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Problem: Earth Moves
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Conventional Solution

DEFENSIVE STRATEGY:
Be Reactive and Control the

Movement of Sediments Downhill
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Conventional Solution

2017 National Tribal Transportation Conference



Conventional Solution
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Conventional Solution
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US Clean Water Act Regulation Facts

US$13 Billion Cost Annually

Over US $1 Billion removing s Y N
sediment from waterways annually || #“ . FS

EPA estimates sediment removal
from reservoirs costs US $500
million annually.
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The Driving Force:

Annual water storage replacement
costs from sediment range from US * EPA Environmental Protection Agency

: — Via Clean Water Act (CWA)
$2 to US$6 billon
NPDES - National Pollutant Discharge

Elimination System:

e Use of Best Management Practices for
NPDES Compliance (EPA TRM Fact
Sheet)
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EPA BMP Fact Sheets

SEPA

DBESCRIFTION

Counnty, M,
Reseurces (PGDER).

Bioretention is 2 best management practice (BMP)
developed in the early 199008 by the Prince George's
Department  of
Bieretention wlilizes soils
and boil woody and herbaceous planis o remove
pollutants from stonn water mnell. As shown in
Figure 1, runofT is conveyed as sheet fow o e
treatment area, which consists of a prass buffer

Uit Siaies Oifices o Walmr ERA 832-F.90.012
Ersircrenental Prolection Washinglen, 0.0 Seplember 1909
Agenicy

Storm Water
Technology Fact Sheet
Bioretention

atrig, sand bed, ponding area, organic layer or
muleh layer, planting soil, and plasts.  Runoff
passes firstover o through a sand bed, which slows
the Funofls velocity, distributes it evenly along the
length of the ponding anea, which consists of a
surface organie layer and'er ground cover and the
underlying planting soil.  The ponding area is
graded, its center depressed. Water i3 ponded 1o a
depth of 15 centimeters (& inches) and gradoally
infilirates  the  bicreiention

Environmendal

area  or i3

SEPA

DESCRIPTION

Sadl
vegetalion e
natural  drainage

erosien  and

problems

United Stales
Enviranenantal Prolection

Agency

Cllice of Walar
Veashinglon, D.C.

EPA 832-F-90.027
Seplember 1905

sedimentation
al, soil disturbances, changes o
patlerns,  or
impermeable ground cover are two of the primary
sociated with storm water runoff. Ope
of the most effective ways to peavent erosion and
sedimentation is tostabilize distorbed Land drough

Storm Water
Technology Fact Sheet
Vegetative Covers

APE

Iy
caused by Vepetative covers can be applied o any zite and are
not restricted by the size of the gite o becal land
o uses. The type of @odl, topogeaphy, and climate at
v the site determine the appropriate tree, shrub, and
ground  cover  species  for  that  particular
maagement praciice.  Local climatic conditions
help detenmine the appropriate time of year for

e

£

Pl
TURF GRASS

PR R S

s
p o

EVAPO-TRAMSE ATION

Envisommenial Profection
Ageecy

Oiffcn of Wanar
‘Washingion, DC

A53-F-a0-004
Seplemiber 1585

ks practice i refarred

it dowey stand ol ve,

o
infiloration, and reduce ihe flow veloc s
wster neanoff. A typical design is shown in Figurel

—
J l Jrrun-ncw

W egruaied swales can serve s pant of o storm water

Storm Water
Technology Fact Sheet
Vegetated Swales

drainage syslom s com mopla
storm srwer syslemis. There|
suited for resideniinl, indusinal, and oo
arcas with low few and smaller populations

APPLICARILITY

Yegemied swales can be used wherever the local
climate and soils permil the establishmen and
wance ol 4 dense veg The
femsitality of installing a vegelated swale at a

¢ GOVET

SHource: PGOER, 1663

FIGURE 1 BIORETENTION ARH

\ 0,

Provide For scoar
oot

A v ek oo v ale b b e

planting. Temporary seoding is mest snitable in
epetative cov n areasd disturbed by conatruction whese the ground i
1 vigelation andfor left exposed for several weeks or more. Permanent
ey can provide beth seeding and planting is appropriste Fer any graded
arosion potential by or cleared area whese long-lived plant cover s
apping  sediment,  desired. ne areas where penmanent seeding ks
mting the energy of  especially imponant are [ler strips, buller aneas,
vegetated swales, steep slopes, and stream banks.

