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“Inert” Construction

m Retaining Structures

-- Gravity walls
-- Articulated block walls

-- Reinforced earth walls

= Revetment Systems
-- Rip rap (rock, rubble)
-- Gabion mattresses
-- Concrete facings (gunnite)

m Ground Covers
-- Chemicals (asphalt, emulsion)
-- Blankets, mats, & netting
-- Cellular confinements systems










“Live” Construction

m Seeding (grasses & forbs)
-- Hydroseeding
-- Spot
- Drrill u

m [ransplanting (shrubs)

-- Bare root
-- Container

m Sodding (turf)
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RECOMMENDED LIMITING DESIGN VELOCITIES FOR
SYNTHETIC MATTINGS VERSUS NON-REINFORCED VEGETATION

HARD ARMOR SYSTEMS

ITY (FT/SEC)
-
o o
. i

100% COVER

LIMITS OF NATURAL VEGETATION

POOR COVER

§
5
o
:




“Mixed” Construction

m Biotechnical Stabilization

= Soll Bioenginee'ring Stabilization



Biotechnical Stabilization

m The integrated or combined use of living
vegetation and inert structural elements
to protect slopes against erosion and
shallow mass wasting



Plant/Structure
Assoclations

m [oe-Wall with Slope Face
Plantings

m [1ered Wall with Bench
Plantings

m Revetment w/ Slope Face
Plantings



Vegetated Retaining
Structures

m Planted Crib Walls
m Vegetated Gabion Walls
m Planted Block Walls

m Vegetated Rock Breast
Walls

m Vegetated MechStabEarth



\/egetated
Revetments“Hard Armor”

m VVegetated Riprap

m Live Staked Gabion Mattresses
m VVegetated Articulated Blocks

m Vegetated Cellular Grids



Biotechnical Groundcovers

Y Erosion Control Blankets
g Turf Reinforcement Mats

Y Geocellular Confinement
Systems

wArticulated Concrete Block
Systems



Soll Bloengineering
Stabilization

m The imbedment and arrangement of
live plants and cuttingsin the grounad
In various arrays....where they serve
as reinforcements, hydraulic drains,
wicks, and barriers to earth movement.



Soll Bioengineering Stabilization

¥ Live staking

Y Fascines

¥ Fascines w/ subdrains
¥ Brushlayenng

¥ Branch packing

w Live crib walls

Y Live slope gratings

¥ Brush mattresses



Environmentally Sensitive Channel and Bank

Protection Techniques

1.0

River Training

Level

il 1.1

Vegetated earthen spurs,

w

1.1.1.2

Spur dikes or bank barbs,

1.1.1.3

Vanes,

1.1.1.4

Bendway weirs,

1.1.1.4

Large woody debris structures,

1.1.2.1

Weirs or check dams,

1.2.1.1

Longitudinal dikes with toe spurs,

1.2.1.2

Longitudinal peaked stone toe,

1.2.2.1

Coir rolls,

1.2.3.1

Vegetated gabion basket,

1.2.3.2

Live cribwalls,

1.2.3.3

Vegetated mechanically stabilized earth,

1.2.4

Live siltation,

1.2.5

Live brushlayering,

1.3.1

Willow posts and poles,

1.3.3

Trench fill revetment,

1.3.4

Fence fields,

1.4.1

Vegetated floodways,

1.4.2

Meander restoration,
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Environmentally Sensitive Channel and Bank
Protection Techniques

2.0 Bank Armor and Protection

2.1.1Vegetation alone,

2.1.2Live staking,

2.1.3Live fascines,

2.1.4Turf reinforcement mats,

2.1.5Erosion control blankets,

2.1.6Geocellular containment systems,

2.2.1.Rootwad revetments,

2.2.1.2 Ive brush mattresses,

2.2.2.Negetated articulated concrete blocks,

2.2.2.3/egetated/modified riprap,

2.2.2.4560il & grass covered riprap,

2.2.2.85/egetated gabion mattress,

NPkl P -

2.2.2.@obble or gravel armor,




Environmentally Sensitive Channel and Bank
Protection Techniques

3.0 Riparian Buffer & Stream Corridor Opportunities

3.1.1 Vegetated buffer strip,

3.1.2 Live qully repair,

3.2.1 Vanes with J hooks,

3.2.2 Cross vanes,

3.2.3 Boulder clusters,

3.2.4 Newbury rock riffles,

4.0 Slope Stabilization

4.1.1 Diversion dike,

4.1.2 Slope drain,

4.1.3 Live pole drain,

4.1.4 Chimney drain,

4.1.5 Trench drain,

4.1.6 Drop inlet,

4.1.7 Fascines with a subsurface interceptor drain,

4.2.1 Flattening,

4.3.1 Stone-fill trenches,
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Opportunities, and Challenges
N Bio-Stabilization

= Combining various treatments, e.g., use ofi soil
bieengineering (fascines) to Improve performance of
ECBs and TRMs

m Determining allowable tractive stress and roughness
characteristics ofi soil biogngineering streambank
treatments

m Selection of appropriate cuttings best adapted for local
and regional conditions. Use of nursery stock and
cultivars vs. plant material gathered in wild.

m Use of micro-organisms (bacteria and fungae) for
biostabilization of soils.



