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Laboratory and field investigatiocus were conducted to obtain data for the development of design criteria and
acceptance spacifications for plastic rilter cloths used as a replacement for granulay filter material. The
investigations included a survey of CE Distiicts and Difisions to deterhine current uses and experiences
with filter cloths. _Information was also' obtaincd from various other agencies ‘on the performance of filter
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using special riltration tests. Head loases through thd cloths were determined from flume tests. Field
tests were conducted where stones were dropped ca the cloths variocus heights. Fleld performance data
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or "EOS") and pjzpe t open arex. Filter criteria in terms of EOS and perceqt cpen area are presented for

various soil types. Field performance data indicate that in instances where the revetment is rehtively
light and vhere relatively high seepage velocities or rapid fluctuatfons in the differential hydrostatic
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FOREWORD

The study reported herein was conducted at the U. S, Army Engineer
Waterways Experiment Station (WES) to develop acceptance specifications
and design criteria for plastic filter cloths. The initia) phases of
the study were sponsored by the U. S. Army Engineer Division, Lower
Mississippi Valley (IMVD), as authorized in IMVD 3@ Ind Aated 14 Sepiem-
ber 1967 to WES letter dated 14 July 1967, subject: Proposal for Inves-
tigating the Permeability and Filtering Characteristics oi Plastic
Filter Cloths. In FY 1970, continuation of the overall study was funded
Jointly by IMVD and the Office, Chief of Engineers (OCE), as authorized
in OCE 24 Ind dated 21 October 1968 to IMVD letter dated 17 June 1968,
subject: Development of Performance Specifications for Plastic Filter
Cloth. The project was funded in FY 1971 and 1972 by LMVD.

The study was under the general direction of Messrs. J. P. Sale,
R. G. Ahlvin, J. R. Compton, and W. ¥, Strohm, Jr., Soils and Pavements
Laboratory. Mr. C. C. Calhoun, Jr., Embankment and Foundation Branch, was
project engineer. Mr. B. J. Houston, formerly of the Engineering Mechanics
Branch, Concrete Laboratory, was responsible for conducting most of the
tests to determine the physical and chemical properties of the filter
cloths. Strength tests were conducted by Mr. R. R. Johnson, Flexible
Pavement Branch, Soils and Pavements Taboratory. Flume tests were con-
ducted under the supervision of Messrs. J. I. Grace, Jr., and G. A.
Pickering, Structures Branch, Hydraulies Laboratory. The report was
written by Mr. Calhoun.

Directors of WES during the conduct of the study and preparation
of the report were COI. Levi A. Brown, CE, and COTl. ®rnest D. Peixotto.
Technical Director was Mr. F. R. Brown.
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CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT

Fritish units of measurement used in this report can be converted to '
netric units as follows:

AR e A A AT PR S s

Multiply By - To Gbtain

inches 2.54 centimeters

feet 0.3048 meters

miles (U. S. statute) 1.60934k kilometers

square inches 6.4516 square centimeters-
squarz vYzet 0.092903 square n_le*i;ers
gallons {U. . liquid) 3.785412 cubic de:cingetgrs
poumids 0.45359237 kilograms

pounds per square inch 0.00689476 megspascals (= meganewtons per
square meter) i

pounds per square foot 47.5803 newtons per square meter
peunds per cubic font 16.0185 kilograms per cubic meter
feet per minute 5.080 meters, per second
Fahrenheit degrees 5/ ' Celsius or Kelvin degrees*
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¥ To obtain Celsius (C) temperatura readings from Fahrenheit (F‘) read-
ings, use the following formula' = (5/9)(F - 32). To obthin
Kelvin (K) readings, use: (5/9)( F - 32) + 273.15. :
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DEVELOPMENT OF DESIGN CﬁITERIN AND ACCEPTANCE
SPECIFICATIONS FOR PLASTIC FILTER GLOTHS

\ oo PARY I: INTRODUCTION =~ N
H } } . . ) fl - i . ‘,-L \
. - ! . O ‘PS 0 5
' Background, i ,

.- 5 ‘\.,!
, e e \mw Hed A /
/ 1. Singe 1962 some Corps of Engineers (CE) oﬂfices have been
usi\g;plas+ic filter cloths4 as g sﬁbstitute for sgnd and gravel filters
and riprab bedding in various projects.~ Filter eloths had been used
prior: to 1962 in the Unitéd States (although not by the CE) and foreign
countries and,had ‘beent found to be effective/in some types of coastal
.structures.l PTLOP to 1967 only. two filter cloths were known to be on
the market. Since that,time, at 1east seven additional cloths have
become avalldbﬁe ~ommerc1a11y, and the use of filter cloths is more
widespread‘—>As an initial phase of th study reported herein, a
questionnaire was ‘circulated to GE/offices to determine the extent and

divers1ficat10n of uses of filter cloths.\\Ihformation from replies to

et
=

R S EAE

Ay
7

Yot

the questionnaires was summarized and’ published by the U. S. Army
Engineer. Waterways uxperiment Station {WES).! 2 An edited version of this
summary is includedlherein as Appendix A. %nformation was obtained on
46 pqojects where filter cloths had Peen used and on 10 projects where
tloths weré planned to be used. There have been other uses of filter

I clothsg by the CE, But information cn these instafiations was not readily
available.: Since the survey, filter cloths have been used at numerous
other CE proaects. The cloths have been used as bedding beneath riprap
and rubble) in uubsurface drainagk systems, as well screens, around

* piezometer tips, as grout stops, and for erosion control. Because of
these widespread and diversified uses pf the cloths, the CE has need for

standard specifications or design'criteria for their prccurement and use.

i i
i

i
. Purpose ané Scope !
- 1]
\\!} ’
! LY i ' ¢

2. The purpose of this investigation was tp obtain information — —
: ' /‘.

[y
.

-
7

R B TR N T T e v, ‘hﬁ?.‘f»'ti?’:\('.:}unw‘%%?:gz. S T

S

AR P T B

- d‘iﬂ

S S F e (R R ST et LS AR U S b a2 > s oS e i et s AR R B Rk v 3

&Y

Y
4



% i e T S —n
PR MR 5 R e Eare R SRR RN s
A - e R R o O e
;
.

- — - :

. e '{) " ’ :f?

- <—’§‘:'>r use in developing standard acceptance sp.eciﬂcations and design g

criteria for plastic filter cloths. The scope of the project included T

determination of the physical, chemical, and engineering properties of

commercially available filter cloths in order to develop specifications ié

and design criteria. Field and laboratory studies of the cloths were %3

made to determine their chemical composition and resistance to chemical #

attack and deterioration; physical properties such as strength, abra- %

3 sion resistance, etc.; and filtering capabilities X’\{ield visits and ! %
: , contacts with other agencies were made to obtain information on the use §
f» and performance of filter cloths. \‘\ %
t Cloths Evaluated j:;i
3 g
A 3. Seven filter cloths désiglated'A through G were investigated. '}j;
3 Photographs of the cloths are shown in fig. 1. Cloth A is green: 3
cloths B, C, D, and G are black; cloth E is white; and cloth F is gray. :;
Cloths A, B, C, D, and G are woven from monofilament yarns of approxi- §
; mately equal size in the warp* and £ill* directions. The yarn used in %
E cloth A is predominantly vinylidene chlcride and the yarns used in :S
cloths B, C, D, E, F, and G are predominantly propylene. The openings %E‘
in cloths A, B, D, and G are rectangular, while the openings in cloth C %
are approximately square. Cloth E is woven of monofilament yarns in the :§

3 warp direction and multifilament yarns in the fill direction. The yarns 32

:; in the warp direction of cloth E are ruch smaller and more closely 1;:
; spaced than those in the fill direction; this resvlts in a cloth with no é:
L distinctly visible openings. Cloth F is produced by entangling fibers i

-‘1 by needle punching and then bonding them by heat fusion; yarns are also %

? embedded lengthwise in the cloth. This cloth has the appearance of felt A;;
g and has no distinct openings. :i:
L, Information was cbtained on two other cloths which were not §§
evaluated in the laboratory studies reported herein. One, designated ?2
*  "Warp" refers to the yarns placed lengthwise in the cloth; "fill" «2
% refers to the yarns interlaced at right angles with the warp. g
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cloth Z, was used by the Louisiana Department of Highways in the New .
Orleans District. Cloth Z is made of polyethylene yarns; cloths G and
Z are manufactured in Holland by the same cowpany. '.l‘he.other cloth,
designated cloth Y, was used by the Soil Comservation Service. The

i

! v
; ! cloth is made of nonwoven fiberglass and is much thinner than any cloth
d evaluated in the investigation; it can be easily torn by hand. In-
i formation on cloths Z and Y is included in Part V.
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PART II: CHEMICAL AND PHYSTCAL PROPERTIES TESTS

Test Procedures

Chemical properties

5. The chemical properties of the materials in cloths A through
G we:¢ analyzed. The materials could not be dissolved in xylene,
chloroform, or acetone; they could be dissolved fnr testing in tetra-
chloroethane and orthodichlorcbenzene (0-012-¢) + Prolonged heating and
refluxing with 0-Cl,-§ dissolved the filter cloths. Films were cast of
the dissolved materials on sodium chloride crystals, and potassium
bromide pellets were made of the small amount of insoluble residue.
Infrared spectra were cbtained on these films and residues, and identi-
fication and differences among the materials were noted from these and
other tests.,

Physical properties

6. The physical properties and the effects of some chemical
action on the cloths were determined by American Society for Testing
and Materials (ASTM) procedures, methods given in Handbook for Concrete
and Cement,3 or special test procedures described subsequently. The
following tests were conducted:

a. Dimensions of fibers and openings. With the exception of
cloths E and ¥, the number of fibers per inch, the flder

size, the type and variation of the dimensions of the
openings, and the open area of the cloths were determined
on five samples of each cloth. The number of fibers per
inch was determined by counting the number of fibers in
l-sq~in. samples. Fiber thickness was determined with a
micrometer. Other properties were determined by the use
of a micrometer scale microscope. An image of the cloth
was projected on a screen and the dimensions of the
openings were determined by moving a cross hair with a
micrometer adjustment horizontally and vertically over the
cloth. This method could not be used on cloths E and F
which did not have distinct openings. An alternate
method was developed to determine the percent open area
using equipment commonly available. The procedure was as
follows. The image of a representative specimen of the
cloth, placed in a 2- by 2-in. glass slide holder. was
projected by a slide projector on a screen so that the
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dimensions of the open and closed areas could be mea-

sured with a scale. A block of 100 openings near the .
center of the image was selected. Of the 100 openings '
in the block, 20 openings were selected for measuvement, ! §
using a table of random numbers. The length and width of , 3
each opening (L. and W, , respectively) and the length i
and width of ealh opening plus the width of a fiber (

and Wy respectively) were measured as shown in fig."2: '

TC
s

l-d— Lo—’J‘ E s : ‘

Fig. 2. Method of determin- !

ing L, and W, ' o

and L, and Wy, L . :
The individual open area (Ao) was computed by multiplying .
the length of the open area by its width (L, x W,)., The f
individual total area (Ap) was computed by multiplying !
the width of the opening plus the.width of one adjacent !
fiber by the length of the opening plus the width of one
adjacent fiber (W, x L.). The percent :open area of the
specimen is the ratio of the sum of the 20:or mode indi-'
vidual open areas (times 100) to the sum of the 20 or'more *
individual total areas. Since the ratio of the two areas
is used, this procedura is applicable to opening shages
other than exactly square or rectangular. .

Equivalent open gsize (EOS). Bince the dimensicns of”
the openings varied somewhat and the openings weré not -
square, the average area of the apenings was not an irdi- .

cator of what size particles would pass through the cloth. ™ '
Consequently, the following test procedure was developed

to determine the so0il particle retention ability of the i \
various cloths. The cloth was placed between a sieve

having much greater openings than those of the cloth and
& pan in a sieve rest. About 150 g of eacn of the
following fractions of a rounded to subrounded river
sand was obtained: . R
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t U, §. Standard Sieve No.

s, J " :

%: . Passing :Retained On

3 ! ; , 10 20 :

A vy o ' 20 ' 30 ’ , '

4 30 4o . )
E: Y ' v | ' 4o 50 ' !

3 ' , , 50 . 1 70 .

E ‘ I : 70 . 100

B 1100 . lfl.20 I . ;

E‘: ! I . ! ! b ‘ ' '
¥ ‘ ' starting with a fraction which would permit more than

4 _ ' 5 percent of the sand by weight to pass through the cloth,
- each successively coarser fraction was dry-sieved, for * ;
B | \ ‘20 min with an Automatic shaker to determine that fraction
E of!which % percent or 1e§s by weight passed the cloth.

E . ' The equivalent opening size was the, "retained on" site of

, ’that fraction expressed as a U. S. Standard Sieve Number. :
% ) ¢. Tensile strength and elongation. Tensile strength and

1 ! elongation were determined on 10 samples of each cloth, :
5 in the warp direction'and 5 in the f£ill. These de=
T ' N terminations were made in accordance, with ASTM'D-1682-6h,
=4 ! : i “Breaking Load and Elongation of Textile Fabrics - Grab

4 Test Method," at temperatures of 0, 73, 110, 150, and

| . 180 F. Jaws 1 in. square were used, and:the constant
rate of traverse was 12 in. per min. The strengths at
73 F were used as a basis of comparison for determining
) the effects that the conditions described subsequently
! i had on the strengths of! the cloths. ,

f | v
d. Burst strength. Burst strengths of at least five samples
' ! of each cloth were determined in gccordance with ASTM
. ' . D-751-68, "Testing Coated Fsbrics - Bursting Strength,.
. . Didphragm Test Mqthod." '

4 . ' ;
F: €. Puncture resistance. cture strength was determined in

T

TR -

(X

D ity 3750518

[y

5,

, : ’ accordance with ASTM D-751-68, "Testing Coated Fabriés -

k: \ Bursting Strength - Tension Tésting Machine with Ring

i ’ : * Clamp,” except that the polished steel ball was replaced
E ' with a 5/16-in.-diam solid steel cylinder tentered within

b the ring clamp. 'The modification to the standard ASTM

3 : test was made so that the resultd would be comparable to

| ) the test results given in tile technical data sheet; supplied

. i I by the manufacturer of cloths A, B, and C. This test wag

3 : performed on 10 qamplea of each cloth. '

i i f., Abrasion resistance. Abrasion resistance of the cloths

£ ) J: was determined in accordance with ASTM D-1175-6h4T,

' "Abrasion 'Resistance of Textile Fabrics, Rotary Platform,

P ' Double Head Method." Rubber-base CS=17 "Calibrase"

" ) abrasive wheels, manufactured by 'Taber Instrument Company,
: ! ) !
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were used in the tests. The load on each wheel was

1000 g, and except for cloth F the test was continued

for 1000 revolutions. Unabraded tensile strength was
determined on 10 samples each of cloths C, E, F, and G,

5 samples in the warp direction and 5 in the £ill, and on
20 samples each of cloths A, B, and D, 10 samples‘in the
warp direction and 10 in the £ill. The determinations
were made in accordance with ASTM D-1682-6L, "Breaking
Load and Elongation of Textile Fabric, One-Inch Ravelled
Strip Test Method." Jaws 1 in. square were used, and the
constant rate of traverse was 12 in. per min. The abraded
strengths for the same nunber of samples were then deter-
mined. Additional tests were performed on cloths A, B,
and D because samples were supplied from two separate
sources.

