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DONALD H. GRAY

_ Professor of Civil Engineering
. University of Michigan
Ann Arbor, Michigan

Dr. Gray recelved his B.S. and M.S. degrees from the University of California
at Berkeley. After graduation in 1961 he was employed as a Research Engineer
by Chevron Research Company. He subsequently returned to the University of
California and completed requirements for a Ph.D. in Civil Engineering in 1966.

After graduation Dr. Gray joined the Department of Civil Engineering at the
University of Michigan. He 1s currently a Professor of Civil Engineering at.
Michigan with responsibility for research and teaching in the field of .
geotechnical engineering. _

Dr. Gray is a member and past Chairman of the Environmental Concern's
Committee of the Geotechnical Engineering Division of ASCE. He is also a
member of the Division Publications Committee. He was the principal organizer
and chairman of a Symposium on Soil Erosion for the Highway Research Board in
1973. He has also organized and instructed in a summer short course on
erosion control at construction sites sponsored by the Michigan College of
Engineering. In addition, Dr. Gray has been a consultant to the State of
Michigan, Department of Natural Resources in preparation of a manual on soil
erosion and sediment control, and more recntly to the National Park Service
adivsing them on slope protection measures for rehabilitation of disturbed
sites in Redwood National Park. :

. Dr. Gray-has conducted research for a decade on the role of vegetation in
reinforcing soils and stabi1izing slopes. Lately he has been involved in
biotechnical earth support and slope protection systems which entail the
combined or integrated use of plants and structures. He has published several
articles on these topics and is author of a book on biotechnical slope
protection and erosion control.

. BIOTECHNICAL SLOPE PROTECTION AND EROSION CONTROL
September 27-29, 1984 .



ROBBIN B. SOTIR

President,
. Soil Bioengineering Corporation
Marietta, GA

Robbin Sotir received her Bachelor of Landscape Architecture from the
University of Guelph in 1972. Her education includes Soil
Bioengineer/Biotechnical Consultant--Soi1 Bioengineer Apprenticeship, Europe
and Canada, 1976-1979. She is a member of the Canadian Land Reclamation
Association and Soil Conservation Society of America. Her technical
specialties related to soil bioengineering services are Project
Management/Construction Management; Environmental Site Analysis, Design and
Planning; Biotechnical Design; Site and Recreation Planning;
Reclamation/Rehabilitation; Erosion and Sedimentation Control; and
Specification Writing/Cost Estimating.

Robbin Sotir, the president of Soil Bioengineering Corporation, has
successfully completed over 140 projects in the past 10 years in North and
Central America, Europe and S.E. Asia. Miss Sotir has worked as an . _
international soil bioengineer/landscape architectural consultant in: site
analysis, design, construction project management, research, specification
writing, cost estimating and general contracting, in projects in excess of 1
million dollars. Robbin Sotir has worked with world-reknown soil bioengineers
to study these specialized erosion control techniques. In this way she
apprenticed for this work and developed her expertise for the techniques. To
our knowledge she is the only European trained soil bioengineer practicing in
. the S.E. United States. Soil Bioengineering Corporation. She has developed

soil bloengineering construction specifications for the North American
continent.

Robbin Sotir's work has been receiving more attention from the U.S. Army Corps
of Engineers in the past year. She has worked with them on several Phase 1 &
2 reconnaljssance, cost estimating, design and specification writing projects
and site inspection project management. The U.S. Army Corps of Engineers,
Mobile, has installed Soil Bioengineering systems on the Tennessee Tombigbee
Waterway under the direction of Soll Bioengineering Corporation. It appears
that this agency is serious in considering and developing this type of
technologyin the United States, to solve certain instability problems that
cannot be solved by using conventional means alone. They have recognized the
immediate cost effectiveness as well as the low long term maintenanance cost
savings and beautiful products.
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WILLIAM E. WEAVER

Geologist

Redwood National Park
. Arcata, CA

William Weaver received his B.S. in geology, University of Washington; and his
Ph.D. in geology (geomorphology), Colorado State University. Since 1976 he
has specialized in applied geomorphic research related to the causes and
effects of accelerated erosion on cutover lands in northern California
Including 1) technical reviews of timber harvest proposals, 2) evaluation of
forest practice regulations (as they influence erosion processes), 3) erosion
control techniques used on steep, highly erosive terrain, and 4) gully erosion
on logged lands. He is also serving his second term as an appointed member of
the Coast District Technical Advisory Committee to the State Board of
Forestry. The Committee is responsible for changes and additions to
the/State's Forst Practice rules. His most recent publications deal with

1) the causes and rates of sediment production from logged land in the Redwood
Creek basin, 2) the effectiveness and cost-effectiveness of erosion control
techniques used in Redwood National Park, and 3) the approaches and techniques
to watershed rehabilitation.
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C. ALLEN WORTLEY

Professor-Engineering and Applied Science
University of Wisconsin-Extension
Engineering and Applied Science

Madison, Wisconsin

Allen Wortley received the usual protracted engineering education and after
exhaustive study of esoteric subjects of no practical value, received a degree from
Caltech.

He is a licensed professional engineer and land surveyor, but ever since he learned
from Webster's that the initials P.E. are an abbreviation for physical education,
probable error, price-earnings ratio, Protestant Episcopal, and lastly, professional
engineer, he does not use them after his name. For similar reasons he does not use
L.S., as it stands for U.S. Navy landing ship or place of the seal (locus sigilla).
However, he uses C. before his name as most people understand it is an abbreviation
for a first name, Charles, rather than capacitance, carat, Centigrade, cent, century,
chapter, circa, city, college, cycle or hundredweight.

He left California and moved east to begin working for a living. As a consultiﬁg
engineer he inspected old sewer manholes in Pittsburgh. This assignment proved to be
very deep but by no means dry.

Later he moved up, north to Wisconsin, where he began to climb the technical
professional ladder working on zero-bouyancy floating boat docks, French garbage
grinders, and lawn watering systems for penitentiaries. He outraced scientific
obsolescence by achieving appointment as chief engineer of his consulting firm.

Then, instead of working for a 11v1n§, he became a university professor. He has

pursued the Peter Principle earning a Professional Development degree and becoming
Department Chairman.

He teaches soll mechanics and foundation engineering and has unearthed the fact that
although many people think soil is simply dirt, geotechnical engineers have found it
is really bread and butter.

His research 1s beautification of water tanks in combination with restaurants,
discotheques, and hockey rinks; and ice engineering where he has found that lake
water is very cold in the winter, and in fact freezes at all temperatures below
thirty-two degrees Fahrenheit.

The most notable accomplishment of Allen Wortley, holder of eight certificates of
~appreciation and of-the-year awards, is receipt of two Who's Who without purchase of
their 1imited edition directories.

Professor Wortley boasts the usual affiliations that carry arcane Greek letter and
acronym designations in return for the payment of annual dues, as well as membership
in societies that present awards and offer cheap 1ife insurance.

His hobby is bimonthly golf outings on rainy days, and although not a scratch golfer,
he has been scratched while mastering nearly all the Madison areas nineteenth holes.

When not administering, teaching, researching, studying or golfing, he either cuts
grass, shovels snow or conducts Extension institutes. As course director his main
task is to keep speakers on schedule and avoid running over into social hours.
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BENNETTS, DAVID
FIELD MAINT.SUPVR.
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303-455-6277

BRAY, MOLLY

MARYLAND WATER

RESOURCES ADMIN.

TAWES STATE OFFICE BLDG.
ANNAPOLIS, MD 21401
301-269-2224

CAREY, DEBRA

GEOLOGIST

ENGEO INC.

2280 DIAMOND BLVD, #200
CONCORD, CA 94520
415-687-9700

DEUSEN, MILLARD

BIOLOGIST

WA DEPT.OF FISHERIES

GENERAL ADMIN.BUILDING

ROOM 115

OLYMPIA, WA 98506
206-753-2984

DUNKIN, PHYLLIS

J.T.DUNKIN & ASSOCS.

URBAN PLANNERS & LANDS.ARCH.
1540 E.GATE DR.,SUITE 206
GARLAND, TX 75041
214-270-7661

FARMER, RON

GEOTECH’L. ENGINEER

U.S.ARMY CORPS

OF ENGINEERS

211 MAIN ST/ SPNPE-D

SAN FRANCISCO, CA 94105
415-974-0369

GOETTLER, BRIAN

CIVIL ENGINEER

U.S.COAST GUARD

BLDG. 107/CIVIL ENGRG.BRANCH
GOVERNORS ISLAND

NEW YORK, NY 10004
212-688-7010

BERGSTROM, FRANK W.
HYDROLOGIST

NERCO MINING CO.

P.0. BOX 4000

SHERIDAN, WY 82801
307-672-0451

BROSIUS, MYRA

HORTICULTURIST

SOIL BIOENGINEERING

CORP.

627 CHEROKEE ST. #20
MARIETTA, GA 30060

404-424-0719

CHAINEY, STEVE

STUDENT

UNIV.OF CAL-DAVIS
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DAVIS, CA 95616
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DUNKIN, J. T.

URBAN PLANNER

J.T. DUNKIN & ASSOCS

URBAN PLANNERS & LANDS.ARCH.
1540 E.GATE DR.,SUITE 206
GARLAND, TX 75041
214-270-7661

EUGE, KENNETH M.
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THE EARTH TECHNOLOGY

CORP.
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FERREIRA, JEAN

STATE PARK RES.ECOL.
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& RECREATION
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SACRAMENTO, CA 95811
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GONZALES, SAM

FACILITY MANAGER
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SPANISH SLAT STATION

NAPA, CA 94558
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KING, JAMES R.
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CA DEPT.OF WATER
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LANDSCAPE ARCH.
LANDTECH-ALASKA, INC.
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ANCHORAGE, AK
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HUDDLESTON, JIM
GEOTECHNICAL ENGR.
USDA FOREST SERVICE
3031 MAIN STREET
SWEET HOME, OR
503-367-5111

97386

KARR, LESLIE

ENVL. ENGINEER
NAVAL CIVIL ENGRG.
LAB

CODE L71

PORT HUENEME, CA
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LANE, SUSAN

CIVIL ENGINEER
CORPS OF ENGINEERS
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SOIL CONSERV.
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LANDSCAPE DESIGNER
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MC CULLY, DOYLE W.
CHIEF/ENGRG. DIV.
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309-788-6361

61204
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REINFORCED EARTH WALLS - METAL STRIPS
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Design Hypotheses for Reinforced Earth Walls
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Figure 5.4 Schematic diagram of forces and stresses acting on
a gravity retaining wall.



DESIGN OF GRAVITY TYPE
) RETAINING WALLS

Bin-Type Retaining Wall is a gravity retaining wall in
which an earth mass inside bins acts as the gravity wall
and the steel members hold the earth mass intact. These
two components combine to resist overturning and sliding
forces imposed by the retained soil and other superimposed
loads. Because of this design, support for the wall is
needed under the earth mass. On rigid foundations, provi-
sion must be made to allow slight settlement of the vertical
corner members. Normal practice is to provide a compres-
sible cushion under the base plates with approximately 8
inches of loose fill.

Individual walls should be designed for stability in ac-
cordance with established criteria for gravity walls. Recog-
nized texts are available which thoroughly cover the design
of gravity retaining walls, and these should be consulted
by the engineer responsible for the design of the wall. De-
sign Chart A, while no substitute for individual site design,
presents long-used gravity wall criteria for width-to-height
ratio under the typical loading conditions listed in Table I.
However, they are presented here only as suggested guide-
lines.

A critical factor in wall design is the adequacy of the
foundation. The resistance of the foundation to the over-
turning and sliding forces acting on the wall is a sophisti-
cated engineering evaluation. Proper site investigations
and analyses should be carried out for any retaining wall.

BATTER VS. VERTICAL. While batter walls should
always be considered first, the advantages of vertical
Bin-Walls, where other considerations permit their use,
should not be overlooked. Careful analysis of a given situ-
ation will sometimes show a vertical wall of the same
thickness as a batter wall will be structurally adequate.
Even a thicker vertical wall will sometimes prove eco-
nomical, land values considered.