ADVANTAGES AN

viegetative covers i3 DISADVANTAGES
W permanenl  new
zan include applying
wermanently seeding
Al grass cover
en to provide an
“that both stabilizea
es sediment loss.
“planting prass seed
ling to provide soil
ver g establighed. +
perennial vegetation

Vegetative covering can be a rebatively low-cost
and low-maintenance pesctice for controlling dust
and preventing erozsion. [ oalso adds to the
aesthetics of a storn water contrel area.

Limitations of vegelative covers as a managemant
preactice include:

Vegetative covering must be coondinated
with  climatic  conditions  for  proper
eatablishment.  For example, cold climate
areas have limited growing seasons and arid
regions regquire careful selection of plant
species.

s vegetativecovering
stion, This allows a
isting brees, wvines,

1 a8 & natural bufTer *
elivities.

Al appropriate Mainienance program must
be dmplemented 1o ensure the optimim
performance.
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The Benefits of Vegetation

Linsbad Stales Ol of Viiaher EPA 802 F-a8- 027
I varcremerial Prolecion VWasthingion. [ 1 Seeplevrier 106
Agganicy

SEPA Storm Water .
Technology Fact Sheet “One of the most effective ways to

Vegetative Covers . . .
prevent erosion and sedimentation

IS to stabilize disturbed land

through the addition of vegetation.”

DESCRIFTION APPLICABILITY

Boal  evodon .II:| slimomistion o

lan . {[55
stoop ahopees, |.J VA hJ_..

“...provide both dust control and a
reduction in erosion potential by
increasing filtration, trapping
sediment, stabilizing the soil, and
dissipating the energy of hard rain.”
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Environmental Benefits of Grassed Swales

TABLE 1 EFFECTIVENESS OF DESIGN
SWALES e Per the EPA Fact
Pollutant Median % Removal Sheet, Vegetated
Total Suspended 81 swales are most
Solids . .
_ effective at removing
Cxygen Demanding 67 .
Substances part|CU|ate pO”UtantS
Nitrate 38 (TSS).
Total Phosphorus g o A .
N rvatlv
Hydrocarbons 62 CF) S .at = 0
— — estimate is 25-50%
admium
removal, but 70-95%
Copper 51 .
— po has been achieved on
— - most sites.
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Limitations of Vegetation

CONCRETE PAVING

CONCRETE BLOCKS
ROCK RIP RAP

2 Ib/ft2 shear stress

96 Pa LIMITS OF NATURAL VEGETATION
Il I I B B . I I I S B .
6 ft/s velocity
1.8m/s
EROSION CONTROL BLANKETS
ég
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Erosion Control Blankets

e Straw
e Coconut

* Wood Excelsior

e Coir

Establish Vegetation
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Rock Riprap Performance

e 5
Rock Riprap Size  Permissible Permissible Shear Stress

(Dso) Velocity * Channel Bottom 2.0H:1V
in ft/s Ib/ft? Ib/ft?
3 6.2 1.2 0.9
6 8.7 2.4 1.7
9 10.7 3.6 2.6
12 12.3 4.8 3.5
18 15.1 7.2 5.2
24 17.5 9.6 6.9

1. Velocity based on Isbash Method
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Rock Riprap
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Rock Riprap
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Paved Concrete Channel
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Paved Concrete Channel
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Turf Reinforcement Mat (TRM)

United Statas
Agency

Dfca of Watar
Ervironemental Protection  Washington, DG, B

Storm Water
Technology Fact Sheet
Turf Reinforcement Mats

DESCRIPTION

This foct sheet describes the wse of e
reanforcement mats (TRMs)  TRMa combine
vepetative growih and synthetic maserials o fio
high-strength mad that helps to prevent sail

in drainage areas and on steep sopes. T 5
classified as a “sofi engimeering practice.” in
contrast to concrete and riprap, which they may
replnce in certain erosion control situntions.

