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Lime is mixed with clayey socilse to increase
strength and stability cﬁaracteristics. This is
important in streambank protection since these
characteristics may prevent underwater softening,
reduce leakage, and resist erosion from flowing water.
In short, thé product may impart enough strength to
make the soil non-sensitive to water (2).

The soil types associated with this technigue are
expansive and dispersive clays. A study is necessary
to determine the percentages of lime needed to achieve
to mmst effective finished product. Cement and
moistuwre may also be mixed in if added strength is
éequired. Typically, the scil is removed, mixed
offeite with the lime, and then replaced in cmﬁpacted
lifts. The treated layer should be at least 1é inches
thick, but may range to several feet. Winching
equipment up and down the slope may be required to
compact the soil on stéep slopes. Once completed, the
stabilized slope is left exposed to promote vegetativé

growth.
RIVER TRAINING STRUCTURES

River training structwes are commonly referred to as
dikes, spurs, and jetties. These structures all refer to

systems whose basic purpose is to divert water flow away



firom an eroding bank. They have been used successfully on
many river applications. Other training structures are

kelner jacks, used tire breakwaters, stone hardpoints, and
Fetards. Dike structures are the more commonly used method

and is the one presented (2).
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Dikes structures have a wide variety of
applications and no one approach in design is used.
However , there are certain underlying principals which
should be followed to insure a reasonable.result is
achieved (2).

1. The length and spacing of the dike should be
such that the flow passing around and
downstream from the riverward end of the
structure, intersects the next dike prior to
reaching the eroding bank. The dike should not
unduly restrict navigation, however. The
sa@lection of length and spacing is usually
derived from experience of the designer.

2. Very short dike structwres, less than 25 feet,
may accelerate erosion in the vicinity of the
dike due to scour the develops around the
riverward end. To compensate for this, the
design should include, strengthening by making

the base extra wide, protection of the bankline
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downstream a short distance, and tieing the
structure into the bank a sufficient distance
to protect against flanking. The dike located
furthest upstreém is more prone to high stress
and wave attack and may require additional
stability.

Selection of the dike height is usually
determined through an evaluation of risk and
cost associated with constructing them at
various heights. A stage-duration curve will
assist in this evaluation. The dike height
also has an influence of the depositional
characteristics that will take place.

The orientation of the dike may be
perpendicul ar or angled upstream or downstream
to the flow. Ferpendicular dikes are less
costly and provide a greater length of bankline
protection. However, they are subjected to
higher stress. Angled dikes are generally used
where changes in channel shape are foreseen or
required.

Dikes may be constructed of a variety of
different materials including timber piles,
gabions, earth of sandfill, etc. The selection
is generally one of cost, availability of

materials, and risk of bank failuwe. B8Stone is
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the most widely used material due to its
durability and availability.

é&. The dike will require periodic maintenance to
insure stuctural integrity. The two areas most
critical are the landward end and the riverward
end of the dike.

The performance of dike structures in streambank
protection has been proven effective through the vears
of its use. These structuwres are usually underdesagned
slightly to be more cost effective when the goal is

simply to control bank erosion.
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0f all the mitigation technigues available to prevent
streambank erosion, fabrics will generally offer the most
cost effective method. Fabrics have had a good service
record since their inception approximately 20 vears ago.
Further, as the technoluqy continues to advance, it seems
likely that fabric applications in this area will only
increase. However, there are some concerns that need to be
addressed. These include, assessment of geotextile
performance in long term use under the different forces it
will be subjected to, clogging potential of fabrics for
various soil distributions, and the type of fabrics, woven
o nonwoven, used in these applications. These factors
should become more clearly defined as long term case study

data becomes available. ’
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TABLE 2

RELATIONSHIF USED TO OBTAIN FABRIC OFENING SIZE

TO PREDICT EXCESSIVE LOSS OF FINES DURING FILTRATION

Relative Déngitv 1 £ CU £ 3 Cu > 3

Loaose (D, < S0%) Oew < (CU) (deso) Oos < (9dme)/CU
Intermediate Oos < I.S(CU)(dgo). Ows < (13.5dee) /CU
(S0%4 < D~ > 80%)

Dense (D. > 80%) Ops < 2Z(CU) (dewo) Owes < (18des)/CU

Source: After Giroud (Ref. 19)
Relative densities - modified by Koerner (Ref. 16)

dwo, Soil particle size corresponding to S50% finer;

CU, coefficient of uniformity (=deo/dio);
dio, s0il particle size corresponding to 10% finer;
deo, S0il particle size corresponding to &0% finer;

