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Abstract

The magnitude of worldwide soil erosion is enormous and geosynthetics, among many other
materials and strategies, are doing their best to eliminate, or more realisticaiigize its

impact. This paper is focused on describing the situation in the following series of
interconnected sections;

An introduction,

Erosion control materials categories

Design of erosion control materialpecifically RECPs
Laboratory and field testing @fosion control materials
Generic specification®r TRMs

abrwnE

Inasmuch as the entire area of soil erosion and its control spans from degradable fibers
broadcast into the ground surfaodarge rock riprap protecting coastal infrastructure, this

paper focusesn rolled erosion control products, or RECPs, which are geosynthetically based.
These products are capable of being manufactured in a controlled quality manner, have a bevy
of appropriatestandardized test methods, have a reasonable appoveantarotational design,

and have generic specifications for both installation and manufacturing quality control. While

the overall situation is reasonable at this point in time, more research and development can, and
should, be expected in the future.



Elimination or Minimiz ation of Soil Erosion Using Geosynthetics
1. Introduction

Natural soil erosion has always beenissue ofvorldwide concern, however, human
activitieshave greatlhexacerbatethe situation. Each year, about 75 billion tons of soil is
eroded fom the land, a rate that is 13 to 40 times as fast as natural erosion (ref. Wikipedia).
The primary reasorfer such enormous amounts of soil lase generallgonsidered to be the
following: agricultural practicesleforestationroads and urbanizatipandclimate change

The above said, the three basic mechaniar@ved in soil erosiomave been well
established; i.edetachment, transportation and deposittéee Figure & for the general
behaviorand Figurs 1b, c and d fotypicalillustrations Clearly, the geosynthetics industry
(among others) is keenly interested in providing praglaotsystemso eliminateor minimize
soil erosion from occurring. This paper is focusediescribinghesematerials an@ssociated
efforts
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(c) Transportation rills/gullies in a landfill @il deposition at toe ahelandfill
cover (GSI Photo) cove slope(GSI Photo)

Figure 1.Basic ®il erosion mechanisms with accompanying illustragioheach.

2. Erosion Control Materials Categories

While there are several approaches toward categotizéngast array oérosion control
materials, Theise(1992) provides a reasonaldsmplate, whicltan be used to embrace
essentially altypes ofmaterials.The categories are as follows:

1 Temporary biodegradable (natural materials)
1 Geosynthetigelated(polymeric materials)
1 Hard armor systems (concrestégne, etc.)

See Table 1 for specific maia@s in eachcategorygeach ofwhich will be described.

Table 1. Erosion Control Categories/Typae®(lified fromTheisen, 1992)

Temporary Permanent
Biodegradable GeosyntheticRelated Hard Armor Systems
Straw, lay and hydraulic UV stabilize fiber roving Fabric formed revetments
mulches systems (FRSSs) (FFRSs)

Tackifiers and soil stabilizer, Erosion control revegetatiorl Geogrid stone mattresses
mats (ECRMS)
Hydraulic mulch geofibers | Turf reinforcement mats Non vegetated concrete

(TRMs)* block systems
Erosion control meshes and Discrete length geofibers | Articulated concrete block
nets (ECMNS) (ACB) systems
Erosion control blankets Vegetated Geocellular Stone riprap
(ECBs) containment systems (GCS
Fiber rovingsystems (FRSS) Gabions

*Al so called #fArol |l ed er pwhichowvil bectte fotus feedein.pr oduct s
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2.1 Temporarybiodegradable materiat®nsist ofmaterials that are wholly or partly
degadable. They providshorttermerosion control and@re either degradabhbfter a given
period, or onlyfunction long enough to facilitate vegetative growAlfter the growths
established, the material becomes sacrifiéilnatural productare completely
biodegradable, while the polymassociategroducts are onlpartially so.