High-valume and high-velocity storm water nunafl

cir_grode aodl within open chaniels. drainase

LIMITS OF
NATURAL
VEGETATION

pg 19

enhance vegetmtive root and stem development. By
protecting the soil from seouring fonces and
enhancing vegelative growth, TRM3 can radse the
threshold of natural vegetation o withstand higher
hydroulic  forces on  sabilization  slopeg
streambanks, and channels. In e B red

flow velocities, the use of naral vepg
provides pamiculate contaminant remorval
sedimentation and soil infiltraticn, and

the acsthetics of a site.

ThMs offer high shear srenpiy
ultravioles (1Y) degradsts

Engineered Earth
Armoring Solution

High Performance
Turf Reinforcement Mat

Turf Reinforcement Mat

Unreinforced Vegetation

Do Nothing

RAISING THE
LIMITS OF
NATURAL

VEGETATION

16 LB/FT2
SHEAR STRESS

2 LB/FT2
SHEAR STRESS
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Reinforced Vegetation
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Vegetated Drainage Channel

Ground Water Recharge & Improved Water Quality
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1st Generation Stitch-Bonded TR

Three Layers

 Two Nets on the Outside
e Stitch-Bonded Polypropylene Composite

Tensile Strength

e 400 x 300 Ib/ft
e 5.8x4.4kN/m

Moderate UV Stabilization

e Up to 10 year life if exposed
e 80% at 1,000 hours (ASTM D 4355)

Appropriate Applications

e Low Flow Channels

e Minor Slopes
e Low stress conditions

LANDLOK’
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1st Generation Stitch-Bon_ded TR
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Key Lessons from 15t Generation TRMs

Improper Application

e Hydraulic conditions exceeded TRM’s Performance
thresholds

 Non-Hydraulic Stresses not considered
e Limited Design Life
Inadequate TRM specification

e Must be comprehensive to the application
e Alternate materials must meet all requirements

Installation Quality Control
e Specification needs to stipulate installation guidance

e On site installation meeting with the contractor,
engineer & manufacturer
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Key Lessons from 15t Generation TRMs

TRMs must also be designed for
Applicable Non-Hydraulic Stresses

Durability:
 Non-hydraulic Stresses
* Heavy Mowing Activity
* Maintenance Loading

e Debris Loading
e Animal Loading
e Ice Flows
e Design Life
e Ultraviolet (UV) Resistance
e Tensile Strength
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2"d Generation Woven TRMs

Construction:

e Three-dimensional, woven polypropylene
geosynthetic mat

Material Construction:
e X3° Fiber Technology

* Woven into a uniform configuration
* Homogeneous Structure

Created to specifically address the
Limitations of 1t Generation TRMs:

* Non-hydraulic Stresses
* Design Life

PYRAMAT
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Design Criteria

 Must design for both hydraulic and non-hydraulic
stresses

e Resistance to Hydraulic Forces (Velocity & Shear Stress)

e Resistance to Non-Hydraulic Stresses

2017 National Tribal Transportation Conference




Non-Hydraulic Stresses

Heavy Mowing Activity
Maintenance Loading
Debris Loading

Animal Loading

Ice Flows

Higher Factors of Safety
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Design Life

Determined based on:

e Durability
e Ultraviolet (UV) Resistance
e Field Correlation

e Ultimate Tensile Strength

 Non-Hydraulic Stresses
 Maintenance Loading
e Debris Loading
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Design Life

UV Resistance:

e Antioxidants are incorporated to
increase stability

e Xenon Arc testing: ASTM D-4355

e Accelerated exposure

e Changes in temperature and
moisture

e up to and over 10,000 hours

e Retained Tensile Strength

e Test results must be correlated to
field performance
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Design Life

Tensile Strength: Functional Longevity

4,000
e Material will degrade over time
based on environmental
stresses 3,000
e Retained tensile strength at £ \
end of design life of 1,000 Ib/ft, & \
14.6 kN/m required % 2,000 \
 Initial Tensile Strength is critical &
to define the functional L 000 N\
longevity ’ o ~—
e 4,000 Ib/ft, 58.4kN/m up to 75 \
year design life
0
0 7

e 2,000 Ib/ft, 29.2 kN/m up to 25

0 25 5
year design life

Years

5
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Woven TRM
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Woven HPTRM
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Woven HPTRM
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Engineered Earth Armoring Solution

