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FIFTY YEARS OF LATERAL EARTH SUPPORT

by
Ralph B. Peck!, Hon. M. ASCE

Like most students of my generation, I was introduced
to the subject of lateral earth support by learning the
derivation of Coulomb's formula in about my juni Yy

ior year.
The derivation straightforward enough:; without

was

anation or apology, the surface of sliding was taken

as a plane, the properties of the 1
characterized by the angle of repose, and the point of
pplication was said to be at one-third the height of
e retaining structure. The objective of the exercise
was apparently to determine the 1loading that, once
obtained, would permit the more serious business of

earning how to carry out the structural design of a

Reza Mesri,
Ralph Peck,
H.O. Ireland
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Slope Stabilization using
Tall Soil Nail Walls at
Natchez National Cemetery
and Teton Pass

John R. Wolosick, PE, SE, BC.GE,
F.ASCE



Case Histories: Two Major Landslides Repaired using Soil Nailing

1. Natchez National Cemetery, 2021-2023 2. Teton Pass Landslide — ‘Big Fill Slide,” 2024-2025

Client: US Army Corps of Engineers Owner: Wyoming Department of Transportation
Wall Length = 1,270 LF Wall Length = 525 LF
Wall Height = 48 ft max, 31.5 ft avg Wall Height = 110 ft in corner
Wall Area = 40,000 Square Feet Wall Area = 60,000 Square Feet
$9.8M General Contract $6.6M soil nailing, $2.2M micropiles
Subcontract
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Natchez National Cemetery
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The city of Natchez lies on the southwestern border of
Mississippi and is the oldest city on the Mississippi

River.
The Natchez National Cemetery is located on the Bluff

overlooking the Mississippi River on the North side of the
city and was established after two Civil War engagements
in 1863 and 1864 at this location. The Cemetery was
listed in the National Register of Historic Places in 1999.
It is open for burials of all members of the armed forces.



Previous Slide Repairs in Natchez, Mississippi for the City of Natchez and
the US Army Corps of Engineers

Clifton Avenue and
Learneds Mill Road

74 foot tall Soil Nail Walls
with Tieback Anchors and
MSE wall. 1997-1999.

Natchez Under the Hill

Rosalie Mansion and

Silver Street

Soil Nail Wall with Tieback Anchors
2000-2001.
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Major Erosion Event 2021
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Major Erosion Event 2021
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Geotechnical Conditions
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Anchored Soil Nail Wall Solution

River side 40,000 SF
" 1,270 LF
] Main Erosion Area, o Max H=48 FT

Cemetery
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Some Design Sections
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Anchored Soil Nail Wall Solution
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7 rows of 40 ft to 50 ft soil nails

6’x 6’ and 7.5’ x 6’ Spacings

1 row of Ground Anchors of 150 to
180 LF at base for Global Stability
Shotcreted Anchor Reaction Beam
Top two lifts vertical

Remaining lifts battered at 20 degrees
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Separation of Work Area from Public A
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First Lift Construction — Vertical Lifts
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Sacrificial Test Nails to Confirm Assumed Bond Stress
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Remaining Wall Construction — Battered Lifts
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Bottom of Wall Reinforcement and Drainage Details including
Deep Tieback Anchor Locations
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Shotcrete Tieback Anchor
Reaction Beam
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Steel Strand Tieback Anchors — 4-7 Strands - 245 kip max

Spacing varies 6ft, 9ft, 10ft c-c
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Tricky Outside Corner
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Rebuilt MSE Wall (subcontract) above Soil Nail Wall and Wall Staining
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inage

New Storm Dra
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Teton Pass Highway 22

Victor, ID

Mudslide

IDAHO

WYOMING

& motntan O

{4

Landslide

(2)

Jackson, WY

Teton Pass Wyoming Highway 22
Is a major road connecting
Wyoming and Ildaho. Thousands
of people commute between
Eastern Idaho and Northwestern
Wyoming every day.

A mudslide took place June 7th,
2024 on part of Highway 22
leading WYDOT to close the road.
The following day, a slope failed
about 2.5 miles East causing a
landslide and washing out part of
the road. There were no casualties
since the road was already closed,
but the driving time for
commuters tripled.