The first twoproductsin the categoryare selfexplanatory They consisof traditional
methods of sberosion control using straviaay, or mulch loosely bonded by as|btwa other
adhesive. Their stabilityy remaining agplaced is often qgte poor. Geofibers in the forof
short pieces gbolymerfibers or microgrids can be mixedth soil by machines or rototillers
to aid in laydown and continuity. The fiber @rid inclusions provide for greater siigtly over
straw, hg, or mulchsimply broadcast over the ground surface.

Erosioncontrol meshes and nets (ECMNSs) are biaxially orienttd manufactured
from polypropylene or polyethylene. They do absorb moisture, nor do they dimensionally
change over time. Theyre lightweight and are stapled to previously seeded ground using
hooked nails or kshaped pins. Theerosion resistands somewhatmproved over the
previously mentionedll natural materials.

Erosioncontrol blankets (ECBs) are albghtweightbiaxially oriented nets
manufactured from polypropylene or polyethylene, but these argla@ed on one or both
sides of a blanket of straw, excelsior, cotmagonut, or polymer fibers. The fibersedreld to
the net by glue, locktitching, or other threading meitis.A special case of ECBs geojute
which is a fibrous growth indigenous to Southeast Asia formed as a multiflament and woven
into a thick matlts ability to achieve intimate contact to the soil being protected is excellent.

Fiber roving systems (F$%) are continuous strands, or yaussjally of polypropylene,
that are fed continuously over the surféttat is to be protected. They can be hand placed or
dispersed usingompressed air. After placement on the ground surface, an emusifibelt
or ather soil stabilizer is used for controlled positioning.

2.2 Within thegeosynthetigelatedcategoryare avariety of wholly or partially related
polymeric materialsas shown imablel. These polymeproducts furnish erosion control, aid
in vegetativegrowth, and eventuallgecome entangledith the vegetation to provide
reinforcement to theoot system. As long as the material is shielded from sunlighshading
and soil cover, it will not degradat least within the limits afther polymerianaterals. The
seed is usually applied after thraterialis placed and is often carried directly in the materials
backfilling soil.

The polymers in FRSs can be stabilized with carbon blackaaraifemical stalizers,
so they carare generallgonsidered irthe permanentategory They were described earlier.
The next two types (ECRMs and TRMs) come from the manufacturing facility as rolled
products and can be groupedias ol | ed er osi on ¢ o nHrasioncontmr oduct s,
revegetation mats (ECRMshéa turf reinforcementnats (TRMs) are closely related to one
another. The basic differencetimt ECRMs are placed on the ground surface with a soil infill,
while TRMs are placed on the ground surface with soll filling in and abmenaterial. Thus,
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TRMs can be expected to provide better vegeta&intanglement and longer performance.
Other subtle differences atteat ECRMSs are usually of greater density and lower mat
thicknessSeeding is generally done prior to installation with ECRMs, busislly dne

while backfilling within the structure of TRM3hese geosynthetic products are focused upon
in the remaining paper.

Discretelength geofibers are short pieces of polymer yarrfdaments mixed with soll
for the purpose of providing a tensfi'ergth component against sudden forces for facilities
such asthletic fields, trafficked slopes, and so on. Geocellular containsystems (GCSS)
consist of threglimensional cells of geomembrar@sgeotextiles that are filled with soil and,
when used foerosioncontrol, are vegetated. See Koerner (2012), among many others, for
additional information regaiag geocells

2.3Hard armor systenmonsist ofinfill material which ispermanent, as with concretegrout
filled geocells theyareconsidered irthe hard armocategoryAlso, fabricformedrevetments
(FFRs)are hard armamaterialsThese are usually bat&-back geotextiles, stitchbonded at
intervals, and filled with flowable concrete grout. In a similar manner geogrids can be made
into a mattresand filled with coarse gravel.

