the slabs during assembly of the mattress. Since the maximum space
between the ends of the slabs after assembly is only 1/2 in., this did
not materially affect the filter coverage.

67. The Island 40 site had a sandy bank that was highly susceptible
to leaching. The revetment design extended from a depth of 35 ft below
the ALWP (the toe of the slope), to sbout 5 ft above the ALWP, for an
inshore to outshore width of about 275 ft. A gravel blanket was ex-
tended from +15 ALWP, or approximately midbank, down the slope to a point
10 ft vertically below the water surface. The test squares were placed
in two mattresses as part of the 2320-ft upstream extension of the

revetment (Figure L1). One full mattress, 135 ft by 275 ft, was

33




assembled from 385 of the test squares. The remaining 59 squares were
placed in the first two launches, or the inshore 50 ft, of the next
mattress upstream. The sinking operation proceeded without difficulty
after the crane operators became accustomed to handling the experimental
mattress. After this operation was completed, riprap stone paving was
placed from the inshore edge of the mattress to the top of the bank.

68. The assembly of the test squares into a mattress was done in
the same manner as with standard mattress sguares. Most of the wire
tying was done manually (the standard method for tying prior to 1970)
and proceeded at a normal rate. One automatic tying tool (Figure 42) was
being tested in a separate experiment to determine its feasibility for
use in lieu of manual tying. This device was used successfully in tying
some of the test squares, with no malfunctions or delays due to inter-
ference of the underlying filter fabric extending beyond the sides of
the squares. LMM closely observed each launch as it moved down the mat
deck and into the water to determine whether the filter fabric remained
bonded to the bottom of the mattress squares (Figure 43). The fabric on
seven squares was pulled loose from the concrete mattress, and a few
more squares had portions of the fabric pulled loose to the extent that
the subaqueous filter coverage was questionable.

69. LMM had some concern that sinking the experimental mattress
might present a problem because of the substantial reduction in perme-
ability of the mattress due to the attached filter fabric. There have
been instances where a standard mattress has been overturned during the
sinking operations by the tremendous forces of the current; however, LMM
experienced no difficulty, and the experimental mattress sank as smoothly
as standard mattress. Surface velocities of the current measured at the
inshore and outshore ends of the mattress were 3.9 and 4.7 fps, respec-
tively, generally representing normal flow conditions.

70. This means of placing ACM with filter fabric on an underwater
subgrade only involved a simple alteration of the existing casting
method. Thus, the only additional cost was the amount required for the
purchase and installation of the fabric during the casting operation.

No additional costs were incurred for sinking because there was no
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difference in the handling, assembling, and launching of the experimental
mattress as compared with a standard mattress. The in-place cost (1968)
of the mattress with the fabric attached amounted to $13.79/square with
the additional cost for casting the square with the filter fabric
attached being about $0.10/square.

T1l. The great majority of the test squares were cast and placed
in a satisfactory condition, with no unusual problems being encountered.
Casting the squares with the filter fabric attached to the bottom side
and sinking them as an integral part of a mattress is a means by which
revetments can be constructed to provide a greater degree of protection
against erosive forces. This method also allows placement of fabric to

at least a depth of 35 ft; placement to greater depths may be possible

but this can be determined only by further tests.

T2. As a result of the LMM study, the placement of filter fabric
over the entire mattress area can be considered practical from a con-
struction standpoint and can be considered economically feasible. At
locations where problems with bank failures are anticipated because uf
severe current attack, highly erodible soils, or other adverse conditions,
the extra degree of protection provided by the filter fabric may be
warranted. LMM indicates that the reduction in maintenance costs would
in many cases be substantial enough to more than offset the additional

cost of the filter fabric depending on individual site conditions.

Little Rockfish Creek at Hope Mills, N. C.
{Gabions on Filter Fabric)

73. Little Rockfish Creek rises 18.2 miles northwest of Hope
Mills, N. C., and flows in a southwesterly direction through Hope Mills
to its confluence with Rockfish Creek, approximately 1 mile southeast of
the municipality limits. The stream drains an area of 95.6 square
miles, which includes a portion of the Fort Bragg Military Reservation.
The only major hydraulic control on the creek is a dam constructed by
Dixie Yarn Mills Textile Co., immediately upstream from Hope Mills
(Figure L4). This structure impounds a multiple-purpose reservoir with

a design storage capacity of 110 acre-ft. The reservoir provides the
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textile company with water for fire protection and for operaticn of an

emergency generator; in addition, it affords recreation to the local
populace.

7h. Flows have not been measured on a regular basis in Little
Rockfish Creek. The USGS recorded discharges from May-September 1978
and reported to the U. S. Army Engineer District, Wilmington (SAW) that
they ranged from 83 to 1179 cfs. The upstream dam (Figure k%) exerts
some influence over streamflows. Additional measurements made by the
USGS included flow velocity distributions (S and 18 Apr 1978), which
ranged from -0.75 to 3.68 fps (negative sign indicates upstream flow).
No information is available on sediment loads. The bed graiient through
this reach is 21 ft/mile; the bank slopes are 1V on 1.5H. Thne upper
soil layer of the bank material (10 to 12 ft) is medium sari (3¥-3M); ani
the next 30 ft, stiff sandy clay (CH).

75. Prior to 1972, serious streambank erosion had been experienced
on the cut bank in the bend below the dam (Figure Ll). Local officials
felt that continued erosion would eventually cause not only a washout of
East Patterson Street but also the loss of town-owned utilities, a 6-in.
sewerline, and a 2-in. waterline located beneath the street. Heavy
rains during 1972-1973 caused abnormally high stages and correspondingly
high velocities in Little Rockfish Creek which resulted in the loss of
protective vegetative cover (Figures 46 and L4L7). The town of Hope Mills
attempted to retard the failure of the streambank by dumping broken
concrete rubble. on the slope (Figure 48), but this did not prove to be a
successful method to minimize the erosion.