Keller was hired by Ames to
provide soil nail temporary slope
stabilization and permanent
micropile shear pins.



Previous Slide Repairs at Snake River Canyon
Wyoming DOT

Proposed Roadway

Proposed Block Retaining Wall

¥ ¢ Upper RMP Wall

Blue Trail Slide

Micropile Walls with Tieback
; i W My Anchors and MSE wall.

_& 2 Nation 1 F ark 1997.

i

: Jana
s o1)

Colter, Bay

Temporary Construction Access Fill
Vi age
) L= R

‘; LLower
T RMP Wall

Minipiles /-

: = Potential 1
) Beaver Creek Failure /~~
.,I = i s Planes =~ /\%6
3in Moose | S

Kelly : \/Minipiles
X Teton Village :

1784
Jackson
1780

South'Park 1736
&
g 1772
Jack Pine g,m The EIbOW Slide

e I e L SRR | Soil Nail walls with MSE
’ Snake F’I; r:-_rm_l : Bondural o , : : Wall. 1998-1999.

§r-,»:mjic TYPICAL CROSS SECTION (STA. 20+350)

METRIC SCALE 1:200
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Previous Slide Repairs for WYDOT - Blue Trail Slide

Upper, intermediate and lower walls
constructed

Micropiles used to construct the “A”
portion of the walls

Strand anchors also used for tieback
elements

) KELLER



o7,
N o

>
>

LB A L

Previous Slide Repairs for WYDOT — Elbow Slide
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Upper and lower soil nail walls
Shotcrete facing for lower wall
Temporary steel mesh for upper wall
Upper wall was relied on through winter
MSE wall constructed in front of upper
soil nail wall the following season



@ Wyoming Department of Transportation

CMGC Proposal

Keller teamed up with Ames SERVICES FOR

Construction WYO 22 Big Fill Slide ND 32401

Construction Manager/General Contractor (CM/GC)

CMGC = Construction Manager
General Contractor

Collaborative process whereby the
Contractor works with the Owner to
develop solution, design and
estimate cost concurrently

Final cost proposal reviewed and
verified by ICE (Independent Cost
Estimator)

JULY 9, 2024
Submitted by Ames Construction, Inc. k

In association with Keller North America % Construction

} KELLER
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Not a bad place to work!
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Mudslide on Teton Pass Hwy 22
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Teton Pass Highway 22 Landslide

BEFORE
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Teton Pass Highway 22 Landslide
e W | “

) KELLER


https://www.youtube.com/watch?v=REmYyJ_mdgo
https://www.youtube.com/watch?v=REmYyJ_mdgo

Teton Pass Highway 22 Landslide
| el LN Ay

*

JACKSON, WYOMING
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https://www.youtube.com/watch?v=AnBkVel-xtg
https://www.youtube.com/watch?v=AnBkVel-xtg

Teton Pass Highway 22 detour

WYDOT opened a temporary

detour in 3 weeks after the

failure while working toward

SR a full repair on the same
Q‘% section of the highway.

P

“ﬂwr% The pass typically has
N ' grades of 10%, but the

2% e Y
\J detour section increases to

11.3%.

£

The failed section of the road
will be rebuilt at its previous
location once the permanent
slope stabilization is
completed.

*Graphic created for lllustrative purposes only. Not to scale.
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FINAL PLAN - replace embankment with lightweight fill,
geogrid, improved drainage and micropile shear support

at base

1.25H:1V Excavation adjacent to
detoured roadway

Depth of Excavation = 100 ft +

Time of Construction greatly
reduced due to winter weather
threat

Temporary Shoring by Contractor
Soil Nailing was performed 24/7

Final Design by RJ Engineering for
WYDOT

) KELLER

Processed Backfill and
Foamed Glass Aggregate
(See Lift Height)

Final Face at :,/,/—/%%\
1.5H:1V
I_— __,_.’,..-r"_
P
s v
Biaxial Geogrid HS \ vy

Wire Facing
\ \
L ; LY
| s———
‘_I_—
f— —
— 3.0 ft.