Numerous concrete block systems are available for erosiunol. Handplaced
interlocking masonry blocks are poputar low-traffic pavement areas such as carports,
driveways, offstreetparking, and so on. The voidstime blocks and between them aseially
soil-filled andvegetated. From a sustainabilggrspectivethese systems fautperform
asphalt or concrete pavements. Alternatively, the systanbe factorfabricated as a unit,
brought to the job site, andagedon prepared saiFor example, articulated concrete blocks
(ACBs) are quite common due to low cost in comparison to other similar matdties
prefabricated blocksan beeither laid on or bonded to a geotextile subswatee
interconnected witipolymer or steel cable¥he finished matan bend and torque by virtue of
the blocks being articulated withechanical joints, weaving patterns, or cables. Such systems
aregenerally not vegetated.

Stone riprap can be a very effective erosioontrolmethodwhereby large rock is
placed on a geotextile substrédeprevent against subsidendée geotextileplaced on the soil
surface before rock placement serasbotha filter and separator. The stoten vary from
small handplaced pieces to machipéaced pieces adnormous size. Canals and waterfront
property are often protectdéidm erosion using stone ri@ap. The above sdi, when performing
a sustainabilitycalculation, stone ripap often comes up lacking with respect to other hard
armor systemsee Goodrum, 2011.

Closely related are gabions, which consist of discrete cells ohwitimg filled with
handplaced stone. The wire is usually galvaniséztl hexagonal wire mesh, but in some
casesit can be a plastigeogrid. Gabions require thatgeotextile be placdzeneath and
behind themacting as a filter and separator for Htgacensoil.



3. Design of Erosion Control MaterialSpecifically RECPs

Of the three categories of erosion control products shown in Table 1, this s&ction
designd oes not ppermananhar tdoat merd cawhilgsomgg of mat e
information is available on certain products in tasegorythe materials arso different that a
unified procedure is simply not available.atotally differentmannerthe temporary
biodegradable materiatgse usually discrete natural fibers and are rarely designed as such.
Converse to the above two categortbefigeosyntheticselataldo have been t he f oc!
design is available and will be presented is #ectionThis is particularly the case for
productsthatare in roliform coming from the manufacturing faciligndare often referred to
as rolled erosion control products (RECPs). F&ieousdesign approaches are generally
bifrigatedintolong and wil e i s Vesysmarsowlinearfichannels or ditchéssee Figure.
Furthermore, the latter can be addressed on either a velocity or shear stress basis. These three
approaches follow.

Yol

(a) Erosion control material on steep side slope
(Compliments oL.ow & Bonar, Inc.)

(b) As installed erosion control material (c) In-situ performance of previous water
water runoff channglCompliments runoff channe(Compliments TenCate
TenCate Geosynthetics,ch Geosyntheticdnc.)

Figure 2. Use ofRECPsn the two major erosion control applications.
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3.1Universal Soil Loss Equation (USLE) fBtopes

The USLE was developed based on soil erosion data collected beginning in the 1930s
by the U.S. Department of Agriculture (USDA) Soil Conservation Service (now the BSDA
Natural Resource Conservation Service). fitoelel has been used for decatt@gpurposes of
agricultural conservation planning both in the United States where it originated and around the
world. It has also been used for soil loss prediction at large and small constructidn #iiiss.
latter regard,teme t h o d wde @s geyudsby sometates, whickalso have maximum soil
loss values embedded in theamstruction permittingegulations. The Revised Universal Soil
Loss Equation (RUSLE) [USDA, 2014] and the Modified Universal Soil Loss Equation
(MUSLE) are extensions and amsed for similar purposes.

The two primary types of erosion contd#signmodels are procedssed and
empirically based models. Procdsssed (physically based) models mathematically describe
the erosion processes of detachment, transfiant and depsition and through the solutions
of the equations describing those processes provide estimates of soil loss and sediment yields
from specified land surface areas. Empirical models relate management and environmental
factors directly to soil loss and/ordmentary yields through statistical relationships. Lane, et
al. (1988) provide a detailed discussion regarding the natln@loprocesdased and
empiricatbasednodels.The above saidhe standard model for most erosion assessment
planning is the empcal-basedJSLE, whichcontinues to be activelyevelopedNRCS
(1996). Thebasic Universal Soil Loss Equatiod$LE) will be described and used
accordingly. Theessentiabquation used to calculate soil I@gsa given sités shown below.