- Low-temperature brittleness. Ten samples of each cloth

were subjected to testing in accordance with CRD-C 570-64,
"Brittleness, Low Temperature, Motor Driven Apparatus,"
using alcohol heat transfer medium to determine low-
temperature brittleness. Five samples each were tested
in the warp direction and five each in the fill. The
test was continued to minus 60 F.

Freeze-thaw. Ten samples of each cloth were subjected to
300 2-hr freeze-thaw cycles as prescribed in CRD-C 20-69,
"Resistance of Concrete Specimens to Rapid Freezing and
Thawing in Water." Each sample was 4 by 6 in., and the
temperature in the test was varied from O to 40 F. The
tensile strength and elongation of the warp and fill at
failure were determined at the conclusion of the
conditioning.

Weatherometer. Ten samples of each cloth were subjected
to 250 cycles of exposure in a type D weatherometer as
described in AS™ E-42-69, "Operating Light- and Water-
Exposure Apparatus {Carbon Arc Type) for Exposure of
Nonmetallic Materials." Five samples of each cloth were
tested in the warp direction, and five each in the fill.
In this test, a cycle consisted of exposing the cloth for
102 min to ultraviolet rays (carbon arc) at 63 + 5 C and
for 18 min to a cold water spray and ultraviolet rays.

Oxidation. The effects of oxidation were determined on
10 samples of each cloth in accordance with CRD-C 577-60,
"Oxygen Pressure Test." Five samples each vere tested in
the warp direction and five each in the 1 1l. Each sample
measured 4 by 6 in.

Effects of alkalies and acids {accelerated test).

(1) Ten samples of each cloth were tested for the effects
of alkalies. Five samples each were tested in the

Sadiad DAL A OB SRRV P EY

v

RN U N Ay 5 o e O TR SN P e,

i A LA s A 5



R Y R U e A L BT L WThe T T 2 i 50 v 3 s v RIS 1

el R T R Fe UL e S R RS DR RS TR A T SRR TS

warp direction and five each in the £ill. Each 3
sample measured 4 by 6 in. The samples were placed {
in a 1l-liter tall form beaker with spout that was 4
filled to within 2 in. of the top with a solution §

made by dissolving equal amounts of chemically pure
sodium hydroxide and chemically pure potassium hy-
droxide in 1 liter of distilled water to obtain a

PH of 13 + 0.1. The samples of cloth were com~
vletely immersed, and the top of the beaker was
covered with a watch glass. The beaker was placed
in a constant temperature bath, and the temperature
of the solution was maintuined between 140 and 150 F.
A 1/i-in.-diam glass tube was inserted into the

spout of the beaker to within 1/2 in. of the bottom
of the beaker. Air was gently bubbled through the
solution throughout the test at the rate of about

one bubble per second. The solution was changed
every 24 hr, the new solution being warmed to 150 F
before replacing the old. The test was carried out
continuously until a constant sample weight was
obtained. After this period, the samples were tested
for tensile strength and elongation at failure in
accordance with ASTM D-1682-6l4 (Grab Method).

(2) The effects of acids were determined by a test run
exactly as that for alkalies except the solution was
of hydrochloric acid in 1 liter of distilled water to

give a pH of 2 + 0.1, and the test was discontinued
after 14 days.

1. Absorption. To determine the absorbency of the cloths,
10 samples of each cloth were tested according to CRD-C
575-60, "Change in Weight, Water Immersion." Five samples
each were tested in the warp direction, and five each in
the £ill. Each sample measured 4 by 6 in. The percent
absorption was determined as follows:

TR, o ry
SE A L S S A a2

pass

0

. ey ) N
T A L P A

T
3

e

Change in weight of sample after immersion
Weight of sample before immersion

X 100

DY At
*®

m. FEffects of JP-U fuel. The effects of jet fuel spillage or
prolonged exposure on the cloths were studied by immersing
20 samples of each cloth in JP~4 fuel at room temperature.
Ten samples were warp samples, and ten were fill. Strength

tests were performed on the samples after 2h-hr and l-week
periods of immersion.

i

Vi)

n. Effects of long-term immersion. Ten samples of each

S T cloth (five warp samples and five fill samples) were im-
2 mersed for 6 or 12 months at room temperature in pH 10,
pH3, and toluene solutions. The pH 10 solution was of
equal parts of chemically pure sodium hydroxide and

: 9
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potassium hydroxide in distilled water. The pH 3 solu-
tion was of hydrochloric acid in distilled water.

. 2
Test Results and Discussion

Chemical analyses

7. Chemical analyses of the cloths indicated that with the ex-
ception of cloth A all were predominantly propylene. Cloth A was pre-
dominantly vinylidene chloride. The type of analysis conducted did not
give quantitative results. Affidavits from the manufacturers indicated
that each cloth containe@ at least 85 percent propylene or vinylidene
chloride by weight.

Physical properties _ )

8. Table 1 summarizes the result.; of tests described in previous
paragraphs to determine the physical properties of the cloths in the
warp and fill difections. Since cloth F is nonwoven, it has no warp or
i1l directions; in this case, warp refers to the length of the cloth
and fill refer.s to the width (6 ft). The results of the various tests
are discussgil in detail in the following paragraphs.

9. Fiber and opening dimensions. The fibers used in the weaving
of cloths A, B, and D were flat, while those in cloths C, E, and G were
rounded. The entangled fibers in cloth F were not considered. Results
of tests to determine the geometry of the cloths are discussed below.
In the following discussion, warp opening width refers to the measure-
ment of the opéning between two £ill fibers and vice versa for fill
opening width. The average area of openings is the average of the areas
of the individual onenings and may not be equal to the product of the
average opening widths in the warp and f£ill directions.

a. Filter cloth A. The areas of individual openings varied
frem 25 go 182 % 10™° sq in., with the average area being
85 x 10°0 sq in. Some of this variation in areas of indi-
vidual openings is attributed to the fact that the width
of the opening in the fill direction was determined to
only one significant figure. This was true in the case of
the other cloths also. Although visual inspection of the
clotb showed some variation in opening sizes (fig. 1),

10
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the cloth's appearance indicated good quality control
of weaving by the manufacturer.

. Filter cloth B. Openings varied in area from 20 to 120
x 10-b6 sq in. (average 96 x 10-6 sq in.); however, this
large variation was not obvious from visual inspection
(fig. 1), and the quality control of weaving appeared to
be good.

c. Filter cloth C. The computed areas of the individual
openings varied only from 117 to 176 X 10-6 sq in., the

average being 139 X 10-6 sq in. The areas of approximately

4o gercent of the openings were between 130 and 132 X
10-6 sq in. From the appearance of the cloth (fig. 1),
the quality control of weaving was excellent.

d. Filter cloth D. Areas of individual openings varied
from 26 to 226 x 10-6 sq in., with the average being
79 X 10-6 gq in. The variations in opening widths and
areas were apparent from visual inspection as indicated
by the very dark lines in fig. 1. This, of course, indi-
cates that the quality control of weaving for cloth D is
not as good as that for cloths A and B.

e. Filter cloth E. The nurber of fibers in the warp
direction could not be determined since they appeared to
be almost multifilament. There were 32.8 fibers per inch
in the f11l1 direction. Because of the tight weave, only
the dlameters of the fibers could be determined. The
diameter of the fill fibers averaged 0.010 in., and of the
warp fibers, 0.003 in. or about one-third that of the
warp fibers.

f. Filter cloth G. The area of the openings varied frum 60
to 288 x 10-6 sq in., the average being 222 x 10-6 sq in.
The variations were apparent in visible inspection of the
cloth, particularly when compared with filter cloth C.
Small flaws were also noted in cloth G (fig. 1). There-
fore, the quality control of weaving for filter cloth C
appears to be superior to that of filter cloth G.

10. Equivalent opening size. The following tabulation summarizes
the EOS determinations for the respective cloths:
EOS

Cloth (U. S. Standard Sieve Size)
100
70
4o
100

Could not test
Could not test
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11, Strength parameters. Table 1 includes the results of tests
to determine the effects of various conditions on the strength of the
cloths. In most cases the values shown are the averages of five :testg.
The results of tests shown in table 1 are discussed in the following '
paragraphs. Tensile strengths of the clotl"xs u.ndezl‘ various conditiong
are plotted in fig. 3. A strength loss of 10 percent or more was usually
used to indicate a sample had been affected by: the ;condition‘ing.l

&. Initial strengths. The tensile strength of each cloth
was determined at 73 F. It was found that strength.
variations of about +10 percent could 'be expected from,
samples of the same cloth. The tensile strengths of
filter cloths B and D were approximately equal. The
strengths of filter cloth E were roughly comparable .to
those of filter cloth A, and filter cloth G had lower
strengths than filter cloth C in the warp and £ill )
directions, respectively. This might be expected in thé
fill direction since there are fewer f£ill fibers per inch
in cloth G than in cloth C. The strength of cloth F in
the warp direction was only 31 1b, and only 104 1b in
the £ill direction. Fiiter cloth C had the highest '
burst strength (625 psi), while cloth B had the highest
puncture strength (148 psi). The burst and puncture
strengths of cloth P were well below the strengths of
any of the other cloths tested.

b. Temperature effects. The effects of:temperatures from O
to 180 F on the tensile strengths'of' the cloth did not '
appear to be significant. The strength at 73 F was used
as a basis for comparison. As would be expected, thére
was a tendency for the ultimate elongation of the cloths |
to increase as the temperature was increased, indicating
the elasticity of the materials was affedted somewhat.
There were no failures when the .cloths were subjected

to the low-temperature brittleness test, indicating that !
the fibers were not excessively brittle at -60 F. Cloth
C showed a 13 percent strength loss in the fill direction
at the conclusion of the freeze-thaw -tests. Strength
losses for the cther cloths did not exceed 10 percent.

¢. Abrasion resistance. Tests indicated that cloth C.had
the highest resistance to abrasion. The cloth lost only
7 and 19 percent of its strength in the warp and fill
directions, respectively. Holes were worn through cloth

F after only 400 to 600 revolutions. In the weaving proc-

esses of cloths E and G, fibers in one direction are
curved over and under the relatively straight fibers in
the other direction. Consequently, the abracion wheel
rode primarily on the fibers in one of the principal
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g ! dirvections, while the fibers in the other direction 4
‘ vere protected. The fibers of the other cloths appeared ;ﬁ‘
| 4

to be abraded about the same in both directions.

d. ¥Weatherometer. The weatherometer test primarily indi-
cotes the effects of sunlight (carbon arc light) with
wetting and drying. Cloth F was the nost severely
affected by this test, losing 95 percent of its initial
strength in the £1l1l direction. Only cloths C and G
showed no significant effects from the test. Fibers in
one or both directions of the other cloths were affected
to some degree. It should be noted that cycles in this
test cannot be correlated to nunber of actual field ex~
posure days, but the results can be used for qualitative

comparisons. "

e. Oxidation effects. The test results indicated no sig-
nificant deterioration would occur due to oxidation.

f. Effects of alkalies, The tensile strengths of the cloths
were not significantly affected by the accelerated or the
long~term immersion tests. Cloth A showed a welight loss .
of 9.5 percent after 33 days, and the weight loss con-
tinued until the test was terminated. (However, the sam-
ples of cloth A immersed for one year in a pH 10
solution showed no strength loss.} None of the cloths !
lost over 10 percent strength in the accelerated tests or ‘
2 percent in the long~term immersion tests.

g. Effects of acids. Accelerated acid tests indicated no
significant decrease in strength for any of the cloths.

& h. Absorption. No cloth absorbed more than 1 percent by

Ty
P2

MASAIE AN 40 e ST hds £4 s
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TN

o
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. , 1. absorpuion,

- welght of water. Cloth A had the highest absorption

o rate (0.91 percent), while cloth E had the lowest %
(0-08 percent).

Effects of fuel spillage. Cloth F was significantly

K affected by immersion in both JP-4 and toluene. Cloth B
had a 14 percent strength loss in the fill direction after
being immersed in JP-h fuel, but showed no detrimental
effects after 12 months immersion in the toluene solution.
Cloths A and C also lost more than 10 percent of their
initial strengths when immersed for 12 and 6 months,
respectively, in toluene. There was no significant

deterioration of the other cloths. |
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é Summary and discussion

,; 12. All of the fibers in the various cloths were predominantly .

": propylene except those in cloth A were predominantly vinylidene x

1§‘ " chloride. ;

: 13. The number of fibers and fiber widths and thicknesses of ;’
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cloths A, B, and D were approximately equal. The fiber diameters of
cloths C and G were approximately the same. Because of the wide vari-
ations in asreas of the or:uings in the cloths, the quantitative sig-

-

5

£}

nificance of the average individual open area shown in table 1 is

2

=y

questionable., These values do show, however, that cloths C and G have
openings considerably larger than those of the other cloths, with cloth
G having the largest. The percentages of open areas shown are con-

‘

b
2
4

sidered to be significant. Cloths C and G were found to have open
areas considerably larger than those of the other cloths. Although the
quality control for all the cloths is considered to be acceptable, the
weaves of cloths A, B, and C appear to be more uniform than the weaves
of cloths D and G.

14, The initial tensile strengths of cloths B and D are con-
‘— sidered to be equivalent. The tensile strengths of cloths A and E are
comparable. While the tensile strengths of cloths C and G arzs some-

2

-~

.

e

¥

SRR TR

what comparable in the warp direction, cloth C is the stronger in the
£ill direction. The strength of cloth F was considerably lower than
that cf any other cloth tested. The puncture and burst tests also indi-
cated the strengths of cloths B and D could be considered equivalent,
vwhile the strength of cloth A was considerably lower. Tests indicated
that cloth C had very high abrasive resistance, while cloth F was com~

pletely worn through after 400 to €00 revolutions.