Micropile Cap e e Slide Stabilization Rock (SSR)
|| fm———
pxtile 1 == —
L
L

|—

a min. of 3 ft. thick wrapped in
Geotextile (Erosion Control)

on All Sides
1 —
abric) — e
e g0 ft-
1
T Ik ;
T, -.-‘;I‘O;';tj‘.;‘.‘i;‘;t;‘.‘ﬂ;:‘t,- 0 0-0-0-0-0-0-0.4 Y ot

orizontal Drain (2" Slotted Pipe)
Daylight drain out to trench drains
with solid pipe through SSR.

min.

Horizontal Drain
Outlets on Base of
xcavation (Solid Pipe)

Micropile Plates
16" x16"x1"

Slide Stabilization Rock
(SSR) a min. of 3 ft. thick
Wrapped in Geotextile
rosion Control) on All Sides

Micropile
9.625" OD x 0.545" Wall Pipe (35 ft.)
with No. 14 All-thread Bar (50 ft.)




Temporary Shoring Plan

- et
e e -

— >

Cw c'a o
sSue S >
58 5 =5
S8 - = w O
Sseu L Q
O.W% ..mus
Mu..nwwsg nm
- 50T © C QO -
| S S AU — )
0 9 € = —_—
hbaSﬂ © ©
»w % oW ==
Yo o A w
cOo0ETWY oo
Cnwogo O C
O.Bogs C o
Q'p 0o c g <L£*
mng.nlv“ o
(h] O uy= (] © 1 ™
= O O w= C -l <

SAOVLY WY N\
/,, N\ ./,A.wu N\ /..// \.
ARG RRY

" SN

iy e

/e

AL,
e
ST
LS ————
s \\\. o g

,
e
7/

The temporary slope parallel
to the road was 1.25(H)

s

G

1(V)

>
©
S
=
lmlm
=
- 0
S <
- 8
_
o
- 2
- L
c T
© C
. @
o Qo
)
)
C s

o
'/ f 7
- = s
Vertical Spacing (Typ )™
Botween Rows P & Q

)

T
599 Soil Nails Total

SR et ]
-

i

—-
TN e,

e~

Ze

—

= iy

AT

Sol Borng Location
g

Nal Head Locabian

Sob

-0

4 Sot Nl Number

——
—

[Ty ————Ty




Temporary Shoring — Soil Nailing

Temporéry Road

Notes from boring 24-12 (not
sampled) modified design section

Maximum soil nail length is 50 ft

.....................

x4 Waxwa Wire Mosh Fa-;:ing 5 | | Installed on 10 ft horizontal and 7 ft
| | | - ~. vertical spacing

ZPre-FaiIure! Grade —

Staggered diamond pattern

Existing Grade —

Inclined 20 degrees from horizontal

Geotextile and steel mesh facing
with horizontal steel bar wales

Slide Debris

% = i
! . 45' Long Titan T40/20

Hollow Bar Soil Nail (Typ.) i
I @ T Vertical x 10" Horizontal Spacing

o Clay. """

El

0= 24 13
EIEIEIEIEN

] bl Ean H
= ] H
xus s i

I R

- A R R
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Some Design Sections

Right Side of Cut: 1.25(H):1.0(V)
Pre-Failure Back Analysis
FS =1.15 (note: initially lower)

Elevation (ft)
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B | 9Resaw
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[ |9 shaeana
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Temporary Condition
Sta. 26+00
No Nails

Big Fill Side
Teton County, WY

Run C-1

]
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Elevation (ft)

After Soil Nailing
FS =1.31

480 -440 -400 -360 -320 -280 -240 -200 160 120 -80 40 0 40 80 120 160 0
7.740 - 7,740
I I I I I I I I I I I I
7,700 — o 1.31 — 7.700

