APPENDIX — Design Examples and Parameter Study

A1. CONVENTIONAL RETAINING WALL

A2. NON-GRAVITY CANTILEVER RETAINING WALL

A3. GROUND ANCHORED WALL

A4. MECHANICALLY STABILIZED EMBANKMENT (MSE)

A5. SOIL NAIL WALL
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A1. CONVENTIONAL RETAINING WALL
Design Example

For the design examples and parameter study, a standard plan retaining wall (e.g., Type
1-Case 1) with various design heights is considered to retain a vertical cut slope of
granular soil (a friction angle of 30 degrees and unit weight of 120 pcf) and its footing is
founded on top of a slope with varying descending angles. The edge of the wall footing is
located at 4 feet from the top of the slope. The rigid block is assumed to be composed of
very high shear strength soil (a cohesion of 10,000 psf, a friction angle of 34 degrees,
and a unit weight of 120 pcf). For overall stability analysis for the seismic condition, a
horizontal seismic coefficient of 0.2 is assumed.

Below are the analysis steps used for the design examples and a summary of example
analysis results is presented in Tables 1 through 6.

Global Stability Analysis — SGCRW without piles

The global stability modeling and analysis steps for SGCRW are presented below:

1. Model an SGCRW with a soil block with a height equal to the maximum wall design
height (H) plus footing thickness (F) and a width equal to footing width.

mnc - - 000 -
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2. Assign the shear strength of the block as an apparent cohesion of 10,000 psf (a
fictitious value to enforce potential failure surfaces outside the block) and an
apparent friction angle of 34 degrees.

Material Name

MSE Reinforced-Backfi

Foundation
1a_Cohesionless

Foundation 2

Retzined

O|O(m|m=) &

3. Perform stability analysis for both static and seismic cases to calculate a factor of
safety (FoS).

4. If the calculated FoS is less than the required minimum FoS, adjust (increase)
footing width until achieving the required FoS.
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Global Stability Analysis - SGCRW with Piles

1. Model an SGCRW with a soil block defined as the same as the previous section
along with piles.

kyrogpiSiy

-Pile-Length-determined-
from-Axial-Capacity-1]

2. Assign the shear strength of the block as the same as the previous section and the
shear strength of piles as 20,000 Ib (a fictitious value to enforce potential failure
surfaces outside the block and the pile tips).

3. Select Support Type as Pile/Micro Pile defined in Software Slide 2 and Force
Application and Force Orientation as Active (Method A) and Perpendicular to Pile,
respectively. Set “out of plane spacing” to 1 foot: Actual shear strength/force of the
pile is equal to the entered pile shear strength times actual pile spacing.

4. Perform stability analysis for both static and seismic cases. If a critical failure
surface intersects piles, increase the shear strength of piles to ensure that the
critical failure surface does not intersect the piles.
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5. If the calculated FoS is less than the required minimum FoS, adjust (increase) pile
length until achieving the required FoS

Compound Stability Analysis - SGCRW with Piles

The compound stability modeling and analysis steps for SGCRW with piles are presented
below:

1. Repeat the previous steps 1, 2, and 3 except for adjusting (reducing) the shear
strength of piles with the pile length calculated from the global stability analysis.

2. Perform stability analysis for both static and seismic cases by reducing the shear
strength of piles up to a value to meet the minimum required FOS while the critical
failure surface intersects the piles. The adjusted shear strength is the pile shear
force demand that will need to be resisted by piles.

h for passive
e evaluation (D-d}
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3. Measure the pile length below the critical failure surface and verify it is long enough
to provide the required pile passive resistance against the pile shear force demand
in the previous step. Use Brom’s method for the evaluation of the passive
resistance of discrete piles.

4. If the passive resistance does not meet the required FoS of 1.5 against the
calculated pile shear force demand (passive resistance < 1.5 times demand force),
increase pile length until achieving the minimum FoS of 1.5 for the required passive
resistance of piles.

5. Calculate Kp using the GLE method as shown below.

S o S S
< % g ]
Pile width = b }'—' L‘—'l
3K, 0, b 9S,b
(a) (b) (c)
Drained condition Undrained condition
(cohesionless, long-term (cohesive)
cohesive)
Retained Soil
Fail xit rangs
Foundation Soil
Wall Embedment
P, =0.57HK,

Focus Search Point

Brom’s method for evaluating ultimate passive resistance (FHWA-IF-99-015)

6. Report the calculated pile shear force demand to Bridge Design as needed.
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Summary of Example Analysis Results - SGCRW without Piles

Table A1.1: Overall Factor of Safety of Wall vs Block (Case 1)