Invariably, it is easier to construct a vertical Bin-Wall
on a curve. Short stringers can be used in adjacent bins,

Wall Height
4.00°

CHART A

A B c D E
Wail Design

for example, without restriction. If sharp bends are re-
quired, the special plates required are much simplified
and more economical.

Under some circumstances, the obvious gain in usable
space, by use of a vertical wall, will assume importance.
For example, a vertical 24-foot-high wall will provide 4
square feet of valuable land for every foot of wall, as com-
pared to a 1 to 6 batter wall with its toe in the same loca-
tion.

It must be remembered that Armco Bin-Walls are flexible
structures that will adjust to minor ground movements. To
allow for this, as well as normal construction tolerances,
vertical walls are frequently installed on a slight batter.

Slight With Sloping to' ) Sloping above
Batter Level SUporirgposod Load 3xD 3xD
* \ & -z_over 3xD
3 notover 3x D but not
Wall On T over 100’
1:6 =
Batter _L 0 o
R = .45 = .50 R=.55 R = .60
=0 — (R = .45) (R =.50) ( ) (R = .60)
= ‘A over3xD
S notover3xD -t-but not
over 100’
VWall :
ertical o
(R = .55) (R = .60) (R = .65) (R =.70)
=D o
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: These depths may vary to suit conditions

Note:

DESIGN F

DESIGN E
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BIN=-TYPE RETAINING WALLS [ .(

GRAVITY WALL DESIGN. Bin-type gravity wall design
should include computations to determine the stability of
the wall for (1) overturning; (2) soil bearing resistance un-
der the base; (3) sliding; and (4) bin internal pressures.
The formulae which follow are typical of those found in
most engineering texts on retaining wall design. Substitu-
tion factors can be found for the necessary design computa-
tions in these same texts.

b
b/ —>|

Sijiiiieg,

R i‘_°

Mote: Assumptions used in computing loads are
based on soil construction in which no hydrostatic
conditions exist. The installation of subdrains does
help eliminate potentially dangerous hydrostatic
situations. .

A. Check for overturning
£F,=€F,= o (FnoR)

EMpeet = © (Fivo &)

2
P= !zﬂ K WHERE Ws SOIL WEIGHT
hs WALL HEIGHT
cos &\ cos? & - cos? ¢
Kscose

cos w{ cos? e —cos? ¢

© » SURCHARGE ANGLE
$® = ANGLE OF INTERNAL SOIL FRICTION
FOR THE CASE OF @ = 0°(NO SOIL SURCHARGE) THEN

K» 1an2(45°- ¢p) .

——

B. Check for supporting soil pressure

Py = o= St

C. Check for sliding resistance
£Fn=0

f= WwTAN X

WHERE < = ANGLE OF SLIDING FRICTION
FOR THE WALL BASE AND SOIL. FOR

ARMCO BIN-WALLS ®\ MAY BE TAKEN TO
EQUAL ¢, ANGLE OF INTERNAL FRICTION

OF THE SoOiL.
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TABLE 5.1 COEFFICIENT OF ACTIVE EARTH PRESSURE AS é FUNCTION
OF WALL AND BACKFILL INCLINATION, FOR o’z o(-90,

AND ¢, = O. )
(from Lambe and Whitman, 1969)
-30° -120 — /
- £0 +12° +30
/e N"’» R w—"™ 147 117
*=+200 % 057 065 081
=100 | 050 055 068
$=20° x'zs0° i 044 049 0.60
«=-100 0.38 042 0.50
=200 032 03s 040
=400 % 0.34 043 050 0.59 117
<=4100 030 036 041 0.48 092
¢=30° =200 E 026 0.30 033 038 075
<'=-100 [ 022 025 027 031 061
=-200 £ 018 020 021 024 050
w'=4+20 % 027 033 0.38 043 059
x=+100 022 0.26 0.29 032 043
b =40° <= 200 E 0.8 020 022+ 0.24 032
«=-100 f 0.3 0.15 0.16 017 024
x=-200 £ 010 0.10 011 012 0.16
_—7
e

S

13
NN T NN T




Table 7.03a

Proposed Coefficients of Skin Friction between Soils
_ and Construction Materials—after Potyondy

Ca max
[fp=28/¢ fc= - femax = —max

Ca

; without factor of safety)

I Cohesive

Construction material Sand Cohesionless silt ‘ Clay
granular soil |’
0.06< D< 002<D<006 0% Clay~ .  D<0.06mm
2.0 mm 509 Sand
Surface finish of construction material Dry | Sat. Dry | Sat. ' Consist. [ Consist. Index:
. ' | ‘ . =1.0-05 10-073
Dense ; Dense | Loose _ Dense
o6 8 o 6 fo i I fb | fo | fomm
PR Smocte | Polished 054 | 064 i 079 . 040 | 0.68 | 040 0.50 | 0.25 | 0.50
tae r.- ' - i
{ Rough Rusted 0.76 ~ 0.80 ; 0.95 0.48 0.75 ] 0.65 ' 035 ' 0.50 | 0.50 0.80
Para's! to grain 076 . 085 | 0.92 | 055 | 087 080 020 | 060 | 040 | 0.5
Waed — I SO S N ; ! —— g
At right argles to grain 0.88 : 0.89 : 098 | 0:63 ! 095 : 090 : 040 ' 070  0.50 | 0.85
Smooth Made in iron form 0.76 ! 0.80 i 0.92 0.50 i 0.87 | 0.84 i 0.42 0.68 0.40 1.00
toncrete { Grained | Made in vood form 088 | 0.38 | 098 | 0.62 ' 09¢ | 090 | 0.58 | 080 | 0.50 | 1.00
Rough Made on adjusted ground 098 | 0.90 ' 1.00 | 0.79 1.00 l 0.95 080 | 095 | 0.60 1.00

K
1.8

1.6
14
12

1.0

0.8
Yos

0.4

—— - —a—

1 1

J/»Loose sand

1 L//Dense sand

0

Fig. 9.3.

1. A
0.002 0.004

0.006

" Terzaghi (1954).]

o/H

Relationship between earth pressure and wall deflection. [After






2. CLASSIFICATION AND CAUSES OF
SLOFE FAILURES
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CL ASSIFICATION & (AUSES OF SLOPE FAKURES

L. CLASS/FICATION
A. MO Z“er/O /6

. Zce
2. Kock ( O/M/'ea/ wea{'h(red écok/cd é/aled )
3. Soil (dr;z o sahurated | sondy vs. <layey )

5B Ve/oc://‘;/
;. bid (seconds —» minules )

rock#alls, avalanches, e anthHews air cushion s/hdes
2. In%ermeo’/afe (minutes > houvrs )

Jebris slides, block glides, .slum/é.s
3. Slew ( doys —> years)

Creep, soliflucten, (g fera/ S/S/veadm7

. e D/s’,b/acemen 2
| Vst mioH. meves =7[ﬂ46;< veloe, va s/ze.
Sep iz

enbrammer H.0

D. Faslure Mechanism

L Slides - MG'ZCMf’/?/L a/o'n’é]we( c/e/med si/c//;
ol Snegring SR face o e niac
blocks m?MAdédzo jiﬁ alo’rocf\’

a) P/Oﬂar Cecuvs f/ofcs whee //cz.(.e S Somft
geologic conbrol, €2, bedding pbnes, jomts,
colly vrirm MamL/ Ablo s/tcs//ew STcles (5/ AM7)
2 /’/'OWO?eheoz/.S SOVC/J 5/0/295 (See Fig. 2. //)

8 kotabona!: Occens m slope /6 /éasec/ oF ﬁo/myeﬁm

Colosee soils 117 which resrstrce o shdirm 7
® | /s iidependent oF depth, Gt 5//0//7
Bnds o éz@na/zc/bcw/_&wr /éé, awa’%

s/o e w/;w 576@4 f‘eS/SIL ce
fesz‘ and shear shesses h,«?/—z (See Fig. 2:/2)
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2. Flewss = Quasie us cous Peos wm wluckh .
difficult to detect a disthinet
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o depth. Temds bo occun wa
sctuated soils (sawnds silks, dcu.ts)
LAth o Luq\a\ wrate conbent.

3. Falls - g‘olli'nC( mews of wa eua l LDonon
coherent contact Lt siable,
umwcv'wq base. Temds k& occun
VA Joijred, ‘QY‘\*‘H@ viock mehﬂ
SkeF 5\otws.

£ Class/Ficalion Sosier

5}’6 classtfieation sqstens ( Fo. 2./0) by tarres
whucls Classifres accondnig ko _ o)
Toppeof Movcwmert- Lok, tobples, sliaes (rofational
" fmas,é//ona//s ), §preacs, flows W.

7}/& of Matevial - rock soil (coarse vo, Frne )

T FACTORS COwTRIBOTIAG 7O WNSTABILITY OF EZRTH
SAL OFFS.

/5?6 Subdivtsion of /éc/ms (7'46/9 -2./0) Gcw-zd/v‘z?
o feae thal Conbribute fo

/V/lqﬁ Sheau Sheso O/?c//rfz Leotw Shean 5#%7%

Stpes foul wheu sheon shess s, shea s treugll
d/o'h7 a cotica/ 5//(/M'7 St iap '

JIL. IDENTIEICATION OF UMNSTABLE SLOPES

Zerttocc o OF M#ﬁzéé/e S/O/és a Jzé/é?s corty
a 4{7ﬁ lands/de /ﬁ&@%&/ Con be wicke Usins CELFIIrT .
/0/497m/5/«4c'/ vege fo e, ﬁyaéa/a?}c , aud 7(a/af/c
J3itatns (see Table 2°71). 7




TYPE OF MATERIAL

of movement

TYPE OF
MOVEMENT
BED- ENGINEERING SOILS
ROCK Predominantly | Predominantly
coarse fine
FALLS Rock Debris fall |Earth fall
fall
Rock .
TOPPLES topple Debris topple |Earth topple
‘ROTA- Rock .
TIONAL FEW slump Debris slump Earth slump
UNITS , v
- SLIDES I" o ns- oK . | Debris block |Earth block
oc slide slide
LATIONAL slide
MKﬁQ- Rock . . .
UNITS|| slide Debris slide Earth slide
Rock .
LATERAL SPREADS spread Debris spread |Earth spread
FLOWS Rock Debris flow {Earth flow
flow (soil creep)
COMPLEX Combination of two or more principal types

Figure 2.10 Abbreviated classification of slope movements (from

Varnes,

1978)
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Figure 2.12., Schematic illustration of rotational, earth slump.
(from Royster, 1978)
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Figure 2.11. Schematic illustration of translational, debris
slide( from Royster, 1978),



TABLE 2.11 FEATURES INDICATING LANDSLIDES OR

1

AREAS WITH HIGH LANDSLIDE POTENTIAL

FEATURE SIGNIFICANCE
1. Hummocky, dissected Common feature in old and active

10.

topography

Abrupt change in slope

Scarps and cracks

Grabens or "stair step"
topography

Lobate slope forms

Hillside ponds

Hillside seeps

Incongruent vegetation

"Jackstrawed" trees

Bedding planes and joints
dipping downslope

progressive slides (slides with
many individual components). Slide
mass is prone to gullying.

May indicate either an old landslide
area or a change in the erosion
characteristics of underlying
material. Portion with low slope
angle is generally weaker and often
has higher water content.

Definite indication of an active or
recently active landslide. Age of
scarp can usually be estimated by the
amount of vegetation established

upon it. Width of cracks may be
monitored to estimate relative rates
of movement.

Indication of progressive failure.
Complex or nested series of rotation
slides can also cause surface of slo

to appear stepped or tiered.

Indication of former earthflow or
solifluction area.

Local catchments or depressions

formed as result of (4) above act as
infiltration source which can exarcer-
bate or accelerate landsliding.

Common in landslide masses. Area with
high landslide potential. Can usually
identify by associated presence of
denser or phreatophyte vegetation
(cattails, equisetum, alder, etc) in
vicinity of seep.

|
i
i
Patches or areas of much younger or
very different vegetation, e.g., !
alder thickets; may indicate recent i
landslides or unstable ground. i
Leaning or canted trees on aslope are !
indicators of previous episodes of |
slope movement or soil creep. !

|

!