Soil Nail Info b4
Teqsile Capacity: 53,185 lbf 250 psf Surcharge
Nail Spacing: 10 ft (typ) horizontal x 7 ft vertical e
7,660 |— Bond Diameter: 0.3333 ft 7,660
Length: 44.000028 ft -
Ischebeck Titan T40/20 by
Hollow Bar Soil Nails
7620 4 —i 7,620
N
e
= ;E;i;ﬂ-d-b‘-'é;;“ 2)Natal Clays FS
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]
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s
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g | | 1 | ! | | 1 L | I ! I 1 1 2,460
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| e
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[ |2, Notura Gays | Monr-Coulom 120 | 150 0
s
] |2 stde ebris | monrCouloms | 1150 25 -
. 4) Residual Mohr-Coulomb | 120 17 Temporary Condition
Sn::mn Slide. Sta. 25400
7 [a5moms [ocouoms | 10|50 |35 Ao
Siltstone. |
e = Big Fill Slide

| Run C-2

Teton County, WY




Some Design Sections

Left Side of Cut: 1.0(H):1.0(V)
Pre-Failure Back Analysis
FS =0.88

-160 -120 -80 -40 0 40 80 120

7,700

7,680

7,660

7,640

7,620 :

7,600

Elevation (ft)

7,580

7,540 2) Natural Clays FS 5) Shale and Siltstone

7,520 |

—1 7.520

L l 7,500

7500 | | | | | | !
-160 -120 -80 -40 0 40 80 120

Distance (ft)

Color | Name Model Unit | Cohesion’ | Phi"
Weight | (psf) ©
(pef)

2) Natural ClaysFS | Mohr-Coulomb [ 120 [ 150 EY

4) Residual Strength | Mohr-Coulomb 120 [0 18
lide Zone

5) Shale and | Mohr-Coulomb [ 130 [ 500 35
Siltstone

Natural Siky Clays ‘Mohr—comamb 120|225 0

160 200 240

Temporary Conditions No Nails
Section B-B'
Lowered GWT

Big Fill Slide
Teton County, WY

Run C-3
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After Soil Nailing
FS=1.3

-160 -120 -80 -40 0 40 80 120 160 200 240
7,700 7,700
I I [ 1.30 I [ I \ \

o
7,680 — — 7,680
Soil Nail Info
— i,
4,560 Tensile Capacity: 53,185 Ibf 060
Nail Spacing: 10 ftx 7ft
Bond Diameter: 0.333 ft
7,640 — Length: 49.000006 ft 7,640
= Ischebeck Titan T40/20
b— < . 2!

£ 7620 Hollow Bar Soil Nails 7620

c

'.g 7,600 —| 7,600

©

]

w 7,580 —1 7,580
7,560 —1 7,560
7540 2) Natural Clays FS 5) Shale and Siltstone | 7540
7,520 |— —1 7,520
— | | | | 1 | | 1 | —

-160 -120 -80 -40 0 40 80 120 160 200 240
Distance (ft)
Color | Name Model Unit Cohesion' | Phi'
weignt | (st | ()
(e
[: 2) Natural Clays FS | Mohr-Coulomb | 120 150 30
[ [ )Fegoun swunan [ Mohr-Coulomb [ 120 |0 18 &gm?a?ondmns Wi Nolts
‘ Lowered GWT'
‘ (] g)“sn':lum Mohr-Coulomb | 130 500 35
[l | NewraiSityClays | Mohr-Coulomb 120|225 7" | %%o:“g‘frﬁywv
Run C-4




Soil Nail Drilling

25 ft and 14 ft masts with top drive drill heads L >
mounted on 20 ton excavators. '

Ishebeck Titan Hollow Bar soil nails 40/20

(CRRAREERERRER ll!HHHllHIIHIIIl!—ﬁitlHHHHIlHHlHHI»lllllll‘l‘HM‘lvHllllllHH‘lrllllnih'
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Soil Nail Detail

4x4 - W4xW4 Wire Mesh Facing

/
12" x 12" x %" Bearing Plate

(Seq o2t

{2) #7 Horizontal Bars
Continuous @ Each Nail Head

Titan T40 Collar Nut
Beveled Washer

Filter Fabric

Meat Cemeant Grout

Hollow Bar Soil Nail (Typ.)

Sacrificial Drill Bit

Typical Production Nail Detail
N.TS.