Ows, apparent opening size of geotextile (if data are not given
by the manufacturer, this value is approximately the A0S sieve

value in millimeters).
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TABLE 3

RECOMMENDED MINIMUM FROPERTIES FOR GEOREXTILES
USED IN NONCRITICAL/NONSEVERE DRAINAGE,
FILTRATION, AND EROSION CONTROL AFFLICATIONS
{Reprint of Table 3-4 Ref. 17)

1. Minimum Survivability Froperties

A. Fibers used in the manufacture of geotextiles shall
consist of long chain synthetic polymers, composed of at
least 85% by weight of polvylaphins, polyesters, or
polyamides.

E. Geotextiles with low resistance to ultravioclet
degradation {(more than 30% strength loss at S00 hours
exposure ASTM D-4358) should not be exposed to sunlight
for more than 7 days.

Geotextiles with higher resistance to ultraviolet degradation
should not be exposed for more than 30 days.

Note: Geotextiles can be manufactured or finished to resist
degradation due to prolonged exposure to ultraviolet
radiation, i.e., fabrics resistant to exposure for
multi-year periods (from 5 to 25 years) are not

uncommon .
Test Method Erosion Control
. Class A Class B

Grab Strength (TF #2585 method 1)
(min. in either principle direction) 200 lbs. 90 lbs.
Elongation (TF #25 method 1)
{(min. in either principle direction) 15 % 18 %
Puncture Strength (TF #25 method 4) 80 1bs. 40 lbs.
Burst Strength (TF #25 method 3) 320 1lbs. 145 1bs.
Trapezoid Tear (TF #25 method 2)
(min. in either principle direction) S0 1lbs. ) 30 lbs.

Test methods are in accordance with procedures of FHWA Geotextile
Engineering Manual.

d
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2.

3.

4.

3.

{Table 3, cont'd)

Critical applications involve the risk of loss of life, botentiil for significant structural damsage,
or where repair costs would greatly exceed installation costs.

Severe applications include draining gap graded or pipable soil, high hydraulic gradients, or reversing
or cyclic flow conditions.

All nuaerical values represent sinisus average roll values, i.e., values measured for a sasple (average
of all srlcinon results) should aeet or exceed specified values within a 2 sigma confidence level.
These values are considerably lower than those cossonly presented in manufacturers literature.

Class A Erosion Control applications are those where fabrics are used under conditions where installation

stresses are aore severe than Class B, i.e., stone placesent height should be less than 3 feet and stone
ueights should not exceed 250 pounds. Field trials are required where stone placesent height exceeds 3
feet or where stone weight exceeds 250 pounds.

Class B Erosion Control applications are those where fabric is used in structures or under or under
conditions where the fabric is protected by a sand cushion or by “zero drop height” placesent of stone.

Ninisus Hydraulic Properties

A. Piping Resistance (soil retention)
1. Soil with 301 or less particles by weight passing US 3200 sieve
ADS less than 0.6mm (greater than 330 US sieve)
2. Soil with sore than 50 particles by weight passing US 3200 sieve
AOS less than 0.3ss {greater than #30 US sieve)
B. Permeability
k of fabric greater than k of the soil
{. Design values as detersined by an engineering analysis which assure compatability between soil
#K?ﬁ‘&%ﬁ‘iﬁi?”&ﬂ‘.ﬂﬁi’;ﬁ%i:x%:,':‘.ﬁ'::’é‘mi;‘ﬂﬁ‘:‘d&":&‘ﬁiﬁ?ﬁ’:ﬁ:ﬁ:‘.ﬁ ' pusaing
the US #100 sieve.

2. When protected soil contains particie sizes greater than 34 US sieve, use only that gradation of
soil passing the 34 US sieve in selecting the fabric.

3. A0S detersined for geotextiles according to TF 325 sethod 6.
4, Perseability detersined for geotextiles according to TF #25 aethod 5.
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TABLE_S

CORPS OF ENGINEERS FIN SFACING REGQUIREMENTS FOR
OVERLAFPPED GEOTEXTILES IN EROSION CONTROL AFFLICATIONS
{Reprint of Table 3-10 Ref. 17)

Slope FPin Spacing Fer Row
fhorizontal:vertical) {center to center)
31 2 ft

J:1 to 4:1 I ft
) 4:1 . 5 ft
all slopes B & ft between

parallel rows of pins
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Example: Evaluate the filtration adequacy of a candidate geotextile for placement beneath a
rock riprap erosion control system in a coastal area with 3-ft tides (i.e.. reversing flow con-
ditions) as shown in the following sketch. The geotextile properties are k = 0.015 in./sec.
t = 35 mils, and AOS = No. 70. The in-situ soil is a beach sand (SP) with d\, =
0.12 mm, CU = 3.5; in a medium-dense condition D, = 75% at a porosity of 0.40.