Potential surface of sliding for
translational slope movements.

@
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Parameter A

y ® total unit weight of soil
Yw* unit weight of water

.

¢’scohesion intercept Effective
} Stress

¢'s friction angle
ry * POre pressure ratio * ';_H'
u * pore pressure gt depth H

Steps:
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pore pressures or formulas
ot right

® Determine A ond B from.
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20° |
Surface of seepage MM‘:O—:'\_OVQ

y = 120 b/t

¢’= 300 psf

o3 O,p tan 3 = 0.364
ton & 20,577 cotfB =2.75

Formula

8 624 from Fig. 10

r® 153 Tag (0-94)% = 0.325

For serpage parallel 1o slope, with X= 8 ft., T =I1.3 ft.}

From Fig.l0, A =0.62 for r, =0.325 and cotfB = 2.75
B =3.1 for cot 8 =2.75

0.577 + 3 —00

- 3. = 0. .65 = 1.63
'C.364 (120} (i2) 098 +0.85

F=062—

Formula

For horizontn! seepage emerging f(om slope, 8§=0
} from Fig. 10

62.4 |

u®T20 Trozeao - 02

r

From Fig. 10, A
]

0.41 for r,=0.52 and cot 3= 2.75
3.1 for cotB =2.7%

= 0.577 300 . = s
F = 0.41 0364 +3I-———(120)“2) = 0.65+ 0.65 = 130

Fig. 14 EXAMPLE OF USE OF INFINITE SLOPE CHARTS.
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CONCLUSIONS

. EXAMPLE DESIGN PROBLEM

A low bluff shoreline will be examined (Figure 25). The
nine-foot bluff face is steep and there is no fronting beach except
at low tide when a gravel-covered shoreline is exposed. At high
tide, the water is just above the toe of the bluff. The bluff
soils are sandy-silt and the offshore slope is mild. The shoreline

has steadily receded for years as is evident by the fallen trees
along the shore.

e v " S ——

The owner purchased the land to construct a retirement home
(no structures have yet been built). He intends to extend a dock
out to deeper water but he has no other plans for the shoreline.
After examining the site, he determines that no slope stability or
groundwater seepage problems exist and erosion is being caused by
wave action undercutting the bluff toe (Figure 26).

’ Figure 26 Eroded Bluff
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- Design Parameters .

Figure 27 is a profile of the site. As shown on the figure,
the water depth was measured, the depths at spring tide and the
design stillwater level were calculated (using the Tide Tables) and
the design wave height was determined following procedures de-
scribed earlier in the text. The bluff toe is susceptible to
erosion during the design storm when it is submerged under approxi-
mately 3.0 feet of water. A protective device must be installed to

prevent further erosion.
~EXISTING BLUFF
—_— .._.‘__....._.._*;3:50'““'_..__...;_; DESIGN_SwiL —
. t!8OMLW_ . SPRING TIDE LEVEL ¢
.00 ML W 1
v ————— . 00O MLW 3 LOW_TIDE LEVEL _ 1.6
' /‘ AN A\ AWz e LS5
l EXISTING OFFSHORE SLOPE -
| * —
FROM LOCAL EXPERIENCE FROM_TIDE TAB
STORM SURGE=2.0 FT. SPRING TIDE RANGE= 1.70 FT *
(1) BLUFF MEIGHT 13 . MEAN TIDE LEVEL= +0.7SFT MLW ’
(2) BLUFF SLOPE : 1 on 1 TA 7ing ligde rognge ;s nter the mean 11 1gt +0.75' ML W
(3) OFFSHORE SLOPE: 1on33
(4) MEASURED DEPTH 50' OF FSHORE «1.5"ar MLW g%SIGTVMER £vE «3.60
(8) DEPTH AT SPRING TiDE: 3.1 Ll LEVEL :3.60 MLw ’
© (8) STORM SURGE :2.0'
(7) DESIGN WATER DEPTH:(5)4(6): 3.l'¢2,0‘=5,l' '
(8) DESIGN WAVE MEIGHT:DESIGN DEPTM x0.8:5.120.8:4.0 20
SPRING TIDE LEVEL +1.60 MLW
MEAN TIDE LEVEL 085 | 075 mw
MEAN_LOW WATER (MLW) | 000 !
Figure 27 Profile and Physical Conditions at the Site

Device Selection

Bulkheads are applicable to low bluffs if frequent access to
the shore is not required. At this site, a bulkhead would not
interfere with the planned use of the property and once backfilled
to the height of the existing bluff, the amount of useable land
would be increased. Any of the sheet pile bulkheads would easily
meet the design wave and other criteria. It is likely, however,
that their material and installation costs at this site would be
significantly greater than other devices that would also meet the
design criteria. The post supported bulkhead using treated timber
sheeting is well suited and will be illustrated in this design
example. The Longard tube was not selected for aesthetic reasons
and its short life expectancy when exposed to water-borne debris.
The stacked used tire and used concrete pipe bulkheads were re-
jected because they did not meet the design wave criteria.

B
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Regrading is acceptable, as the land is undeveloped, so revet-
ents are a possibility. Little useable land would be lost in this
qase because of the low bluff height. A rubble revetment is a
ikely alternative because stone is available in the area at a
reasonable price. A typical design will be shown. Concrete blocks
would also be applicable. The steps involved in designing concrete
block and stone revetments are similar and therefore will not be
. repeated, but in a real design, the comparative costs of stone and
concrete block revetments should be developed. Stacked bags and
mats were eliminated for aesthetic reasons and because of short
life expectancy when exposed to water-borne debris and bombardment
by stones and cobbles. Gabions were also judged to be too short-
lived in this situation. Materials for fuel barrel and concrete
slab revetments were unavailable.

A breakwater does not provide positive protection to the bluff
toe. To avoid downdrift erosion problems, sand would have to be
imported from a borrow area nearby. This would require additional
expense and would still not provide positive toe protection.
Therefore, all breakwaters were eliminated. Groins were also
rejected for the same reasons.

A beach fill and a perched beach were considered as possi-
bilities because the offshore slope is mild. However, they do not
positively protect the bluff toe and enhanced recreational use of
shoreline was not a high priority of the owner. Because neither
would provide the needed protection, they were not selected as

ossible alternatives. Slope flattening or infiltration and drain-

Qge controls were inappropriate. Slope flattening, however, would

e a part of the revetment design and proper groundwater drainage
would be included in all designs.

Vegetation, if used alone, would be ineffective. Completion
of the Vegetation Stabilization Site Evaluation Form (Figure 28)
yields a score of 32, which places the site just beyond the accept-
able range.

One possible combination approach will be developed that
employs devices that were rejected when considered alone: a gabion
revetment, a perched beach retained by a sand bag sill, and vegeta-
tion. The vegetation will provide a buffer zone to inhibit wave
action against the bluff toe. The existing gravel beach will not
support plantings so the perched sand beach and sill are provided
to encourage plant growth while also protecting the new plantings
against wave action. A recomputation of the Evaluation Form (Fig-
ure 28), with a perched beach of medium sand, yields a score of 28,
which is in the acceptable range.
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‘Design Example No. 1 = Treated Timber Bulkhead (Figure 29)

Runup Calculation. From Table 4, with the design wave height,
H = 4.0 feet for a vertical face .

R=2.0H=2.0x4.0=28.0 feet

The design top of structure is at the crest of the bluff, or +9
feet MLW. The runup above the design stillwater level would be to
+11.6 feet MLW (8.0' + 3.6'). The structure, therefore, will be
overtopped during design conditions, and a splash apron must be
provided at the crest.

Backfill. Only granular backfill material should be used.
The fill must be placed and compacted around the deadmen before any
is placed behind the wall. Otherwise, load would be applied to the

wall without support of the anchoring system and failure could
result.

Filter Cloth. A continuous filter cloth is provided behind
; the planks and under the overtopping apron. It is needed to pre-
. vent the backfill and natural bluff material from being washed out.
Additional holes in the wall were not included in the design be-

cause the small spacing between the planks will provide sufficient
drainage. '

Toe Protection. Toe protection is provided to insure stabil-
ity against scour. A filter cloth is used to prevent settlﬁpent of
the rock.- Given a unit weight of stone, w_ = 165 lbs/ft” and a
design wave height, H = 4.0 feet; from TaKles B-1, B-2 and B-3
(APPENDIX B), find the required stone weight, W.

From Table B-1, with H = 4.0 feet, W = 390 pounds.

The toe protection is placed on an essentially .flat surface so
enter Table B-2 with the flattest slope shown (l:6) to correct W.

From Table B-2, for a 1 on 6 slope (l1l:6), the correction
factor, K1 = 0.3. Therefore,

W =390 x 0.3 = 120 pounds

The range of allowable stone weights is 0.75W to 1.25W with 75%
greater than W, therefore,

wmin = 0.75 x 120 = 90 pounds
whax = 1.25 x 120 = 150 pounds

Seventy-five percent should exceed 120 pounds and no stone should
be accepted if the longest dimension is more than three times the
shortest.

Flanking. The bulkhead will be tied into the existing bluff.
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QUARRYSTONE OVERTOPPING APRON

(ORIGINAL GROUND SURFACE

___+9.0'MLW (DESIGN CREST EL.)
Y NEARORETNREEIRCe R © ©

SAND T iEL
BACKFILL - '™

TIE-ROD

- +3.6' MLW (DESIGN WATER LEVEL)
or0:9] W/ TURNBUCKLE _

_ “FILTER
... CLOTH

CONCRETE DEADMAN

+1.6' MLW (SPRING TIDE LEVEL)
ANCHOR

EXISTING —

TOE PROTECTION
SLOPE T

e T —

. TREATED -
TIMBER
PLANKS

FILTER CLOTH

W TREATED TIMBER
POST

S
NOTES'

. POST SIZE: 12'x12"x24'
2 PLANK SIZE: 3"%x12"x12'
3. POST SPACING: 6'

-13.5' MLW (TIP OF POST)

Figure 29 Treated Timber Bulkhead

Design Example No. 2 - Quarrystone Revetment (Figure 30)

Required Slope. The selected slope angle depends on the
amount of available land at the top of the bluff, the amount of
runup expected and the cost of materials. A milder angle results
in less runup, smaller stone sizes, greater slope length, and more
loss of land. A 1 on 2.5 slope was selected.

) Runup Calculation. From Table 4, for a rough face structure
with a 1 on 2.5 slope, the runup, R = 1.0 H or 4.0 feet. The
revetment must extend vertically 4.0 feet above the design still-

water level. There is enough height available (5.4 feet) and no
splash apron is required.

Weight of Armor and Underlayer Stone. Use Tables B-1 and B-2.

Armor Stone. Given: H 4.0 feet

w 390 pounds (Table B-1)
K1 0.8 (Table B-2) for a 1 on
2.5 slope
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Therefore: Use W 390 x 0.8 = 310 pounds.

Underlayer Stone. Use W/10

30 pounds.

Range of Allowable Stone Weights. The range for both the
armor and underlayer is 0.75W to 1.25W with 75% of the stones
weighing more than W. All stones should be sized so that no side
is greater than 3 times its least dimension.

w in 0.75 x 310 = 235 pouhds.
Wi ® = 1.25 x 310 = 390 pounds.

75% must exceed 310 pounds.

Armor Laver.

Underlaver.

0.75 x 30 = 20 pounds.
wﬁgg 1.25 x 30 = 40 pounds.

75% must exceed 30 pounds.

W

Filter Cloth. A properly sized filter cloth will allow water
to pass while retalnlng the bluff soil. When laying the filter
cloth, insure continuous coverage by overlapping the cloth edges at
least 18 inches.

Toe Protection. Bury the toe (extend the slope down into
shore) at least one design wave height below the existing bottom.
Add an additional layer of armor stone to thicken the toe section.

Flank Protection. The revetment will be tied into the exis-
ting bank.