15. The effects of temperature and oxidaiion appeared to be
negligible for the cloths tested. Absorption is considered to be nil.
Accealerated alkall tests indicated that cloth A would be affected some- i
vwhat by alkalies; however, long-term immersion tests appear to contra-
dict this. None of the cloths appeared to be adversely affected by
acidic solutions. Weatherometer tests indicated that cloths A, B, D,

E, and F were affected by ultraviolet rays to some extent. A possible

O ",,. - :f/“-»\r(( aa s b J. !y e Ee . AL EXT vy
T A A L g S A S R et B e

* explanation, given by one manufacturer's representative, as to why

‘ﬁ‘, cloths A, B, and D lost strength primarily in only one direction is that
i. all the fill fibers in a sample are from one spool, while each fiber in
the warp direction is from a separate spool. Therefore, the perfor-

E mance of the cloth in the fill direction reflects the properties of

17
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material from one source, while the performance of the cloth in the f
warp direction is an average of the properties of materials from 19 t&

.

20 different sources.
16 01oth F was affected by both the JP-4 and toluene immersion :
tests, whﬂe cloths A and C were affected only by the toluene solution.
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PART III: FILTRATION AND CLOGGING TESTS
ose

17. TFiltration tests were performed to determine the appli;:a-
bility to filter cloths of CE filter criterion for granular material
adjacent to holes in drainage pipe or well screens. The criterion
stated in terms of EOS is:

¥*
D85 of material
EOS

nv

1

<ty

Tests were also conducted to determine the ability of the cloths to re-
tain silty materials. It was also desired to measure the head losses

through the filter cloths and to determine, by applying surcharge loads
to simulate pressures of riprap stone or other type structures on the

filter cloth, if stretching, tearing, or puncturing of the cloth would ,
occur which would cause excessive movement of soil through the cloth. 3
Special "clogging" tests were also conducted to determine any tendency 5
of the cloths to clog due to the migration of fines through the soil. ;

i e

Test Apparatus

18. Two pieces of apparatus were used during the investigation;
one was 12 in. in diameter and one was 5 in. in diameter. They are )
described in the following paragraphs.
12-in.-diam apparatus ;

19. TFigs. 4 and 5 show the 12-in.-diam filtration test appa-
ratus. The bottom of the cylinder was molded in wax so that any .
material passing the filter cloth would be washed into the trap, as
shown in fig. 4. A standpipe was attached to the trap outlet to
provide a tailwater eievation above the top of the soil. The

* is the effective grain size in millimeters for which 85 percent
of Zhe sample by weight has smaller grains.

19
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; i , test apparatus
1

} - . : 1
" 1/l-in.-%hick, 11.5-in.-ID Lucite;cylinder was seatcd on a rubber

gas?et extending around the rim of the 'steel baseplate. A line of = |
; 3/8 in.-OD piezometer taps were spaced 1 in. Vertlcally and 1 1n. hori- i
zontally up the side of the cyllnder. Tlezometer tips were bra.,u tubes .
" covered with Ho. 200 screen that fitted flush with the; inside of the = .

voF cylinder.» The cylinder,was secured to the base with I-clamps bearipg
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gn spacer blocks secured to the cylinder. The steel top was seated on
a rubber gasket around the rim of the cylinder and was secured with six
steel tie rods extending to the baseplate. A 3/8-in.-diam hole tapped
into the top was fitted with a pressure gage, bleed valve, and vacuum
1line attachment. A discharge outlet was also provided in the top. A
grease fitting in a 3/h-in. opening in the center of the top accommodated
the loading piston. A perforated steel loading plate, 3/4 in. thick
with a diameter of 11-5/16 in., was used to transmit surcharge loads.
Surcharge loads were applied by a hydraulic jack and were measursd by
observing deflections of a Warlam loading frame using a dial gage. A
constant head reservoir was used to apply the hydrostatic pressures on
the soil. Deaired water was used, cbtained by spraying distilled water
into a 20-gal tank under a high vacuum (about 20 in. of mercury).
Q-in.-diém apparatus

20. Fig. 6 shows the 5-in.~-diam apparatus used for one filtration
test and for all clogging tests. The apparatus is shown schematically
in fig. 7. The apparatus was constructed of two 5«in.-ID, 1/h-in.-thick
Iucite cylinders. Filter cloth was placed between flanges on the ends
of the -cylinders and bolted into place as shown in fig. 7. The connec-
tion was made watertight with silicone grease. This resulted in a con-
tinuous cylinder in contrast to the disruption caused by the aluminum
ring in the 12-in.-dlam apparatus. Lines of 3/B-in.-0D piezometer taps
were located as shown in fig. 7. Plezometer 1 measured the tailwater
elevation. Piezometers‘a, 4, and 6 were spaced on l-in. vertical centers
above the cloth, and piezometers 3, 5, ahd 7 were located 180 deg around
the cylinder. Piezometers 6, 8, and 9 were spaced on 2-in. vertical
centers, and 9, 10, and 11 on 3-in. centers. The Lucite top plate was
fitted with a 3/h-in. opening to allow water from the constant head
reservoir to enter the apparatus. A bleed valve was also provided. The
Lucite bageplate was fitted with s 3/h-in. opening to which the standpipe
was connected. A valve was placed between the base and standpipe, and a
plug for draining the apparatus and for inflow during saturation was at
the base of the standpipe. The constant head reservéi; and the source of
distilled deaired water were the same as those for the larger apparatus.

a2

Arats tu R Ash 2 d

RS TP TR TG, o e ol TR R e I A TRV TR FR TG e e Y et

s s o

P A PN AR

Y doeht AN L

AR T O L2 R st

BB A AR b b Yo M AINE A2/ 2 Sevn 3 R TR o

SRR En g o sal e 125 70%




i e T B L S s e R e T e R T R R R e R e T I e T R
w, ; NN
‘

N

I

~ [P w < ™ ~ —

¢ -~ e s P e mer PEOrPOP AN OB AN GBI AN CENINCNNe GBI PATRNE~

AT T T

P

ceOengderw -~

- L R N N B

ltration and

i
test apparatus

f

o R TPNTRETEERTRAES T

~diam
23

in.
clogging

Hee

Fig. 6.

RN TATE PRI ICTNRRACY SRIRGN T p AT TR

:

S P A T it R N T - . "




X AT A . % R W , Lo e FRANETY 34 NIRRT Lt ARE AL R i Sy Pty, SIe o SRR P T R
T S IS P ST 4 oyl S LTI V50T VR oo s 1 & o RS NTTG I | RS S SR LT S @ b

FROM CONSTANT
4 / HEAD RESERVOIR

: BLEED

— ;

DISCHARGE

—

ey R A IR S
N

TTES

LUCITE
CYLINDER ~——p.

g Raiey b

o o*

ook
PEA

GRAVEL

b o 8™

| o —— STANOPIPE

¢ soI \T

N e R R AT S, . ,”,_1«,-.'-
Al A S A R e d S ek ST NS A NN S TR 2 AN N S e e St A AL RO e VSRR

s

DAt 3 o8

WA Rt R DTS ST

AN

é FILTER CLOTH

o for
P R LAV LWL, SR TN ST R IP TOME 2 05 K2 SR ANT S CEpNA s VN

f
s

[13%) ~ }a——~LUG (INFLOW

3 % PIEZOMETER NUMBER. OURING SATURATION)
3 SECOND NUMBER IS

FOR PIEZOMETER ON (NOT TO SCALE)

OPPOSITE SIDE.

S NTp I

2

At

Fig. 7. 5-in.-diam filtration and clogging
test apparatus (schematic)

A%
G e o s B e STy

2, o r s

R - ot T g s A S ; - . e e
i TGl A R s T oY TR SO U . s e daariie sy . o SR AV oD s
R ' S Caada Tt AT il T il 4 N, 2 . ' 5 2

DA Yl 24 18T




AT T VR KR S AR R S AR I YR R A S A T O TR o T A A R IR SR N T R e e R T AT AT AT AR L

Soils Used

21. In four of the seven filtration tests performed, two grada-
tions of wniform, rounded to subrounded river sands, graded as shown in
fig. 8, were used. In the other three tests, a silty sand (SM) was used,

consisting of 50 percent sand sizes and 50 percent loess sieved over a
No. 200 screen. The coarser gradation of sand was used in test 1 before
the method, described in paragraph 6b, for determining the EOS was
established, and the EOS of cloth B was thought to be equal to the

‘ No. 40 sieve. The silty sand was selected after a preliminary test
indicated that no meaningful data could be obtained using a loess be-
cause of its low permeability. It is thought that the silty sand im-
poses a more severe condition than silt since the water velocities
through the silty sand would be higher and piping of fines could still
occur. Ottawa sand (between the Nos. 20 and 40 sieve sizes) with O, 5,
30, and 20 percent loess fines was used in the clogging tests; in
future references, tests with these materials will be referred to as
the "5 percent silt tests," etc. The rather coarse gradation of Ottawa
sand was selected to provide a skip graded mixture (fig. 9) that would
A allow easy migration of the loess fines.

Rl PR A

%, A A T

Preparation of Test Specimens and Apparatus

Tests with 12-in.-diam apparatus

22. Tests 1-6 were performed with the larger aspparatus. The

LA At L35 4 B S S N e S 10, L D s TR €504 5o P 202, VU L, F10 e tene e TR T A 18 0o St AR At i L

s BRI st Sn AR LAY N Dt s

apparatus was readied for testing in the following manner. A perforated

ool T et L e 11

brass plate was fitted above the base, and the Lucite cylinder was then
attached to the base. Uniform size 2-in. angular limestone fragments
were placed on the perforated plate to a height of 3 to 4 in. Angular
limestone was used to see if it woull -ause tearing, puncturing, or a

Bl

severe stretching condition of the filter cloth when the surcharge loads

-~

were applied. 1Iu the first two tests, the filter cloth was secured to

.

an aluminum riné with epoxy cement. This method proved to be unsatis-~

AT RIH ™

factory. In the remaining tests, a smaller ring wes bolted over the

25
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cloth to the larger ring. An O-ring fitted 1r'xto 8 groove around the ,
aluminum ring assured a tight fit with the cylinder wall. The filter
cloth and ring were then placed in the cylinder, with the cloth kn .
direct contact with the limestone. The ring was leveled in the;cylindér..
The base was filled with deaired water, and the:water was brought o an
elevatic. about 1 in. below the filter cloth. The deaired wate£ was
introduced through the valve and discharge pipe in the ﬁase (shgwn in !
rig. 4). The soil was placed in a uniformly loose condition on top of l !
the cloth. The top of the scil was leveled, and a wire screen was

placed on its surface. Pea gravel (plus 1/% in.) was placed on top of

the screen to evenly distribute the flow of water during the test. The
loading piston was then set on the pea gravel and the ‘chamber top was L |
secured. l !
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S Er i (i S G T N R e S St T D St

23. The soil was saturated in the following manner. After the
apparatus had been assembled and the piezometers and top dischargé
opening closed off, deaired water was brought just above‘the level of E i
! the filter cloth. The valve was then shut off and a vacuum of about 20
in. of mercury was applied for approximately 15 min (in tests usiné ] !
silty sand, the vacuum was applied for a longer period, as will be dis- . vy
cussed later). Water was allowed to rise at 1l-in. increments within the i {
sample with the vacuum applied after the valve was cloged. &his'was con-
tinued until the soil wa: saturated. The overlying pea gravel was then
saturated by simply raising the water levél within it,‘and when thei S
water level was just above the plate, the vacuum was agein applied for ;
about 15 min. Deaired water was then allowed to fill the cylinder to
the level of the top discharge pipe. Piezometers were attached to a l
manometer board, and the water was allowed to flow into the top until !
it began to exit from the bleed valve. The trap and standpipe were then '
attached. The heights of the filter clcth, top of soil, and top:of pea
gravel above the base were carefully measured at four points around the
cylinder and recorded. . o ' '
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Tests with 5-in.~-diam apparatus

2k, Filtration test 7 snd all clogging tesis were performed with ' P
the 5-in.-diam apparatus. In the filtration test, the soil was Placed '

A,
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‘dry on the cloth and' .was saturated by allowing deaired water to flo.

; slowly up from the bottom of the sample, No vacuum was applied within
the cyiinder. This. procedure could not be followed for the clogging
' tests since the upward flaw would cause the fines to migrate upward and
out of the sample prior to the test. Therefore, prior to placing the
' soil for the clogging test, deaired water was placed in the apparatus to
an elevation above that to which the soil would be placed. The soil was
then placed underwater usling a ltremie;-type device. By using this pro-
cedure, segregation of the material was minimized although the water did
becomé muddy during placement. This resultéd, in some instances, in the
! : formatlon oi‘ a film on,the top of the soi,l from the fines settling out
of the water. In the filtratidn- test, a wire screen was placed on top
‘of the soil anc} pea gravel (plus lﬂ+ in. ) was placed on top of the screen
' to evenly distribute the flow of water during the tests. The filtration
test indicated t}'le pea gravel.and w:llre screen were not needed with the

smaller apparatus, and therefore they were not used in the clogging
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| ‘ tests. The remainder of the apparatus was thep filled from the top with *;

. 'deaired water :and the test begun The flow was recorded, and the piezom- é
eters read periodically. Due to‘the limited capacity of the deairing z
' ; tank, some of the tests ha.é. to be interrupted to replenish the supply of %
\ dea.’,.rct_i water. The helght of the soil was carefully measured prior to ”é
f' initisting the tests.
ey
; , ’ Test Procedures §

2 K * Filtration tests, 12-in.-diam la\._'g_’gta,ra.‘l:u
l ' 25. The filtration tests were performed with downward flow. For
the initial test in a series, no surcharge load was applied. A differ-
entia]. head was applied (usup.lly about 0.25 ,ft) and the bottom of the
filter cloth and the trap were ca.x'-efully observed to detect any infil-
tration. Any discoloration of the discharge water was noted: The dis-
cha'.rge was measured over "a given period of time after it had stebilized,
and the pilezometers were read. The flow was recorded, and the
piezometers were read a minimum of three times at 15-min intervals for

29
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. each arplied head for all tests. The head was increased and the pro-

cedure vas repeated. The head was increased until the maximum flow
obtainable was reached or until the maximum height of the comnstant head
reservoir was reached. The head was then reduced to approximately half
of the maximum head (intermediate head) and then reduced to the initial
head. Temperature measurements were made of the water entering and
exiting the apparatus.

26. After completion of the initial tests, a surcharge of 500 psf
was appiied. The heights of cloth, top ¢ soil, and top of pea gravel
above the base were again measured. The initial, intermediate, and
maximum heads were applied and then lowered, as in the initial tests.