76. In response to & request from the Mayor of Hope Mills (dated
9 June 1972), SAW prepared a report (Wilmington District 1974) present-
ing the results of an investigation of the erosion occurring downstream
from the”"dam. The report contained recommendations for protection of
the eroding streambank and showed that an installation of gabions on
filter fabric would be more economical than either a 30-in. layer of
riprap placed on filter fabric or the excavation of a new channel. 1In
addition, the SAW study indicated that without protection a 225-ft sec-

tion of East Patterson Street would be washed out & minimum of three
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times during a 50-yr evaluation period, but that with protection, a
benefit-cost ratio of 1.1 to 1 would be realized.

77. Under the authority of Section 14 of the 1946 Flood Control
Act SAW constructed a revetment on Little Rockfish Creek (Figure 49)
consisting of gabions (manufactured by Maccaferri Gabions, Inec., of
Williamsport, Md.) placed on filter fabric (Poly-Filter X, manufactured
by Carthage Mills of Cincinnati, Ohio) with fescue and rye grass planted
on the bank slopes landward of the gabions. The bank paving consisted
of two 1-ft by 3-ft by 12-ft gabion sections placed perpendicular to the
streamflow, and a 3-ft by 3-ft by 12-ft gabion section placed parallel
to the flow with a 1-ft by 6-ft by 12-ft gabion support apron at the toe
of the slope (Figures 50 and 51). The contractor filled the gabions
with 3- to 6-in.-diam stones. The total length of the completed gabion
revetment is approximately 300 ft with the gabions and filter fabric ex-
tending 15 ft above the streambed elevation. The material used for fill
was silty sand (SM). The installation was completed in May 1976 at a
cost of $105,000. The Little Rockfish Creek bank protection works was

selected as an existing site in the U. S. Army Engineer Division, South
Atlantic, to be monitored under the auspices of the Section 32 Program
(paragraph 2).

78. SAW indicates that there was no formal preconstruction sub-
surface investigation. During construction, the contractor encountered
a perched water table resulting in saturation of the construction fill
material. In January 1977, aoproximately 20 lin ft of the revetment
slipped 6 to 8 ft vertically. The suspected cause of this failure was
groundwater seepage and possibly improper compaction of the fill material
beneath the filter fabric, rather than high streamflows or clogging of
the filter fabric.* Had a subsurface investigation been conducted prior
to construction of the revetment, the perched water table condition
would have been discovered, and measures to divert the groundwater away

from the streambank could have been incorporated into the project design.¥

¥ Unpublished file information provided by the U. S. Army Engineer
District, Wilmington, CE.
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Repairs to the damaged portion of the revetment were made in November
1977 (Figures 52 and 53). On 8 May 1978, SAW perscnnel inspected the
repaired section and found no evidence of additional failure. BSAW feels
that the revetment has performed well; however, the site should continue
to be monitored. The monitoring program being conducted by SAW under
the Section 32 Program includes taking photographs of the revetment on a
quarterly basis and the collection of continuous stage-discharge data
using a temporary gage placed by the USGS at this site. Monitoring of

the revetment is anticipated to continue through 1983.

Red River at Morameal Revetment near Shreveport, La. (Precast
Cellular Blocks Hand-Placed on Filter Fabric)

79. The Morameal Revetment was placed as part of the Red River
Waterway Project (New Orleans District 1977) authorized by the River and
Harbor Act of 18 August 1968 in accordance wath House Document 304, 90th
Congress, 2nd Session. The project provides in part for a 9-ft stabi-
lized navigation channel extendirg from the Mississippi River through
0l1d River and Red River to the viciuity of Shreveport and then through
Twelvemile and Cypress Bayous to a turning basin in the Lake O' The
Pines (Ferrells Bridge Reservoir) near Daingerfield, Texas (New Orleans
District 1972). Eight locks and dams will provide the required depths
for navigation. The project also makes provisions for the extensive use
of channel stabilization structures of which the Morameal Revetment is
a part,

80. The Morameal Revetment is located on the left bank of the Red
River 20 miles downstream from Shreveport in Bossier Parish, La. (Fig-
ure 54). The bank protection works were constructed by the U. S. Army
Engineer District, New Orleans (LMN), as an experimental revetment using
the conventional trenchfill design section; however, other materials
were used for bank pavement in addition to standard stone. The revetment
was placed in seven test sections, each having a 1V-on-3H upper bank
slope with the bank being paved from the toe of the upper bank slope to
the 1L40-ft elevation contour (New Orleans District 1974). The downstream

end of the revetment begins at mile 256.6, left bank, and extends
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upstream 7100 ft., Several different types of bank protection were used
at the Morameal site, including riprap, rock and wire mattresses, sand-
filled acrylic bags (also called acrilan sand pillows), soil-cement
blocks, and precast cellular blocks. This case history will concentrate
on the 1500-ft Section C, precast cellular blocks placed on the filter
fabric from mile 257.19 to mile 257.48, A detailed discussion of the
various other types of bank protection used at the Morameal Revetment is
provided by Keown and Dardeau (1979).