ARMOR STONE W=3|0 Ibs.
’ +9.0'MLW (TOP OF STRUCTURE) -

\ .
KCUT—\ ' ORIGINAL GROUND
‘ SURFACE

AN 3.60' MLW DESIGN SLW

UNDERLAYER 1.60' MLW SPRING TIDE

w=30ibs.
FILTER CLOTH

BURY TOE 4 FEET
(ONE WAVE HEIGHT)
BELOW BOTTOM FOR
SCOUR PROTECTION

Figure 30 Quarrystone Revetment
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Table 4

Wave Runup Heights
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Quarrystone

wave Height Range: Above five feet.
Runup Characteristic: Rough slope.

Stone revetments, a proven method of shoreline protection, are
durable and can be relatively inexpensive with a local source of
suitable armor stone. Such stone should be clean, hard, dense,
durable, and free of cracks and cleavages. Figure B-3 shows a
typical cross section of a stone rubble revetment. Table B-1,
which gives the required weight of armor units for a given design
wave height, was developed for a 1:2 bank slope and a stone unit
weight of 165 lbs/ft3. If your bank slope is something other than
1:2, find the value on Table B-2 and multipy the stone weight from
Table B-1 by this factor. Flatter slopes require smaller rock
sizes. Table B-3 contains a second correction factor to be appligd
when the unit weight (density) of the rock varies from 165 lbs/ft~.
The tables contain an illustrative example of their use.

FIRST UNDERLAYER (STONE WEIGHT=W/I0)

ARMOR (2 LAYERS)
(STONE WEIGHT =W)

NOTE Use either stone or
filter fabric(Both are
shown to illustrate
their use -only one is

= £ o
/ i s : needed) :
..‘,~F\
%
GRADED STONE . gl =MW

FILTER (IF USED IN
PLACE OF FILTER FABRIC)

TOE PROTECTION-
BURY AT LEAST
THREE FEET OR
ONE DESIGN WAVE
HEIGHT BELOW THE

FILTER FABRIC B80T TOM

(IF USED IN PLACE OF
GRADED STONE FILTER)

Figure B-3 Typical Quarrystone Revetment

Since it is not possible to obtain quarrystones of exactly the
same weight, one must specify a range of permissible sizes. For
any given required weight, W, stones ranging from 0.75W to 1.25W
can be used, but at least 75% should weigh W or more. For example,
if 100-pound stones are required, the armor stones may range from
75 to 125 pounds, as long as 75% weigh at least 100 pounds.

If graded stone filter material -is used, it generally will be
much finer than the armor stone. An intermediate layer of stone,
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between the armor and filter, one-tenth as heavy as the armor units

(100/10 =

10 pounds in the examp

transition to the filter material.

le), should provide the necessary

FIND :

TABLE B-1 TABLE B-2 TABLE B-3
ESTIMATED WEIGHT CORRECTION CORRECTION FOR
OF ARMOR STONE FOR SLOPE UNIT WEIGHT

WAVE ESTIMATED| SLOPE CORRECTION| UNIT CORRECTION

HEIGHT WEIGHT FACTOR | WEIGHT FACTOR

H w wr

(ft) (ib) (ft/ft) Ky (1b/1t3) K 2
0.5 1 1:2 1.0 120 4.3
1.0 10 1:2% 0.8 130 2.8
1.5 20 1: 3 —y—0.7, 135 2.4
2.0 50 /1:33 o.es\ 140 2.0
2.5 © 100 2| 1:4 0.5 af 145 1.7
3.0 vm e von o 1 6 07 1: 4% 0.4 150 1.5
3.5 260 1: 5 0.4 155 mem muy-1.3
4.0 390 1: 5% 0.4 160 1.1
4.5 550 1: 6 0.3 165 1.0
5.0 750 170 0.9
5.5 1000 175 0.8
6.0 1300 180 0.7
6.5 1650 185 0.6
7.0 2100 190 0.6
EXAMPLE

GIVEN: The wave height (H) is 3.0 feet and the structure

slope is 1 on 3 (1 Vertical on 3 Horizontal) and one
cubic foot of rock weighs 155 Ibs (we)

The required weight of armor stone (W) from the
tables (Dashed Line)

W=160 Ibs x 0.7 x 1.3=145Ibs
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&S. MECHANICS OF FIBER REINFORCE—
MENT IN SOILS






 WECHANICS OF FIBER (FABRIC)
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7. SOIL LOSS PREDICTIONS
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PROBLEM NO. 6 - SOIL LOSS ESTIMATES

Assume Ann Arbor, Michigan as the locale of a construction
or development site. The site is 40 acres in size, however,
only 20 acres will be disturbed by grading and construction.

The following soil and topographic conditions are encoun-
tered at the site:

disturbed area undisturbed area

ave. slope length, ft 400 600
ave. slope gradient, % 6 10
soil type Miami silt loam (K = 0.37)
vegetation factor 1.0 0.12

QUESTION #1 - Compute the total, annual soil loss from the site
in the absence of any soil erosion control mea-
sures. Give answer in both tons and cubic ft.
of soil.

Assume the construction period lasts 12 months during which
time the disturbed areas lie fallow and exposed for 3 months.
Seed, fertilizer, and straw mulch are then applied. The vegeta-
tion establishment period lasts another 3 months during which
the representative vegetation (or C-factor) value is 0.4. The
vegetation factor for the balance of the construction period
is 0.2.

In addition to seeding and mulching, a small sediment basin
is also constructed at the site with a total capacity of .137
acre-ft. The relationship between trap efficiency and capacity/
inflow ratio is shown in Figure 1. The basin receives sediment
from only 70% of the construction area.

Storm runoff or inflow to the basin can be estimated from
precipitation data for the area. Assume the worst conditions
occur during the winter-spring. A typical, hourly rainfall
distribution for a 5-year frequency rain is shown in the table
below. The tabulaﬁEEzVEIEEE_EEEFEEE_EEE rates of hourly rain-
fall in terms of percent of 24 hour rainfall. Figure 2 gives
total 24-hour precipitation as a function of storm frequency.

Successive Proportion of
Time Units-hrs Total Precip-%
1 (max) 24
2 14.5
3 10.9
4 8
5 6
6 5
7 4
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In Southeast Michigan the average value of infiltration
capacity is 0.1 in/hr in winter-spring. The retention is
approximately 0.10 in. (In summer the values change to 0.4 ‘
and 0.15 respectively). Assume the effective drainage area
at the construction site is 50 acres. ’

QUESTION #2 - Estimate the total soil loss from the site with
the erosion control system and the percent ef-
fectiveness of the control system (for the dis-
turbed area only). Note: If you are unable to
calculate the runoff from the precipitation data,
use a rule-of-thumb estimate of 0.4 acre ft/acre
of drainage area.

QUESTION ¥ 3

What will be the ratio of annual soil logses gt two congtructiqn
sites in Ann Arbor which have the following site and soil condi-
tions. Assume both have the same areas.

Site No. 1 ' Site No. 2
i i il i fine sand
il: (65% silt + very fine sand soil: (40% silt + very .
5ot { 5% sand (0.1 {o 2.0 mm) 40% sand (0.1 to 2.0 mm)
' 3% organic matter 4% organic matter

600' ave. slope length 1000' ave. slope length

site: (completely disturbed site: {weeds & wild grass cover
{10% ave. slope gradient 8% ave. slope gradignt

Use the Wischmewr nomcqraph to solue P problen .
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Figure 1. Relationship Between Capacity/Inflow Ratio and Sediment
Trap Efficiency of Reservoirs

93



oL

or

%

[ ey er—————

il

I

—L

=T

B =y

e

=i

=

7
T
I
I

-

B o

X
N\

) ey
-
-1

+
+

:_t

T
—
3

By Sy
—

e

=
ey

4+

PRt B

A

-

1=

y |
i Huth , w Hh
_ ﬁJ ! fr\a :mu 11
. -+ i {
* _.mﬁ il N
’e i |
4 v 1 1 ~
L et HHHA ] T
' s i i -H4
w i it f i
ol it lighie: I
Tl h‘ {18 gt mw : i b
Jinn T e B i
i L s il (R it it 4
A BT alftillini R Jqulbn . b
“- 0..“ _ .m — ._ . i ‘. m N
IHH s il it il I
i 1 T R il 44
1 | .... h i ]
. iy H t .P : U -4 -1 -
I [ 1198 _ N 1
it _.,“ 1 Lé ! -
il ] i
g .._ [} ._. i 111 &x
Al _ m il i
1 o H w.. N
i i L
i 1)
4 4 Ml Hhidi
i b L I
i [ oy : A, L
i )T s
_ i ! i
LR I I
S0ES MRS I )
. |

——
s




. ww -

e T L LT e AN RAAUA IS T -

e e e eme s m e mme w e e e e — e e - s

i
]
H .

‘Question #4 t
i
|
Disturbed avea (20 u.ctc&) “ﬂA\S‘L\H\DﬂA ocect ‘20(—““"5)
| il
; Pwe clope l2mgih: ACOX =4.3 AY&S‘OP&QE h: 6°D§¥3 = '
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ESTIMATING oo

Colculations

SHEET-RILL FROSION AND
SEDIMENT YIELD ON DISTURBED
WESTERN FOREST AND WOODLANDS

Transect
Highlead Logging Data

Location and Size | Average Buffer Daia .;

~ Acres , 80 Percent Slope to Channel ° 42 f
County Yamhill Slope length to channel 200
Lat. N 45900" Future Slope length/channel 220

Long. W 123930

Average C Factor.Elements

Present Future .
Effective Canopy Cover Percent 60 60

Effective Canopy Height feet 4 4

Root Network Percent 70 91

Average Transect Data

Present . Future
Transect
Elements Log Road |Fire }Un- Log Road | Fire | Un-
paths |Land |Trail [dist. | paths| Land | Trail| dist.
% Bare Ground 5.0 3.0 5.3 - 3.0 | 2.5 3.5 -
% Protected Ground 3.7 (2.0 3.0 {78.0 3.7 | 2.0 3.0 | 81.3
% Slope 34 5 30 - 34 5 30 -
Slope Length {133 | 40 55 - 107 30 | 20| -
% Area , 8.7 |5.0. | 8.3 [78.0 6.7 | 5.5 6.5 | 81.3

2.2-1 Present Conditions

A highlead logging operation was sampled and the data recorded (display 3.3-1)

" Recorded elements are totaled and averaged. Slope and length of water travel
are properly weighted to reflect the area in various disturbances. The buffer
data pertains to the distance and slope between a given disturbance and the

from USDA Scs, West Tech Che Portland.

2N W o P RN IR - . - e



functioning channel. These elements are used to develop a simple sediment
delivery ratio. The cover factors are averaged and recorded.

In the example used for this discussion 22 percent of the transect paces
fell on log paths, roads, or fire trails. Al1 other hits were on forest
duff. Elements are recorded in a simple way. Display 3.3-1.

Percent Slope and Length Feet

1. The percent area based on transect hits for each'disturbaﬁce class is
recorded in display 3.3-1. For log paths this is 5 + 3.7 = 8.7 percent.

2. Bare ground in this example is 5 + 3.0 + 5.3 = 13.3 or 13 pgrcént.

3. Meightsd averages of percent slope and lengths are developed for each
disturbance class. ,

Weighted % Slope = {(38)(8.7)+(5)(5.0)+(30)(8.3) /22 = 26 percent
Weighted Slope Length feet =={(133)(_8.7)+(40)(5.0)+(55)(8.3)}/22 = 82 ft.
LS Factor - The slope length factor is provided in table format, tables 3.2-4,

and 3.2-5, or figures 3.1-6 & 3.1-7.

For the example, display 3.5—1, the present slope and length were calculated

“to be 26 and 82 respectively. Using figure 3.1-5 the area for the sample

is located in the Xeric moisture regime and Mesic and Thermic temperature
zone requiring the use of table 3.2-5 for the estimate of LS. The LS factor
is computed to be 4.1. Enter the LS into the erosion computation (see

pages 8 and 9.

Cover Factor (C)

Type 1 effect - figure 3.1-1 percent protected ground for the whole operation
is 100 less the percent bare ground. Enter bottom of figure with 100-13 = 87
and read 0.08. ' :

Type 11 effect - figure 3.1-2. The Type II effect is the produce of rain-
fall energy intercepted by the canopy (REc) and the decimal percent bare
ground minus 1.