A 1000-psf surcharge was then applied, height measurements were again
recorded, and the procedure was repeated in the same manner as that for
the 500-psf surcharge test. ,

27. The surcharge was removed and the soil was "surged" by open-
ing and closing the discharge valve 10 times each at the initial,
intermediate, ..d maximum heads. This procedure quickly varied the
differential head from that produced by the position of the constant
head reservoir to zero. After surging, the base was struck with a
rubber mallet for about 5 min at the initial, intermediate, and maximum
heads, first with no surcharge and then with 500-psf surcharge. This
was not done at the 1000-psf surcharge as a safety precaution.

28. The apparatus was then disassembled, the trap inspected to
detect infiltrated material, and in-place densities were determined at
the top and bottom of the soil column using a l-in.-diam Hvorslev
sampler. Samples of soil from the top and bottom were obtained for
sieve analysis. A sieve analysis was also run on any material that
passed the cloth during the test. The cloth was visually inspected and
photographed to note any clogging or any tears, punctures, or other
alterations due to stretching of the cloth by the angular limestone.
Soil used in the test was then washed over the cloth, and sieve analyses
were run on the fractions passing and retained to determine any change
in the equivalent opening size and the percent of the total mixture that
could be washed through the cloth.

30
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Filtration and clogging
tests, 5-in.~diam apparatus

29. TFiltration test 7 and all clogging tests were downward flow
tests. The procedures for applying the heads and recording flows and
temperatures using the smaller apparatus were about the same as those
used with the larger apparatus. The test was concluded after the maxi-
mum head obtainable with the equipment had been applied and the flows
measured. The head was not reduced as was done in the previous tests.
The flow was recorded, and piezometers were read a minimum of three

: times at 15-min intervals for each head applied.
i 30. The clogging tests were conducted with the reservoir at a

: constant head for periods up to 320 min. All piezometers were read and
E flows were measured periodically. Actual time periods and hydraulic
gradients used are given in subsequent discussions of the individual
test results. There was a slight buildup in the net head as the tests

continued; however, as discussed later, corrections were made to the

roc;

TIPS

test results to account for the variation.

ﬁ 31. Infiltration occurring during the tests was carefully noted.
f; After the tests were completed, the soil was removed from the apparatus
4 and any clogging of the cloth was noted. The percent fines in various

zones of the soil specimen was determined. These determinations were
made on the soil in the first 1/4 in. above the cloth, and on soil
between that level and the elevation of the first piezometers above the
cloth (see sketch in table 3, page 53). Above the first piezometers,
determinations of fines were made on the material between the elevations

of the remaining piezometers (1l-in. intérvals). The fines content was
computed by determining the dry weight of soil, washing'the fines through
a No. 200 sieve, and then determining the dry weight of the retained
sand, the difference in the two weights being the weight of the..fines.

EY

Test Results and Discussion

!

Filtration tests
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table 2. In all of the tests using the 12-in.-diam apparatu. (tests
1-6), there was some difficulty in determining the exact length of the
soil specimen after the apparatus had been set up for the tests. This
was particularly true after the surcharge loads had been applied.
Sometimes it sppeared that the filter clotn had moved downward a greater
distance than the top of the specimen had moved. 1t was thought that
this was probably due to the sand having been pushed through the top
screen into the pea gravel, and also due to deformation of the bottom

of the soil specimen by the pressure of the rocks on the filter cloth.
Since water temperature did not vary over 1 or 2 F during the tests, no

corrections were made in the analyses of the data. As will be discussed
subsequently, variations in hydraulic gradients throughout the samplies
did not allow head loss determinations through the cloths to be made
during the filtration tests.

33. Cloth B.

a. Using F-M sand (test 1). Net heads up to 1-ft water
were applied, first under conditions of no surcharge
ané then under a 500-psf surcharge. Due to high head
losses through the base valve, trap, and standpipe, the
maximum head differential was only sbout 1 ft even
though the elevation of the constant head reservoir was
several feet above tailwater elevation. The Lucite-
cylinder cracked wpon application of 1000-psf surcharge,
and the test was discontinued. Sand density after test-
ing was 97.5 pef in the top 1 in. and 95.7 pef in the
lower 1 in., ccmpared with the initial density after
saturation of 95.4 pef. Plots of head losses through :
the soil specimen and filter cloth under O- and 500-
psf surcharge are shown in fig. 10. Because of the
variation in density of the specimen, it is noted that
the head loss throughout the specimen, even with no
surcharge applied, was not uniform. Piezometer 2,
only 0.2 in. above the filter cloth but adjacent to the

5.,

'f aluminum ring on which the filter cloth was affixed, :
g read the same as tailwater.¥* There was no indication :
E of sand infiltration through the cloth or piping 4
b within the sand specimen during any reriod cf the 5
i test (maximum velocity, 0.16 fpm). Sieve snelyses of H
E: the material taken from the top and bottom of the soil i
5' * This was also found to be true in tests 2 and 3 for the piezometer é
-3 nearest the filter clcth. Py
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PIEZOMETER NUMBER ~ PIEZOMETERS
SPACED ON (-IN. {0.083 FT) VERTICAL CENTERS

3 2 s sesise e s saee w meE——- a—————— - o) - ..

NC SURCHARGE 500~ PSF SURCHARGE

] BB 3 ]' s T

APPARENT TOP OF SAMPLE APPARENT TOP OF SAMPLE

I T

BT Ty Sae—

-

iy iy A

FILTERCLOTH = | e — - ' = — #
FILTER CLOTH B
. ! N ,ﬁ;
t H 1 i | S ¥ 1 p:
o 0.5 1.0 1.5 0 0.5 ) 1.5 E
NET MEAD, FT : ! : 5
TAILWATER HEAD=0 Py . e 3
Fig. 10. Head losses through sample and cloth B, test 1 ' E
. . '
! H
specimen showed practically identical gradatipﬁs. Fig. 11 .

shows the condition of the upper and lower surfaces :of
the cloth at the end of the test. There were no indica-
tions of clogging. Indentations caused by the pressure ,
of the limestone fragments are ciea.rly visible in the
photographs; however, there were ne tears or punctures
in the cloth. . .

b. Using fine sand (test 2). In this test, application of
a 1000-psf surcharge was also attempted, the Lucite
cylin‘cr having been reinforced with steel bhnds, but
the fiiter cloth separated from the aluminum ring to
vwhich it had beer bonded and the test had to be termi-
nated. 1In spite of the fact that 67 percent.of the test
fand could be washed through the filter cloth, there was
ro indication of infiltration of sand at any time. during
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the filtration test (maximum velocity, 0.15 fpm); the
gradation of the material taken from the top of the

sample at the end of the test was practically identicsl
with that of the bottom. The condition of the cloth after
testing was similar to that showm in fig. 1l. There

were no tears or punctures. Head losses through the

sand and filter cloth under O- and 500-psf surcharge are
plotted in fig. 12.

NO SURCHARGE 500-PSF SURCHARGE

RN

FTAL

! . . APPARENT TOP OF SAMPLE

__./.-_7-777-- __-_[_:'L‘EFE?]'.’.‘“L‘]‘._J.-_

L) T ¥ v 1

S
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PIEZOMETER NUMBER ~ PIEZOVME TERS
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R
§
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EATNG N 5 27

s . - . —— . w— — — a— ——— - -

Fig.

PRS2 S e

c.

NET HEAD, FT

TAILWATER HEAD=O

12. Head losses through sample and cloth B, test 2

Using silty sand (tests 5 and 6). The purpose of these
tests was to determine if the presence of silt sizes
would cause the cloth to clog or would cause more move-
ment of soil through the cloth. Some difficulties were
experienced in saturating the samples prior to the fil-
tration tests, and the presence of air undoubtedly
affected the results and perhaps affected the response
of the piezometers. In some instances, the vacuum was
applied for 2 to 3 hr to no avail. In test 5, upon
application of the initial head (hydraulic gradient
through the entire soil sample and cloth of about 1.5),
the water discharging was discolored, but cleared within
5 min. The discharge remained clear throughout the
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application of higher heads to the maximum head applied
(1 = 29). When the flow was initiated after the 500-
psf surcharge was applied (i = approximately 0.5), the
water was considerably discolored for about 15 min
before clearing. It was also noted that pea gravel was
being pushed into the soil when the surcharge was ap-
plied. The discharge also was discolored when the base
of the permeameter was first struck with a rubber mal-
let; after continued striking, the water cleared. The
shapes of the curves of velocity versus hydraulic gra-
dient shown in fig. 13 indlcate no significant clogging
of the cloth as the test was continued. Following

14 —_—

509 SAND - 50 % SILT
O NO SURCHARGE
& 500-PSF SURCHARGE

12 prme — -t

VELOCITY v, FPM X 10~3

/ (=319 &b
4 /

/ L~

20 23 30
HYDRAULIC GRADIENT «

Fig. 13. Velocity versus hydraulic gradieat;
cloth B, test 5

the test, grain-size analysis of material from the lower
1/2 in. of the sample indicated that a considerable
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amount of fines had passed through the cloth as only
39 percent of the remaining material was smaller than
the No. 200 sieve compared with 50 percent in the soil
as placed. Fig. 14 shows the underside of the cloth

af Rrwes b SRTRAYR R

Pk

SRR s T

Fig. 4. Cloth B after completion of
test 5 (underside of cloth)

after the test was completed; silt adhering to the clotﬁ
can be seen. It is to be noted that 71 percent of the !.
test soil could be washed through the cloth. The second
test on cloti: B using the same silty sand (test 6) was
performed to determine if material passing the cloth in
test 5 was largely due to seepage forces or was squeezed
through the cloth by the pressure of the surcharge. 1In
this test no limestone fragments were used below the
filter cloth. The holding ring for the filter cloth was
supported above the base of the permeameter to permit

the underside of the filter cloth to be viewed during
the test. The soil was loosely placed to a height after
saturation of 1.6 in. No satisfactory determination of
density could be made since some material was lost into
the overlying pee gravel during saturation. An overall
maximum hydraulic gradient up to 53 was applied in incre-
ments. On the application of the initial hydravlie
gradient of 0.3, the discharge was slightly discolored,
but cleared up within 5 min and remained clear throughout
the application of increasing hydraulic gradients. The
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shape of the curve of velocity versus hydraulic gradient
in fig. 15 indicates no significant clogging of the cloth
as the test was continued. When the apparatus was struck

with a rubber mallet, the discharge became cloudy. It
appear=d, however, that this material was coming from
between the rim of the cylinder and the aluminum ring

//

VELOCITY v, FPM X 10™3
»

’ /
O

e
50%e SAND ~50%6 SILT
NO LIMESTONE
NO SURCHARGE

]

0 -

0 10 20 30 40 50

HYORAULIC GRADIENT

Fig. 15. Velocity versus hydraulic gradient;
cloth B, test 6
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where some soil had been trapped above the O-ring during
placement. Striking the apparatus allowed the material
to pass the O-ring. After the material passed, the water
was clear after continued striking. The underside of the
cloth remained clean. Sieve analyses on two samples
taken from the top of the sand indicated no change in the
gradation of the mater:2l from the as-placed condition.
Sie e analyses from the lower ]/2 in. of the sample
showed only a slight reduction in the percent passing the
No. 200 sieve, indicating that very few fines passed
through the cloth.

34. Cloth C, using F-M sand (test 4). There were no evidences

ol any material passing through the cloth at velocities up to 0.15 fpm.
Gradations of the material taken from the top and bottom of the sand

specimen after test were practically identical. Fig. 1{ shows the

- e

Fig. 16. Cloth C after completion of
test 4 (underside of cloth
after washing)

wunderside of the cloth after it was removed from the apparatus and
washed. There was no indication of any clogging. There were no tears
or punctures in the cloth. Head losses through the sand and filter

cloth under O-, 500-, and 1000-psf surcharges are shown in fig. 17.
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Fig. 17. Head losses through sample and cloth C, test 4

35. Cloth D, using fine sand (test 3). The sand density in this
test was also less than the minimum dry density determined in the labora- :
tory because of looseqing during upward flow of saturation. Although x
71 percent of the test sand could be washed through the cloth, there was
no infiltration of sand through the cloth during any phase of the filtra-

A tion test, which included also the imposition of 1000-psf surcharge (max- :
g imum velocity, O.14 fpm). Gradations of the sand taken from the top and ? f
3

o 0 2R ST A e S AR A

bottom of the sample after test were essentially unchanged from the ini- i
y: tial gradatifpn. Fig. 18a shows the underside of the cloth immediately 3
A after testing. The lighter areas are powder from the limestone frag- ,
ments; some chipped edges of the limestone also are visible. Indentations ‘
k from the limestone are shown more clearly in fig. 18b, which was made
after washing the cloth. There was no indication of any sand particles

41
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embedded in the iopenings. Head losses through the sand end filter cloth
under Q-, 506-, and lOOO-;psf ;surcharges age shown in fig. 19.
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T ' T
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s wleg ame e gue o -— e i
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TAILWATER HEAD=0
;

Fig. 19. Head lossey; through sample and cloth D, test 3
! :

36. Cloth G, using silty sand (test 7). This was the only fil-
itration test performed in the 5Lin¢-diam apparatus. Cloth G was tested
since it 'had the most open weave of any of the cloths. The height of
soil above the cloth was 1,36 in. with a dry density of 111.0 pcf. As
in the previous two tests, the water becamé clovdy upon application of
the initial head (i = 4.16), but cleared up in a matter of minutes.

The, discharge !femained clear }:hro_ughqut the application of the higher

} heads to the maximum applied (i =,35). A plot of velocity versus
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hydraulic gradient for this test is shown in fig. 20. The abrupt :

! change in velocity at i = 13 , shown on the plot, was probably due to
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Fig. 20. Velocity versus hydraulic gradient;

cloth G, test 7

3 i a change in density of the soil sample. The lower velocity reading was

‘ taken at the conclusion of the workday and the test was shut down

overnight. The next morning it was found that the constant head reser-

5 voir had emptied, thereby reducing the hydrostatic pressure on top of

3 the s0il creating a pressure differential between the top and bottom

1 of the sample. It is thought that the upward flow through the sample

1 loosened the soil somewhat, thereby increasing its permeability. The dis-

, ! charge became cloudy when the spparatus was struck with a rubber mallet

' under the highest gradient applied. The water cleared in less than ;
‘: ‘ 5 min and remained clear when the apparatus continued to be struck. ;

During removal of the soil from the apparatus, the cloth slipped from '

, between the flanges and the soil dropped into the bottom of the appara- ‘ g

tus, disturbing it to the extent that no further analysis could be
.. ; made.
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37. Summary of filtration tests. Tests 2 through 4 indicated
that woven filter cloths effectively retained loose uniform sands
when the DBS size of the sand was equal to or greater than the EOS of
the cloth. Maximum velocity of flow during the tests was 0.16 fpm.
Because of density variations within the soil specimens and the in-
fluence of the aluminum securing ring on the piezometer readings, no
accurate indication of head losses through the cloths was obtained. As
will be discussed later, some insight into these head losses was cb-
tained during the clogging tests.