81. No discharge or sediment data are available at the Morameal
site; however, discharge and suspended-sediment data are available for
the gaging station at Shreveport (miles 277.6 and 277.8, respectively).
The discharge passing Shreveport is somewhat regulated by Denison Dam
(closed 1943), Texarkana Dam (closed 1956), and Millwood Dam {closed 16
August 1966). The discharges of record (from 1928) prior to 16 August
1966 are: maximum 303,000 cfs, and minimum 690 cfs. (No mean discharge
value is available for the period prior to 16 August 1966.) After 16
August 1966, the discharges of record (to the present) are: maximum
165,000 cfs; mean 26,100 cfs; and minimum 1,600 cfs. Suspended sediment
samples have been taken by LMN at mile 277.8 since 1966; however, the
data have not been published (Keown et al. 1977). The bank material in
the vicinity of the Morameal Revetment is a lean clay with a trace of
sand; the bed material consists of medium and fine sands. The existing
gradient through this reach is 1.1 ft/mile; in addition, the most recent
hydrographic survey (New Orelans District 1970) indicates that the
thalweg varies from an elevation of 98 to 110 ft.

82. In the 1500 ft of the Morameal Revetment designated as Sec-
tion C, precast cellular blocks (Gobi Blocks, manufactured by ERCO
Systems, Inc., of New Orleans, Louisiana) were placed (Figure 55) on
Poly-Filter X filter fabric (manufactured by Carthage Mills of Cincin-
nati, Ohio) to an elevation of 140 ft (May-August 1975). Figure 56
shows the block dimensions, and Figure 57 is a typical cross-sectional
drawing of block implacement. The Gobi Blocks were hand-placed on the
filter fabric and butted together for continuous coverage. During the

installation, heavy rains and rising river stages hampered work. In
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some portions of this section, overbank drainage and/or groundwater,
flowed between the filter fabric and bank resulting in a buildup of mate-
rial between the fabric and bank perhaps due to inadequate subsurface
drainage, clogging of the fabric, or subsidence of surrounding blocks.
This action caused bulging of the overlying fabric and blocks, and
necessitated replacement of fabric and repositioning of the blocks in
several areas. The upper edge of the filter fabric was buried to mini-
mize the piping of material under the fabric due to overbank flow. A
total of LLL.LU squares of the precast cellular blocks were placed on the
filter fabric at a cost {19T4) of $111,000. This figure excludes the
cost of site preparation and the cost of riprap used in the toe trench.

83. The Morameal Revetment was selected by the U. S. Army Engineer
Division, Lower Mississippi Valley, for monitoring as an existing site
under the auspices of the Section 32 Program (paragraph 2). On 9 May
1978 the WES Section 32 Program evaluation team accompanied by LMN
personnel inspected the condition of the Morameal Revetment. The filter
fabric was not visible through most of this section because of deposi-
tion and the growth of vegetation. Figure 58 shows the general appear-
ance of the revetment section. At the few locations where the filter
fabric was visible, it seemed to be in good condition (Figure 59). Over-
bank drainage has removed some of the protective soil covering the fabric
at the landward edge of the section (Figure 60); piping beneath the

fabric was also noted at several locations (Figure 61).

Tangipahoa River near Independence, La. (Precast Cellular
Blocks Bonded to Carrier Fabric)

8k, In 1953, the Southern Natural Gas Company (S.N.G. Co.) in-
stalled a 20-in. pipeline (Duck Lake - Franklinton Main Line) to trans-
port natural gas from its reserves in St. Mary Parish, La., to market
areas in the southeastern United States.* By the late 1960's, it became

apparent that a greater pipeline capacity was needed to handle the

* Unpublished file information provided by Southern Natural Gas Co.,
Birmingham, Ala.
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additional gas reserves that had become available since 1953. In 1969,

a 30-in. loop pipeline was laid parallel to the existing 20-in. line.
Both of these pipelines cross the Tangipahoa River near Independence

in Tangipahoa Parish, La., at mile 38.9 (about 50 miles northwest of New
Orleans; Figure 62).

85. The nearest gaging station to the pipeline crossings is
operated by the USGS at Robert, La. (mile 22.5). Discharges measured
during the period of record (1938 to present) are: maximum 50,500 cfs;
mean 1,100 cfs; and minimum 245 c¢fs. No data are available on suspended-
sediment loads or bed and bank material through this reach; however,
sand has been noted in the channel and the banks appear to be mostly
fines. The bed gradient for the reach that includes the pipeline
crossings is approximately 2.9 ft/mile.

86. A serious bank erosion problem did not exist through this
reach when the first pipeline was placed across the Tangipahoa River;
however, in the early 1960's, before construction of the 30-in. pipeline,

' erosion began to work downstream along the left (east) bank toward the
pipeline crossing. By the early 1970's, the eroded bank was only
1200-1500 ft upstream. This bank erosion was later aggravated by flood-
ing in December 1971 and May 1972, which exposed the 20~in. line with
considerable loss of bank material,*

87. These two pipelines are of prime importance to S.N.G. Co.
because they collectively transport natural gas to an area that repre-
sents 35 percent of their distribution system. In 1973, S.N.G. Co.
attempted to check the bank erosion by placing a permeable jetty system,
consisting of 36 Henson Permeable Spur Jetties (manufactured and in-
stalled by Hold-That-River Engineering Co. of Houston, Tex.) positioned
along the left bank transverse to the flow and extending upstream ard
down stream from the pipeline crossings (Figure 63). The system, which

was featured in the 0il and Gas Journal (O'Donnell 1973), performed

* Personal communication from T. H. Knott, Division Superintendent,
Southern Division, Southern Natural Gas Company, Chalmette, La.,
dated 31 Jan 1979, to E. A. Dardeau, Jr., WES.
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adequately even to the point of accumulating debris and inducing sediment

deposition until additional flooding caused flanking on the landward
side of the Jetties. As a stop-gap erosion-control measure, S.N.G. Co.
placed cement-sack revetment on the eroded bank in September 19Th4; how-
ever, the erosion continued and began working behind the upper edge of
the bags (Figure 64).