{Type 11 = 1-(REc)(% Br. Gr.)}

1/ Percent canopy cover is 60 percent. Enter figure at bottom with 60
and read from 1 meter line 42 percent on right side of figure. Enter
0.42, the gross reduction in energy by the canopy (REc), in equation.



|

.
i

2/ Percent bare ground is thirteen hundredths and entered into the
equation. .
Type II = {1-(0.42)(0.13)}= 0.95

Type III effect - figure 3.1-3. Since this is a forest floor the forest
duff curve is used. The root network was estimated in 70 percent. Enter
with 70 at bottom of figure and read 0.13. Enter 0.13 into the equation.

The C factor is the ﬁroduct of Types I, II, and III effects. (See graphic
description display 3.3-4.) C = (0.08(0.95)(0.13) = 0.01.

Additional C factors are available for consideration in table 3.2-1. ;

K Factor - The erodibility of the soil is taken from soil survey information,
developed by the soil scientist on the project, or estimated using table
3.2-2. This table requires the use of a wetting bottle and the procedure
outlined on display 3.3-2. For the example, use a K of 0.32.

R Factor - Where no R value charts are available, use the procedures outlined

in Technical Note, Conservation Agronomy No. 32, dated September 1974

(Rev. March 1975), to compute the total R factor (R;). For our example

the R factor was taken from a map provided by the Oregon State Conservationist,
Soil Conservation Service, figure 3.1-4. The R of 47 was entered into the
Erosion Computation, page 14. It should be noted that if snowmelt adds to

the water available for erosive activity, a snowmelt Rg must be added

to the R to form a total Ry, : .

for forested lands there are few areas where Rg is a problem. These are
isolated on those sites where concrete frost dévelops or other factors
prevent the melt waters from percolating into the soil. Where this does
occur it is suggested that the R; be weighted for the site in proportion
to its occurrence, or erosion and sediment calculations be kept separate.

The procedure for developing EI factors for individual storms is presented
in the Appendix. A sample of the procedure is shown in display 3.3-3.

Erosion Estimate

Rate Per Acre

A

"

RTKLSC
(47)(0.32)(4.1)(0.01)

u

= 0.62 tons/acre/year
For the 80-Acre Highlead Operation
A = (0.62)(80) |
= 49.6 tons/yearv




Sediment Yield Estimate . Where:

% ( : Sediment delivery ratio =1 "—{L/@0+(4)(% S:)}} L= S’lopé Tength of
' . buffer strip to
1 L2007 [50+(4)(42]}  channel.

0.08 S = percent slope of
the buffer strip.

Estimated Sediment Yield = (0.62)(0.08)
= 0.05 tons/acre/year
Sediment Yield for Highlead Operation
= (0.05)(80)
=.4;0 tons/year ’
The sediment yield estimated by this procedure takes the material
only as far as a functioning channel. Routing sediment through the
stream system is not considered. It should also be noted that
permanent road, siide, gully, streambank, and channel sediments
must be added where necessary to complete the sediment picture.

2.2-2 Future Conditions

% (( Seven elements within the computation process allow for anticipated change.
' These are in order of their appearance in the USLE: K, L, S, C. The :
three remaining are the total acres of disturbance type, percent bare
ground within the disturbed area, and the changes expected in the buffer
widths. : .
The following elements in the example are adjusted for the new estimate:
~Bareground: veduced from 13 to 9 percent by improved management.
Rootnet: dincreased from 70 to 91 percent by new plant growth. '

Slope Length: all changes are due to improved management.

Logpaths from 133 to 107 feet - a better highlead setting
Road and Landings from 40 to 30 feet - increased drainage
Fire trails from 55 to 20 feet - by-increasing waterbérs

Percent Slope: No change anticipated.

Buffer: a 220-foot wide strip is set to assure there would be little or
no sediment yield.

f’i @ Introducing these changes then will give a new estimate of the erosion and
sediment yield for this example as follows: }

-9-
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 Table 3.2-2

GUIDE FOR ESTIMATING ERODIBILITY (X) VALUES

-

So0ill Surface Permeability
Texture 1/ Very Slow Mod. Slow, Mod. Rapid, Rapi
Slow Moderate .Very Rapid

2/ .

c’ Sic. 8C M 0037 0032 0028 0024

'SCl, Biclg cl 0.43 0.37 . 0.32 0028

sil, 1, visl " 0.49 0.43 0.37 0.32 " ._

£s1, sl 0.37 0.32 0.24 0.20

1ls, s, lecs, cls 0.28 0.24 0.20 0.17 or .1:

/

1/ Gravelly, channery, shaly, siaty, cherty, cobbly, or flaggy 5&ues

of these textures are normally reduced ons or two classes in K

value.

-
.
.

2/ ¢, Clay; si, Silt; S, Sand; 1, loanm; vf, very fine; f, fine

REFERENCE: Soil Conservation Service, 1969, Hydrologic Sroup X and T Factors of
Series Having Type Locations in the South Region: South Reglonal
‘Technlcal Service Center, Fort Worth, Texa-

=19~
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Figure- 3 1-6- Applicable to all Soil Moisture - Soil Temperature
Regimes except A=3, and A-1 in WK, OR, and ID.
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by the formula;

430x*+ W0x +

sl (zzfe )m (

6.57415

0.43 )

~21-

ava:lable The curves were derived

where A=field slope length in feet and
m=0.5 if s~ 5% or greater, 0.4 if s=4%,
and 0.3 if s=3% or less; and x=sins.

6 is the angle of slope in degrees.
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OBTAINING PLANTS AND HANDLING OF
PLANT MATERIALS

Andrew T. Leiser
Department of Environmental Horticulture
University of California, Davis, California

INTRODUCTION

During the planning step for a reVegetation project the choice
of the plant species will have been made on the basis of the infor-
mation obtained in the site analysis and on the various limiting
components of the total project: biological, environmental, physical
and economic.

The procurement and handling of plant materials is of para-
mount importance to a successful revegetation project. Plants are
living things and must be grown and handled properly if success is
to be obtained. Many failures are due to the poor quality of planting
material and to improper handling during shipping, storage or holding
period and on the planting site. .

The procurement of the proper plants, properly grown, of the
proper size, condition (e.g. acclimatized or 'hardened off"), of
good vigor, in sufficient quantity, and at the proper time for the
planting project is one of the most difficult aspects of the re-
vegetation project. There are a number of reasons this is true.
Many of the plant species desired may not be available from
commercial or governmental nurseries. Available plants may not
have been propagated from seeds or vegetative materials collected
from climatic areas similar to that of the project. This is
especially true of those species which grow over wide geographic
areas. Of the total plant spectrum grown in nurseries, relatively
few species are grown in deep tubes which are often most suitable
for plantings under difficult site conditions. Native plants,
especially shrubby species, are often impossible to obtain because
the commercial nurseries grow primarily for ornamental use - the
urban market. Nurserymen have had relatively little experience
growing many of the native plants because of lack of demand. The
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quantities of native and introduced plants needed may be insufficient = _
even if the species are grown. Interstate plant quarantines may .
restrict shipment from nurseries where the plants are available, e.g.

oak. species may not be moved from the midwest to California.

The procurement process, therefore, often must be started at
an early stage in the project. Seed or cuttings may have to be
obtained. Contract growing often must be arranged in advance and
the soil mix, container size, and plant size and quality must be
specified. Such contracts may have to be made as long as 18 to 24
months before planned planting dates.

Some explanations of these problems and suggestions for
solving them will be suggested in this paper.

PROCUREMENT AND PLANT SELECTION
Importance of Ecotypes or Provenances

The existence of ecotypes or provenance (source) variation
for many species is not known. Most studies of plants with a |
wide geographical range (altitudinal, latitudinal, climatic) have .
shown wide differences in response among plants collected through-
out the range to a variety of environmental factors: heat, cold,
drought, soils, and flooding tolerance.

Cornus stolonifera, red-osier or American dogwood is a riparian
species ranging in the West from Alaska to California to Newfoundland
south to Virginia, Kentucky and Nebraska in the East and Mid-west.

Extensive studies on this species indicate large differences in
hardiness. Some of the differences are due to latitudinal distri-
bution. Some are due to climatic differences as in the case of
collections from Western Washington and Minnesota which are about the
same latitude. In the latter case, absolute hardiness in mid-winter
was similar but the Washington collection did not attain this degree
of hardiness until much later in the season.

Acer rubrum, red or swamp maple, another riparian species,
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is found from Newfoundland south to Florida and west to Minnesota
to Texas. Collections from many parts of its range were grown in
tests conducted simultaneously in several states with a wide range
in climate. Large differences were shown in growth rate, fall
color and hardiness. Differences in hardiness were sometimes due
to plants growing too late in the fall or breaking dormancy too
early in the spring.

Acer macrophyllum is a West Coast, sometimes riparian species.

Collections from a wide range of California habitats, when grown

at Davis in the Sacramento Valley, exhibited large differences in
growth rates and tolerances to summer heat and winds. The best
selection for Davis conditions were from a dry, Southern California
location at about a 5,000 foot elevation.

Fraxinus pennsylvanica is considered by older botanists to
consist of two varieties, F. pennsylvanica, red ash, on upland

sites and F. pennsylvanica var. lanceolata, green ash. The total

species ranges from Cape Breton Island and Nova Scotia west to

Alberta and Montana -and south to Central Texas and Northern Florida.
Provenance studies show pronounced ecotypic differences in moisture
and low temperature tolerances. The varietas, F. pennsylvanica var.

lanceolata has glabrous rather than pubescent petioles and seems
to inhabit more riparian habitats. This varietas or type appears
to have a wider tolerance to wet soils. More studies are
warranted of possible ecotypes of this flood-tolerant species.

Studies on Euculptus cumaldulensis, river red-gum in Israel
and elsewhere have shown large differences in tolerance to soils

and available water among ecotypes. This species is flood tolerant
but our studies were not of sufficient scope to permit testing of
ecotypes for flood tolerance.

Similar studies have not been made as far as I know on
Quercus lobata, valley oak. This species has a wide geographic
range from Northern to Southern California and sites range from
dry foothills to riparian where annual flooding occurs in winter
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and spring. It is very probable that ecotypic variations occur -
within this species. Many of our losses of the species when A .
urbanization occurs seem to be due to lack or water rather than

too much water.

The best rule to follow with native plants is, when
information on ecotypes is not known, use seeds of other propa-
gation material from as near site conditions as possible. When
studies have shown ecotypic differences, use seed sources shown
to most closely fit site conditions. This may require the contractor
to produce proof of origin of the propagation materials.

Timing: Timing of plant production and of planting season
is critical. For most sites there will be a time or times when
plantings will be most successful. Drought, cold (including time
of snow melt), season of flooding, annual seasonal variations
and the choice of deciduous and bare-root plants vs. containerized
plants all affect the choice of planting time, sometimes called
the "planting window". This '"planting window" is the time or
times when conditions are best suited for plant establishment. .
This timing affects both the growing schedule and the planting
contract specifications. Timing should be such that plants are
of optimum size and top: root ratio, and condition for planting
during the '"planting window". The decision must be made on a
site-to-site basis.

Advance Planning: A large advanced lead time is required
for species not readily available. Seed of some species are
available from seed dealers but others may have to be collected.
Many species do not set a reliable seed crop every year. This is
an important factor in plant selection as well as in obtaining seed
from the most desirable ecotypes.

Fall Versus Spring Planting: Fall plantings may be preferred
in areas with late growing seasons, winter rains and summer drought.
This allows a longer period of establishment before late spring when
flooding or drought occur. However, bare-root plants may not be .
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available until late fall or even mid winter. Late fall plantings
may not be desirable where late fall droughts occur, or where
frost heaving is severe before new root growth occurs.

Spring planting dates are usually required for bare-root
stock, where sites are subject to late fall and winter frost heaving
problems, or where flooding occurs in late fall to early spring.
Spring planting should be scheduled as early as site conditions
permit. Summer plantings should be avoided unless adequate
rainfall or supplemental irrigation is assured.