Soil Properties under
Retaining Wall Type/ Footlng on 1H:1V FOS (Overall)
. Sloping Ground
Height (feet) - Stati Seismi
Friction (°) Cohesion tatic eismic
(psf) Wall | Block | Wall | Block
42 400 148 | 152 | 1.10 | 1.12
Type 1 (Case 1)/ 20 20 1100 | 1.42 | 145 | 110 | 1.12
43 400 148 | 148 | 1.10 | 1.10
Type 1 (Case 1)/ 24 20 1250 | 1.45 | 1.44 | 113 | 1.13
44 400 148 | 149 | 1.10 | 1.11
Type 1 (Case 1)/ 28 20 1400 143 | 144 | 113 | 1.14
44 400 147 | 147 | 111 | 111
Type 1 (Case 1)/ 32 20 1550 | 1.42 | 143 | 112 | 1.13
44 400 148 | 148 | 111 | 111
Type 1 (Case 1)/ 36 20 1750 142 | 143 | 112 | 113
Table A1.2: Overall Factor of Safety of Wall vs Block (Case 2)
Soil Properties under
Retaining Wall Type/ Footlng on 2H:1V FOS (Overall)
, Sloping Ground
Height (feet) . . —
Friction (°) Cohesion Static Seismic
(psf) Wall | Block | Wall | Block
40 100 166 | 168 | 1.15 | 1.16
Type 1 (Case 1)/20 20 750 | 1.61 | 1.63 | 143 | 1.13
40 100 162 | 162 | 112 | 1.13
Type 1 (Case 1)/ 24 20 850 | 158 | 150 | 1.12 | 1.12
41 100 163 | 163 | 114 | 114
Type 1 (Case 1)/28 20 950 | 155 | 155 | 1.10 | 1.11
41 100 161 | 161 | 113 | 114
Type 1 (Case 1) /32 20 1100 152 | 154 | 111 | 1.1
41 100 161 | 160 | 1.16 | 1.13
Type 1 (Case 1)/ 36 20 1300 | 152 | 154 | 112 | 113

Appendix: Page 7 of 115



Table A1.3: Overall Factor of Safety of Wall vs Block (3)

Retaining Wall Type/
Height (feet)

Soil Properties under
Footing on 3H:1V
Sloping Ground

FOS (Overall)

Friction (°) Cohesion Static Seismic

(psf) Wall | Block | Wall | Block

Te  (Cose y120 | 35— 1001 1o L Lz
Type 1 (Case 1) 124 |35 gg0 | Tas [ 153 [ A4t | 111
Type 1 (Case 1)/28 |0 aso | 15p [ 150 [ 111 [ 112
Type 1 (Case 1)/32 |56 |70 | 151 [ 150 [ 441 | A1
Type 1 (Case 1)/36 |0 gsn | 151 [ 150 [ 111 | A

Appendix: Page 8 of 115




Summary of Example Analysis Results - SGCRW Piles

Table A1.4: Overall Factor of Safety and Minimum Embedment Depth of Piles (Case 1)

Soil Properties under

Footing on 1H:1V FOS (Overall) Minimum
. Sloping Ground Embedment
R.I?ta'er}'rl]_'%ivvr?t” Length of Piles Depth (feet) /
yp(feet) 9 (feet) Cohesion Minimum Shear
Friction (°) (psf) Static | Seismic Strength of
P Piles (Ib/ft)
Type 1 (Case 1) 20 34 400 1.52 1.14 11/6000
/20 20 1100 1.46 1 20/1000

Table A1.5: Overall Factor of Safety and Minimum Embedment Depth of Piles (Case 2)

Soil Properties under
Footing on 2H:1V FOS (Overall) Minimum
Retaining Wall Sloping Ground Embedment
T . Length/Spacing Depth (feet) /
ype/ Height f Piles (feet Mini sh
(feet) of Piles (feet) .. o | Cohesion : I nimum sShear
Friction (°) f Static | Seismic Strength of
(psf) Piles (Ib/ft)
Type 1 (Case 1) 20 32 100 1.71 1.17 6.8 / 8000
/20 20 650 1.63 15.6 / 2000

Table A1.6: Overall Factor of Safety and Minimum Embedment Depth of Piles (Case 2)

Soil Properties under

Footing on 3H:1V FOS (Overall) Minimum
Retaining Wall Sloping Ground Embedment
T . Length/Spacing Depth (feet) /
ype/ Height ) -
(feet) of Piles (feet) - Cohesion _ o Minimum Shear
Friction (°) f Static | Seismic Strength of
(psf) Piles (Ib/ft)
Type 1 (Case 1) 20 26 100 1.72 1.1 10.4 / 9000
/20 20 450 1.75 1.1 16.1 /1500
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A2. NON-GRAVITY CANTILEVER RETAINING WALL