Biotechnical Stabilization

* The integrated or combined use of living
vegetation and inert structural elements
to protect slopes against erosion and
shallow mass wasting



Plant/Structure
Assoclations

e Toe-Walll with Slope Face Plantings
o Tiered Wall with Bench Plantings
 Revetment with Slope Face Plantings
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REQUIREMENTS FOR SUCCESSFUL
BANK & BLUFF STABILIZATION:

1. Toe Defense

2. Face Treatmeht




Toe-Walls w/ Slope Plantings
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Manistee Shlpplng Channel - BEFORE



Manistee Shipping Channel - AFTER



Manistee Shipping Channel - AFTER




Revetments w/ Slope Plantings




Bluff Stabilization- Lake Michigan



REQUIRED ARMOR STONE WEIGHT
QUARRY STONE REVETMENT

W = Wy H
K 4 (55— 1)° Cot ©
W = weight of individual armor stones, Ibs
w, = unitweight (sat’d. surf. dry) of rock, pcf

H = design wave heigh t, ft
s = specific gravity of armor stone
slope of bank (H:V ratio)

CotO =
Kq = stability or roughness coeff icient













Vegetated Retaining
Structures

Stone Hedgerow Walls
Planted Crib Walls

Vegetated Gabion Walls
Planted Block Walls
Vegetated Rock Breast Wallls
Vegetated Geogrid Walls




Hedgerow Walls













Planted Crib Walls
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Vegetated Gabions

. 2 . LIORION Contro
OUSO BeRle plantings

Compacted fill material -

Live branch cuttings
(1/2- to l-inch diameter) |

rabion baske

Ground line

2 to 3 fept



















Vegetated Revetments
“Hard Armor”

* Vegetated Riprap (joint planting)
e Live Staked Gabion Mattresses
* Vegetated Articulated Blocks (ABS)



Joint Plan_tmg (vegetated rlpra




NOTES:
1. Wilaw pole planting and brushiayvering shall be installed during bonk groding and riprap

placement to ensure good contact with ‘native ground’ and soil il

2. Willow poles and brush lavers shall extend down into expected soi moisture zones
(vadose ).

J Cuwt small holes or sifs in filfer fobric ag necessary.

4. Place soil il {cobbles, gravel soil) around cutlings.
5. Place riprap carefully, do not end dump. Some damage fo brush layvers and willow poles

is unavoidable and accepiable. Deeply planted willow material will regenerate,
ERODED BANK
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Filter layer graded aggregate VEGETATED

and/or filter fabric.,
Excavate below anticipated RIPRAP
scour line. DURING CONSTRUCTION
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Vegetated Gabion Mattress
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Vegetated Concrete Blocks
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Soll Bioengineering
Stabilization

* The imbedment and arrangement of
live plants and cuttingsin the ground
In various arrays....where they serve
as reinforcements, hydraulic drains,
wicks, and barriers to earth movement.



Soll Bioengineering Stabilization

G Live staking

G Fascines

g Fascines w/ subdrains
S Brushlayering

G Branch packing

G Live crib walls

G Live slope gratings

G Brush mattresses



Harvesting of
Live Cuttings

e Harvesting

e Handling

e Transportation
e Storage
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Live Staking

— Slope surface

<«

2 to 3 feet

210 3 feet
(triangular spacing)

Live cutting
1/2 to 1 172 inches in diameter
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Spots for Planting Willows

Top of Bank 12" 8" \\‘/
LTI //
_ Flow L“,_j Bottom of Bank

Gully
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L 1ve Fascines

Protrudes 2 to 3 inches
above bundle

Cross section
Nol to scale

__ Mulching between
fascine rows

Slightly exposed

after installation

Moist soil backfill

r Slope surface

Live fascine bundle

Live stake
(2- to 3-Tool spacing between
dead stout stakes)



















UNITED STATES
DEPARTMENT OF AGRICULTURE
CIRCULAR No. 320

Washingten, D, (. March 1936

EROSION CONTROL
ON MOUNTAIN ROADS

By
CHARLES J. KRAEDRIL

Senior Silvicalturist
Caldoruin Forest and Rusigso Fxporiment Station
Furest Service
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SOIL LOSS: EROSION CONTROL PLOTS*
ANGELES CREST HIGHWAY, SO. CALIF.