BKELLER @




Soil Nail Facing

High strength wire mesh facing with parallel
steel reinforcing bars acting as wales

Geotextile fabric on the backside against
the soil

) KELLER



Soil Nail Facing Detail

= 10" (Typ.) o
T
—— | (2) #7 Bars ——— 4xd - WdxW4 —
i Continuous w/ 3'-6" A Wekied Wire Besh
—[12" x 12" x ¥%;" Bearing Plate (Typ.) /11 Overlap & Ties @ 4" /
- : f 0.C. at Overlaps . ::ﬁ % ﬁ
1122 mm@nqm%g/% = = dap
: 1
/!
Ishebeck Titan T40/20
i1 Nai Double Tie wi 2mm Wire Ties
Hollow Bar Soil Nail (Typ.) Every wory
intersection Both Ways
!
Single Layer j 0 1 2 4 .
4x4 - WaxW4 Wire Mesh Facing - - Temporary Compositi

SCALE: 1"=2"'

BKELLER @



Facing Installation Process

v

Step 1: Place and secure geotextile.

Step 3: Tie wire mesh properly.

Step 4: Place and tie continuous waler bar.

Step 5: Place bearing plate,
beveled washer, and collar nut.

) KELLER



Excavation

GC Ames Construction had excavation crews
working day and night.

Utilized a conveyor belt, 3 excavators, and 1
dozer to move soil.
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1 Test Nail per Lift
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Each test satisfied the creep test criteria at a
load equal to 1.5 Design Load (DL), and each
nail adequately held in excess of 2.0 DL.

Keller North America, Inc. Sail Nail ReForl KNA Job Number 15311409
5775 Eudora Street ‘erification Test Job Name: Grand Landslide
[Commerce City, CO 80022 Nail Numl| T8 between F-35 and F-36 Job Location: Wi WY
oilT, Date: 830724
iress: psi Usar JA
arerssne Ram No:|__100-51
Soil DL (kips/ft bond) Ram Capacily {Ton): 100
Rock DL (ki o 0.00 ki <k Gage (AorB)[ A
Pullout Design Load ~ Calibration Date:| 2-Jul-24
- - = ancar ! TeslLoad| Gage |Ram Factor
Sl (Kips) (psi) (psi/kip)
N r 17.78 1000 0.00
Soil Bond Length (BLs) 101 - 3741 2000 5346
Flock Bood Length (BLr 0 1t oz i 5721 3000 5244
Free Length (FL) 201 > 77.00 4000 51.95
Stressing Tail (T) 2 fi 96.48 5000 51.83
Total Stressing Lenath (L) 221 P ~ 116,00 | 6000 5168
Drill Hole Dia 4.0 inf 136.05 7000 51.45
Nail Area (A) 1.13sq.in Anchor Elongation Calculations 156.13 8000 51.24
Mogul iast 28,500 ksl Alignment Load (AL) 2.0% 0.9 kips 17580 | 9000 517
il 40/20 bar Theorelical A at AL (PLIAE) 0.008 iny
Yield Strength: __ 96.7 kips. Adjust Actual Elongations for AL (Add
90% Yield Strengih.— 870 kKips Theoretcal A at AL to Actual) Y of N7 Y
Pullout Naal Jack Actual Actual Adjusted
Time | Load Load Pressure i Elongat Elong; Comments
jold Time (%) (k) (psi) Left {in} Right (in} (in}
0.0% 0.0 0 0.008
5.0% 0.8 50 0.000 0.000 0.008
25.0% 4.7 250 0.0089 0.015 0.020
50.0% 9.5 500 0.029 0.047 0.046
75.0% 142 750 0.050 0.087 0.076
100.0% 189 1000 0.065 0122 0,101
125.0% 23.6 1250 0.099 0.164 0.139
. 150.0%| 284 1475 0.112 0178 0.153
® 150.0% 284 1475 0.113 0179 0.154
AT ks 150.0%| 284 1475 0.113 0.179 0.154
a 150.0%| 284 1475 0.113 0.179 0.154
0 10 20 30 40
0.000 A : : : N : : : § 0.000 “ 1500%| 284 1475 0.113 0.179 0.154
i T I T ! T o
1 1 1 1 1 1 T - 1500%] 284 1475 0.113 0179 0.154
I I I 1 I I I I I 1 1 T 0.005 TS o TP
0.050 T T T T T T T T T T T T T o 150.0%| 284 1475 0.113 0178 0.154 040 run axtendod creep fost, en cortinue
—_ T T i : 1 t t 1 t T ¥ 0.010 . 150.0%| 284 1475
'-'..E- 0.100 1 T . i 1 T 1 \\.—‘ 1 1 1 1 t 0015 _ ! 1500%] 284 1475
- T ' I I I T 3 i I I I T T 1 1
€ giso . . . . ! ; : . ] 0020 = % 150.0%] 284 1475
E t t oy 3 150.0%] 284 1475
@ ! o025 @ —
3 0.200 t T T o 1750%] 331 1725 0.129 0.196 0.170
= e Seitiement Cuirve : : : 0.030 2000%| 378 1975 0221 0.295 0.266
0.250 CreepTosT— T T T : T . . T 0.035 2500%| 473 2450 0.256 0.327 0.209
0.300 1 I — 1 T —I I I ' I  — I I —I 1 I 0.040 300.0% 56.7 2850 0.369 0.451 0.418
0 2 4 [} B 10 12 350.0% 66.2 3425
Minutes
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Teton Pass Temporary Shoring
Completed in 5 weeks working 24/7