38. Tests 5, 6, and 7 indicated that cloths B and G would
effectively retain and prevent piping of the silty sand at hydraulic
gradients up to about 50 (maximum tested). Since cloth G had the most
open weave of any of the cloths tested (EOS = No. 30 , open ares
= 36 percent), it was not considered necessary to test the remaining
cloths.

39. No filtration tests were run on cloths E and F since it was
obvious sand could not pass through them. They were subjected to clog-
ging tests later in the test program. In none of the tests with sur-
charge loads of 500 psf and in some tests with 1000 psi’, and with the
filter cloth in direct contact with angular stones, did any punctures,
tears, or other significant alterations of any of the cloths tested

occur.

Clogging tests
L0, General. Clogging tests were performed on cloths A, E, and F.

Cloth A w+- zelected because it had been widely used in the field and
had a low EOS (No. 100 sieve size). No tests were performed cn cloths
B, C, D, and G because their EOS's were equal to or larger than the EOS

of cloth A and their percent open areas were about the same or greater.
Cloths F and F were also tested since they had no distinct openings and
were thought to be susceptible to clogging. As there was some variation
in the net head applied during the tests, all measurements plotted in
figs. 21 through 32 were related to the hydraulic gradient measured from
the tailwater piezometer (piezometer 1) to the first piezometer below
the top of the specimen (piezometer 6). This value was designated i' .
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By dividing the hydrauli: gradients measured through various l-in. %
vertical increments of the soil by 1' , an indication of variation in §
silt content (clogging in the case of the lowest 1-in. soll increment {
plus the cloth) could be obtained. The ratio of the hydraulic gradient g
through the lowest 1 in. of soil plus filter cloth to 1i' at the con~ % %
]

|

;

]

iqi

]

IEZ oS t

R sar e

clusion of the test was termed the "clogging ratio." A ratio greater
than 1 would indicate clogging. Of course, variation in densities of

T TR

the sample would affect the results as well as other factors inherent
in this type of test. However, in tests on sand alone, the variation
in hydraulic gradients of the 1l-in. layers was found to be in the range
of 10 to 30 percent. In all tests there was initial infiltration of
silt through the cloth when the test was initiated or restarted after
shutdown for a new supply of water. The water always cleared within 3

¥

e T e Ty

to 10 min. The water temperature varied only by 1 to 3 deg and was not

SR

considered in the analysis. Results of these tests are summarized in i

Ly el gy
12 N s e A s,

. table 3 and in the fijgures discussed in subsequent paragraphs.
41, Cloth A. The results of clogging tests on cloth A are g
g

shown in figs. 21 through 24. The flow measurements are not considered
particularly significant other than the fact that they indicated no
consistent decrease in flow during the tests, The clogging ratio at

20 percent silt was 1.06, which was slightly lower than that measured
on the sand alone. At 5 and 10 percent silt, the clogging ratios were
less than 1. The relatively high head loss between piezometers 4 and 6
in the test on the 10 percent silt mixture was attributed to fines,

-

segregated during placement, settling to the top and in the tor 3 in.

o

of the sample. This was verified by the relatively large percentage of
silt found in the section \see table 3). Visual inspection of the top

~ of the cloth after the tesi revealed an obvious increase in fines on and
just above the cloth for the 5 and 10 percent silt tests. This was
also shown by the silt contents measured throughout the sample. Al-
though & silt content of only 10.5 percent was measured in the soil
adjacent to the cloth at the conclusion of the 10 percent test, the silt
content was higher at that location than at any other within the sample.
There was a cake of fines on top of the soil which would reduce the
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3 overall silt content. Because of the high percentage of fines initially )
in the soil, it was not possible to detect a cake at the conclusion of }7
3 the 20 percent test. However, the measured silt content was higher
adjacent to the cloth than throughout the sample. Although cekes of
fines developed, there appeared to be no significent head loss through
the cloth as shown in the figures and by the low clogging ratios.

42, Cloth E. The results of the clogging tests on cloth E are
shown in figs. 25 through 28. The erratic behavior of the flow measire-
ments in the test on sand was probably due to a steadily increasing 1i' (
(from an initial 0.32 to 0.66 at conclusion) during the test. Since '
the piezometers were read after flow measurements were made, the particu-
lar flow measurement may ot have corresponded to the head differentials
recorded some minutes later. Cloth E showed no tendency to clog at
: 5 percent silt. However, with soils having 10 and 20 percent silt con-

i tent, clogging ratios of 1.33 and 1.61, respectively, were indicated.
As in the case of the previous tests, the flow measurements indicated

' no reduction due to clogging. Cakes of silt were found on the cloths

5 at the conclusion of the 5 and 10 percent tests. A relative silt in-

1 crease was measured when the 20 percent silt test was completed, but a

: cake could not be visually detected because of the large silt content

‘ of the soil.

; 43. Cloth F. Results of tests on cloth F are given in figs. 29
through 32. Clogging ratios of 1.67, 1.98, and 1.60 were determined in
4 the 5, 10, and 29 percent tests, respectively. There were considerable
decreases in flow with time in tests using sand with zero and 5 percent
3 8ilt. Since the reduction occurred with no silt present in one test,
the flow reduction in the 5 percent test cannot be attributed entirely
to clogging. Probsbly there was some densification of the soil under
the downward gradient. Inspection of the cloths after the 5 and 10
percent tests revealed obvious caking of fines on and within the
entangled fibers of the cloth. Fines within the cloth were noted after
; the 20 pe .ont test also. Visual inspection indicated that caking was
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more severe on this cloth than the other two cloths studied. The cloth
remained impregnated with fines even after it had been washed. Any
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fines on cloths A and E were easily removed by washing.
L. sSummary of clogging tests. Flow measurements taken during

the clogging test were not conclusive. However, it is considered that
the clogging ratios are valid indications of the degree of clogging of
the cloths. The nonwoven cloth F was particularly susceptidble to
(logging with a maximum clogging ratio of 1.98 in testing with soil
containing 10 percent silt, since the hydraulic gradient through the
lower inch of sample and cloth was almost twice as great as the gradient
through the entire sample. Cloth E, without distinct openings, showed
a tendency to clog from soil having 10 and 20 percent silt content,
while cloth A, with distinct openings, had clogging ratios near 1 for
all gradations tested, indicating no significant clogging. Tests with
soils containing no silt showed no significant head loss through the
£21ter cloth when compared with head losses through the entire soil
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PART IV: FIELD AND HYDRAULIC TESTS . o .

Stone Drop Tests .- )

ose '
45. Field performance data collected thrpu'ghout the study ' '
indicated that cloth B had performed satisfactorily undgr every loading . i
it had been subjected to, while in some instances cloth A had torn dur- ! ’
ing placement of riprap, and holes attributed to ebrasion were founé.
several years after placement. T:erefore, the strength and abrasion

resistance of cleth B appeared to be satisfactory, while these proper-
ties of cloth A did not appear to be satisfactory. Nc field data were |
available on cloths with strengths between the strengths of cloths A and’

B, and consequently controlied field drop tests ‘were conducted pri-

marily to evaluate the performence of those cloii,hs with intermediate

strengths. ;

; Procedure . j I
46. Fig. 33 shows the test site--a loess bank graded o a 1V-on-

3H slope for placement of the cloths. Initially, it was planned to !

: loosen the upper 2 to 4 in. of the slope with a pulvimixer. However,

;. it wasz “ound to be difficult for the pulvimixer to operate up and down ‘

ﬁ the slope mixing the material to a uniform ;iepth. Also, the.resuiting .'

surface was thought to provide much too soft a bed. Consequently, it '

was decided to simply hand rake the slope before placing :the cloths. .

This provided a smooth uniform bed. : , : ' - :

47. Test strips of the cloths were 15 ft long and 6 £t wide, | | _

; with the exception of cloth G which was only‘ 5 £t wide. As in most \ et

field installations, long dimensions were placed parallel with the toe : ’

of the slope. Except for cloths E and F, this orientation resulted B I

in the weaker principal direction being perpendicular ta th;. toe of the

slope. Cloth E was also tested with its weaker principal direction ‘! : ; ' '

«
s

: perpendicular to the toe of the slope. The cloths were loosely
placed on the slope and pinned along their edges on 3-ft centers with :
3/16-in.-diam, 15-in.-long pins. The pins had 1-1/2-i.n. washers. . .
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48.. In the principal.tests, 51x stones were dropped simultaneously

from the bucket of a front-end loader. The weights of the chunky,

rathey angular stones:were as follows:

Stone Weight Stene Weight
! " _No. 1b No. b
) , . 1 £6 L 164
. ; 2 192 | 5 270
. 30 186 6 e

*

The s%ones were hand placed along the lower edge of the bucket for each

. test.
same¢ pointed portion of eath stone would strike the cloth (fig. 3h4).

' i 49. Drops vere made from 2. 5 £t and then b4. 5 £t on each cloth.

The stones were oriented the same way in each test so that the

Drops of 3 and 5 ft had been planned. However, "it was discovered that

1y ‘ ! the actual drop was 0. 5 ft 1ess than indicated by the measuring device
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Fig. 34. Stones being dropped from bucket

on the bucket. Each cloth was marked off into two sections, 7 to 8 ft
long, and drops from the same helight were made on each section. The
order of testing was cloths B, A, D, F, C, G, and E. Stone 4 broke
after testing cloth A at 4.5 ft, and for the remaining tests, only five
stones were used. Stone 4 had not caused any damage to the cloths
prior to its breaking. With the exception of stone 6, the pointed
portions of the stones contacting the cloths did not chip or otherwise
become altered. On the next to last drop, stone 6 chipped but the
resulting sharp edge was removed before the final drop was made. Any
damage to the cloths was recorded, identifying the stone that produced

the damsge, if detectable.
50. In other drop tests less controlled than those described

above, dump trucks hauling stones to the test site discharged the stones

from approximately a 3-ft height on other strips of cloths B, C, D,
and G placed on the slope. Full bucket loads of stones were dropped

by the front-end loader from 3 ft on cloths A, E, and F.

Results
51, Results of the stone drop tests on the seven cloths are

given in table 4 and in the subsequent subparagraphs.
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Table L

Summary of Drop Test Results

Cloth

Six~Stone Drop*

2.5-ft Drop

L} ,5-Pt Drop

Full Truck
Load or
Bucket Drop

E
(warp direction
parallel w/slope

E
(£113. direction
parallel w/slope

F

G

24 drop - 1 tear,
1 in. long from
stone 3

24 drop - 1 tear,
1 in. long from
stone 3

No damage

24 drop - 1 tear,
<l in. long
from stone 4

No damage

No damage

No damage

No damage

1st drop -~ 3 tears:

6-in. tear from
stone 3; 1l-in.

tears from stones

1 and b4

24 drop - 2 tears:
5-in. tear from
stone 1; i-in.

tear from stone S

1lst drop - 4 punc-
ture holes about
1/4-in. diam

24 drop - 1 tear,
2 in. long from
stone 1

2d drop - 1 tear,
5 in. long from
stone 3

1st drop ~ 1 tear,
1 in. long from
stone 3

24 drop - 2 tears,
1 and 2 in. long
from stone 3

2d drop - 3 tears,
two 1-1/2 in.

long from stone 1;

one 3 in. long
from stone 3

1st drop - 2 tears,

1 in. long from
stone 3

No damege t

2d drop -~ 1 tear,
1 in. long

No damage

No damage

No damege

No camege

Not tested

2 tears¥*¥*
1 in. long

1 tear**
3 in. long

No damage

* Stone 4 (164 1b) broke after testing cloth A at 4.5-ft drop. For the
remaining tests only five stones were dropped.
*% Test conducted one weck after other tests.

No demage from 7-f't drop.
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Cloth A. There was no major demage to cloth A from the
2.5-ft drop or from the bucket load of stones dumped on
the cloth. There was significant damage to the cloth
from the 4.5-ft drop. A 6-in. tear caused by the 186-1b
stone is shown in fig. 35. The 256-1b stone caused a
S5-in. rupture in the cloth, and there were three other
small tears.

Fiz. 35. Cloth A, 6-in. tear after 4.5-ft drop

Cloth B. Cloth B was not significantly damaged by the
2.5-ft drop (one l-in. tear) or by the stones unloaded
from the truck. There were four small punctures (about
the diameter of a pencil or smaller) and a 2-in. long
tear (fig. 36) resulting from the 4.5-ft drop. Generally
the particular stone or stones causing the damage could
not be determined.

Cloth C. Cloth C was not damaged from the 2.5-ft drop or
the drop from the truck. There was a 5-in.-long tear
(fig. 37) in the cloth from the 186-1b stone drcpped

4.5 ft.

Cloth D. There was one small tear in the cloth resulting
from the 164-1b stone being dropped 2.5 ft, but no damage
from the stones dumped from the truck. There were two
1-in. tears and one 2-in. tear in the cloth, all caused
by the 186-1b stone being dropped from 4.5 £t (fig. 38).

Cloth E. Cloth E oriented in either direction was not
damaged from the 2.5-ft drops; hcwaver, there were two
l-in. tears resulting from dropping the full bucket load
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Fig. 36. Cloth B, 2-in. tear after 4.5-ft drop
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Fig. 37. Cloth C, S-in. tear after 4.5-ft drop
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Fig. 38. Cloth D, 1- and 2~in.. tears :
after 4.5-ft, drop : .

of stone on the cloth., In the latter case, the cloth was
oriented with its weaker principal direction up and down.
the slope. It should be noted that the full bucket drop
was conducted approximately one week after the regular
tests had been completed. Heavy rains had ocqurred dur-
ing the interim period, end the soil on the slope was °
noticeably harder (even after raking) than during the
regular tests. There were five tears in the cloth,
resulting from the 4.5-ft drop.. Four bf the tears werc

1 to 1-1/2 in. long; however, the other tear was apnroxl-
mately 3 in. long and was caused by the 186-1b stone. In
addition to these tears, one stone hit directly on top of
a securing-pin washer, and the washer cut the cloth
around approximately one-half the tircumference of the
washer (fig. 39).

Cloth F. Cloth F was not damaged by the 2.5~ and u4.5-ft
drops. This was the only cloth not damaged by the 4.5-ft
drop, and therefore the Jdrop height was raised to, 7 ft. 1
There was no damege due to the 7-ft drop. However, it
shouid be noted that when dropped 7 ft, the istones
tended to flip over during fall and the sharpest edges
did not directly contact the cloth. A 3-in. tear re-
sulted from dropping the full bucket load on the cloth.