88, S.N.G. Co. sought an economical yet effective means of protect-
ing the eroding bank. Site conditions and the frequency of storm events
in the Tangipahoa River Basin necessitated that the method used be one
that could be implemented with relative ease and in a reasonable length
of time. The method preferred by S.N.G. Co. and the one to which
approval was granted by the various local, State, and Federal authorities
involved the placement of 284 L-ft by 16-ft mats, and 32 L-ft by 18-rt
mats which consisted of precast cellular blocks bonded to filter fabric.
These mats, called .Gobimats (manufactured by ERCO Systems, Inc., of liew
Orleans, lLa., and marketed by Erosion Control Systems, Inc., of Metairie,
La.) were made by bonding Gobi Blocks (Figure 56) to Hicolon 66511 fabric
(manufactured by Nicolon Corp. of Baton Rouge, La.).¥

89. Frior to construction, the bank was graded to a 1lV-on-2H
slope. Redistribution of approximately 1,300 yd3 of bank material was
necessary in order tc achieve this grade. Each mat was constructed zo
that it had an additional 1 ft of fabric extending beyond the two shorter
sides and cne of the longer sides, so that the actual size of the fabric
sheets used to make the 16-ft long Gobimats was 5 ft by 18 ft, and that
used to make the 18-ft long Gobimats was 5 ft by 20 ft. This extra mate-
rial allowed the Gobimats to be lifted by the fabric during placement
with a mobile crane (Figures 8 and 65) and provided for continuous filter
coverage between the individual mats.

90. Three vertical rows of Gobimats were placed along the left
bank of the Tangipahoa River extending from approximately 150 ft to
600 ft upstream from the pipeline crossings. A total of 20,480 ft2 of

* Unpublished file information provided by Erosion Control Systems,

Inc., Metairie, La., and by ERCO Systems, Inc., New Orleans, La.
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the mats was used. Beneath the row of mats nearest the edge of the
water, S.N.G. Co. placed an additional layer of Polyfelt TS-300 filter
fabric (manufactured by Chemie-Linz of Linz, Austria, and distributed by
Bradley Materials of Valparaiso, Fla.). This material was used to pro-~
vide the added filtration necessary for the fines present on the lower
bank.* Installation of the revetment was completed in April 1978 at a
cost of $55,000, including material, freight, and supervision by Erosion
Control Systems, Inc. Figure 65 shows the construction operation, and
Figure 66 shows the completed installation as it sppeared in early May
1978.

91. The upstream edge of the Gobimat revetment was placed in a
trench, and Chance Screw Anchors (manufactured by Allen Street of
Centralia, Mo.) were installed in the trench through the leading edge of
the Gobimat at 4-ft intervals. The anchors were then connected with a

' and the rods were welded

continuous steel rod through each anchor "eye,'
to the anchors, thereby providing a continuous tie-down of the edge,
The trench was then backfilled. The landward and riverward edges of the
Gobimat installation were keyed with trenches and covered with soil fill.
The disturbed area landward of the top bank was fertilized and seeded
with native grasses that soon became established.

92. In May 1978 approximately three weeks after the installation
was completed, a storm event tested the effectiveness of the revetment.
A later inspection indicated that no failures had occurred and the filter
fabric overlap remained continuous between the mats. S.N.G. Co. indi-

cates that it has been pleased with the performance of the revetment

thus far.

* Gobimats are now manufactured using the finer-weave filter fabriec,
Nicolon TO, so that the extra layer of filter is no longer necessary
for similar soil conditions.
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PART VI: CONCLUSIONS AND RECOMMENDATIONS

Conclusions

93. Properly selected and placed filter fabric may be considered
as a substitute for part or all of a granular filter under revetment
for situations where granular filter bedding materials are not available
or cost-effective due to transportation, quality centrel, or manpower
censtraints. The most common use for filter fabric in streambank
protecticn has been for placement beneath stcone riprap; however, some
use has been realized as a substitute for a granular filter belcw
articulated ccncrete mattresses, gabions, and precast cellular blocks.
The fabric has alsc been used as a carrier fabric for precast cellular

blecks (attached tc the fabric with adhesive material) and as a suppert

for a dike or jetty. Minor usage of filter fabric has been reported
as container material for sack revetment.

9Lk. Laboratory testing indicates that preoperly selected filter
fabrics can perform at least as well as conventicnal granular filters
fer a number of applications. Additicnal studies have shown that weven
fabrics are considerably stronger in uniaxial tension than ncenwoven
fabrics (Haliburton et al. 1978). Cost studies have indicated that
filter fabric is competitive with granular filters on a short-term
basis (Fairley et al. 1970).

95. The use and placement of filter fabric as discussed herein
indicate that more care and precautions are required than with graded
granular filters. In comparison with graded granular filters, fabric
material is relatively new (less than 25 years of experience). Caution
is advised on the use of filter fabrics in lieu of graded granular
filters beneath revetments subject to turbulent flow. Additional revet-
ment thickness may be required to keep the fabric in a low turbulence
envircnment free of adverse and fluctuating pressures. Filter fabrics

should not be used in lieu of granular filters on soils having more

than 85 percent of material by weight passing the No. 200 sieve or in

high energy environments.
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Recommendations

96. More research and prototype comparisons of filter fabric
versus granular filters would benefit the designers of embankment pro-
tection subject to turbulence, waves, and rapid drawdown.