) KELLER



5 Horizontal Drains Installed
after Soil Nailing by Jensen

Drilling

>
>

KELLER

Horizontal Drains

LANDSLIDE MITIGATION
Plan View

_ = /) g;ﬁzh;l;EE;EEEnch ' M /*
: ’-*:, O, “’1 7660 =

N

/ Z . -
1690 =

One (1) Return /
Wire Basket
X Each Lift
A

& Daylight Horizontal
i"' ¢ Drains Through Trench

Drains with Solid Pipe
Wire Basket «‘

X 5 s

Each Lift ‘ 25+79.0
/ = A " 7 142.4' Left
f—

Trench Drains
e Sloped at 2%
to Daylight

—

_~—"——" One (1) Return

Wire Basket ) 5i0—==25+79.0 =
o . 110.3' Left
24+38.9 . / . 7
77 126.3' Left : 02—
2 o35 25491.5
24+39.7 7 82.4° Left*
97.6' Left e
84.5' Left* m_
/ / Drains
—
e S AN —=

Two (2) Rows of
Micropiles on 6 ft.
Centers (3 ft. Apart
; '
7

=2

~

7661

/
e
o~ _—
Station and offsets are to face 2
layer reinf t not including
SSR material. '\.\ =]
= . NY

)
v =
-




2 inch diameter slotted

Drilled 90 ft
10 ft riser section

5 degrees upward

KELLER

Horizontal Drains

Processed Backfill and
Foamed Glass Aggregate
(See Lift Height)

Final Face at :—’-’,’_’_/%;Q\
1.5H:1V - L= ————
& :— _ﬂ'r-.‘-
e e EXS
—— L7

Biaxial Geogrid HS

End Plug

lole

| S——
-
| —
L
————

2
A
AN
S

-

. ———
Wire Facing . '—‘?
\ N ————
— - Temporary Shoring
——— by Others
L o
. ———— 3.0 ft.

Micropile Cap ———— Slide Stabilization Rock (SSR)
e — a min. of 3 ft. thick wrapped in
L Geotextile (Erosion Control)
extile —— on All Sides

abric)

min. orizontal Drain (2" Slotted Pipe)
Daylight drain out to trench drains

Horizontal Drain with solid pipe through SSR.

Outlets on Base of
xcavation (Solid Pipe)

Micropile Plates
16"x16"x1"

Slide Stabilization Rock
(SSR) a min. of 3 ft. thick
Wrapped in Geotextile
rosion Control) on All Sides

Micropile
9.625" 0D x 0.545" Wall Pipe (35 ft.)
with No. 14 All-thread Bar (50 ft.)




Horizontal Drain Drilling
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Permanent Slope Stability Micropiles

Keller installed 140
permanent micropiles for base

stabilization in front of the \ : ' B

shoring e e A e S

Y

o8

9-5/8 inch diameter cement
grouted steel pipes and bars

2 groups of coupled micropiles
with 2 rows in each group

\

= Alk2s5+15.9 L\\ ,
. . . ) i |- *124.0' Left \\/ 762
RJ Engineering design for t . — ¥ Nt \\ /)
WYDOT 9.7 .6 \ 3 I —
eft '
7t

= !