Geotextile

Solution:  As with all filtration designs this is a two-part problem, one for adequate flow
and the other for soil retention. For adequate flow, the procedure is as follows.

(a) Estimate the maximum flow rate due to'the 3-ft tidal lag. If we assume a water
profile as follows:

L. 150 {est.) - |

with the tide receding at a maximum rate during an initial 2-hour period as shown, then
J150x3x1 xp_.f_
Qoa T "3
= 45 ft’/hr/ft slope
= 0.75 ft’/sec/ft slope
(b) Calculate the required permittivity.
q = kA
= k—A
t

k < g
T am
" 0.75
(3.0)(9.48 x 1)
Vg = 0.026 sec™'/ft slope
(c) Since the candidate geotextile has a permeability coefficient of 0.015 in./sec and
is 35 mils thick, the actual pemittivity is

Vo = 0.43 sec”'/t

a3 -



(d) The factor of safety is then
= Yo 043

Vo 0.026
=16 which is barely adequate considering that a large portion of the fabric will be
covered by rock riprap; in this case the minimum FS value should be 10

FS

The geotextile is now evaluated with respect to its adequacy to retain the soil
beneath it. .
(a) Since these ocean control structures are destroyed when the contained soil passes
through the fabric voids (resulting in subsidence and loss of stability of the riprap), the criti-
cal design chart will be used (recall Table 2.4).

0y < 13.5ds,

cu

where dy = (CU)(dyo)
= (3.5)(0.12)
= 0.42 mm
dsy = 0.37 mm (est.)
04 < (13.5;(50.37)
< 1.43 mm >
This is equivalent to a No. 16 sieve, which has openings of 1.19 mm.
(b) Check this against the AOS of the candidate geotextile.
AOS,, = No. 70 (= 0.210 mm)
which is sufficiently tight so that loss of soil will not occur; thus the geotextile is proper as
far as filtration is concerned.

AFTER KOERNER[i6]



Geotextile Design Behind Gabion
Waﬁﬂ).

Problem: Given a 7' high gabion
wall consisting of 2-3’ x 3’ x 12’ -

baskets siting on a 6° X 1’ x 12’
mattress is shown below. The backfill
soil is a medium dense silty sand of d,,
= 0.03 mm, dy = 0.07 mm, CU =
2.5:k = 3.3 X 10-2ft/secand D, =
70%. Check the adequacy of three can-
be given later in the problem.

Solution: The design is in two stages
with the first being a determination of
the required flow capability of the geo-
textile. This is done by calculating the
required permittivity, ¢ = kit.

(a) Calculate the actual flow rate using
a flow net as shown
"q = kh(FN)
= (3.3 x 10-2)(7)(4/4)(1.0)
= 0.231 ft¥/sec

(b) Calculate the required pém:inivity

q=k-A-ih-A
k q

t ~ (ahxA)
™ 0.231
O MaIxD
Wregd = 0.47 X 10~ (sec~")

(¢) Check against actual permittivity
of the available geotextiles.
(k, and t values are found in com-
mercial literature).

Easily seen in Chart | is that all the
geotextiles are adequate to handle the
required flow.. '

The second part of the design relates
to the fabric’s opening size in order to
prevent soil loss.

(d) The appropriate criterion for open-
ing size must first be selected.
For the set of conditions in this
problem, Table 1 results in the fol-
lowing:

Oy <'1.5 (CUXdy)
< 1.5 (2.5)0.07)
Oys < 0.26 mm

The closest comparable sieve size
is the #60 which has 0.25 mm
openings, thus AOS values of higher
numbered sieves are acceptable.

(e) Check against actual AOS values:
Fabric #1, AOS = #100(= 0.15

: 3 ; mm) OK.
using Darcy’s formula Fabric #2, AOS = #70 (= 0.21
q=kiA; mm) OK, but barely.
Chart 1. .
#1 #2 . #3

Geotextile needled woven heat set
Property nonwoven monofilament nonwoven
k, (In/sec) 0.118 0.014 0.008
t (in) g 0.060 0.030 0.015
Ue = kAt (seC"Y) 20 0.47 0.53
FS. = Yol 420 100 110
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