0O YOO Q)
wher e
E = soil |l oss (tons per square kil ometer per 'y
R = rainfall factorFiigumen3aonless)é see
K = soil erodibility fRicgwre (3b mensi onl ess) é s
LS= 1l ength & sl ope or gr aciéengturfeacdtcor (di mensi
P = conservation practice factor (di mensionl es
(e.g., terracing, colnfoourshgndatdéshespamgd
C = vegetative cover éfsaaecd oFiandi efedbdl ieo 21 es s)
Note thHatgutrresge tchlalreés, ammrde mamy Ilmbre, free
USD-ARS atép://fargo.nserl .purdue.edu/rusle2 d


http://fargo.nserl.purdue.edu/rusle2_dataweb/
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Val ues for Topographic Factor, LS, for Hi
Slope <3 6 ) 12 15 25 50 75 100
(%)

0.2 0.05 0.05 0.05 0.05 0.06 0.05 0.05 0.05 0.05
0.5 0.07 0.07 0.07 0.07 0.07 0.07 0.08 0.08 0.09
1.0 0.09 0.09 0.09 0.09 0.09 0.10 0.13 0.14 0.15
2.0 0.13 0.13 0.13 0.13 0.13 0.16 0.21 0.25 0.28
3.0 0.17 0.17 0.17 0.17 017 0.21 0.30 0.36 0.41
4.0 0.20 0.20 0.20 0.20 0.20 0.26 0.38 0.47 0.55
5.0 0.23 0.23 0.23 0.23 0.23 0.31 0.46 0.58 0.68
6.0 0.26 0.26 0.26 0.26 0.26 0.36 0.54 0.69 0.82
8.0 0.32 0.32 0.32 0.32 0.32 0.45 0.70 0.91 1.10
10.0 0.35 0.37 0.38 0.39 0.40 0.57 0.91 1.20 1.46
12.0 0.36 0.41 045 0.47 0.49 0.71 1.156 1.54 1.88
14.0 0.38 0.45 0.51 0.55 0.58 0.85 1.40 1.87 201
16.0 0.39 0.49 0.56 0.62 0.67 0.98 1.64 221 273
20.0 0.41 0.56 0.67 0.76 0.84 1.24 2.10 2.86 3.57
25.0 0.45 0.64 0.80 0.93 1.04 1.56 267 3.67 4.59
30.0 0.48 0.72 0.91 1.08 1.24 1.86 3.22 4.44 5.58
40.0 0.53 0.85 1.13 1.37 1.59 2.41 A.24 5.89 7.44
50.0 0.58 0.97 1.31 1.62 1.01 291 5.16 7.20 9.13
60.0 0.63 1.07 1.47 1.84 2.19 3.36 597 8.37 10.63
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Treatment Dry Mulch Rate C-Factors for Growing Period**
kg/n | Slope, % | < 6 wks| 1.56 mos.| 6-12 mos.| annualized*

No mulching or seedin¢ all all 1.00 1.00 1.00 1.00
Seeded grasses none all .70 .10 .05 15
Seeded grasses 0.22 <10 .20 .07 .03 .07
Seeded grasses 0.34 <10 12 .05 .02 .05
Seeded grasses 0.45 <10 .06 .05 .02. .04
Seeded grasses 0.45 11-15 .07 .05 .02 .04
Seeded grasses 0.45 16-20 A1 .05 .02 .04
Seeded grasses 0.45 21-25 14 .05 .02 .05
Seeded grasses 0.45 26-33 A7 .05 .02 .05
Seeded grasses 0.45 34-50 .20 .05 .02 .05
Second Year Grass - all .01 .01 .01 .01
Organic & Synthetic - all .07 .01 .005 .02
Blankets

Composite Mats - all .07 .01 .005 .02
Synthetic Mats - all 14 .02 .005 .03
Fully Vegetated Mats - all .005 .005 .005 .005

*annualized GFactor = (<6 wkwalue x 6/52) + (1.5 mos. valus x 20/52) + (612 mos. value X

26/52)

**gpproximate time periods for humid climat&onversionkg/nf x 4.46 = ton acre

(dyrators f

or

vari oRsngll9d¥rel EC A,atIneh@)s

Figure3. Figures,charts and tables for use in calculating soil loss per Equation 1.