9T7. The recommendations and general guidance given in the CE
specifications (OCE CW 02215 1977) should be followed in the selection
and placement of a specific filter fabric for a given project
application.

98. CE civil works construction guide specifications ccncerning
the use of filter fabric as a substitute for granular filters should
be expanded to cover its use with revetment materials other than riprap
and to include long-life fabriecs cther than those manufactured from
plastic yarns; in addition, guidelines are needed tc specifically

evaluate nonwoven fabrics.
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Table 1

History of karly Utilization of Filter Fabric

for Coastal and Streambank Applications

1956

1958

1962

1963

1964

1969

1970

Dutch engineers field-tested experimental woven synthetic

filter fabric as part of the North Sea Proteccion Project.

This activity led to the formation of the Nicolon Company Erosion
Control Operations.*

Filter fabric was first used in the United States under inter-
locking block revetment in Florida. As a result of this project,
Carthage Mills of Cincinnati, Ohio, began to market woven syn-
thetic filter fabric (Dallaire 1977). It was during this time
period that synthetic filter fabric became widely known as plas-
tic filter cloth, probably because of the petrochemical base and
weaving process used for fabrication; however, all filter fab-
rics are not petrochemical in origin, and all fabrics are not
cloth (i.e. woven). During this same year, synthetic fabric was
first used in EBurope as a filter at the Onrustplaat Dam, Hollandg.

Filter fabric was first used by the CE in the U. S. Army Engineer
District, Memphis, as part of a riprap revetment repair project
near the Madison-Marianna Bridge (Calhoun 1969). Filter fabric
was also used later the same year in the U. S. Army Engineer
Districts, Kansas City and St. Paul.

Filter fabric was first used in Canada at the Metropolitan
Toronto Parks Dept. dock on Centre Island (Klassen 1976).
Filter fabric was first used under gabions at Chippewa National
Forest, Minn.

Filter fabric was first used by the U. S. Army Engineer District,
Vicksburg, Wasp Lake to Marksville (outfall).

Filter fabric was first used by the U. S. Army Engineer District,

New Orleans, at Holly Beach, La. (Calhoun 1969). Filter fabric was

also used the same year by the U. S. Army Engineer District,
Tulsa, under riprap slopes and as bottom protection on the Kaw
Dam project near Ponca City, Okla.

Nonwoven filter fabric was first used as part of the Valcros Dam
project in France (Giroud et al. 1977).

* B. Snaphaan, Nicolon B-V technische-en industriele weefels,
Enschede, Netherlands, personal communication to Dr. J. R. Rogers,
U. S. Army Engineer Waterways Experiment Station, CE, Vicksburg,
Miss., dated 23 Aug 1978.
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Firqure 1. Sandb filver fabric material were place! wit: o
drasline neazr vl crheroanis, in 1956 as rvart ¢ a rrofect o
ct a dam cew Inlet. Tuls placemernt revreszonts e

constru
L.

firzce "iters as a comronent of a ma‘or hydraulic

courtesy of llcelon Coryoraticn.

nown use
ctructwre

Figure 2. Filter fabric
sandbags bteing placed near
Pluimpot, Netherlands, in
1956 (photograph courtesy
of flicolon Corporation)




Filter Fabric

Granular Filter

RIPRAP

o e At ur::l Bulr

a. Granular filter desipgn b. Tilter fubric desien

Figure 3. Granular filter and filter fabtric rlaced beneath
riyrap blanket

Figure 4. Placement of riprap on filter fatric







Placement of gabions on filter fabric (photograph courtesy

Figure 6.
of Celanese Fibers Marketing Co.)

Figure 7. Hand-placement of precast concrete
blocks on filter fabric (photograph courtesy
of EROC Systems, Inc.




Figure 8. Mobile crane lowers carrier fabric mat
onto bank. The mat is constructed by attaching
precast blocks to a carrier fabric with adhesive.
The completed mat is then placed at the project
site (photorraph courtesy of ERCO Systems, Inc.)

Profile view of dike at date
of construction

Profile view of dike
after settlement

ST
"Mud Wave"
—~ AR — - -
Filter Fabric r
No Scale

Unstable bearing conditions

Figure 9. Tilter fabric used as dike foundation support at site
with unstable bearing conditions (the theoretical aspects of this
problem are discussed by Haliburton et al. (1978))
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Figure 11. In-place sack revetment. The sacks were
fabricated from filter fabric material
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FROM CONSTANT
/' HEAD RESERVOIR

EN

DISCHARGE
A [ I =
(4
_'Vr—
LUCITE
CYLINDER ————p. ]
(5" ID)
P STANDPIPF

FILTER FABRIC
SUPPORTED BY
HARDWARE CLOTH

R j—a—-——PL UG (INFLOW

N ATURATION,
% PIEZOMETER NUMBER. DURING . )

SECOND NUMBER IS

FOR PIEZOMETER ON (NOT TO SCALE)
OPPOSITE SIDE,

Figure 13. Apparatus used to perform the Gradient Ratio Test




Firure 1b. Tearine of ilter rabric at secoring rin
(tall-point pen tur scule)
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Fipure 16. TFilter fabric roll with protective
covering (photograph courtesy of Celanese Filters
Marketing Co.)

Figure 17. Filter fabric sections being sewn
together onsite




Figure 18.

Inspection of completed seam
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Figure 20.