As noted in the disenssion of cloth E, the full bucket
drops vere conducted approximately one week after the
other tests, at which time {the soil on thé slupe appeareu
to be more compact thau in earlier tests.
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ﬁig. 39. Cloth E, tear caused by direect hit
' of store on securing-pin washer ! .

¥
g. Cloth G. Cloth,G was not damaged by the 2.5-ft'drop or
t the stones dumped from the truck. There was one l-in. i
- tear due to the 4.5-ft drup. It could not be determined o
: ' ' which stone or stones caused the damage.

] I ' . t s
' Summe.ry of stone drop tests ‘ . ' . '
' ' 52, None of thé cloths were &ignificantly damaged by the 2.5-ft
drops, while all cloths except cloths F and G were significdantly damaged
' by the L4.5-ft drops: Most of the damage was oausod by stones 1 and 3,
weighing 256 and 186 1b, respectively. Those portioas of these two ,
stones 1mpact1ng the cloths were very angnlar. Most of the stones made:
3~ to 5-1n. indentations into jthe soil beneath the cloths. Cloths k and .
' F were damaged somewhat by the full:bucket load of :*one: dropped from . , .
. 3 %3 hOWﬂver, thé beddlng for these teste-&npeared tc be harder than . '
i that in the other tests. Wh:le t.is 1mplies tbat tue harder ueddlng may

Ye a more severe case than the other uept conditions, 1t is thought that ,
i . i

éhe softer bedding is more rep}esertative .” field conditions where
' ', cloths are placed on sandy scils. Dama%e to cloth E caused by the .washer

uutting the fibers p01nts out a prohlem thet could occur to any cloth

during placement of the’ riprap. ~nd is a reason the numher of 1aps -

_ should be kept %o a minimum. ’ ‘ ' : {
; ’ ] _
) . . ] s
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Field Exposure Tests

53. Filter cloths A and B were exposed for 72 months at Treat
Island, Maine, with companion control samples aged in the old WES
Concrete Division Leboratory near Jackson, Mississippi. The samples at
Jackson were kept in the laboratory building and not subjected to field
o exposure. At Treat Island, one set of samples was exposed in an open=-
sided shed, while the other was covered by about 1 ft of sand {neither
set was exposed to sunlight). Both sets of samples at Treat Island

SRR EACR U S S S i M IR LA

e At v @ Wetan s 4 ———_

were und :r selt water part-time due to tide fluctuwations, resulting in
daily freeze-thaw cycles during the winter. Air temperatures in the
area varied from a high of about 80 F during the summer months to a low
of about minus 15 F in the winter months. A sample from each set was
tested at 6-month intervals to determine the effects of exposure. This

2 was done by determining the tensile strength of the cloth in t.e warp
direction and comparing it with the average strengths of 10 samples that
had been tested in 1963 prior to the exposure. It should be noted that
the average initial strengths determined in 1963 are somewhat different
from the initiel strengths given in teble 1.

5k, Fig. 40 is a summary of data collected for 72 months on the
performance of cloths A and B at Treat Island and Jackson. The data
appear to follow no particular trend. Of the 35 samples of cloth B
tested, 15 had strangths below those of any of the 10 samples testcd
; . " initially and 16 were above the initial average strength. Of the 35 :
: samples of cloth A tested, 6 had strengths below any of the 10 initially
. tested, while 10 were above the average initial strength. The variation

fescnin vod

in initial sf.rengths of cloth A was ebout 10 percent of the average
3 strength shown. However, the variation in results of the '* initial
tests on cloth B was less than 10 percent of the average. when consider-

hoatsr et

ing the number of exposed samples with strengths less than 90 percent
£ the initial average strength, only 4 of the 35 cloth B samples tested
fajiled to be within 10 percent of the initial average. It should also

R

be noted that there is no apparent relation between the samples exposed

;_ ) at Treat Island or aged at Jackson. From these tests, it is concluded
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Fig. 40, Effects of field exposure

that both cloths A and B are performing satisfactorily.
Flume Tests

55. Tests to determine the head loss through the filter cloth
alone were conducted in a 2.5-ft-wide flume with an orifice located in a
vertical barrier. The cloth was placed over a 1- by 1-ft orifice,
0.25 ft gbove the floor in the center of the flume. The orifice was
calibrated by introducing constent discharges into the model. and re-
cording the water surface elevations upstream and downstream from the
orifice after sufficient time for settling was allowed. The orifice was
submerged at all times. The filter cloth was then placed over the ori-

fice and the procedure repeated. A settling time of 30 min was used for

each discharge with air bubbles allowed to collect on the cloth. The
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elevations were recorded and the air bubbles raked off the cloth and
kept off until the water surfaces stabilized. The water elevations were
again recorded. The head loss for the l-sq-ft area of cloth was obtained
by subtracting the head differences for a given discharge on the cali-
bration curve from the head difference obtained for the same discharge
with a particular cloth.

56. Results of the flume tests are shown in fig. 41l. Equations
for head loss through 1 sq ft for the cloths (no air) ocbtained from this
figure are given below:

Head Ioss, h , ft
in terms of
Velveity, v

Cloth £ps
A 6.5 v120
B 10.1 v+ 70
c 0.2 v+
D 5.8 v1'36
E 2.1 v
F 1.8 vo’9o
G 0.1 vl'78

57. It is recognized that head losses through the cloths would be
influenced to a great extent by the adjacent soil. However, these tests
do clearly show the reiative differences in the cloths' abilities to al-
low water to freely pass. As would be expected, cloths C and G with
relatively large open areas provide less resistance to flow than the
tighter woven or nonwoven cloths. Cloth F will provide the most resis-
tance to flow at very low velocities which would be expected from seep-
age conditions. A buildup of air on the downstream side of the cloths,
with the exception of cloth G, had an effect - the head losses through
the cloths. Generally, the head loss was decreased by the removal of the
air. Air bubbles could possibly develop on cloths used as well screens,
and therefore could be significant.
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PART V: SURVEY OF ¥IELD INSTALLATIONS
General

58. Visits were made by WES representatives to the following
locations to observe the performance of filter cloths:

CE Dist et Type of Installation Cloth Used
Memphis Beneath riprap bank protection A and B
Memphis Beneath riprap and articulated concrete

mattresses on Mississippi Llver B
New Orleans Beneath concrete paving block protection

for highway f£ill along Gulf Coast B and Z
Kansas City Beneath riprep channel bank protection B
Fort Worth Wrap subdrain collector pipes A

Contacts were made with other agencies using filter cloths. Of particu-
lar interest were tests conducted by the U. S. Department of Agriculture
Soil Conservation Service in Florida on cloths used to wrap subdrain
collector pipes. Memorandun; reports were prepared containing details of
the installations visited by WES personnel and are on file at WES. Dis-
cuss:i.ons in this report will cite the principal observations made and
conclusions drawn from the inspections or correspondence.

Memphis Districth

59. Cloths A and B were used in connection with repair work at
four bridges on the St. Francis River in the Memphis District. Severe
scouring of the bank had occurred immediately downstream of the bridges
and had progressed to the point where pilings for the abutments were
exposed. Banks adjacent to gbutments of two bridges were repaired in
1962 using cloth A, and the remaining two were repaired in 1964 using
cloth B. The scoured areas were backfilled with sand and the cloth
placed on the sand slopes which were graded to approximetely 1V on 3H.
Riprap (125 1b maximum) was dropped from apprcximately 4 ft on both

68
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cloths. When tears were noted in cloth A, the drop height was reduced
4o less than 1 ft. Cloth B was not damaged.

60. An inspection was made of the repaired bank siopes in the
summer of 1969, and the cloths were uncovered at two sites. The re-
paired zreas as a whole were in good condition. However, in cloth A
there were numerous tears and holes attributed to aebrasion by movement
of riprap. Cloth B was in excellent condition. Tensile strengths of
samples obtained from the areas and compared with strengths shown in
table 1 indicated there had been no apparent deterioration of the cloths
since they were installed.

61. Cloth B was used in a test area on Island 63 located in the
Mississippi River south of Helena, Ark. Fig. 42 is a layout of the test
installation as constructed in 1965. The cloth was placed L.. :ath both
riprap and articulated concrete mattresses (ACM); for comparative pur-
poses gravel bedding was used beneath riprap on ACM in adjacent areas.
The revetment was placed on 1V-on-3H fine sand slopes. Memphis District
personnel reported that no damage to the cloth had occur:.od during con-
struction of the revetment. The 125-1b stones were dropped from about
L ft.

62. The site was inspected in 1969. Fig. 43 shows the condition
of the ACM revetted area underlain with filter cloth, and fig. b shows
the condition of the ACM revetted area constructed with a gravel bed-
ding. The performance of the filter cloth was obviously superior to
that of the gravel bedding. In the filter cloth area, the only notice-
able subsidence was where field seams were faulty.

63. Fig. 45 shows bulging of the cloth beneath the riprap at its
intersection with ACM (subsidence shown in the center of the photograph
is from a faulty field seam). Such bulging was first noted in 1968.
Reports from 1970 inspections made by the Memphis District indicate

bulges have also appearecd in the riprap upslope from the intersection.
During the 1969 inspection, exemination of cloth near the bulged aresas
showed what appeared to be a cake of fines immediately beneath the cloth.
This cake may have prevented ready drainage through the cloth, resulting
in excess pore pressures being developed in the fine sand causing the
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sand to "flow" beneath the cloth. (However, in laboratory clogging

tests, the cake of “'r« 1. .veloping against cloth A did not cause any
significant increr. 2 i:. uead loss through the cloth.) It is pointed
out that this reach has been predicted susceptible to flow failures,5

a common phenomenon along the Mississippi River where sections of sand

panks liquefy and "flow" into whe river. It is possible that small flow
failures occurred in the area ead the cloth prevented the material from
going into the civer, poszibly preventing a more general failure.

6. The filter cloth was in good condition with the exception of

2y

a few tears nz2ar the bulged area. These tears were probably caused by

2oy

d:bris from the river during high water stages. The cloth in the bulged

areas was stretched very tightly, but no fiber ruptures or separations

b e s

were notec at the factory-sewn seams. Strength tests on samples of

cloth from .:ear the bulged areas showed no apparent deterioration. No

RIS

sampies were taken from the bulged areas for fear of induc.ng further

failures.

New Orleans District6

65. The Louisiana Department of Highways (IDH) (with some assis- 3
tance from the New Orlears District) conducted full-scale tests using :
cloth B a~4 clott ., beneath slope protection for a highway fill along
the Gulf Coast. Although not tested during the study, cloth Z appeared
to have an open area somewhat smaller than cloth G but greater than g

cloth C. The revetted area was constructed in January 1969 using
cellular concrete revetment tlocks developed in Holland. Each block
weighed approximately 1k 1b and was about 8 by 8 by 4 in. (when in

place, the reveiment had an open area of auvout 30 percent). The cloths

PRI IR AT TSI T EA TR

were placed directly on a graded 1V-on-3H slope and the blecks were
placed on the cloth. The soil was primarily a fine sand with some silt

! e 1 shell fragments. The area landward of the fill was swampy, and

: water from the area flowed seaward through the embankment when flooded.
"+ tee .- . Cloth B was use in constructing the vestward 100 ft end cloth Z was
used for the other 100 ft. . .
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€6. In February 1969 a storm hit the area, with wave heights well
above the roadway elevation. The cloth B area failed, while the area in 4
which cloth Z was used remained in place. Cloth B was apparently lifted
or floated out of position due to wave action and water within the slope
not being able to pass through the cloth fast enough to prevent hydro-
static pressure from developing beneath the cloth. Seepage water was

apparently avle to readily pass through the more open weave of cloth Z.
Approximately one year later a similar storm hit the area, with the only
damage being to the unprotected ends of the revetment.

67. Samples of both cloths were obtained during an inspection ap-
proximately one week aiter the second storm. Results of strength tests d
on cloth B from beneath the revetment indicated no significant deterior- ;
ation when compared with the initial strength given in table '.. However, i
there had been cousiderable deterioration of cloth B which had been ex-
posed since the 1969 storm (one year of exposure), and cloth B could be
torn by hand. According to the distributor of cloth Z, the initial
tensile strength is approximately 300 1b in the warp and %1l directions.

Strength tests on cloth Z from bereath the revetment showed no signifi-
cant deteriorahion wnen compared with the 300-1b initial strength. How-
ever, the material exposed for one year had a strength of approximately i
240 1b, a 20 percent decrease from the initial strength.

68. In 1971 a 3-mile stretch of the beach was revetted using the

cellular concrete blocks and cloth Z.

Kansas City District

s rrvven

69. In 1968 cloth B was used to line the slopes of a channel in

SN et 3 avTastas s

connection with a flood protection projer” ia Topeka, Kansas. The cloth 4
1 was also used beneath stone sills in the ~“annel. One bank had a 1V-on- :
2H slope and the other a 1V-oﬁ-3H. The -arks were composed of a silty

3 sand. Stoues weighing up to 3001 "'t were viaced (free fall less than 1
ft) directly on cloth which héd been pilaced directly on the slope. Scme
teuring at the securing pins was attributed to stones slipping down the

1V-on-2H slope; this did not occur on the 1V-on-3H slope. A 12«in.
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bedding of gravel was used between the cloth and the sills. Areas of '
the cloth 10 ft square on the slopes were uncovered to check the grada- | '
tion of the riprap, and the cloth was fourd to be'und;maged. Duripng an
inspection in 1969 the area was found to be in excellent condition, snd
strength tests on samples of the cloth indic:ited no aﬁparent deteriora-
tion when compared with the initial strength sﬁéwn in table 1.

Fort Worth Distiict

70. In 1966 cloth A was used to wrap the.perforated ccllector )
pipe in a subdrain system at the downstream toe of Sam Rayburn Dam,
Texas. Reports were received that the subdrains were not functioning
properly and that the cloth may have become clogged with an iron éludge‘
common to the arza. In 1970 a section of the collector pipe was un- | !
covered and inspected. The cloth was not clogged, but the‘perforations
in the pipe were practically completely closed with the iron sludge. '
It was concluded that the filter cloth did not contribute to the problem.
Strength tests on the cloth indirated no apparent detgrioﬁatiQn when com-

pared with the initial strength shown in table 1.