Types of Plant Materials

Direct "sticking" of unrooted cuttings of easy-to-root native
or introduced species is often successful and is one of the most
economical methods of plant establishment.

Direct seeding of woody species may be successful if proper
care is used in selection of species, preparing planting "spots',

and planting, Direct seeding is more economical than transplanting.
(Chan, et al).

Bare root transplants are successful for many spécies. The
"planting window'" is more restricted and survival may be lower
than for transplanting container-grown stock.

"Tublings', plants grown in relatively small and deep con-
tainers, have proven very useful on difficult sites. Root-top
ratios are favorable when properly grown. Roots are deep to allow
maximum use of limited water supplies and root disturbance at
planting time is minimal. Tree species used in reforestation
and some Eucaluptus may be readily aVailable but shrub species

are frequently not available unless grown under contract.

Plants in gallon or larger cans are often available for
species in regular commercial production but are limited in
variety of species best suited for revegetation projects. Plants
in largef containers increase the cost for purchase and planting
substantially. Survival is frequently reduced because of limited
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root systemsvin relation to size of the tops of the plants.

Growing Quality Tubling or Other Container Plants .

Roots of container-grown plants should be well developed,
adequately filling the soil mass so that it holds together when
removed from the container but not so oVergrown as to be '"pot-
bound".

A common fault of container-grown stock is the presence
of kinked or girdling roots. These poor root systems result
from poor transplanting of seedlings or rooted cuttings and from
failure to remove circling roots when shifting plants to larger
containers. Such roots ha&e been shown to reduce growth and
sometimes ultimate survival because of girdling of the crown
or loss due to wind throw. (Harris, et al).

Time does not permit a detailed description of the topic.
It is covered quite thoroughly in the references listed for Harris, et al
Baker et al. and Tinus. Many designs and sizes of growing tubes
are available. Many are designed to minimize or eliminate kinked .
and girdling roots. '

Soils or growing media must be well-drained because, in
containers a perched water table exists after irrigation. Plants
should be of good vigor and nutrient status.

Hardening-off and Holding Plants

Plants should be adequately '"hardened-off" and "acclimatized".
This is particularly critical when the environment of the growing
nursery is different from the planting site. This can often be
done by moving the plants near the site as long as possible before
planting time, or, with bare-root materials, holding under
refrigeration until planting time when the planting season starts
late in the spring at the site than in the nursery.

During the holding period and when moved on site, plants
must be carefully watered and refertilized if necessary. Plants
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must be thorbughly watered immediately prior to planting. On hot
sites plants may need to be partially shaded to prevent overheating
of root systems and should be removed from such protection only as
the work progresses and planted immediately. Lethal temperatures
can occur in dark colored containers in a few hours under hot,
sunny conditions.

Planting

Plants should be removed from containers at planting time
unless the containers are biodegradeable. Biodegradeable containers
should be '"shouldered off'" to prevent drying of the root system
through "wicking" action. These should also be removed if roots
have not penetrated the container sufficiently to have intimate
contact with the site soils.

Circling roots on the outside of the root ball must be
removed at planting time.

Plants should be planted promptly as holes are dug to minimize
drying of the hold and backfill soil. The backfill should be
thoroughly tamped to obtain intimate contact with the plant roots.

Handling Live Brush and Cuttings

Live brush and cuttings have been severed from their root
systems. Careful handling to prevent drying is essential. They
may be stored in the adjacent lake or stream or thoroughly shaded
and kept moist if not stored in water. No more materials should
be cut than can be planted within one or two days. They should
be exposed during the planting process as short a time as possible.
Like container plants they should be moved on-site only as work
progresses if hot or dry conditions exist.




SUMMARY

Plants and plant materials are living organisms and must
be treated as such. They may need to be fed (fertilized) and
must never suffer drought or other undue stress. The success
or failure of any revegetation project, no matter how well
Planned, depends on the proper selection, production, care, and
handling of the plant materials at each step of the project.
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Landslide Ahalysis Concepts for Management of
Forest Lands on Residual and Colluvial Soils

RODNEY W. PRELLWITZ, TERRY R. HOWARD, AND W. DALE WILSON

A fcrest land management analysis scheme is discussed for dealing with land-
slides that occur in residual and colluvial soils. No one geotechnical or statisti-
cal model can be expected to apply to ail levels of land management where an
assessment of the potential for landslide is vital to a rational decision-making
process. The U.S. Department of Agricuiture Forest Service in cooperation with
the University of ldaho is developing a sch for ting soil le land-
slide potential to provide information at three levels of land management ac-
tivities: {a) resource planning; i.e., relative landslide hazard evaluation for re-
source allocation; (b) project planning; ie., evaluation of management impacts
for paring alt portation s and timber harvest technigq

and {c) road design and landslide stabilization; i.e., evaluation of alternate road
stabilization techiniques at a specific critical site. Both geotechnical and sta-
tistical analysis techniques are ad! d so that the information can be in geo-
technical form (factor of safety against failure or critical height of slope) or in
statistical form (probability of landslide occurrence) with landslide inventories
used as a link between the two. A hypothetical example of the three-level
analysis is given. -

Many forest lands in the West, particularly those on .

residual apd colluvial soils, are classified as un-
stable and have a high potential for mass failure.
Timber-harvesting operations, road construction, and
other resource-management activities in these areas
can accelerate mass erosion and cause significant
degradation of water quality unless carefully
planned and executed. Successful management of
these lands requires development of a specialized
body of knowledge to quantify and integrate those
site factors that influence slope stability. Site
factors that require special attention are slope,
soil depth, soil shear strength, seasonal ground
water lewvels, and the strength derived from vegeta-
tion {effective root strength). Geotechnical char-
acterization of these site factors can then be the
basis for a landslide hazard analysis tailored to a
specific management decision level.

.

MANAGEMENT COMPLEXITY

The management of lands that have a high potential
for landslide is inherently complex, not only be-
cause of the nature of the interacting natural pro-
ce and m gement activities but also because of
the number of persons of varied disciplines who must
possess a degree of understanding of the slope fail-
ure processes and be able to contribute to the total
stabilization effort. Considerable overlap and
interaction between members of key disciplines must
be coordinated.

Members of different disciplines must deal with
problems of slope stability at several levels of
intensity. For example, the resource planner must
recognize high-hazard areas, but only on a general
scale. The road locator needs to recognize poten-
tially unstable areas along proposed routes and to
avoid the problem through adjustment in alignment.
The engineer must be able to use soil mechanics in
the stability analysis of remedial measures before,
during, and after construction to prevent or correct
specific road cut or £ill slope failures.

FAILURE MODE

Consistent with Varnes (1), landslides may be
grouped into two broad categories, depending on the
type of slide mass material--either soil (debris or
earth) or bedrock. This grouping enables orderly

" tional in shape, depending on

selection of stability analysis techniques and the
data required. The concept should apply to soil or

bedrock landslides with the proper selection of'

slope analysis techniques and required data. How-
ever, this discussion is directed at landslides
where the failure is confined to a soil mantle pri-
marily of colluvial or residual origin.

The usual setting for this type of failure is a
relatively loose, cohesionless | soil mantle that
overlies a less permeable bedrock or denser soil
mass. An exception to this is an extremely altered
bedrock or residual soil near thersutface that over-
lies a less altered bedrock at sEu depth. Each of

these conditions can result in similar failures and
can be analyzed in the same manner. The contact
with the underlying, less permeable, material forms

‘* a drainage barrier for the normal downward. migration

of ground water that originates from rainfall, snow-
melt, or both. Ground water is concentrated at the
drainage barrier and, if sufficient quantities are
available, the soil mantle develops within it a
perched water table with seepage moving along the
barrier. The drainage barrier, phreatic surface
(water table), and ground surface are often parallel
or nearly so. Seepage of this form is usually con-
sidered to be of the infinite slope form because of
this parallelism. i

Failure of the entire soil mantle can occur natu-
rally due to higher-than~-normal gzound water concen-

trations that result from unusually high rainfall or
snowmelt. Failure also may result from wildfire,
which destroys vegetation and thus the beneficial
effects of evapotranspiration and root strength.
Failure more often occurs through land management
activities such as timber harvest and road construc-
tion, which in some manner increase ground water
concentration, destroy root strength, or affect the
natural parallelism of the ground surface or phre~
atic surface in relation to the ':;;ainage barrier.
Failures are often confined to the soil mantle
because the underlying material usually has a higher
strength and the critical failure surface is usually
at the maximum depth of the soil and water table
(tangent to the contact with the drainage barrier).
The failure surface may be circular arc or transla-
Flocal conditions.
Translational failures may begin as a small circular
arc and progress into a translational shape or a
series of circular arc failures ks more of the soil
mantle is mobilized. i

IDEALIZED LANDSLIDE EVALUATION SYSTEM

A complete system of landslide hazard evaluation is
needed that begins early in the resource planning
phase, follows through into project development, and
provides information back to th planning phase to
improve future hazard analyses. The system should
be structured on a common scheme but branch early
into either soil-mantle landslide analyses or bed-
rock landslide analyses and use the respective anal-
ysis techniques and data. In either case, the com-
plete system should be structured on a common basic
analysis form that is simplistic in the resource

planning phase and requires pri
source inventory data and becom

rily available re-
s more complex and

s
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Table 1. ldealized analysis system.
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Item

Level 1, Resource Allocation

Level 2, Project Planning

Leve! 3, Critical Site

Base map

Stability analysis :

Landslide hazard map on resource inventory
scale; 1:24,000; 1 in. = 2,000 ft

Infinite slope equation requires values for
geotechnical variables and their inherent
variance

Project map of larger scale; 1 in. = 500 ft

Combination of infinite slope analysis from
level 1 but used to model effects of tree
removal and critical height analysis of
anticipated road cut and fill slopes

Critical site map on even larger scale: 1 in. = 20
ftto 1 in.= 100 f2

Critical failure path aralysis by computer pro-
gram with search routine for circular arc, trans-
lation failures, or both; anticipated drained
phreatic surfaces generated through computer
analysis to predict effects of road with and
without various stabilization techniques on
infinite-slope-recharged phreatic surface {2,3)

Data display Resource inventory map overlay of factor Same as level 1 but for more localized proj-  Cross-sections of critical site conditions with
of safety against failure or probability of ject area that has potentially unstable lo- proposed road and alternate stabilization tech-
landslide occurrence cations of road cut and fill slopes shown niques superimposed

on proposed route

Required data Available forest resource inventory data, Level 1 data, data from timber and route Surface and subsurface critical site data; sub-
values for geotechnical variables and vari- reconnaissance to delineate local areas surface data from geophysical methods and
ance through broad characterization of within project where failures are most drilling if severity warrants; soils and ground
forest land forms, variables and analysis likely water hydrologic data from soil sampling and
model tested and refined through associ- testing and ground water moaitoring
ation with landslide inventory and sub-
sequent evaluation in levels 2 and 3

Prime use To delineate areas susceptible to landslides To assess severity of instability more ac- To select and design road stabilization mea-

on broad scale to alert land manager to
land units where hazard intensity is great-
est; through statistical correlation to land-
slide inventory, to predict number and
magnitude of landslides as a result of re-
source development

curately as local islands of instability are
predicted through reconnaissance; to make
decisions to limit development or to con-
tinue to level 3 analysis based on improved
assessment of probable failure magnitude
and intensity; to beiter evaluate transpor-
portation planning, timber harvest tech-
niques, and route locations for project so
critical sites can be isolated along selected

sures through relative stability-probability of
failure cost analysis of feasible altcrnatives

-

routes where level 3 analysis will have most

benefit

requires more exact data only as the intended use
demands greater accuracy. T

For soil-mantle landslide analysis the ideal sys-
tem should be structured to

1. Provide landslide hazard evaluation to gquide
management decisions on unstable lands at three cru-
cial phases: resource allocation, project planning,
and road-design;

2. Include soil, vegetation, slope, and ground
water hydrologic variables together with their in-
herent natural variance in a geotechnical analysis
(factor of safety against failure or critical height
of slope), a statistical analysis (probability of
landslide occurrence), or both;

3. Begin with a simplified analysis that re-
quires primarily available resource inventory data
and progresses into more complex analyses that re-
quire more exact data (the selection of technique
should be commensurate with the level of management
decision; thus, the user at any level is faced only
with the complexity and need for data required at
that level); and

4, Pacilitate the inventory of new landslides as
they occur and slope failures as they are corrected
and feed back the data gathered into earlier pro-
cesses to improve the planning of subsequent proj-
ects. .