Composed of:

e High Performance Turf Reinforcement Mat (HPTRM)
e Engineered Earth Anchor

Expanded applications:

e Critical Structures

* \Wave overtopping

Shallow Plane Slope Stabilization
Underwater protection

Wave run-up

e Higher Factor of Safety

@ ARMORMAX
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Engineered Earth Armoring Solution
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Engineered Earth Armoring Solution
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Engineered Earth Armoring Solution
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Wave Overtopping R&D

Water Supply Support Structure

Headbox — Wave Generator

Gantry Crane

Control Roam

Flume 1

“—Elevating and Translating
Leg System
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Wave Overtopping R&D
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Wave Overtopping R&D

Soil Loss
(ft)
[—| Transition

B -0

B 000-005
B 005010
B 0.10-0.15
B 0.15-0.20
B 020-025
B 025-030
L Jo030-035
| J]o3s-040
| Jo40-04s
[ Jo45-050
0.50 - 0.80
B 060-070

WIEIEE 4k ek ek o B 070-030 (SIS .
-»,-;;10% LIGHT PENET RATION - 080-090 § 30% LIGHT PENEI' RATION 2]

- - -
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Engineered Earth Armoring Solution
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Erosion vs. Slope Instability
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Mobilization of a large mass of soil
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Soils are dynamic and complex

Not Failed Yet Failed N"ot Failed Yet
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Slopes can easily become unstable

GOﬂg[E earth

2004 2006 2008 2010 2011 - S29%3e Fl2@tdng 2015 2016
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Causes of Slope Instability

Increased Shear Stress vs.
Decreased Shear Strength

Over steepening and Removal of
Stabilizing Mass

Increased External Loading

Seepage Erosion

Saturation of Soils and Loss of
Matric Suction (i.e., the “wet
sand castle” effect)

Dramatic Changes to Pore Water
Pressure from Rapid Drawdown

Vibratory Action
Tension Cracking
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B
7 ”
R
’¢’ 4
Slope e
Surface ’,'
’I
R
-
N Failure
Surface
Water
Suriacel ¢’ = Soil Cohesion
v,// ¢ = Internal Friction Angle
== W, (Weight of Soil) = y,b2h

-

N~ (Normal Force) = W cosf3
u (Pore Water Pressure) =y ,hcosf
T (Driving Force) =W, sinf

c'bsecB + (W cosB+y hcosB)tand

W sinf
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Fundamentals of Slope Stability

WHY IS THAT EQUATION IMPORTANT?
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¢ = Internal Friction Angle

W, (Weight of Soil) =y b?h

N™ (Normal Force) =W cosf

u (Pore Water Pressure) =y, hcosf

T (Driving Force) = W sinf3

F, (Anchor Force) = (Anchor Pullout) cos

c bsecp + (FA+WscosB+th cosfB)tano

FS =

W . sinf
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Engineered Earth Armoring Solution

e Flexible/Soft Armoring Solution

* Engineered to resist erosive forces and shallow
plane slope instability

* Vegetation provides Environmental and Aesthetic
benefits

pg 52 2017 National Tribal Transportation Conference



Engineered Earth Armoring Solution

Engineered Earth Anchor

Securing Pins

Vegetation
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Slope Stabilization

* Engineered Earth Anchors are
designed to provide resistance
to shear and lateral forces, and
embedded beyond the predicted
plane of failure

e HPTRM distributes loads
amongst anchors while providing
a continuous compressive cover

High Performance
Turf Reinforcement
Mat (HPTRM)

* HPTRM is also permeable for
N pore pressure relief and
Identified > ' Py promotes vegetative
: 7 establishment
Failure

Surfaces

Engineered __—>
Earth Anchor
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Engineered Earth Armoring Solution
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Engineered Earth Armoring Solution
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Engineered Earth Armoring Solution
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West City Ditch Repairs

Application: Channel Slope Stabilization
Client: City of Kissimmee, FL
Designer: TY Lin International

Contractor: Underwater Engineering
Services, Inc.