(photograph courtesy of E. I. Dupont de Nemours and Co.,

Filter fabric being spread on prepared bank

Inc.)
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TOP OF BANK

12" MINIMUM OVERLAP
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a. Orientation for current acting parallel to bank
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(36" for underwater
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b. Orientation for wave attack normsl to bank

Figure 21. Correct fabric placement for current acting parallel
to bank or for wave attack on the bank




. <UL oTH SECURED WITH
T PINS ONLY"

Mean Low Water

Figure 22. Placement of filter fabric on bank subject to streamflow
action. Revetment materials have not yet been placed on the fabric

Wave g
Attack
thg

V Mean Low Water \ F> ot Securing Pins

Same Stone as Used
for Revetment

Figure 23. Filter fabric on bank subject to wave attack showing
placement of vertical-wall key trench at toe and top bank. Revet-
ment materials have not yet been plauced on fabric

Filter Fabric

Wave - 3
Attack

\v/ Mean Low Water

Securing Pins

Figure 24. Key trench design used when soil conditions do not
permit construction of vertical walls




Figure 25, Stone riprap being placed over primary layer of
fine sandy gravel; note filter fabric under gravel (photo-
graph courtesy of Celanese Fibers Marketing Co.)
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Figure 27. Wharf Parking Garage, Wheeling, W. Va.
(22 June 1978)
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Wheeling, W. Va. (Source: USGS 1:24,000 topographic quadrangle for
Wheeling, W. Va.-Ohio, 1968 (Photo-revised 1978))
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ipare 3U. Danore to Lank protection at Wliecline:
~ i

ing Tarasre alter the 1972 failure. [Rirrar

Existing Concrete Slurry
Revetment

Figure 31. Condition of revetment of Wheeling Wharf Parking Garage on
31 March 1972 showing how riprap and filter fabric were placed directly
¢ over exiting concrete slurry revetment without entrenching toe
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Figure 34. Failure of bituminous pavement near steel guard
rail at Wheeling Wharf Parking Garage (22 Jun 1978)
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Island 40 near Memphis, Tenn. (Source: MRC 1976, Map No. 13)

Lui s aswkibet bR

74

HIS Poags Lo one PR s
;!OU QOFY ZewNi ol TC vy R







e
o
~—~ 0,
[
~ !
—
.
U
[T
S
oo
[

Filter fabric bvein;
for cacting the

are 39,




AN S IOM L] .
o D Ul SN UGDAG oy R RO
Lo AL R ) G 0 DAY SRt H
PR N LTS M o Conanaud g d
RACVR t%.,..,,\“;,b ISR St P S I S IR P I
R LN B 0 (U T (AN S

\ e - gl U .&u.‘\\/ B
P S2e JanAa L Ex_&q KR % 4




‘uual, ‘styduep Jesu JIsATY tddrssisst 9yq uo Oy puelsI

38 P30BTd JUSUWNSASL SSOI31BU 545.10U0D P23BTNOTIAE JUTMOYS MOTA UBTJ

*Th sandry

000°z i1 3w3s “\\N—

o

. g g 3 S

8 3 o - ~ o ©

- * < ~ ~ =

3 s & ® ; o !
2 - > ﬁ 1 T

30IS WOL108 FHL
OL GIHOVLLY D1¥8Vd ¥ILTd HLIM
SSIYLLYW ILININOD A3LVINDILYY

(SIHINNY T
2 4S¥1d )

|

T AT o e— e - -






payouny | JUraq OoOT.JAE]
Y{, % Papucy soJenbs TRiuowrgadxe oYy Jo YUIISTSUOD SsSaxqqBu TTng ¥V ‘'t 2an314d

Al
70

poe= -~ 2 ot T -




Reservoir

C)-eek
NN
..-“

Hope Mills, North Carolina

100 0 100 ‘._’2_30

SCALE N FEET

Figure LL., Location of eroded area on right bank of Little Rockfish

Creek at Hope Mills, N. C. {adapted from Little Rockfish Creek, Hope

Mills, N. C., General Map and Site Plan, Drawing No. RC 102-02-28,
Sheel 1 of 2, SAW, 19 Sep 1975)







Figure L6. Upstream view of erosion on Little Rockfish Creek,
Hope Mills, N. C., as it appeared in April 1973




Figure 47. Downstream view of erosion on Little Rockfish Creek,
Hope Mills, N. C., as it appeared in April 1973
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Figure 50. Typical cross section of revetment placed on Little

Rockfish Creek, Hope Mills, N. C, (adapted from Little Rockfish

Creek, Hope Mills, N. C., Slope Protecticn, Cross Sections,
Drawing No. RC 102-02-28, Sheet 2 of 2, SAW, 19 Sep 1975)
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Figure 54, Location of Morameal Revetment, La.
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Figure 55. Typical hand-placement procedure used

for assembly of precast cellular block section of

Morameal Revetment, La. (1975) (photograph cour-
tesy of ERCO Systems, Inc.)
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Figure 56. Dimensions of cellular
concrete blocks used in construction

of Morameal Revetment (Source: "Red
River, Morameal, Bossier Parish, Lou-
5 siana, Experimental Revetment Item
: R-257.0-L (1967 Mileage), Sections
! and Profile", File No. K-108-267LL,

! Drawing 6 of 8, LMN, April 197h)
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Figure 58. General downstream view of cellular block
section of Morameal Revetment, La. (9 May 1978)

Figure 59. Filter fabric visible through precast cellular
blocks Morameal Revetment, La. (9 May 1978)
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Figure 60. Filter fabric exposed at the landward edre of
precast cellular block section, Morameal Revetment, ..
{9 May 1978)

Figure 61. Piping detected beneath the filter fabric,
Morameal Revetment, La. (9 May 1978)
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Figure 62. Location of Southern Natural Gas Company's Pipeline Cross-
ings on the Tangipahoa River near Independence, la. (Source: USGS
1:62,500 topographic quadrangle map for Hammond, La., 1959)

i




-~

AzzwwﬁoommCﬁ@azpm: cgmgu:ommo%wmw
wasorol) (Lot ady g) ‘el ¢oouspuadspul JABIU JIIATY eoyedildus] dY3 Uuo

ud
TOil £ TOTTEISUT $91138(0 andg aTqeawId{ UOSUIH JO MSTA weaaysdn OTUBJIOUBY

2

n.OQH
‘€9 aJand

CISATY
Td




Figure 6L4. Jetty system on Tangipahoa River near Indepen-
dence, La., after failure caused by flooding (1977) (photo-
graph courtesy of ERCO Systems, Inc.)