Three levels of analysis complexity and data are

visualized for the idealized system in Table 1.

RESTRICTIONS ON USE

Existing Stability Analyses

Current restrictions on the use of an idealized
evaluation system for soil-mantle landslides are not
due to the lack of slope stability analysis tech-

nology. The program recently developed by Simons,
Li, and Ward (4) for mapping potential landslides is
based on an infinite slope analysis and includes
both factor of safety against failure and probabil-
ity of landslide occurrence options for a level 1
analysis. Stability number charts that have seepage
correction factors are being developed for infinite
slope seepage conditions (5) and converted.to com-
puter programs for the critical height analysis of
typical road cut and fill slopes in a level 2 analy-
sis. Numerous programs are available and in use by
geotechnical specialists in stability analysis for
the correction of existing 1landslides that have
either circular arc and translational failure sur-
faces. The most widely used methods of slices
(primarily the Fellenius, the simplified Bishop, and
the Janbu methods) can be integrated into one pro-
gram to cover a variety of failure surface analyses
for level 3. Statistical counterparts for the prob-
ability of landslide occurrence option used in level
1 are planned for levels 2 and 3 based on methods
currently used in geotechnical engineering (4,6}.

Existing Data Base

One current restriction on using the system is the
small existing data base for most forests. Many
forest managers have (or are in the process of de-
veloping) resource inventory maps for soils, bed-
rock, topography, timber type, and@ other features.
These maps could provide the start of a level 1 data
base through proper characterization of geotechnical
variables for the inventoried conditions. Statisti-
cal analyses used by Simons and Ward (4) and DeGraff
(1) will prove invaluable for 1linking inventoried
physical factors such as bedrock, aspect, and slope
to inventoried 1landslides. The accuracy of the
values assigned for geotechnical variables, analysis
models, and the probability of landslide occurrence
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can be tested through association with corresponding
physical factors. Currently, only a few forests
have landslide inventory data. Geomorphic landtype
maps (8), where available, should be the most useful
tool for geotechnical variable characterization be-
cause the landtype classification includes the major
physical factors on which to assign values for the
variables.

Existing Variable Definition Methodology

The main restriction to implementing the system is
the current state of the art in defining certain
geotechnical variables. Techniques for defining
slope, soil depth, and soil shear strength have
progressed to a state where the values and their
variance can be used with some degree of confi-
dence. This is not true for the two most dynamic
variables-—-ground water concentration and tree root
strength.

The part of the soil. mantle that can be expected
to be below the phreatic surface at any point in
time is perhaps the most dynamic of the variables.
It can fluctuate constantly in response to precipi-
tation. Practical and inexpensive methods are

needed to develop local correlations between rain-

!
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£all and snowmelt and the resulting rise in ground
water. Although general knowledge of the time-
related effects of tree root strength on forest
slope stability has been advanc through research,
currently no cost-effective quantitative methods are
available for determining the effective tree root
strength to use in analysis. To use the system now,
it may be necessary to back-calculate to determine
values for these two important variables until the
state of the art progresses.

ILLUSTRATIVE PROBLEM

The following hypothetical problem illustrates the
concept of the three-level analysis system. Where
available, actual analysis results are used to dem-
onstrate current progress. All studies within the
project should be completed by mid-1985.

Level 1 Analysis for Developed Area

Step 1

Figqures 1-3 show drawings of three inventory map
overlays for part of the Clearwater National Forest
in northern Idaho--the transportation map, landslide
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Figure 3. G phic landtype i y map of area in Figure 1.
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LANDSLIDE HAZARD
PROBABILITY

P> 60%
30% < P < 60%

inventory map, and gecmorphic landtype map, respec—
tively. The assoclation of these inventories is the
most useful for this forest as an initial level 1
data base. The transportation and landslide maps
show the location of all existing roads and land-
slides. The landtype map shows the boundaries of
distinctive geomorphic 1landforms. The coded land-
type classification includes the major geomorphic
physical factors that make this mapping unit dis-
tinctive (8). Physical factors such as parent rock
type, aspect, slope, and timber type are used in the
classification and corresponding values for geotech-
nical variables such as soil shear strength, soil
depth, slope, and ground water concentration, and
are characterized and stored into an initial level 1
data base. This data base will be updated by using
new data from levels 2 and 3.

Step 2

The level 1 (infinite slope) analysis is completed.
The results will be either in ranges of factor of
safety against failure or probability of landslide
occurrence. FPigure 4 shows the printout of the
Simons, Li, and Ward program by using the option of
ranges of probability of landslide occurrence for
the data from step l. This analysis for developed
areas can be repeated as necessary to test and re-
fine the model and variable values until the planner
is satisfied that the results correlate realisti-
cally to the landslide inventory. 1In this pro-
cedure, the planner must remember that the values
are to be used in conjunction with the infinite
slope equation. This model is selected for this
level of analysis because of its simplicity but not
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) necessarily because of its accuracy. Accuracy de-
pends largely on how well the model fits the ground
water concentration mechanism and whether transla-
tional failures develop; even then the model will
probably be applicable only to parts of any landtype
(where the worst conditions exist).

Level 1 Analysis for Undeveloped Area

Step 3

Step 3 is similar to steps 1 and 2 for adjacent un-
developed areas with similar landtypes. Fiqure 5
shows the transportation map of the undeveloped
area. Figure 6 is the level 1 analysis printout of
landslide hazard probability. By beginning the
analysis in this manner, the planner can calibrate
the analysis by using the developed areas for pre-
dictions about the undeveloped areas to aid the land
manager in resource planning decisions on whether or
not to develop, how intensely to develop, and the
landslide risk involved as a result of development.
In addition, the following advantages are available
through a level 1 analysis:
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1. The land manager can be given a comparison of
landslide magnitude and consequences by relating to
experiences in the developed areas. -

2. The accuracy of at least some of the level 1
data base can be improved through the feedback loop
from levels 2 and 3, which follows.

3. The intensity and location of the level 2
analysis can be planned commensurate with the antic-
ipated landslide hazard.

Level 2 Analysis

Step 4

Figqures 5 and 7 show the area selected for level 2
analysis on levels 1 and 2 scales. In this case,
the level 2 analysis is used to evaluate two possi-
ble routes to a proposed log landing site. Recon-
naissance data are gathered at selected cross-sec-
tions along each route for better assessment of the
extent of the anticipated problem areas and estima-
tion of values for geotechnical variables.

Figure 5. Transportation tory map of undeveloped part of Clearwater National Forest, {daho, sh '] g road ]
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Step 5

Typical road template sections are superimposed on
the selected cross-sections and cut slope height,
£i11 slope height, and the relation of cut and f£ill
to the ground water level, root zone, and drainage
barrier contact are determined by computer analy-
sis. Figure 8 shows a self-balance road template
commonly used on forest roads (cut volume balances
£i11l volume with appropriate compaction factor).
The critical heights of the cut and fill slopes are
then determined and compared with the anticipated
slope heights. Figure 9 shows the prototype program
printout from a programmable calculator for a com-
bined levels 1 and 2 analysis of the cross-section
of Figure 8. The compaction factor can also be
evaluated by this analysis. A full-bench road tem-

plate may also be used on steep slopes where a £ill
slope will not catch or would be too high.

Transportation Research Record 919 ’

Step 6

A program similar to that used for Pigure 9 will be
developed as a subroutime for a computer analysis
that represents the resmlts as either S for stable
or U for unstable on a project map. In addition, a
statistical subroutine will be developed similar to
that in level 1 for an optional output in terms of
probability of slope failure. Pigure 1@ is a hypo-
thetical drawing of the anticipated display.

Step 7

To assess the impact of timber harvest (tree re-
moval) on the stability of the natural slopes, the
level 1 analysis will be repeated at level 2 with
changes made in tree-root strength, tree surcharge,
and ground water concentration to reflect the impact
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Figure 9. Printout of level 2 analysis of Figure 8 crosssection data.
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Figuré 10. Hypothetical drawing of the probability of landstide occurrence for level 2 analysis.
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(9). The uses of the level 2 analysis are then as
follows:

1. To facilitate management decisions on devel-
opment through evaluation of alternate transporta-
tion routes and alternate timber harvest techniques
and

2. To locate the critical sites where level 3
analyses are necessary on the selected routes.

Level 3 Analysis
Step 8

Figures 11 and 12 show one critical site selected
for level 3 analysis on levels 2 and 3 scales. A
critical site investigation (both surface and sub~
-surface) is made for each site selected. The extent
of this investigation and the subsequent analysis
are planned by the geotechnical specialist in the

’ same manner as a landslide correction project is
planned.

Step 9

The anticipated road section 1is superimposed on

cross-sections of the critical site and the stabil-
ity of the anticipated cut and £ill slopes are ana-
lyzed for circular arc, translational failure, or
both. . This step differs from step 5 in that the
mode of failure is analyzed to determine the failure
surface that has the least factor of safety and the
anticipated extent of the slide mass. Many stabil-
ity analysis programs are in use that would serve as
a level 3 analysis for either shape of failure sur-
face. Plans are to formulate the most functional of
these as subroutines for one master program. Figure
13 shows possible translational and circular arc
failure surfaces for the cut slope on the cross-
section of the critical site. Fiqure 14 shows a
programmable calculator printout for a program that
combines the Fellenius (ordinary method of slices),
simplified Bishop, and Janbu methods of slices solu-
tion for failure along these surfaces. The master
computer program will combine analyses such as
these, which can be preselected by the designer in
conjunction with failure surface predicting, slice
generating, and optional search for minimum factor
of safety subroutines.
the steady-state drained phreatic surface to be ex-
pected from an infinite slope seepage source will
also be programmed to evaluate the various drainage
conditions in steps 9 and 10.

Subroutines for predicting-
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Step 10

The analysis of the unstabilized case in step 9
serves as a standard of comparison for the relative
stabilizatién technique analysis that begins with
step 10. In step 10 all feasible stabilization al-
ternatives are analyzed to determine the relative
increase in factor of safety over the unstabilized
case.

Step 11

Decision analysis components (6) are determined for
each alternative:

Figure 11. Level 2 base map showing one area selected for level 3 analysis.
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1. Probability of failure,
2. Construction and maintenance costs,
3. Consequences of failure (cost of failure).

Level 3 analysis provides the design engineer a
decision analysis through which to select the opti-

mum stabilization alternative for the current con-

straints.

Feedback to Level 1

Step 12

The data gathered for levels 2 and 3 are fed back
into the level 1 data base to improve future analy—
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Figure 12. Level 3 analysis area showing proposed road.
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Figure 13. Cut slope portion of eross-section A-A’ from Figure 12 showing possible circular arc and translational failures analyzed in Figure 14.

Figure 14. Printout of the level 3 analysis of Figure 13 cross-section data.
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ses. Techniques for data storage and analysis that
upgrade the values for geotechnical variables for
each landtype as the sample size is expanded (10)

will be used.

SUMMARY AND CONCLUSIONS

The concept for a three-level 1landslide analysis

system has been outlined.

ing the system are as follows:

Important points regard-

- 1. Each level of analysis is designed to require
its own data base and to provide guidance for 1land

management decisions at that level only. The level
of analysis complexity, data required, and accuracy
must be commensurate with the type of management
decision they are intended to support.

2. A loop that channels levels 2 and 3 data back
into the level 1 data base will upgrade the accuracy
for future analyses.

3.  Although the system described is for soil-
mantle failures common in residual and colluvial
soils, the concept is a series of building blocks
that may be made applicable to rock slope failures
by the proper substitutions.