Installed: 2010

Product: ARMORMAX®
6-12’ Type B2 Anchors
0.5 anchors per square yard
0.6 anchors per square meter

Quantity: 20,000 SY
16,700 SM

@ ARMORMAX

e

w, Uey o

3 :"“

W
h “ﬁ.‘
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West City Ditch Repairs

Seepage Failure

‘.1‘5'
- P 7,

f'-"-t(-c;‘f__ 1

- Translational

Weakened Slopes

Depostited Sediments - .

e

\
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West City Ditch Repairs

STANDARD PENETRATION TEST BORING RESULTS

Table 5 SPT Boring Summary
West City Ditch Soil Profile .
* Soils encountered
A Observed "N" . .
ohices e won | consist of fine sand,
Depth (ft) Soil Description _ . .
B Very loose to medium dense fine sand (SP) and fine sand with silt (SP-SM) 373 S lty fl ne sa nd’ a nd
a=e with occasional layers of clayey sand (SC) ) C|ayey f|ne sa nd to a
1 Loose to medium dense silty fine sand (SM) with layers of clayey sand 622 :
7-15 | . depth of 15
B5 B4 e Blow counts ranged
« DATE PERFORMED: 3-26-10 « DATE PERFORMED: 3-26-10 .
B 1" ASPHALT & 10" LIMEROCK BASE qa_ﬂ;l-’-_i:” BROWN SILTY FINE SAND (S) from 3 to 23’ Wlth most
HSHI BREWN . FINE SAHD(SF) LIGHT BROWN FINE SAND (SP
77 BRowN CLAYEY FINE SAND (SC) % Jrr oray cuavey FiNE sano ((sc)) abOVe 10 (and
el = categorized as medium
18: i ': GRAY SILTY FINE SAND, TRACE CLAY (SM) "’E "j_: GRAY SILTY FINE SAND, TRACE CLAY (SM) dense Sand)
GG B e * Groundwater
encountered between 4-
7 feet
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West City Ditch Repairs

Table 1. Summary of Material Properties Used in Slope Stability Analysis

) e Saturated Soil Friction
) Moist Soil Unit . .
Soil Weight (peh Unit Weight Angle
shtip (pch) (degrees)
Loose Sand'" 110 115 30
Medium Dense
115 120 32
Sand!"!
Riprap"” 130 130 40

Table 2. Summary of Slope Stability Analysis Results (without anchor system)

Long-term Normal Rapid Drawdown Condition
(‘rolss Side Slope!"! COH{_il_Il()II _

Section Calculated | Target | Is FS | Calculated | Target | Is FS
FS FS OK? FS FS OK?

I Left Slope 1.2 1.5 No 0.4 1.1 No

Right Slope 1.2 1.5 No 0.4 1.1 No

, Left Slope 1.2 1.5 No 0.4 1.1 No

Right Slope 1.2 1.5 No 0.4 1.1 No

R Left Slope 1.1 1.5 No 0.4 1.1 No

7 Right Slope 0.4 15 No 0.2 1.1 No

4 Left Slope 1.2 1.5 No 0.4 1.1 No

Right Slope 0.9 1.5 No 0.3 1.1 No

sk Left Slope 1.1 1.5 No 0.4 1.1 No

61 Right Slope 1.1 1.5 No 0.4 1.1 No

Slope Stability

Analysis:
Material Properties and Existing
Conditions Results

e Separate unit weights and
¢ angles designated using
SPT results

* Water table considered in
unit weights and rapid
drawdown conditions

e SiX cross sections
analyzed, none met
minimum FS values
without reinforcement
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West City Ditch Repairs

: EMORY STREET r=0

Cross-Section 2

2L FE
EXTEND EXISTING FLUME +49.96 &
TO ARMORFLEX LIMITS 2005 (LT] _$
n n n R n
-’-'_."5’"—;9?'%_ LIMITS OF RUBBLE DITCH LINING
oo or RIPRAP PER FDOT SPEC. 530 8
|~ 8307 iLn | — LIMITS OF ARMORMAX 8
Pl [ — X
. -
o i ! I! | w| |-
ar
000" v LIMITS OF “65; T ;i;;ﬁri?n L g
50 (RT1 DITCH BOTTOM— E z
: EXTEND 18°X29" — 3
o CMP | LF i \

I
(ol =hey
P Y
L
Pl
7 =
4

: e EEFRTY ([ C oA LTS OF — o s oF
nr rence LIMITS OF ARMORMAYX — humrs OF RUBBLE' DITCH. LINING —'
RIPRAP PER FDOT- SPEC. 530
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West City Ditch Repairs