Design Examples

The following examples include:

e Solider piles with lagging wall — Design height = 25 feet
e Drilled hole diameter = 2 feet and pile spacing = 8 feet.
e Descending ground slope height = 35 feet
e Comparison of cohesionless and mixed (cohesion and frictional) soils
e Comparison of varying sloping ground surface
e Horizontal seismic coefficient = 0.2
Table A2.1: Soil Profile
Case Ground Retained Soil Foundation 1 Foundation 2
slope incline | Shear Strength Shear Strength Shear Strength
1A v = 120 pcf
2H:1V c' =0 psf, ¢' = 30 deg
1B (27 deq) v =120 pcf vy =120 pcf v =120 pcf
c'=0psf,¢'=32 | c'=50psf, §'=30deg | c' =300 psf, ¢' = 34
deg y =120 pcf deg
1H:1V
2 c' =300 psf, ¢' = 34
(45 deg) deg
Table A2.2: Summary of Results
Static (Service Limit State) Seismic (Extreme Event Limit State)
Case Mirgirlr;um Demand Passive Passive ergirreum Demand Passive Passive
Force, | Resistance, | Resistance Force, | Resistance, | Resistance
Embedment | 0 0iie | kip/pile Fos | Embedment | o ie | Kip/pile FOS
Depth (ft) Depth (ft)
1A 18 76 183.4 2.41 25 140 158.9 1.14
1B 14 38 125.3 3.30 22 97.5 124 .4 1.28
2 21 47.5 191.9 4.04 22 50 106.6 2.13
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Case 1A: Overall Slope Stability — Static

Estimate Wall Embedment Depth — Static Service Limit State

Name Min FS
Spencer 1.309
GLE / Morgenstern-Price | 1.310

General | Shear Design Factors (None)

!'l'.F.E. T D“llﬂ

Force Application and Orientation
Foroe Application

Force Orientation Perpendicu

Spacing

Out-0¥-Plane Spacing (7] E

Unit

Material Strength | Cohesion | Phi | Water
Color | Weight Ru
Name (Ibs/#3) Type (psf) (deg) | Surface
Retained D Mohr-
Soil 120 Coulomb 0 32 None 0
Foundation Mohr-
1 . 120 Coulomb 0 30 None 0
Foundation 120 Mohr- 100 3 None | O
2 Coulomb

[Ative (Method &)

lar to pile

> W

(200,000 Ibf)

General Shesr  Design Factors (None)

Tvpe
Failure Mode

Pile Shear Strength (Ibs)

Perform limit equilibrium slope stability analysis.

If the potential failure surface intersects the pile, increase the shear strength of the
pile to make the potential failure outside the pile element. If the calculated FOS is
less than the required minimum FOS, increase the length of the pile until the

calculated FOS meets the requirement.
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Shear
| 200000

The pile embedment depth required for a FOS of 1.3 is 18 ft.

. Model the retained soil, retaining wall and ground condition in front of the retaining
wall. In this example the height of the retaining wall is 15 ft. The ground in front of
the retaining wall has 2H:1V slope with a slope height of 35 ft.

. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile
element and assign the 8 ft out-of-plane spacing and very large pile shear strength




Case 1A: Overall Slope Stability — Seismic

Estimate Wall Embedment Depth — Seismic Extreme Event Limit State

/ N
ff Method Name Min FS W"" 02
Spencer 1.022
GLE / Morgenstern-Price | 1.015

. Unit
Material Color | Weight (Ibs/ Strength | Cohesion | Phi | Water

Name #3) Type (psf) (deg) | Surface

120 Mohr- 0 32 | Nome |0

Coulomb

Retained
Soil

Foundation . 120 Mohr- 0 30 None | O

1 Coulomb

Foundation Mohr-
2 Coulomb

120 300 34 None 0

General Shear Design Factors (Mone)

Tioe Data
Force Application and Orientation
Force Application [Active (Method &) » || Gereral Shed  Dasign Factors (None)
Force Onientation Perpendicular to pile e Tvpe Data
Spacing Failure Mode | Shear 2
. Qur-0¥-Plane Spacing (f) 3 Pile Shear Strength (1bs] | 200000

1. Model the retained soil, retaining wall and ground condition in front of the retaining
wall. In this example the height of the retaining wall is 15 ft. The ground in front of
the retaining wall has 2H:1V slope with a slope height of 35 ft.