Table2. C-Factors for Various RE&s by Erosion Control Technical Council (ECTC), 2001

Category Composition Time H-to-V A CBactor

(all RECMSs) (mos.) (max.) (for USLE)
Biodegradable MCN ¢ 3 5:1 0.10
ECS ¢ 3 4:1 0.10
ECB/OWT ¢ 3 3:1 0.15
ECB double ¢ 3 2:1 0.20
Biodegradable MCN ¢ 12 5:1 0.10
ELC ¢ 12 4:1 0.10
ECB/OWT ¢ 12 3:1 0.15
ECB double ¢ 12 2:1 0.20
GSRelated MCN ¢ 24 5:1 0.10
ECB/OWT ¢ 24 1.5:1 0.25
GSRelated ECB double ¢ 36 1:1 0.25
GSRelaed TRM n/a 1:1 n/a
TRM n/a 0.5:1 n/a

(a



The critical variabldor use of erosion control materiatsthe design process the value of
ACOo. Thi s i s Iltwhiehis bazicailyalitietest between Bage.soil and soil
protected by a vegetated emscontrol materia While Figure 3d shows some data in this
regard, Table 2 goes into much more specificity regarding diff®REQPs. A numeric

example follows. In thisegardthe Erosion Control Technology Council has recommended C
values formanyof the erosion control materials listed in Table 1.

Example Problem Using USLE Equation
Given a sandy loam soil slope at-3t41V slope, i.e., 18.4° with the horizontal
distancehat is 100 ft. long@ndlocated in Asheville, NC. Determine the soil
loss fa bare soil (C = 1.0) and then two RECPs with C values of 0.08.a&d
Variables are R = 250; K =0.33; LS =6.20; P = 1.00 and
C =1.0, 0.03, and 0.005 for three situatiirem Figure 3d)

(@) Eunprotectee= 2508 0.33% 6.23 1.0% 1.0 = 512 tons/acre/gpe
(b) Eprotected, 1 yr= 2502 0.332 6.23 1.03% 0.03 = 15 tons/acre/year
(€) Eprotected, 2 yrs= 2503 0.333% 6.23 1.03 0.005 = 3 tons/acre/year

Note: Readily seen is that the soil loss using the RECPs is greatly minimizgd
over the unpr oaneldGtienes! soi |l é by B4

3.2Velocity Design for Channels and Ditches

One approach fdRECPdesign against excessive soil loss in channels and ditches is
based orsimply limiting the maximum velocity of flow. Alternatively, one could calculate a
velocity FSvalue by comparing the allowable flosf a given RECRo the sitespecific
required flow, i.e., FS = Mow/Vreqa This latter approach is used herdiquation 2 presents
the requi si te@ fwdrtrhulFa gfuargwVéMe. gi vi ng the V

@ Y Y (2)
where

Vieqd = required flow velocity

K =1.00 (SI) and 1.49 (English)

n Manningods guredaf i ci ent (see
R hydraulic radius (= A/wetted perimeter)

A = cross sectional area

S = slope factor
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Lining Category Lining Type Depth Ranges
0.0.5ft 0.52.0ft >2.0 ft
(0-15 cm) (15-60 cm) (> 60 cm)
Rigid Concrete 0.015 0.013 0.013
Grouted Riprap 0.040 0.030 0.028
Stone Masonry 0.042 0.032 0.030
Soil Cement 0.025 0.022 0.020
Asphalt 0.018 0.016 0.016
Unlined Bare Soil 0.023 0.020 0.020
Rock Cut 0.045 0.035 0.025
Biodegradable Woven Paper Net 0.016 0.015 0.015
Jute Net 0.028 0.022 0.019
Fiberglass Roving 0.028 0.021 0.019
Straw with Net 0.065 0.033 0.025
Curled Wood Mat 0.066 0.035 0.028
RECPs RECMs & TRMs 0.036 0.025 0.021
Gravel Riprap 1-inch (2.5cm) Dsg 0.044 0.033 0.030
2-inch (5cm) Dsg 0.066 0.041 0.034
Rock Riprap 6-inch (15cm) Dy 0.104 0.069 0.035
12-inch (30cm) Dsg -- 0.078 0.040
(a) Manningés Roughvaes(efl HEGS)Y f i ci ent s,
6.0 |~
Hard armor systems
45 Fully vegetated TRM
Soft armor systems
3.0

