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Presentation Outline

» Background information on Geosynthetics.

»Look at examples of geosynthetics In
Forestry Applications.

» Review currently accepted design standards.

»Where applicable, identify simplified design
procedures to promote the use of
geosynthetics.
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Geosynthetics Defined

“Planar, pelymeric material used with soll,
rock, earth, or other geotechnical-related
material as an integrall part ofi an

engineered project, structure, or system.”

ASTM, 1994



Common Geosynthetics In Forest
Applications

Geotextiles

Geogrids

Geocells



Common Geoesynthetic functions In
Forest Applications

p Separation
» Filtration
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In-plane Drainage
Reinforcement
Brotection/Cushion

=luild Barrier
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Eiltration
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Figure 2-2  Filter bridge formation.
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Figure 2-3  Definitions of clogging and blinding (Bell and Hicks, 1980).




In-Plane Drainage

Intercapior

Nonwoven




Reinftorcement

» Geosynthetics increase soll shear resistance
Py Increasing tensional and passive resistant
forces.




Mechanics of Reinforcement
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Confinement:
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GEOSYNTHETICS FUNCTIONS
Geogrids Separation
Geocells Filtration
Geotextiles In-Plane Drainage
Geocomposites Reinforcement

FOREST APPLICATIONS




Forest Applications

» Erosion Control Systems

» Soft Subgrade Reinforcement anc

Separation
» Subsurface Drainage

» Reinforced Slopes




Eresion Controll Systems

» Used instead ofi graded
granular materials in hard
1 s armor structures such as:
T, Beneath rock slope
A protection along stream

channels and bridge
abutments (separation, filtration)

Beneath armor stone on cut

and fill slopes (separation,
filtration)

Fabric — %




Eresion Controll Systems

» Used as scour protection in
low-water stream

I
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Eresion Controll Systems

» Used to temporarily control
and minimize eresion and
sediment transport until
vegetation can be
established. Examples
Include:

= FErosion control blankets and
mats.

Ed Rose, USFS



Eresion Controll Systems

Advantages:

» Reduce the use of costly granular aggregate
material.

» Expedite construction.

» Provide proetection while promoting
vegetation growth.




Eresion Controll Systems

Disadvantages:

» Additional time to place and workaround:.

» Use of Improper geosynthetic for the given
function and site conditions (eversight).

» Improper installation (oversight).



Forest Applications

» Erosion Control Systems

» Soft Subgrade Reinforcement anc

Separation
» Subsurface Drainage

» Reinforced Slopes




Soft Subgrade Reinfercement and
Separation

» [he cost to rock roads
can be substantially
lowered when the read

[ T — @ has a soft, yielding

- aVeieea| subgrade.

e 1
T s .= = p Achieved by providing
' $HE ’é three functions:
, LS %’?; Reinforcement
Geosynthetic Materials Association S e p ar atl on

Filtration (less common)
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Soft Subgrade Separation
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Sofit Subgrade Reinforcement and Separation

Log truck stuck

+

Pickup truck makes ruts

Log truck makes ruts

Pickup truck stuck L

1.50 200 280 2,00
CBR (Relative substrate strength)

Aggregate lost to weak subgrades

FHWA HI-95-038



Soft Subgrade Reinfercement and
Separation

Advantages:
» Reduces stresses In subgrade ( reinforcement).
» Prevents contamination of surface rock: (separation,

filtration).

» Reduces excavation ofi unsuitable subgrade
materials (separation, reinforcement).

» Reduces the thickness of aggregate reguired to
Stabilize the SUbgrade (separation, reinforcement).

» Alds In compaction of surface reck: (separation, reinforcement,

drainage).

» Reduces maintenance and extends the life of the
road surface (filtration, separation, drainage, reinforcement).



Soft Subgrade Reinfercement and
Separation

Disadvantages:
» Price of geosynthetics? (about $3/ft. road).

» Use of Improper geosynthetic for the given function and
site conditions (Specifications and/or oversight).