Figure 65. Gobimats being placed on left bank of Tangipahoa
River upstream from pipeline crossing near Independence, La.
(April 1978) (photograph courtesy of ERCO Systems, Inc.)
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Figure 66. Completed Gobimat installation on

Tengipahoa River upstream from pipeline cross-

ing near Independence, La. (May 1978) (photo-
graph courtesy of ERCO Systems, Inc.)




APPENDIX A:

LISTING OF COMMERCIAL CONCERHS THAT MARKET
FILTER FABRIC PRODUCTS

1. A iisting of commercial organizations that market filter

fabric products is provided below.

Company

Address

Product Trade Hdame(s)

Advance Construction

Specialties Co.

American Enka Co.

AMOCO Fabrics Co.

Bay Mills Midland,
Limited

Bradley Materials

Carthage Mills

Celanese Fibers
Marketing Co.

Crown Zellerbach
Corp.

E. I. DuFont de
Nemours and Co.,
Inc.

Kenross-Naue, Inc.

Koch Brothers, Inc.

Monsanto Textiles Co.

P. 0. Box 17212

Memphis, Tenn. 33117

Enka, H. C. 28728

550 Interstate HNorth

Atlanta, Sa. 30339

Midland, Ontario,
Canada LLR LGl

P. 0. Box 25k
Valparaiso, ¥la.
32580

124 W. 66th St.
Cincinnati, Ohio
L5216

P. 0. Box 1L1k
Charlotte, N. C.
28232

P. 0. Box 877
Camas, Wash. 98607

1007 Market St.
Wilmington, Del.

19893

131 Golf Terrace
Daphne, Ala. 36526

35 Osage Ave.
Kansas City, Kans.

66105

800 N. Lindbergh
Blvd.

St. Louis, Mo. 63166

Laurel Erosion Control

Cloth

Enkamat
Stabilenka

ProPex
Bay Mills

Filter Veave
Filter Weave Celf-
Sealing Erosiocn
Centrol PRacs
Polyfelt® TS-200

TS-300, TS=~L00O

Filter-X
Poly-Filter X
Poly-Filter GB

Mirafi

Fibertex

Typar

Terrafix
Lotrak

Zenith

Bidim

* Polyfelt line manufactured by Chemie-Linz of

A1

Linz, Austria.




Company

Address

Product Trade Name({s)

Nicolon Corp.

Phillips Fibers Corp.

Staff Industries,
Inc.

J. P. Stevens and
Co., Inc.

4229 Jeffrey Drive

Baton Rouge, La.
70815

P. 0. Box 66

Greenville, S. C.

29602

F. 0. Box 797
Upper Montclair,
N. J. 07043

Stevens Tower

1185 Avenue of the

Americas
New York, N. Y.

Nicolon X, 70, TOL, L0,
40L, LD 1000, MD 7500,
HD 10000, HD 20000,
HD 40000, HD 7500

Supac

Permealiner

Moncfilter

Tex-el, Inc. 485, Des Erables Tex—el
St.-Elzear, Beauce Nord
Quebec GOS 2J0
Canada
A2
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APPENDIX B: GLOSSARY OF TERMS RELATED TO THE LABORATORY TESTING AND
PLACEMENT OF FILTER FABRIC FOR STREAMBANK PROTECTION APPLICATIONS

Abrasion resistance of fabric. The test of cloth-wearing properties
performed in accordance with ASTM D-1175-T1, "Tests for Abrasion Resis-
tance of Textile Fabrics." The abrasive wheels are the rubber base type
equal to the CS-17, "Calibrase," manufactured by Taber Instrument Com-
pany. The load on each wheel is 1000 g, and the test is continued for
1000 revolutions. One-in.-wide jaws are used, and the constant rate of
traverse is 12 in./min.

Articulated concrete mattress. Rigid concrete slabs usually hinged
together with corrosion-resistant wire fasteners; designed primarily
for subagueous protection.

Bank protection. (1) Armor placed on a streambank to stabilize it
against stream attack; (2) a river training structure, designed to
deflect erosive hydraulic flows away from a streambank.

Brittleness of fabric. Evaluation of the strength of filter fabric at
low temperatures, performed in accordance with CRD-C 570-64, "Brittle-
ness, Low Temperature, Motor Driven Apparatus."

Burst strength of fabric. Test used to determine the equivalent hydro-
static force required to fail a fabric in a specified test ring; per-
formed in accordance with ASTM D-751-68, "Testing Coated Fabrics."

Calendering. Process of pressing fabric between rollers to give it a
smooth surface, usually associated with application of heat to give a
permanent set to the fabric.

Carrier fabric. Material to which precast cellular blocks are attached
with adhesive; placed with a mobile crane as a unit on an eroding
streambank.

Cut bank. The concave bank of a meandering stream that is maintained as
a steep or even overhanging cliff by the impinging streamflow against
its base.

Dike (sill, groin, spur, jetty). A river training structure constructed
of earth, wood, or stone designed to deflect erosive currents awasy from
a bank and to control movement of bed material.