24+37.8
Temporary Shoring
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Permanent Slope Stability Micropiles

Approx. 8 ft of pipe was left
sticking up from the ground

Micropiles connected to the future
reinforced backfill slope by Ames

Ames to install a leveling pad
with rock (up to 6 in.) to the bottom
of pier cap.

Reinforced lightweight foamed
glass aggregate backfill with
biaxial geogrid up to the previous
highway elevation

) KELLER

Processed Backfill and

Foamed Glass Aggregate
(See Lift Height)
Final Face at ://%E#\
1.5H:1V eee————
-
| e — —

L _.r'f'"r
e =T
_— s v
Biaxial Geogrid HS % vy
L e ——— \.
— ~+

t . Temporary Shoring
[ ——— by Others
- S
s 3.0 ft.

- Slide Stabilization Rock (SSR)

Micropile Cap -— —
L —_ 7 i .F_
e e o
pxtile L " s

abric) T, N

a min. of 3 ft. thick wrapped in
Geotextile (Erosion Control)
on All Sides

[/
[ _— i — gy 4 __—/____._——4—4_-1
" — 5 o ft-
L | TX e —
L L L L, L :-.‘-.-.'.-.'-.-.-.-.'.-.-.-.-. .'..-.-.-.'-.-.-.'-.-.'-.-l-.-.'-. L] -
e rala O 0 -0 0 0 0 0,0 00000000 0=0=-0:0-0-0-a_45 11 5°43
e e e e e S e &4 . e e min. orizontal Drain (2" Slotted Pipe)

Daylight drain out to trench drains

Horizontal Drain with solid pipe through SSR.

Outlets on Base of
xcavation (Solid Pipe)

Micropile Plates
16" x16"x1"

Slide Stabilization Rock
(SSR) a min. of 3 ft. thick
Wrapped in Geotextile
rosion Control) on All Sides

Micropile
9.625" OD x 0.545" Wall Pipe (35 ft.)
with No. 14 All-thread Bar (50 ft.)



Permanent Slope Stability Micropiles

Micropiles in each group are
connected by a 5ft x 4ft pile cap

MP Total length: 50 ft minimum
Steel Pipe (9-5/8in): 35 ft

10 ft C-C spacing on pairs

Rock Socket (8in): 15 ft minimum
#14 — 75 ksi threadbar in the center

Test Pits confirmed conditions after
soft clay encountered in drilling

5

) KELLER

’-Prcwide 1 stirrup
with cap on either
side of pile at 3" OC

#5 Cont. - 3 Eq. 5at12in. OC w/
Spaced (4 Total) \ 50" ~ 135° Std. Hook
N 0" Typ. - [ | El. 7564 (Top of Cap)
6 in. Clr- F'\\ — . . , /
#5 Cont. LT ”
(4 Total) a 40"
35 ft. \.
#6 Cont. at 30"
Total Corne N
Length 4 Total) ) L.
S0 f, min. 1 e El. 7560 (Btm. of C
6 in. Clr Casing ’ (Btm. of Cap)
Jﬁ 35 ft. total length
Centralizer within 2 ft. of
3! he top and bottom of bar
in

and every 10 ft. OC

MICROPILE CAP
CROSS SECTION




Micropile Installation
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| d
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Micropile Testing

Applied Load (kips)

3 tension tests performed on sacrificial
piles constructed using the same means
and methods as for the production piles.

110 Kip Test Load; 55 Kip Design Load

Load vs Deflection

120

100

. — -

g

20

0.000 0.050 0.100 0.150 0.200 0.250
Deflection (in)

e Avg Deflection




Permanent Slope Stability Micropiles
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Permanent Slope Stability Micropiles
Completed in 3 weeks with 2 crews/2 rigs
Working 1 long shift 6 days/week

3 \
6> o 1 - s p \
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Conditions at Site as Keller Demobilized

|\

2
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kbbb viey |
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Conditions at Site as GC Ames Construction placed Lightweight Fill
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December Conditions at Site — Weather Halted Project
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Finishing the project — US Forest Service required
covering of wall with soil to be grassed

Jackson Hole News&hmide

SH & B »
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