Forest Applications

» Erosion Control Systems

» Soft Subgrade Reinforcement anc

Separation
» Subsurface Drainage

» Reinforced Slopes




Susurface Drainage

» Geosynthetics can be used as a replacement
for, or In conjunction with, conventional
graded granular filters.

» Examples:

Geocomposite drains

Wrapped aggregate drains (burrito drains,
wrapped underdrains)




Geocomposite Drain

Ed Rose, USFS



Geocomposite Drain
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Wrapped Aggregate Drain
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Precautions to prevent damage from

construction
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Precautions to AOS < Dgs
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fabric for the soil 5%
conditions. /ﬁ:" «—
(8 tl‘-_,

o
o
D\
. -
o

AOS = apparent P N fFIIter bridge
opening size 43 ke orms

Too large an "IAOS Too small an AOS
can cause soi can cause

piping y '-.k‘ X o C|Ogg|ﬂg

pace): No Filter bridge
= NG No Filter bridge




Susurface Drainage

Advantages:

» Prevents fines from contaminating the drain
rock while allowing water to pass itration).

» Allows for the use of less-costly drainage
aggregate (separation, filtration).

» Expedites construction.




Susurface Drainage

Disadvantages:

» Use ofi Improper geosynthetic for the
given function and: site conditions
(specifications and oversight).

» Poor Installation.




Accepted Design Procedure

Evaluate the critical nature ofi the application.

Obtain soll samples and perform necessary. tests
(gradation, hydrometer, Atterberg limits).

Determine the dimensions of the drain system.

Determine geotextile hydraulic requirments
(retention, flow, clogging).

Determine geotextile survivability reguirements.
Prepare Specifications.
Monitor Installation.

Adapted from FHWA HI-95-038




Chart 1. Soil Retention Criteria of Steady-State Flow Conditions
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geotextile filter design,
application, and product
selection guide




Table 3-1. Geowexiile Filier Destgm Crideria,

Frotected Soil
(Percent Passing - -
Mo. 200 Sieve)  Piping’ Woven INonwoven
Less than 5% ADS (mm) =0.6 POA "= 10% k = 5kq
{mm) h
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U5 Stapdard
Sleve)
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“ E, iz the permeability of the nonwoven geotextile and k1=
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Geofabric

NONWOVEN
\

e

High poresity +
High permeability
= High flow for
longer.

High permeability
but Percent open
area (POS) Is more
prone to clogging.




Forest Applications

» Erosion Control Systems

» Soft Subgrade Reinforcement anc

Separation
» Subsurface Drainage

» Reinforced Slopes.....Finally the good stuff!




Relnforcead Slopes

» Geosynthetic-reinforced slopes allow: the
ability to construct slopes steeper than
those constructed using more traditional
means.

» Two common types of reinforcement:
Geogrid
Geotextile



Ed Rose, USFS
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Ed Rose, USFS






Ed Rose, USFS
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Ed Rose, USFS



SEE CONSTRUCTION
SCHEDULE FOR
FINISHED WIDTHS

SHEET 14

PROPOSED DITCH

MATERIAL TO BE RAMPED OUuT,
STOCKFPILED AND USED TO
REBUILD FILL

PROPOSED FINCORE INSTALLATION
INSTALL 1" BELOW DITCH GRADE

c-11
pROPOSED DITCH

CLEARING LIMITS

SEEDING LIMITS
[SEED SLOPE FACE AND INSTALL EROSION CONTROL
BLANKET - SEE SHEET 13)

FINISHED GRADE
PROPOSED BERM

PRIMARY GEOGRID
(TOP TYPE. FULL
LENGTH, 19.5" WIDTH)

PROPOSED 6" P.C.P.P.

RAMP GRADE

TYPICAL SECTION

Ed Rose, USFS

GEOGRID POSITION
TOLERANCE :3"

PROPOSED FILL SLOPE
11741

SECONDARY GEOGRID
(FULL LENGTH, 5 WIDTH)

SLOPE TO DRAIN

EXISTING

/‘ GROUND
-

7 P
A
L1

— i~

PRIMARY GEOGRID
[BOTTOM TYPE. WIDTH 19.5'




Ed Rose, USFS
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Ed Rose, USFS



Relnforced Slopes

Advantages:

» Allows for the use of on-site, native material
rather then importing select material geinforcement).