PROPOSED CROSS SECTION /’“‘L
I/—ﬂ SURVEY J(
. LIMITS OF ARMORMAX VARIES _ | r"'_ ﬁiﬁmﬂm
[ f T
EMORY STREET L |3 156 O 0O vy | Al e {7 EXET- CRO0ND

COMPACTED BACKFILL
SEE MWISCELLANEOUS DETAILS

ARMORMAX
(SEE DETAIL SHEET)

ARMORMAY
(SEE DETAIL SHEET)

RUBBLE RIFRAFP DITCH LINING
1.5" THICK (TYP.)

COMPACTED BACKFILL
SEE MISCELLANEQUS DETAILS

ARMORMAX® was proposed for the channel lining,
but how were the slopes stabilized?
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West City Ditch Repairs

SLOPE STABILITY ANALYSIS - CROSS SECTION 2

hJ
e e e G| Medium Dense Sand
$=32° i $=32°
Loose Sand
Loose Sand ¢=30°
&=30°

| Long-Term Normal Condition Rapid Drawdown Condition

No Reinforcement No Reinforcement

Calculated FS = 1.2 Calculated FS = 0.4
Minimum Acceptable FS = 1.5 Minimum Acceptable FS = 1.1
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West City Ditch Repairs

SLOPE STABILITY ANALYSIS - CROSS SECTION 2

Lo o KA ALK S R
S o et Sl
R R

T e R L

o
o R

""‘_’

H

i S o,
e

Medium Dense Sand

$=32°

Medium Dense Sand
¢=32°

Loose Sand Loose Sand
¢=30° &=30°
| Long-Term Normal Condition Rapid Drawdown Condition
5.5’ Anchor (850 Ib.) 8.5’ Anchor (850 Ib.)

Calculated FS = 1.5
Minimum Acceptable FS = 1.5

Calculated FS=1.1
Minimum Acceptable FS = 1.1
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West City Ditch Repairs

\ ARMORMAX® SELECTED INSTALLATION DETAILS

et ) ToparSope™
Galvanized Spreader Plate -4 e
- ) W Slope Anchor Type B2 (Typ)— |
Rﬂlﬂhﬂl \ o= = e
.k T S F HPFTRM
(Nut and Washer shown) \;:\ \ lope Face X :mnm i
Pyramat® hmum L ”‘{/ -;:::'313_ Pin ‘\--._; s
- ‘h i . .I.Il:ir..,.- Threaded Rod m:lmﬁ:lji (Eng]_ ;
.__l Tonriveal Tronch ~ . ri - . 'l o o ) o } ."_
at Toe of Slope e - ® 4 =
aw.sam;:‘-.k__ v/
Anchor Head . . —ﬁ= = — .

(Load Locked Por e T Ll

'5/’ - FPERSPECTIVE

- FIGURE 1: OVERVIEW OF ARMORMAX® SYSTEM ON SLOPE
FIGURE 10B: SLOPE *Note: For Clarity, Perspective View does not show all pins and anchors.
ANCHOR, TYPE B2 DETAIL
Specified “B-2” Slope Face

Engineered Earth Anchor Installation Detail

Length varies per section HPTRM panels shingled downslope
Size selected to meet pull-out requirement. Anchor trenches at top and toe of slope
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West City Ditch Repairs

ARMORMAX® SELECTED INSTALLATION DETAILS

+— B in Overlap

) Specified Anchoring
- T Pattern
I X ® X ® X L X ® e Spacing of 4 ft in the ‘X’
T T o S B o R S o O S direction, 5 ft in the “Y”
< [ e ) ' ' ' " * ' direction
.n' : X X : X X : X X : X X : _
. X . y < . « . e 6-inch overlap for HPFTRM
x X @ X x| X @ X x X @ %X x X @ X x panels
B X : X . X B X : e Pattern staggered to
X * * X * * X * * X * ” X secure HPTRM efficiently
P L R  Spacing and density
. x . x . X o X . modeled in slope stability
x X X X X x X x x XS X ox X software
\ . Offset as Shown to
@ ANCHOR “L— Create a Checkerboard
X PIM Pattern