S0il Conservation Service¥*

7i. In 1968 the Soil Conservation Service installed sloéted pipe
subdrains wrapped with two different kinds of cloths near Orlando? Florida,
to lower the water table in an agricultural test field. The two filter
cloths used were cloth A and a cloth (designated cloth Y) not included
in the WES tests but scmewhat similar in appearance to the nenwoven )
cloth F. Four-inch-diamcter flexible, slotted, corrugated, piastic
collector pipe wrapped with cloth A was installed in a trench. The !
trench was backfilled with the excavated soil which was a fine.sand

(90 percent passing the No. 50 sieve). The system using cloth Y was

* Tnformation provided by Mr. B. C. Beville, U. S. Department of
Agriculture, Soil Conservation Service, Orlando, Florida.
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ins‘t:;.'lledI in the same niénnezl. The flow and water table.drawdown pro-
duced by the two systems were obseryed. In a matter of weeks cloth Y
became clogged with an iron‘ sludige. The 'sludge‘, on 1:he,clo‘thl was f‘orme'd
by iron bacteria that ox'dized end precipiteted iron into the water.
There wa.s no sludge buildup on cloth A, alt}'xough there was some "\uild;up , :
within ‘the pipe as was the case 4t Sam Rayburn Dam. With .ric .c

: ! . '
flushing, the system with cloth A hus: functioned properly since 1968. )
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PART VI: CONCLUSIONS AND RECOMMENDATIONS |

General

72. The following conclusions and recommendations are based on
laboratory and field date developed from this study; information summa-~
3 rized in reference 2, and field observations made by WES personnel. Most
field performance data available during this study were for cloths A and
B. Cloths D, F, and G had been used at only one CE installation each,
and cloths C and E had not been used by CE. Cloths Y and Z have not been
used by the CE although they were used by other agencies. The field per-

formance data on cloths A and B provided valuable information which could
be related to laboratory studies, and consequently meny of the commenda-
tions ‘in the following paragraphs ase based on the performance of the

two clott

Chemical Properties

73. The chemical composition of a plastic is complex, and minute
changes in its formulation can significantly change the character of the
material. For example, cloths B through G are all predominantly propyl-
ene, hut, as indicated in table 1, their physical properties varied
considerably. Consequently, specifying a plastic by name without
accompanying physical requirements is not sufficient. Based on this test
program, it appears that cloths made of 85 percent by weight or more of
propylene or vinylidene chloride will provide satisfactory service when
other physical requirements to be discussed later are met. Field per-
formance data on cloth Z, made by the manufacturer of cloth G, indicate
that cloths made of ethylene m2y be acceptable. However, cloths of this

matesrial have not yet been evaluated in the laboratory.

Physical Properties

Requirements applicable to all cloths

4. The requirements given in table 5 are recommended for all

78
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filter cloths. The test procedures have been described previously. All
cloths evaluated during this study meet the reguirements given in

table 5 except cloths A, E, F, and G which did not meet the abrasion
resistance requirements

Strength requirements

75. The strength requirements for filter cloths depend upon the
specific use made of the cloth. Current uses of filter cioth can be
divided into two main categories:

a. Filter cloth subjected to severe dynamic loadings. In-

cluded in this category would be installations where
stones are dropped on the cloth and there is continued
abrasive movement of the stones from wave action or
currents. It is obvious that cloth with high strength
and abrasion resistance would be required in such
applications.

b. Filter cloth subjected to static loadings. This category
would include such applications as where the cloth is
used to wrap collector pipes or acts as a replacement for
granular filter material beneath concrete structures.
Also included in this category would be applications
where revetment materials are carefully placed (not
dropped) on the cloth. In the latter case, high abrasion
strength may still be required.

76. TField performance data ~1 cloth B have indicated that it per-
formed satisfactorily with respect to strength and abrasion resistance at
every installation where it has been installed. Stones weighing up to
3000 1b have been dropped 1 ft on cloth B laid cn a 1V-on-3H sand slope
without any damage to the cloth. Information gathered on cloth A has
shown that it was punctured and torn by 125-1b stones dropped from L ft,
while cloth B was not damaged under practically the same conditions. Tears
in cloth A had also been noted in other installations, as discussed in
Appendix A. Inspections by WES personn:l of revettud areas where cloths A
and B were used showed holes attributed to abrasion in cloth A while, again
under practically tne same conditions, cloth B was in excellent shape. The
menufacturer of cloth A no longer recommends its use where severe dynamic
loadings requiring high strength occur and where high abrasive resistance
is required. The teusile strengths of cloth C were below those of cloth
B, but the burst strength of zloth C was considerably greater than that

80
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of cloth B. This cloth appeared to be affected less by abrasion than
any other tested. Cloth C held up very well during the drop tests, but
no field performance data are available.

T7. Based on field data and drop tests, filter cloths are divided
into three categories for strength requirements. Minimum strengths for
each category are given in the following tabulation:

Minimum Unaged Strength Requirement
Tensile, 1b

Stronger Weaker
Strength Prineipal Principal Burst Puncture Cloths Within
Category Direction Direction psi 1b Category
A 350 220 510 125 B and D
B 200 200 €10 125 c
c 180 100 250 65 A, E, and G

78. Cloths meeting category A strength requirements are generally
suitable tor use under severe dynamic loadings (paragraph 75a). Cloths
meeting category B strength requirements are also probably suitable for
use under severe dynamic loading, although no field performence data are
available. Drop tests indicated riprap should ncht be dropped from a
height greater than 3 ft and placement of the stones should be carefully
observed to detect any damage to the cloth. Possibly lower drop heights
are necessary when stones weigh more than about 300 Ib. Clotks in any
of the three strength requirenznt categories are suitabie for use under
static loadings (paragraph 75b). As indicated in the tabulation above,
cloths B and D meet category A requirements, cloth C meets category B
requirements, and cloths A, ¥, and G meet ca.tegorj C requirements.
(Cloths A, E, and G do not meet abrasion resistance criteria, however.)
Cloth F did not meet any of the strength requirements.

T79. Sewn seam strengths of 195 1b have been found sufficient for
cloths in strength category A. Yor cloths in categories B and C, sewn
seam strengths equal to or greater than 90 percent of the strength of

the weaker principal direction are recommended.

81
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.? Filtering Characteristics

3 General i
80. Filtering characteristics of cloths are related to the EOS
and percent open area of the cloth. The two requirements assure a sieve~

like material and therefore both must be specified. Procedures have

been given previously for determining these two properties of the cloth.

the clogging of cloths E and F during the clogging tests. In any appli-
cation the EOS should not be finer than the No. 100 sieve and the open

LR e i S ST ot

Only woven filter cloths with distinct openings are recommended based on 2

area n~ ""as than 4 percent. The performance of cloth B at Holly Beach,

A la., "~ .cates that in instances where the revetment is relatively light

(EREoN

and where relatively high seepage velocities or rapid fluctuations in

the differential hydrostatic pressures can occur, open areas exceeding
4 percent may be required. Therefore, when possible the maximum cpen

area allowed by the criteria should be used.

cadas ot Ao bk At

ek

Filter criteria

é 81l. The following filter criteria are recommended:

a. Adjacent to granular materials containing 50 percent or
less by weight of silt (material of little or no plas-
ticity, passing the No. 200 sieve):

(1) 85 percent 81z§ogf(;§§ material (mm) greater than 1.

b st U b T2,

vt i el £

(2) Open area not to exceed 40 percent.

b. Adjacent to soils having little or no cohesion containing
more than 50 percent silt by weight:

(1) EO0S no larger than the opening in the U. S. Standard
Sieve No. 70.

% e

(2) Open area not to exceed 10 percent.

Cloths used to wrap collector pipes should be surrounded by at least
6 in. of clean granular material. If the cloth is used to line a trench,
the collector pipe should be separated from the cloth by a minimum of

6 in. of clean granular material.
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APPENDIX A: SUMMARY OF INFORMATION FROM QUESTIONNAIRES
ON USES OF FILTER CLOYHS IN THE CORPS OF ENGINEERS*

e e WG i S R

P23

Introductién i

A R 7 PR Y LA

1. Questionnaires concerning the uses of plastic filter cloths

were circulated to 38 District and Division offices. All addressees

responded except the New York District. Twenty-six Distzi'icts and I . .

Divisions have used or are planning to use plastic filter cloths. . !
2. Seven filter cloths designated cloths A through G and one !

cloth designated Z have been or are planned to be used by the a6 !

N A A LS v

Districts and Divisions. With the exception of cloth A, which is made '

of vinylidene chloride yarn, all the cloths are mad? of propylene. ALl :

cloths except cloths E and F are woven of monofilament yares. Cloth E |
is woven of monofilament yarns in one direction and multifilament yarns

in the other. Cloth F consists of fibers (some of,rayon) entangled by

needle punching and bonded by heat fusion. Cloth D is similar to tloth , |
B, and cloth C is similar to cloth G.

hai fy
-
- g SN AT AT PRI P IO T TN T S O I TR RIS

3. Uses of filter cloths are categorized as follows:

5~
B NN n P TY m e e xRt

a. Beneath riprap, rubble » articulated revetment, etc.
b. Around pipes, well screens, and piezometer tips. . !
c. As substitute for granular layer in multilayered filter.
d. Other. _—
The filter cloths used at various projects in these categories are as

follows:
No. of Projects
Categorized as

M IR T SASRROATATIG G SRR KN, R BV SRR A G WL SN AR I S

Cloth < b [ a Total _
B 23 8 L 2 37 !
A L 1 0 1 6 :
D 1 0 0 0 1
7 1 0 0 0 1
F Y 0 o 0 1
- Totals 30 9 Y 3 L6

¥ (This summary was prepared in 1969; since that time filter cloths
have been used at numerous other projects.)

Al i
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i
The proposed usés of filter cloths are as follows:

4 ’ t  No. of Projects Where Filter

‘ : Cloth will be Used, Categorized as

A s . g Total

o ' 1 ) .
: .6 0 2 2 * 10
A : _
3 ! 1 .
F 4, Cloths C, E, and G have been used to date. The use of cloth C

! is being considered by the Louisiana Department of Highways and possibly
the New Orleans District in place of the foreign-made cloth Z. The
Kansas City District plans to use cloth E.

? ) 5. 1In every'case but one the filter cloths were specified by trade

Ry

nahe or equal. In the Mobile District, the cloth was specified by re-
quiring that it be made of "polypropylene monofllament yvarns" which, at

LR

, , the ,time the spec1f1cat10ns were written, 11m1ted the cloth to be used to

{ cloth B. - Ten Districts also specified some physical or chemical proper-

ties|of the desired cloth in addition to trade name or equal. However,

AR R

3 . ' in each case the pr&perties were simply those furnished by the manu-
facturer of the cloth spec1f1ed by name. The initial use of a cloth was
alweys based on limited data furnished by the manufacturer or distributor
of the cloth.

i . ' ' Uses Beneath Riprap and Other
i ! Revetment Materials

6. Table Al is a summary of the 28 projects where filter cloths
have been used beneath riprap, rubble, etc. The number of projects
4 ‘shown in the table do not contrad}ct the tabulation in paragraph 3 which

shows 30 projects, since two different cloths were used at two projects.

The following summarizes the answers to the questionnaires given by the
Districts.
Filter cloths installed

7. The most common use of filter cloth was beneath riprap on the
- bottom or slopes of rivers, creeks, or other channels. In most of these

casgs, cloth B was used. :Howéver, cloth A has been used by the Memphis

' f
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District (ref 2, table Al), Omaha District (ref 11), St. Paul District
(ref 16), and Pittsburgh District (ref 23). Cloth F was used in the
Tulsa District (ref 28) in a temporary diversion channel tha’ will be in
service for only about two years. Cloth B and cloth Z were used in
field test sections along a highway fill paralleling the shoreline by
the Louisiana Department of Highways (ref 5) in cooperation with the
New Orleans District. This was at a test installation primarily to
evaluate the effectiveness of a Dutch shore protection product (a cast
concrete product, 8 in. by 8 in. by 4 in., weighing about 1% 1b). The
Memphis District has placed cloth B beneath articulated concrete mat-
tresses (ACM) for revetment work (refs 3 and 4) along the Mississippi
River. Other uses of cloth B, as indicated in table Al, have been in
comnection with breakwaters, protection at drop structures, bridge pier
protection, and groins.
Earliest installations

8. The earliest installations of cloth A were in 1962 and 1963 in
the Memphis District (ref 2), Omaha District (ref 11), and St. Paul Dis-
trict (ref 16). Cloth B was first installed in 1964 in the Memphis Dis-
trict (ref 1), Omaha District (ref 11), and Galveston District (ref 27).
The only installations of cloths F and Z were ir 1969 (refs 28 and 5,
respectively). The only installation of cloth DT - <s made in 1967
(ref 10).
Bedding material

9. At 19 of the 28 projects, filter cloths were placed directly
on subgrade materials varying from fine sands to fat clays. In three

cases, granular bedding was placed beneath the cloths (refs 4, 16, and
i7) on subgrade materials varying from medium to fine sands to silty
clays.

Install.tion procedures

10. Installations of cloths B. A, and D were generally in accor-
dance with the manufacturers' recomnendations. Whan used on slopes,
the slopes were shaped to grade and the cloths laid parallel to the
center line of the channel. The cloths were overlapped 8 to 12 in.
and secured at 3-ft intervals with 15- to 18-in.-long, 3/16-in.-diam

Al
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1 steel pins. The pins were found to be i;leffective: in loose sands '

at two sites (refs 1 and 18) and stones were used to weight down the

y cloths. Problems were encountered when the cloths had to be installed
1 underwater. At Island 63 (ref 3): and Prksque Isle Peninsula (ref 13),

’ the cloth was attached to 1.’rame8 made from rebars.; At Island 63 the

» cloth still tended to,float, but at Presqxlle Isle & 6-in. gravel bed’ding
3 was placed on the cloth before sinking; the latter procédure was re-
ported to be satisfactory. At Island 40 (ref 4) the cloth had been

bonded to the articulated concrete mats’ when -they were cast, and the

T BRE NIRRT

mats and cloth were successfully placed as one unit. 'In the St. Paul
District (ref 15), the clcth was pla-ed underwater perpendicular to the

LY LS AL

the cloth unroll into the channel. The cloth was, overlapped 2 ft and
weighted with stones. At Big Bay Harbor, Michigan (ref 19), the cloth
was placed under 8 ft of water ‘by divers. The cloth was overiapped,

3 £t and secured with specially made 3/8-in.-'3.iam, 2-f‘t-1ong steel pins.
This procedure was reported to be ’1neff_ici‘eni':. No: information was
provided on the methods used to install cloths F and Z.
Effect of construction equipment \ . '

R e o AT R ey R N g TN

11. Comstruction equipment was aflowegi to operate on the exposed
cloth at only four projects. .At Columbia Lock and Dam (ref 10) a D-6’
crawler tractor was allowed on exposed cloth D, with the only :damage

from rubber-tired front-end loaders operating on cloth B at two loca-
tions in the St. Louis Distriet (refs 7 and 8). In the St. Paul District
(ref 15) D-2 tracturs with smooth rubber tracks did not damage cloth B.
Placement of riprap over filter _

12, 1In six cases bedding material, }J to 24 in. tf‘nick, pnlas p'laced ’
above the cloth to protect it from 'damge when placing riprap. Thg
most severe loading conditions on the individual cloths are given be’low:

: a. Cloth A. Stones weighing 900 '1b were dropped 3 ft on

3 the cloth placed on a silty subgrade 'material with no

9 bedding material (ref 11). Stoneg weighing 250 1b were
dropped 3 ft on the cloth placed over & 6-in.-thick
bedding material (ref 16).