Untreated................ 750 cu. ft.(>1000 yds3 soil/ac)

Sewn to Grain....... 50 cu. ft

Wattled & Sewn.... 15 cu. ft

"20-foot wide plots on fill slope
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FILL AND COMPACT TRE 508
W B =8" F180-200mm) LIFTS

TYFICAL BRUSHLAYERING
WITH SLOPE CONSTRUCTION

CROHWING TIFS SHALL PROTRULDE
FROM THE SLOFPE FALE

J—8" THiCK
{FE=2800mer)




Stabilizing Effect of Brushlayer
Inclusions on Steepened Slopes

Primary reinforcement from imbedded stems

Secondary reinforcement from adventitious rooting
along length of buried stems

Surficial erosion control from exposed foliage tips

Moisture depletion by evapo-transpiration (wicking
action) from live vegetation

Favorable modification of ground water flow regime by
brushlayers acting as horizontal drains













BRUSHLAYER
INSTALLATION

NEW FILL
.LIVE BRANCHES

SECTION

LIVE BRANCHES
FiLL

PLAN VIEW
















LIVE STAKE

LIVE BRANCHES (MATTRESS)

INERT STAKE
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SLOPE SURCHARGE CONDITIONS

CONDITION 1

CLAY FILL TO
BE REMOVED

CONDITION 2

BULKHEAD RETAINING WALL




800 psTt

15an

%
:F.:E
%

F'1 = 24908 s

2 = 14800 bs/it wall Helght = 37 1t

B R e e S A S e

Horizontal Stress Induced by Surcharge al The Initial Canditic

0= Horizontal Stress’indiced by Surcharge at The Final Conditon




SLOPE SURCHARGE CONDITIONS

CONDITION 1

CLAY FILL TO

AFTERFI

REMOVAL \\l

1334 - HLd3a

/

BEFORE FILL
REMOVAL
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Combined
Treatments



Erosion control blanket with live stakes

Brushlayers

Rock filled matress with joint planting

High water level




Erosion control blanket

/ Live fascines

/ / Brush layers

Rock filled gabions

Rock filled mattresses

High water level




Erosion control blanket with live stakes

Live stakes

/ Mechanically stabilized earth system
Facing backfilled with top-soil

above water)
Facing backfilled with rock

(under water)

High water leve

Rock filled mattress

Rock apron and vegetated MSE and rock toe supplemented by
erosion control blanket(ECB) with live stakes on upper bank



Vegetated MSE
and Rock Toe



Zayante Creek Bank Protection

i




k Alternative design treatments for toe of siope
include, geobags, npraop, rootwads, fogs, elc.

NOTES:

1. Brush lgyers, geofobrics ond geogrids are tensile inclusions, which modify
shear sfress.

2. Additionally, once estoblished the roof systerms bind the entire system
together as @ coherent mass.

3 Live brush loyers act as honzontal drains and improve slope stability by
redirecting the flow direction.

4. Cut branches 3’ to 12’ long from appropriate salix, cornus or populus
spacies.

5. Branches up fo 12" long con be used on fillslope instaliotions. Bronches
for cutsiope instollation can be 2’ to 10" long depending on the bench
excavation.

6. Naoturol geofobrics (ecoir netting) or geogrids can be wropped around soil
layers to provide additional soil reinforcement.

BRUSHLAYERING WITH
GEOTEXTILE SOIL WRAP

(€ 1999 JOHN McCULLAH

FRONT OF SLOPE

Crisscross bronches
5-8 branches/Tt. min.
(20/linear meter)
placed at random with
regard to size and age.

NOJES:

1. Tilt branches down into the slope 10'—-20" min.
2. Brushlayering may be constructed with non—compacted or compacted backfill

without

damage to the brush layer.

J. Branches irrespective of length, should protrude 8—18in. (0.20—0.50 meters)
beyond the face of the slope.

BRUSHLAYERING WITH
ROCK TOE PROTECTION
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Vegetated Rock Toe and
Gabion Wall



Branciforte Creek Bank Protection
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Vegetated Boulder and
Rootwad Revetment with
Rock Vane



San Vincente Creek Bank Protection




MOTES,
I Wilew pole plonting and brushiayering shol be instafied duning bank groding and rprep
plocemani to enswre good conlact with ‘native grownd’ ond sod i
2 HWiow pofes and brush fopers shol sciend down nfa expecled seilf moisfune fones
(vodosel
I Cuwl smal holer or sfifs i fller fobric 05 nNecessony.
4. Ploce soid i fcobbles, grovel, sof) orcund cullings.
5 Ploce riprop coreflully, do nel end dump, Some damage lo brush foyers and willaw poles
de weguaidalle ond occeplable,.  Deasly ploafed wlow maleral will regensrafe

EFGOED BANE

Grode bank fo =127 or foller.

e |
=

oy, o
B! &, g’,’f‘ RUGTW&D“EEVETMENT
\=— DESIRED SCOUR FOOL ﬂgﬂ;ﬂf{?ﬂiﬁf VEGETATED RIPRAP

Filter folvic.
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