-
(8]

High velocity blankets
|— fiber roving systems-high rate?

Limits of natural vegetation

Medium velocity blankets and mesh

Poor cover

fiber roving systems-low rate?
Low velocity blankets?
Hydraulic and stra\f mulches?

Longterm allowable velocity, m/s

Bare soil erosion
1 1 1

o
o

1 2 5

10 20 50

Flow duration, hour

=y VAl h
(b) Recommended allowable desige., Vaiow, for various classes of erosion control materials
(after Theisen, 199

Figure 4. Calculation information for velocity design in channels and ditches usingsREC
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Using Equation 2 fotherequired(or design) velocity and Figure 4b for the allowable velocity
with different types of soil subgradsingeitherECRMs or TRMsthe following example
illustrates the method.

Given: K =1.00;n=0.025;A=275MP =7.16 m; 8 0.03
Find: Vyeqgag@nd compare to Mow for FSvalues

Solutionusing Equation 2

| & v

Y — T
xdo VT
® C U

Y
Y X0
: P
© B P WX
o Wl Qw
Compare to Miow (Figure 4b)

(1) try using arECRM:
& ®

oY 1Oy
O e ppuLv €1 O et T Y
(i) try using aTRM
o @8t Ly e 1%
oY et pH T el OY et PP Y
Answer ; use a NTRMo!

3.3Shear Stress Design for &inels and Ditches

A related, but different, approach toward an erosion control design for channels and
ditches is based on limiting the maximum shear stress on the subgrade soil that is imposed by
the flowing water. One could calculate either a maxinstmar stress or formulate a-#&ue
by comparing the allowable shear stress to a required value fgpsitdic conditions where

FS =taiowlt reqc
T QY ( 3)

where

treqa = required shear strength

gv = unit weight of water
d = depth of flow (se€igure 5
S =slope of channel
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=4 Q=145 5
2 T e n
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2 o “ Given §=0.01
& i i Q=10 ftVs
= I < n=0.03 where
G e | ] B=41t
o2 2k / b _ z=4 Q = flow (ft¥/sec)
=R B /’, Find “d” n = Manning’s roughness coefficient
c?:\ s W | j . A = cross-sectional area of channel (ft2)
ws N o /,// : » Solution: —03 R = hydraulic radius (A/wetted perimeter) (ft)
s N \“\ ; vz - d?él 0.14 S; = slope of channel
W Eel s d=0.14(4) , .
M b 4 = 0.56 ft. Note: After calculation of “Q”, use previous
Foor nomograph for finding “d”

(a) Ado for a known fAQo(b) Ado for an

Figure 5. Determination of fAdo

The allowable shear stresses for a variety of soil subgrade conditiodgfareht erosion
control materialsre given in Figure 6r various situationfollowed by an gample problem

e T 1 1117
T 1 T 1T 1717
L] ] | R
= EXPLANATION
’_ "t value
D(in) 08— Kt e 318 V4
006 01 =05 =10 =60 1.0 — x = mmder of blovi resutrec to /-
4 [ L2 ﬁ] T l TTT II T [rrr ll T « t ¥ :.q /o /
. R
, T
/ 5 ]
0 9
[ S g
[ / <
0.5 5>
- Tv 0.1 =<
7 3 1b/1t2 7
P / R4 pd
w2 / o1
o )4 / \.“0‘)
0.10 [ / // //
- y '/ //
0.05 = /
B L /'/ i
B ]
4
I / 2 L
0.01 | | S | L1111 s e L 12 B | (A P I B | /
0.1 0.5 1 5 10 60 100 001l

PARTICLE DIAMETER, D(mm)
PLASTICITY INDEX - P.I.