4., Current restrictions on use of this system
are not in the analysis techniques that are either
in existence or at least feasible for development.
The current restrictions are (a) the general lack of
a dynamic and easily upgraded storage system and (b)
the present state of the art for determining the
values for certain geotechnical variables such as
ground water concentration and effective tree root
strength. .
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STREAMBANK PROTECTION MEASURES

Soil Biocengineering methods and design criteria for
protecting streambanks and controlling erosion

Definitions:

Soil Bioengineering is a method which uses specific
live native plant materials as its main structural
components. Live plant materials which are unrooted
cuttings, are placed on or in the ground, i.e., on
streambank slopes in such a manner that they serve
as erosion and sedimentation controlling devices.
These plants are able to grow and assist in
streambank stabilization.

Branches or Live Cut Branches refer to material that
has been cut from native growing material. This
live cut plant material is intended to root and
grow. Live rootable plant material is used in all
soil bioengineering structures, i.e., live
cribwalls, 1live stakes, Jjoint planting, 1live soft
gabions, brushlayering, brushmattress and 1live
fascines. These are used either singularly or in
conjunction with dead conventional parts.

Growing Tips refer to the top ends of the live cut
branches which are expected to produce leaf
development.

Basal Cut Ends refer to the base or butt end of
the 1live branches which are expected to produce
root development.

Biotechnically Suitable Plants refers to the
suitability of a plant and its root formation for
soil bioengineering purposes, (live constructions),
eg. its ability to root through cuttings, its
ability to withstand dry or wet conditions etc.

Pioneer Plants are plants that normaily colonize or
invade a disturbed land site or raw mineral soils
and modify or prepare them for succeeding plants.

Vegetative Propagation is propagation without
pollination by way of seperating vegetative parts
(branches, stolons, buds) from the mother plant and
planting them so that they may take root and grow.




Bank Slope is an artificially established site
having a certain angle with flattened or steepened
sections on the top and bottom.

Cut Slope is a bank or area excavated or eroded to a
certain angle.

Fill Slope is an embankment that is created by the
placement of earth at a certain angle.
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LIVE SYSTEMS

Live Stakes: (Figure located on sheet No.l)

Live Stakes are sticks that have been cut and pruned
from 1living plant material. All of the side
branches are trimmed. They shall root and grow, to
consolidate soil particles, remove moisture from a
bank and create siltation deposition. These live
pieces of plant material are used singularly or in
combination to join parts within other systems,
i.e., brushmattess or fascine construction.

Joint Planting: (Figure located on sheet No.l)

Joint Planting is similar to 1live staking work
except that the live stakes are tamped into the
ground between riprap stones. These live stakes are
intended to root and form a "live root mat" in the
base wupon which the riprap stone has been placed.
This shall allow for the natural release of waters
from the bank. The top growth shall cause siltation
to occur on the bank.

Brushlayering: (cut slopes) (Figure 1located on
sheet No.2)

Brushlayer construction on cut slopes, is a
proceedure used that consists of cutting terraces
in a slope. Live cut plant materials, in the form
of live branches, are placed on the terraces to form
a brushlayer. The portions of the brush that
protrudes from the terrace on the slope will assist
in retarding surficial runoff erosion.

Brushlayering: (fill slopes) (Figure located on
sheet No.2)

Brushlayer construction on fill slopes, is a
proceedure used that consists of placing live plant
mateial, in the form of 1living branches, on
terraces. These terraces are created as the fill is
conventionally placed. When the fill operations are
completed, the protruding sections of the
brushlayers shall assist in retarding surficial
runoff erosion. The branch parts in the fill shall
serve immediately as soil reinforcing units.




Live growing brushlayer systems are intended,
through the live root system to consolidate the soil
particles, and through transpiration, "pump" water
out of the bank. The pioneer species used in the
brushlayers shall improve and stabilize the soils.
This shall encourage the invasion of the surrounding
plant species, thus increasing the strength of the
live system with age.

Live Fascine: (Figure located on sheet No.3)

A Live Fascine is a collection of live cut branches
grouped together into a sausage or cigar-like
structure, with the growing tips all placed in the
same direction. The unit is placed in a dug trench
and serves immediately as a pole drain, and as a
securing device. The live structural parts shall
root and "pull" water out of the bank, through
transpiration.

Live Soft Gabions: (Figure located on sheet No.3)

Live Soft Gabions are gabion-like structures that
are made of geogrids, a polymer material. They are
used for rapid repairs, in conjunction with granular
fills, where immediate reinforcement is required.
These are often useful in areas where heavy loads
are to be applied to an upper surface. This geogrid
is used in conjunction with live branch layers. The
live plant stock serves to give immediate mechanical
reinforcement, and long term soil consolidation,
that is, "soil binding" and water pumping
capabilities. Additionally the final growing
product is beautiful.

Live Cribwall: (Figure located on sheet No. 4)

A Live Cribwall consists of a hollow, boxlike,
interlocking arrangement of logs, timbers etc.,
filled with soil/granular fill, and cut, 1living,
unrooted plant material. The plants are intended to
root.. This will consolidate soil particles and
through transpiration remove water out of the slope,
and cause siltation to occur. It is capable of
binding the toe structure to the natural bank. This
creates a complete, natural and flexible unit.



Branchpacking: (Figure located on sheet No.4)

Branchpacking is a proceedure used to repair
gullies, washouts and scours. This is especially
useful to repair damage adjacent to bridge wing wall
units. It is similar to brushlayering except that
the live branches or live brush is "packed" closer
together. It functions immediately, to become the
new edge of the bank. During the flood stage it
shall capture debris and sediments.

Live Siltation: (Figure located on sheet No.5)

Live Siltation construction is a proceedure used to
capture silts and sediments during flood conditions.
It is therefore necessary that it be constructed 1in
an area that the waters during flood stages will
pass over. The system is used to rebuild a lost
bank or land section along a stream bank. It
consists of several live brush layer barriers, over
which the flood waters will flow. The intent is
that the velocity shall be slowed in this immediate
zone, and the sediments will be dropped, thus
naturally rebuilding the site.

Brushmattress: (Figure located on sheet No.5)

Brushmattress refers to a live construction that
places 1living unrooted branches close together to

form a "mattress" or cover over the ground. This
brushmattress immediately serves to cover and
protect the bank. The live branches shall root and

produce leaves along their entire 1length. The
brushmattress shall grow and afford greater
protection as it ages. Under normal conditions it
will function immediately and cause sediments to be
dropped during flood conditions. This will then
rebuild the bank naturally. During flood conditions
the soft flexible live material 1lies down, against
the bank. This creates a natural flexible layer
that further protects the bank. Velocities are
lowered in this immediate zone, thus bank protection
is rendered.
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SOIL BIOENGINEERING CORPORATION
627 Cherokee Street N.E., Suite 20
Marietta, Georgia 30060

~ (404) 424-0719

A BRIEF HISTORY OF SOIL BIOENGINEERING

Soil bioengineering is an applied science that combines engineering,
biological, and ecological concepts to construct living structures for erosion,
sediment and flood control. It is a tested and proven system. Written
proclamations and directives to use live plants to control flooding, river
meandering, erosion and sedimentation problems, on river and stream banks,
dikes, etc., date back to the 1500's. The techniques have steadily developed
and improved since these times. Today soil bioengineering is a widely accepted
biotechnical discipline, one which is rapidly gaining respect in the United
States. Soil bioengineering is used in over thirty countries in the worid at
this time.

These early natural materials construction methods of erosion control,
practiced for centuries in Europe, Asia and America, became unpopular as the
mechanization that marked the progress of the Industrial Revolution continued
into the 20th Century. The age of machines and the development of concrete
and steel technology encouraged the use of rigid, dead construction materials
in engineered projects. These materials allowed for exact geometric measure-
ments and designs and suited precise hydraulic and stress calculations.

The hard systems also initially promised to be longer lasting, cheaper and
safer.

In the United States the abandonment of vegetation and living structures
for erosion and sediment control was rapid and complete. The low cost of

energy, the high cost of labor, and the wide distribution and abundance of

Biotechnical Design & Project Management:
'Land Stabilization, Erosion & Sedimentation Control, Site and Recreation Planning
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raw materials needed in the fabrication of steel and concrete, encouraged .
this trend in America and other countries.

Europe, on the other hand, continued to use and improve live con-
struction methods. By the 1930's, professionals in various disciplines, such
as Alwin Seiffert and Alexander Von Kruedner, held that natural construction,
the use of biological strengths, and the careful consideration of natural
existing relationships, was the most reasonable method of erosion and sedi-
mentation control. In 1937, Eduard Keller of Austria undertook the first
recorded scientific experiment with willows used as a live construction element
and originated the term "Living Construction." In 1936 similar work was being
done by Krabel in the United States. In Europe in 1943, the term "Natural
Construction" was used in print by another group of scientists to describe
methods of water retention, water distribution and protectionof inflexible
structures with planted materials. From these early experiments and projects .
evolved the concepté of what is now referred to as "Soil Bioengineering." V

One of the first major advances in the area of Soil Bioengineering occurred
during the Great Depression while Wilhelm Hassenteufel was construction
supervisor for mountain stream and avalanche protection at Reiutte in the
Tyrol/Austria. At the same time that other areas were using lean-mix concrete,
Hassenteufel systematically investigated the potential of natural materials
located near the construction sites. They were free and required minimum
transportation costs. According to Hugo Schiecthl, a world renowned Soil
Bioengineer, these emergency measures met with almost complete success and
resulted in new construction methods such as the planting of dry stone wall
joints with woody cuttings, cribwall construction with branchlayering and

vegetation wall construction.
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After World War 1|lI, a number of investigators including Schiechtl,‘
Henson, Pruckner, Kirwald, Kruedener and Bittman studied, developed and
evaluated "Living Construction" and published their experiences. During
this period a comprehensive construction technology using live materials was
developed, and numerous experiments and projects utilizing current biological
research were carried out, to determine the permanence and maintenance
requirements of each technique.

In order to develop a uniform nomenclature for what was variously
called "Living Construction," "Biological Construction," and "Landscape
Construction," and to enable this concept to be easily adopted by public
agencies, a committee of experienced persons was formed in 1950. This
committee which represented several of the German, Austrian and Swiss
states, worked to place all methods of shoreline protection, with both dead
and hlive. materials, into the German system of standards and measurements

(DIN).
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Soil bioengineering tested by District

By Winnie L. Smith

Designated reaches of riverbank and
canal slopes on the Tennessee-Tombigbee
Waterway at Aliceville, Aberdeen, and Pool

A have undergone intensive erosion control

measures this year in a prograin to test the
effectiveness of soil bioengineeying to control
erosion and sedimentation. *

Soil bicengineering is relatively new in
this country although it has been used exten-
sively in Europe. Nothing of the magnitude
of what the Mobile District is doing on the
Tenn-Tom has been undertaken in the United
States. However, some work on a smaller
scale has been going on out west.

Soil bicengineering is a construction
method which initially req#ires reshaping
eroded slopes to a practical workable degree,
controlling top of slope drainage, and using
live plant material in conjunction with tradi-
tional structural materials. The District’s test
project has aroused interest in the South
Atlantic Division (SAD). Representatives of
the Savannah and Jacksonville Districts and
from Memphis visited the area to see the
work in progress in the spring.

More than 15 acres of slopes are involv-.

ed in this test project. They include the left
bank of the river below#Aliceville in the
Gainesville Pool; the left bank of the canal
in Pool A, and the left bank of the river in
the Columbus Pool below the Aberdeen Lock.
The three areas were selected to determine
effectiveness in several types of soil and for
accessibility to contractors and Corps
representatives making inspections.

The slopes were in bad condition and were
selected to show what this system can do for
a severely eroding river hank, with the idea
that if it worked on the worst, it should work
on others. Aliceville and Aberdeen sites are
highly subject to flooding in the spring, while
Pool A is not. Aberdeen had a massive
amount of earthwork to be done to fill deep
gullies, provide drainage swales and lay the
slopes back before work to install the system
could begin.

District personnel working on the project
include: Ray Gustin and Beverly Winn, of
Engineering Division’s soil design section;
Don Graham, project manager, of Engineer-
ing Division’s civil works project manage-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>