Elongation of fabric. The ratio of the difference of the length of a
fabric test specimen at failure to its original length divided by its
length at failure, expressed as a percent, i.e. ((Lg - Lgy)/Lg) x 100
where Ls 1is the length at failure and L, the original length; test
performed in accordance with ASTM D-1682-64, "Breaking Load and Elonga-
tion of Textile Fabriecs."

Equivalent Opening Size (EOS) of fabric. The EOS is the number of the

U. S. Standard sieve having openings closest in size to the filter
fabric openings. The lower EOS numbers have larger fabric openings.




Filament. A single thread of material used to weave fabric.

Fill of the fabric. The direction of the filaments perpendicular to the
long axis of the fabric.

Filter. Layer(s) of sand, rock, or fabric (or combinations thereof)
placed between the bank armor and soil for one or more of three purposes:
to prevent the soil from traveling through the armor, to prevent the
armor from sinking into the soil, and to permit natural seepage from the
streambank to occur and thus prevent buildup of excessive hydrostatic
pressure.

Filter fabric. Material produced by a woven or nonwoven manufacturing
process used for application as described under the definition of a
filter,

Freeze-thaw., Evaluation of the short-term strength of filter fabric
that is subjected to freeze-thaw cycles; performed in accordance with
CRD-C 20-T1, "Resistance of Concrete to Rapid Freezing and Thawing."

Gabions. Bank revetment consisting of compartmental rectangular or
cylindrical baskets constructed from galvanized steel wire mesh, filled
with earth, stone, or other types of locally available material.

Graded filter. A layered media designed to provide a gradual reduction
in material size between the revetment and bank, such that the lower
layered materials blend with the bank materials.

Gradient ratio (GR). The ratio of the hydraulic gradient over the 1 in.
of soil immediately next to the filter fabric (if), to the hydraulic
gradient over the 2 in. of soil between 1 and 3 in. above the fabric
(iy). This test is performed in a constant head permeameter with a 4-in.
soll sample over the fabric under a total head of about 12 in.

Grab test of fabric (pounds). A test of fabric strength in which only a
part of the width of the fabric specimen is gripped in clamps (typically
1-in. square jaws and a travel rate of 12 in./min); performed in accor-

dance with ASTM D-1682-6u4, "Tests for Break Load and Elongation of Tex-

tile Fabrics."

Hydraulic gradient. The ratio of head loss to the length of the flow
path.

Needle-punching. The process where barbed needles are punched through
fabric to entangle the fibers.

Nonwoven fabric. Material manufactured from fibers spun in a continuous
process to produce a random pattern, usually with no distinet visible
openings in the fabric.

Oxidation of fabric. Test to determine influence of oxygen on filter
fabric, i.e. the chemical reaction of the fabric with oxygen that alters
the fabric strength., Tests are made in accordance with CRD-C 577-60,
"Oxygen Pressure Test."

Plastic filter fabric. Material fabricated from filaments which are
petrochemical in origin.

B2
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Precast cellular block. Regularly cavitated block, manufactured offsite
J and often placed on filter fabric as a substitute for stone riprap when
quality stone is not readily available or when its cost is prohibitive.

; Puncture strength of fabric. Resistance of fabric to piercing over a
A small area by an intense load; performed in accordance with ASTM 751-68,
i "Testing Coated Fabrics," except that polished steel ball is replaced by
; a 5/16-in.~diam solid steel cylinder.

‘] Revetment. Armor of erosion-resistance material designed to protect a
i bank against stream attack.
|
t

Sack revetment. Armor consisting of sacks (e.g. burlap, paper, plastic,
nylon, etc.) filled with concrete, sand, stones, or other available ma- i
terial and placed on a streambank to serve as protection against erosion.

Seam strength of fabric. A tensile test to determine the strength of a }
sewed fabric seam; performed in accordance with ASTM-1683-68, "Test for
Seam Breaking Strength of Woven Textile Fabrics."

Securing pin. Elongated steel rod used to hold filter fabric in place on
a streambank.

Stone riprap. Natural cobbles, boulders, or broken stones dumped or
placed on a streambank or filter as armor against erosion.

Strip test of fabric. A test of fabric strength in which the full width
of the specimen is gripped in the clamps (typically 1 in. or wider with
the jaws at a travel rate of 12 in./min); performed in accordance with
ASTM D-1682-64, "Tests for Break Load and Elongation of Textile Fabrics."

Tensile strength of fabric. Maximum tensile stress that can be sustained
by fabric; may be performed in accordance with ASTM D-1682-6L4, "Tests for
Break Load and Elongation of Textile Fabrics."

Thickness of fabric (mils). Loose thickness of a fabriec in 1/1000 in.

Toe of streambank. That portion of a stream cross section where the
lower bank terminates and the channel bottom or the opposite lower bank
begins.

Upper bank. That portion of a streambank having an elevation greater
than the mean water level of the stream.

Warp of fabric. The direction of the filaments parallel to the long
axis of the fabric.

Weatherometer. Device used to expose filter fabric to ultraviclet

' radiation under specified moisture and temperature conditions. The ]
| device is operated in accordance with ASTM E-42-69, "Operating Light and !
‘ Water Exposure Apparatus (Carbon Arc Type) for Exposure of Non-Metallic '
Materials." The tensile strength of the filter fabric is then tested in j

accordance with ASTM D-1682-64, "Tests for Break Load and Elongation of |

|

|

i Textile Fabrics."”

Woven fabric. Material woven from tape or mono- or multifilament yarn to
1 provide a fairly uniform pattern with distinct and measurable openings.
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