(a) Allowable shear stress for neohesive soils (b) Allowable shear stress for cohesive soils
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Category Composition Time H-to-V Allow. Shear Stress

(all RECMs) (mos.) (max.) (Pa) (Ib/ft?)
Degradable MCN ¢3 5:1 12 0.25
ECS ¢3 4:1 24 0.5
ECB/OWT ¢3 31 72 1.5

ECB double ¢3 2:1 84 1.75

Degradable MCN ¢12 5:1 12 0.25
ELC ¢12 4:1 24 0.5
ECB/OWT ¢12 31 72 1.5

ECB double ¢12 2:1 84 1.75

GS-Related MCN ¢24 51 12 0.25
ECB/OWT ¢ 24 1.5:1 96 2.0

GSRelated ECB double ¢ 36 11 108 2.25
GSRelated TRM n/a 1:1 288 6.0
TRM n/a 0.5:1 480 10.0

Lining Category Lining Type Allowable Unit Shear Stress

(Ib/ft?) (Kg/m?)

Temporary Woven Paper Net 0.15 0.73
Jute Net 0.45 2.20

Fiberglass Roving:

Single 0.60 2.93

Double 0.85 4.15

Straw with Net 1.45 7.08

Curled Wood Mat 1.55 7.57

Synthetic Mat (RECM) 2.00 9.76

Vegetative Class A 3.70 18.06
Class B 2.10 10.25

Class C 1.00 4.88

Class D 0.60 2.93

Class E 0.35 1.71

Gravel Riprap l-inch 0.33 1.61

2-inch 0.67 3.22

Rock Riprap 6-inch 2.00 9.76
12-inch 4.00 19.52
Bare Soil Non-cohesive See Chart 1 following
Cohesive See Chart 2 following

(c) Allowable shear stress for naohesive soils

(d) Allowable shear stresses for RECPs |
Erosion Control Technical Council

(ECTC), 2001

Figure 6. Calculation information for shear stress design in channelstemesdusing/arious
erosion control materials

Find:

Solution:

now:

under thdollowing condition.

gv = 62.4 |b/ft; d = 0.56 ft; $= 0.04

treqa= Ov dS

treqa= (62.4)(0.56)(0.04)
treqa= 1.40 Ib/ft

FS=2.00/1.40
=1.4, OK usean ECB

treqa@nd compare toqiow for a FSvalue

taiow (RECM) = 2.00 Ib/ft (Fig. 60

Example: Determining the F&alue basel on shear stress othannel
usingEq. 3 for an ECB from Figure 6d of 2.0 IB/ft

4. Laboratory and Field Testing &rosion Control Materials

Inasmuch as the previous section on design wasdoatiewhatempirical and baseoh
broadclasses of products, the selection and approvabpécificerosion contromaterial
within eachclassis often based oactualtesting This section presentsree approachebgnch

scale, laboratory scale and field scale testing.
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4.1Bench scale testingf erosion control materigthas focused on slope erosion and shear
stressf channels and ditch simulations. Figure 7 shows a mokthese testing devices. In
general, bare soil loss is measufiest andthencompared to the use of a specific type of
erosion control produche comparison obviously favors thee of an erosion control product
buthow much andhe differencesetweerdifferent products can be assessed accordingly.

These various devices were developed by TRI Environmédntalnder the contradb the
ECTC.

(b) Benchscaleslope erosion test
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(c) Benchscaleslope erosiontest (d) Original hydraulic bnchscale shear test apparatus

(e) Hydraulic shear applied (f) Test plot being removed

(g) Larger hydraulic shear test apparatus

Figure 7. Bench scale laboratory testing of REQcompl. TRI Env. Inc.)
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