FIGURE 4:TYPE B2 ANCHOR / PIN PATTERN DETAIL FOR SLOPE FACE
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West City Ditch Repairs

ANCHOR DESIGN LENGTHS PER PLAN VIEW SECTION

.' *F"" Ef“'ﬁ.n_"'.' I ﬁ \

Station 28400

Nominal 9 ft long anchor recommended Ex | ArmmorMax anchor system not installed

o-FT, 9-FT, & 12-FT (Nominal) Anchor Lengths Designated in
Various Sections, per Factor of Safety Determinations
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West City Ditch Repairs

Construction Begins!
Smoothing side slopes, near Cross Section 2
August 25, 2009
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West City Ditch Repairs

3 by

Earthwork Complete - Installing HPTRM
Inserting into lower trench for pulling up slope
September 5, 2009
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West City Ditch Repairs

Stabilization Continues
Installed HPTRM near ‘Cross Section 2’
September 5, 2009
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West City Ditch Repairs

Further HPTRM Installation
Looking ahead towards ‘Cross Section 2’
September 14, 2009
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West City Ditch Repairs

Installing Engineered Earth Anchors
Using a 65-Ib Percussion Hammer
September 14, 2009
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West City Ditch Repairs

Quality Control Load Testing
Spot checks of random anchors to verify load spec = =~/
September 29, 2009 L {

Fa

pg 79 2017 National Tribal Transportation Conference



West City Ditch Repairs
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Looking south towards ‘Cross Section 2’
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West City Ditch Repairs

Storm Hits!

ARMORMAX® provides protection prior to vegetation
October 11, 2009
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West City Ditch Repairs

Initial Placement of Sod
Bahia sod pinned to slopes at ‘Cross Section 2’
October 20, 2009
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West City Ditch Repairs
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Proven Performance
Slope stability and erosion control with soft armoring
April 17, 2012
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West City Ditch Repairs

Proven Performance
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Vensel Creek Flood Relief

Application: Structural Streambank Slope
Stabilization

Client: City of Tulsa, OK
Contractor: Tri Star Construction
Installed: 2013

Product: ARMORMAX®
6’ Type B2 Anchors
0.5 anchors per square yard
0.6 anchors per square meter

5,000 SY
4,200 SM

@ ARMORMAX
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Vensel Creek Flood Relief
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Vensel Creek Flood Relief
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Vensel Creek Flood Relief

Geotechnical Engineering Report 'Ir

Flood Control, Wensel Creek = Tulsa, Oklahomsa Erracnn
May 6. 2011 = Terracon Project Mo. 04115025

The fill material should be placed on a relatively leval surface. Subgrade slopes greater than
about 4H:1V should be continuously benched o avoid placing fill on a sloped surface. The

banches should be of sufficient width for easy access to dumping and compaclion equipmeant.
We recommend that channel side slopes be overbuilt and cut back to the proposed finish grade.

4.3 Gravity Block Retaining Wall

We understand that bleck walls up o a maximum height of 20 feet are planned on both sides of
the creek batween Stations 116+00 and 122+00. Wall design considerations are presanted in
the following sectlions.

4.3.1 Gravity Block Retaining Wall Global Stability Analyses

We used the STABL program to estimate the global factor of safely against slope failure. For this
study, we performed analysas using the Spencer mathod for circular failure surfaces and the
Morgenstern-Price method for block failure surfaces for normal, sudden drawdown, and critical
flood stage conditions for an 8, 12, and 20-feot tall Block wall and the corresponding base block
sizas.
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Vensel Creek Flood Relief

General Information:

*5 to 15 feet deep channel

*Maximum 100 year velocity of 11.85 ft/sec

*New channel to have 4:1 side slopes

*Between stations 116+00 and 122+00 to have gravity block
retaining walls

*Clayey sands and low plasticity clays.