3 .

AS

stream center line by wrap‘ping the cloth around a steel pipe and letting

being some tears at the séams and securing pins. No damage was reported '
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' b. Cloth B. The heaviest stones to be placed on cloth B
2 ! ) wath no bedding materis . weighed 3000 1b (ref 12). The
stones were placed by bucket, with less than 1-ft drop
v " on the filter cloth which was 1aid on a subgrade material
! ; that ;varied from & fine, sand to a lean clay. The most °
severe loading condition placed on the cloth when
! : covered with a bedding me+erial was in thé New Orleans
o 'District (ref 6) where lln -1b stones were dropped S ft
I . onb in. of bedding. '

. c. Cloth D. At Columbia Lock and Dam (ref 10) the cloth °

> . ‘was used oveér a 9-in. bedding. Riprap weighing 2000 1b !
g ) ! ) was placed directly on the cloth, and 6000-1b derrick

o ' . . . stones were placed on top of the riprap. This was the,

‘ only installation of this product. ‘

d. Cloth F. A 24-in. thickness of 1000-1b maximum size
stones, overlaid with 30 in, of 2000-Ib maximum size
- i ' oo stones, was placed on ‘cloth F (wef 28) which was laid
: __ ) .. .' directly on a sand or silty sand subgrade. No details
3 o were given .on the placement of the stone.

' e. Cloth Z. Cloth Z has been used only beneath hand-
: ! . placed GOBIMAT, .which does not impose any severe loading
conditions.

Exposure to possible

' © . deteriorating factors b

[y

: : 13. None of the cloths are completely uncovered and exposed to '
! ] sunlight. " The only possible éxposure is from sunlight entering gaps in 3
' : the riprap or between mats. Cloths A and B will be cubjected in the

; , various installations to temperatures ranging from -4O to about 110 F.
i , The installations of cloths D and 7 will:be sub.jected to only moderate:

temperatures. No information was provided on cloth F. None of the

1 Districts indicated the cloths would be subjecued to severe chemical

E attack. | ' :

E Performance of filter cloths

: ' . v 1, The Kansas City District (ref 12) and Iouisville District

: (ref 22) uncovered areas after ¢ompletion of the work and found. cloth B

' " tb be unfamaged. However, the Kansas City District reperted that

,: factory-sewn seams at Topeka (ref 12) could be easily pulled apart by

" ] hand a.nd were unsatisfacwry. The Vicksburg District reported that the

: factory-sewn geams of tloth D at Columbid Lock and Dam (ref 10) were
unsatisfactory and could also be pulled apart by hand. At Hannibal
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Lock and Dam (ref 23) tears in cloth A were not~d due to (Aropping 500-1b
riprap from 2 ft. Some tearing of cloth B :t seams and securing pins
was noted by the Kansas City District (ref 12) and St. Paul District
{ref 18) due to stones creeping down 1V-on-2H slopes. At both: sites,
this did not occur where the slopes were 1V-on-3H or flatter. At Holly
Beach, Ia. (ref 5), the cloth B section was lifted or "floated" out of (
position due to high waves, while the immediately adjacent cloth Z

section was not damrged. This was attributed by the District to water )
beneath the cloth B not being sble to escape fast enough and causing ‘ 3
hydrostatic pressures to develop beneath the cloth. Cloth Z has a
more open weave with less closed area, and allowed the water to escape.
Hone of the Districts reported any deterioration, clogging, or loss of
3 subgrade material through the cloth.
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Use Around Collector Pipe

3 15. Filter cloths have been used around subsurface collector

“"A

o

pipes at two projects, as follows:

4 CE Filter Installation
P Division _District Project Cloth Date
: SPD Los Angeles los Angeles River
Rehabilitation Project B 1967
SWD Fort Worth  Sam Rayburn Dam, Tex. A 1966

i

16. At the Los Angeles project, cloth B was used as a replacement
for burlap normally used to wrap open-joint subdrain pipe to prevent
infiltration of backfill material., The pipes were 12 in. in diameter
with 1-in. joint openings. The back”.": material was graded such that
5 100 percent passed the 3/8-in. sieve, 50 to 100 percent passed the
No. 4 sieve, and O to 4 percent passed the No. 200 sieve. The material
was not compacted. Each joint was wrapped separately, with a 6-in.
overlap permitted. The cloth was not secured to the pipe. The
questionnaire indicated that the groundwater had a high concentration
of iron and sulfides. The Los Angeles District reported that they
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were satisfied with the performance of the cloth.

17. Cloth A was used to wrap the collector pipe for a 1600-ft-
long subdrain system located at the toe of Sam Rayburn Dam, Jasper,
Texas. The bituminous fiber pipe was 6 in. in diameter with 3/8-in.-
diam perforations in two rows along the bottom of the pipe. The filter
cloth was wrapped around the entire pipe and secured at the 2-in. over-
lap by staples. The maximum particle size of the backfill was /4 in.;
95 to 100 percent of the material passed the No. 4 sieve and O to 15
percent passed the No. 50 sieve. The backfill was compacted with a
mechanical tamper. The groundwater has a high iron content. The Fort
Worth District has no performance data on the installation; however,
they do recommend it for future use.

Use Around Piezometer Tips

18. Cloth B has been used at seven projects in the fabrication
of plezometers. The projects are listed below:

CE Installation
Division District Project Date
NED Dickey-Lincoln Power Project, Me. 1967-1968
Black Rock Dam, Conn. 1967-1968
Sentinel ABM Site, Mass. 1967-1968
NPD Portland Reedsport levee Test Fill 1966
Gate Creek Reservoir ND
Elk Creek Reservolr ND
Lost Creek Reservoir ND

19. In the New England Division (NED) , piezometer tips fabricated
as shown in fig. Al have been used at three sites. Only one wrap of
filter cloth is used in both the internal and external wraps. The
cloths were overlapped ],/2 in. and glued. NED reported they are satisg-
fied with the design, except for the glued seam. They have not yet
found a satisfactory glue. The use of the cloth at the Sentinel site
was the only military use of the cloths reported.

20. The Portland District uses two types of piezometers
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Fig. Al. Woven plastic cloth piezometer (NED)
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(designated types A and B) in which filter cloths are incorporated. For
the type A piezometer, 5/16-in.-diam holes were drilled in a 1/2-in.-diam
pipe. Two layers of filter cloth were wrapped around the pipe and

o ek I 12 Qb o A

secured at 6-in. intervals. Three men installed 49 of these piezometers 4
in four days to depths of 14 to 33 ft in a soft organic silt at Reedsport.
Before the piezometer wae installed, a sheath made of l-in.-diam thin- i
wall electrical conduit closed at one end was placed over the cloth. The

a Tk rdaat

piezometer was then pushed about 3 ft below the desired elevation and

then pulled up to the desired elevation, withdrawing the piezometer tip

from the sheath. This method was reported to be very efficient. Ser-
; vice records kept over a 2-year period indicated good response and no

L SRR T

et e

clogging of the tip. The cloth is exposed to decompnsed organic ma-

£ 2 RSl MR LS G O U0 i M i el il b L

terials, swamp gases, and salt water.

o i LR i

3 . 21. The type B piezometer was used at the other locations and

; was conventionally installed in borings. To fabricate these piezometers,
3/8-in.-diam holes were drilled in l-in.-diam capped plastic pipes.
Again two layers of filter cloth were wrapped around the pipe and

d secured by fiberglass tape. The piezometers were installed in MH, ML,

3 and SM soils with a pea gravel backfill around the tips. Service

3 records indicate that the pilezometers are functioning properly. The

Azl

150 ve
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Portland District concluded the piezometers are "very satisfactory,"

: with considerable savings realized from using filter cloths rather
E: than conventional wellpoints.

E Use as Intermediate Filter

(R IO RENEENPRE, S IRN S I T2 NS 3

3 22. The questionnaires indicated that in only four instances
were filter cloths used to prevent fine material from entering granular
2 filter material in subdrain systems. Two projects were in the Baltimore
District, located in Swoyersville-Forty Fort, Pa., and Unadilla, N. Y.
Both were installed in late 1967 and early 1968, using cloth B. The

e cloth was placed on top of the filter material to prevent fines in

the overlying random fill from migrating into the subdrain. No infor-

A mation was provided on the installation methods used at the projects or

UPLTAY L T FRIIEPITE FINURITS V3R R TN P P S TN EN
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the type of random fill used. At Unadilla the filter material was
graded between the 3-in. and No. 40 size sieves; no information was
given on the filter material at the Pennsylvania site except that it
was coarse. No service behavior data were available from either loca-
tion. It was noted that the Pennsylvania project was located in a coal
mining area where acid wastes were common. The cloth installed at
Unadilla is not subject to severe chemical attack.

23. A third project where filter cloth was used in connection
with a subdrain was Fall Creek Reservoir, Oreg., constructed by the
Portland District. Cloth B was used to line trenches for the subsur-
face drainage system. The subgrade material consisted of partially
decomposed sand, gravel, and rock fragments in a matrix of plastic
fines. The material was generally classified as GM. The filter ma-
terial was graded as follows:

Sieve Size Percent by Weight Passing
. 1-1/2-in. 100

3/8-in. 15-90

NO. h 0-10

No. 200 0-5

24, The cloth was laid loosely on the ground in 12-ft strips
across the trench and extended 4 ft beyond the excavaied slopes. The
cloth strips were overlapped 8 in. and secured with 3/16-in.-diam by
15-in.-long steel pins at 3-ft intervals along the center of the over-
lap. The filter material was placed, and the cloth extending beyond
the trench slope was folded back uver the filter material 1.5 £t below
the top of the trench, forming an envelope. Backfilling the trench
was then completed. The District reported this installation was much
faster and more economical than a graded filter, and recommended its
future use. No problems were encountered during installation. The
cloth will not be subjected to severe chemical attack.

25. At Shelbyville Dam in the St. Louis District, cloth B was
placed in late 1968 in lieu of a filter sand in wall backfill

All
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drainage systems and subsurface drainage systems beneath the paved
section of the exit channel. The cloth was laid on subgrade material
classified as SC to CL, and then the gravel filter (no data given) was
placed. The cloth was placed with 8-in. overlaps and secured at 3-ft
intervals with pins furnished by the manufacturer. Rubber~tired front-
end loaders operated on the exposed cloth causing no damage. The
District was satisfied with the cloth's performance during installation.
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Miscellaneous Uses

| 26. In the Memphis District, cloth B was used as a grout stop
i between grouted riprap and a gravel filter blanket. In the Galveston
District, cloth B was used to prevent sand from escaping between
sheet piles. In the Little Rock District cloth A was used to prevent
erosion of excavated slopes.

E 27. The cloth B used as a grout stop in the Memphis District

; was placed in 1964 at the Fletcher Creek Improvement Project. The
é

cloth was placed on a gravel graded between the 1-1/2-in. and No. b
sieves. The cloth was placed with 8-in. overlaps secured by stzel
pins, 14 in. long. Riprap weighing up to 800 1b was carefully placed
on the cloth. The riprap was then grouted with a low-slkali portland
cement grout. The Memphis District reported they had no problems
placing the cloth and were satisfied with its performance.

28. The Galveston District used cloth B in 1966 behind a re-
taining wall constructed from prestressed concrete sheet piles in con-
nection with the Texas City Hurricane Flood Protection Project. No
information was given as to openings between piles or to the backfill
material other than it was sand. The District was satisfied with the
cloth's performance and recommended future uses.

29. In 1965 the Little Rock District used cloth A at Lock and
Dam No. 6 on the Arkansas River to protect excavated slopes from

2 2 et A I SRR A o r N KL AT L e 3 24 ST TN WA Y B

erosion. The cloth was laid on 1V-on-1.5H slopes, overlapped

Bl T 4 s

8 in., and secured at 3-ft intervals with 18-in.-long securing pins.

The installation was temporary and the filter cloth was removed before
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backfilling. The District was not satisfied with the performance of the
cloth. The -ecuring pins did not'adequatelf hold in the sandy material \
during hig: .::uds and dGifficulty waslexperienced from water getting

under the .i:t™, 1¢ was %ne Little Rock Disztrict's opinion that the

cost of mates . s, avtrilsbicr, and mLintenance‘exceeded the benefits.

Planted Uses of Filter Cloths
30. Table 4- is a summary of projects where filter cloths have
been specified. In all *he Distrlcts except Baltimore, Nashville, and
Savannah, cloth B or equal is specified. ThHe Baltimore and Nashville
Districts specify cloth A or equal, while the Sarannah District does
not specify the cloth by name. '

Conclusions ’

31. The replies from the qnestionnaires’confirm thet there are
wide and diversified uses of plastic filter cloths within the Corps
of Engineers. It is obvious that a test program to develop acceptance
criteria and to determine the engineering properties,is Justified'
since at present the only method used to specify cloths is by trade
name or equal or by properties furnished by the menufacturer that
describe his product. With the exception of some data provided bg
the manufacturers, few engineering properties of the cloths are kﬁown.‘

32, Filter cloths have been used suceessfully beneath riprap . .
under severe loading conditions. The questionnaires did not cite any
instances where the performance of a filter cloth for this purpose was i
completely unsatisfactory, which would have been useful in establishing
minimum requirements. There was one report of cloth A being torn due
to dropping stones (ref 23), but'the District did not consider the '
problem serious enough for them not to consider its use imn the future.
The possibility that some cloths may not be permeablg enough to pre-
vent hydrostatic pressures from developing beneath them may present a
definite problem. The questionnaires pointed out that requireﬁents
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must be placed on factory-sewn seams. It should be noted that only

cloths A and B have service records exceeding two years.

33. Although in most applications the filter cloths must serve
as positive filters, only in their use beneath stone do they require
high strengths and sbrasion resistance. Little information 1is pres-
ently available on the long-term performance of the cloths in their
various applications, and it would be valuable to have periodic

examination made of their condition in actual installations.
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