» Can eliminate the need for buttress elements such
asS I’ip-rap, k-l’ai|S, etC (reinforcement).

» Reduces the area and volume of fills ¢einforcement).
» Alds In compaction; during consStruction: (separation

reinforcement, drainage).

» Can stabilize large landslides by unloading the
head, reinforcing the toe, and providing internal
drainage (separation, reinforcement, drainage).



Relnforced Slopes

Disadvantages:
» Consultant fees for design.

» Use of Improper geosynthetic for the given
function and site conditions.

» Reguires more complex construction
technigues (keying, benching) and more
stringent construction specifications
(moisture conditioning, compaction).




Accepted Design Procedure

1. Address cause of original failure.

2. Establish the geometric, loading, and performance
reguirements for design.

3. Determine the subsurface stratigraphy and the
engineering properties of the natural solls.

4,  Determine the engineering properties of the available fill
solls.

5. Establish designi parameters for the reinforcement
(design reinforcement strength, durability criteria, soll-
reinforcement interaction).

Determine the factor of safety of the unreinforced slope.
Design reinforcement to provide stable slope.
Check external stability.

Evaluate reguirements for subsurface and surface water
control.

Lo e

FHWA HI-95-038
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CHART PROCEDURE:

1) Determine force coefficient K from figure above, whese ¢, = friction angle of reinforced fill:
tan &

= pan! [ —=

& (=)

2} Determine:
Topax = 0.5 K ¥, (HY
where: H" = H + gy,
q = a uniform load

3) Determine the required reinforcement length a2 the top L and bottom L, of the slope from the figure above,

LIMITING ASSUMPTIONS

Extensible reinforcement.

Slopes constructed with uniform, cohesionless soil, ¢ = 0.

Mo pore pressures within slope.

Competent, level foundation soils.

Mo sedsmic forces.

Uniform surcharge nor greater than 0.2 v, H.

Relatively high soil/reinforcement interface friction angle, ¢, = 0.9 ¢, (may not be appropriate for some
getextiles).

Figure 8-6  Sliding wedge approach to determine the coefficient of carth pressure K (after
Schmermann, et al., 1987). NOTE: Charie ® The Tensar Camparatian,




-——Road Surface

A

Geogrid
reinforcment
(Typical 1-4 layers)

Excavate and
backfill wi
compacted
select material

Figure 3—Cross section of typical deep patch road
embankment repair.
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Figure 14—Deep patch depth vs. slope distance.
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SECONDARY REINFORCEMENT SHALL HAVE A MINIMUM LONG TERM STRENGTH OF 6 kN/m.




Challenges oft Simplified Design

» Assessment of on-site materials.
» Assessment of Globall Stability.

» Accountability that the work was performed
as designed. Needs oversight by designer
oI designee.

» Evaluating the appropriateness ofi the
Proposed repairs.




loping Solil Strengths

UNIFIED SOIL CLASSIFICATION AND SYMBOL CHART LABORATORY CLASSIFICATION CRITERIA
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Forestry Technical Rule Addendum No. 1

TRA#1 USCS
p Sand = SW-SP
» Sandy leam = SC-SM
> Loam = SC-SM
» Silt loam = ML
» Clay loam = CL-ML

> Clay = CL-CH




Global Stability
= Issues

A) SLIDING INSTABILITY B) DEEFP SEATED OVERALL
INSTABILITY

=
~_ .
% SOFT S0IL
FIRM 301L
C) LOCAL BEARING CAPACITY D) EXCESSIVE SETTLEMENT

(LATERAL SQUEEZE) FAILURE FHWA HI1-00-043




Summary.

» Eresion Controll Systems
Training.

Easy access to available information.

» Soft Subgrade Reinfercement and Separation
Training.

Easy access to available information.



Summary.

» Subsurface Drainage
Training.
Easy access to available information.

Simplified desian quidelines.

» Reinforced Slopes
Training.
Easy access to available information.

Simplified desian quidelines.