Soil properties:

*Unit weight = 120 Ib/ft3 unsaturated, 125 Ib/ft3 saturated
*Cohesion=50 Ib/ft2

*Phi angle = 31°

Design Scenarios:
*Normal condition:
— Water table 17’ below top of channel
— Required Factor of Safety=1.3-1.5
*Steady state seepage
— Water level a few feet deep
— Required Factor of Safety=1.3
*Rapid draw down condition
— Water level drops from about 15’ deep to 3’ deep
— Required Factor of Safety=1.1
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Vensel Creek Flood Relief
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Vensel Creek Flood Relief

Installed ARMORMAX® - October 2013
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Vensel Creek Flood Relief

ARMORMAX® - October 2013
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Vensel Creek Flood Relief
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Vensel Creek Flood Relief
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Vensel Creek Flood Relief
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Vegetation Establishment - April 2014
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Vensel Creek Flood Relief
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Vensel Creek Flood Relief
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Vensel Creek Flood Relief
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Vensel Creek Flood Relief
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Vensel Creek Flood Relief

Vegetated ARMORMAX®

100 2017 National Tribal Transportation Conference



5th Runway Slope Stabilization

Application: Slope Stabilization

Client: Hartsfield-Jackson Atlanta
International Airport

Contractor: Athena Construction Group
CW Matthews Contracting

Installed: 2016

Product: ARMORMAX®
9’ Type B2 Anchors
0.62 anchors per square yard
0.75 anchors per square meter

Quantity: 1,000 SY
800 SM

@ ARMORMAX
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5th Runway Slope Stabilization
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5th Runway Slope Stabilization

4

Alié"ma Alrport - 5th Runway
N

May 2014 S Google Eart

Imagery Date: 5/5/2014  33°37'08.95" N 84°25'49.74" W elev 949ft eye'alt 1416 ft
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5th Runway Slope Stabilization

£ 2 AtlantatAirport - 5th Runway.

j Google Eart

August 2015 .

| 1993 Sl L ¥ - Imagery Date: 8/24/2015  33°37'08.95" N 84°25'49.74" W elev. 949 ft eyealt 1416 ft
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5th Runway Slope Stabilization

" 4

Aliam{a Airpor( - 5th Runway

May 2016 | 4 Google Eart

Imagery Date: 5/7/2016  33°37'08.95" N 84°25'49.74" W elev 949 ft eye alt 1416 ft
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5th Runway Slope Stabilization

. Unit Weight Cohesion | Phi
Material Name Color Strength Type
(Ibs/f3) BNTYPE | (o) | (des)
Soil Fill (effective) | [_] 115 Mohr-Coulomb 0 28
Sail Fill (total) . 115 Mahr-Coulomb 300 24

Results
Surfaces with a factor of safety below 1.300
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5th Runway Slope Stabilization

. Unit Weight Cohesion | Phi
Material Name Color b Strength Type
(Ibs/ft3) (psf) | (deg)
Soil Fill (effective) | [_] 115 Mohr-Coulomb 0 28
Soil Fill (total) . 115 Mohr-Coulomb 300 24
- Unit Weight Cohesion | Phi
1.349 Material N\ame | Color (Ibs/ft3) Strength Type {psf) | (deg)
Soil Fill (effective) | [] 115 Mohr-Coulomb 0 28
Soil Fill (total) . 115 Mohr-Coulomb 300 24
- Anchor Out-Of-Plane | Tensile Strength
Support Mame |Color Type Force Application Capacity (Ibs) | Spacing [ft) (Ibs/ft)
End .
Type B2 Anchor . Anchored Passive (Method B) 1200 4
1.026 pyramat HpTRM | ] | GeoTextile | Passive (Method B) 4000

Scenario

Surfaces with a factor of safety below 1.300

Original Unreinforced Slope 1.026

Type B2 Anchor
Length: 9.0 ft
Out-of-Plane Spacing: 4.0 ft

ARMORMAX® Reinforced Slope 1.349 Anchor Capaciy. 11200 I
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5th Runway Slope Stabilization

-~ ARMORMAX@,
SEE NOTE 1

ATLANTA AIRPORT SLOPE STABILIZATION -
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5th Runway Slope Stabilization
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5th Runway Slope Stabilization
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5th Runway Slope Stabilization
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5th Runway Slope Stabilization
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5th Runway Slope Stabilization
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5th Runway Slope Stabilization
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5th Runway Slope Stabilization
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5th Runway Slope Stabilization
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5th Runway Slope Stabilization
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5th Runway Slope Stabilization
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5th Runway Slope Stabilization
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5th Runway Slope Stabilization
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Propex
GEOSOLUTIONS

Questions?

Jared Hill, EIT
Applications Engineer
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