2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile
element and assign the 8 ft out-of-plane spacing and very large pile shear strength
(200,000 Ibf)

3. Perform limit equilibrium slope stability analysis, using kn = 0.2

4. If the potential failure surface intersects the pile, increase the shear strength of the
pile to make the potential failure outside the pile element. If the calculated FOS is
less than the required minimum FOS, increase the length of the pile until the
calculated FOS meets the requirement.

5. The pile embedment depth required for a FOS of 1.0 is 25 ft.
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Case 1A: Compound Slope Stability — Static

a) Estimate Demand Force — Static Service Limit State

Material Color Unit Weight | Strength | Cohesion | Phi Water i
Name (Ibs/ft3) Type (psf) (deg) | Surface
Retained Mohr-
Soil 120 Coulomb 0 32 None 0
Foundation 120 Mohr- 0 30 None 0
1 Coulomb
Foundation 120 Mohr- 300 34 None 0
2 Coulomb

Method Name Min FS

Spencer 1.297

GLE/ Morgenstern- 1295
Price

General Shear  Design Faciors (None)

[Tvoe Data
| Force Application and Orlentation ;
| Ferce Appication et (Mg ) | Rl s
Force Grientation | Perpendicular ta plie = e Data
spacing Failure Mode | Shear i
Cur-0f-Plane Spacing (f) B Pile Shear Strength (1bs) [ S5TE00

> W

. Model the retained soil, retaining wall and ground condition in front of the retaining

wall. In this example the height of the retaining wall is 15 ft. The ground in front of
retaining wall has 2H:1V slope with a slope height of 35 ft.

Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile
element and assign the 8 ft out-of-plane spacing. Use pile shear strength 57,800
Ibf and pile length obtained from the Global Stability Analysis - Static (18 ft)
Perform limit equilibrium slope stability analysis.

If the calculated FOS is less than the required minimum FOS and the failure
surface passes through the pile element, then increase the pile shear strength in
smaller increments until the required FOS is achieved. If the calculated FOS is
higher than the required FOS and the failure surface passes outside the pile
element, then decrease the pile shear strength until the required FOS is achieved.
The pile shear strength required for a FOS of 1.3 is 57,800 Ibf.
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Case 1A: Compound Slope Stability — Static

b) Check Passive Resistance — Static Service Limit State

Material Strength | Cohesion | Phi | Water
Name | CO4OT w"‘""' Type | (ps) | ideg) | surface | ™
Foundation Pahir-

e Il 1o | Ml o [ 30| mone o
Faundation Plakir-

2 . 120 thﬂ 300 34 Mare 0

Mudify Lirve: Lissd ! =

. In a separate model, remove all earth material from the active side of the wall.

. Set the failure surface entry point such that it starts at the tip of the embedded pile.

3. Apply a line load perpendicular to the pile at a height 0.4H = 0.4 x 18 ft = 7.2 ft
from the base.

4. Perform LE slope stability analysis to determine the passive pressure that
corresponds to a FOS of 1.0. Here Pp = 35 kip/ft.

5. From Pp = 0.5y H? K;, back-calculate Kp = 1.8 (no interface considered)

N —
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. Determine passive resistance below the compound failure surface using Brom’s
method:

. . D+d
Passive Resistance = 3 K,, (T) yb(D — d)

18 + 6.4

=3 x 1.8( )120><2(18—6.4)

= 183.4kip/pile

. FOS = Passive resistance of 183.4 kip per pile divided by demand force of 57.8
kips per pile = 3.17 > minimum required FOS 1.5.
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Case 1A: Compound Slope Stability — Seismic

a) Estimate Demand Force — Seismic Extreme Event Limit State

Material Name | Color | Unit Weight (Ibs/ft3) | Strength Type | Cohesion (psf) | Phi (deg) | Water Surface | Ru
Method Name I\:;n - :
Spencer 0.997

GLE/IVIPorE:nstern- 0.998
Genersl Shew  Design Fachers (Nors)
Tipt Cata
Force Application and Qrientation . General Shear  Design Factors (Mone)
S G [Trme Dacs
Sonding Failure Mode Shear W

Qut-0f-Plane Spacing (8] [] File Shear Strength (lbs) 120000

1. Model the retained soil, retaining wall and ground condition in front of the retaining
wall. In this example the height of the retaining wall is 15 ft. The ground in front of
retaining wall has 2H:1V slope with a slope height of 35 ft.

2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile
element, assign the 8 ft out-of-plane spacing. Use pile shear strength 140,000 Ibs
and pile length obtained from the Global Stability Analysis - Seismic (25 ft)

3. Perform limit equilibrium slope stability analysis, using kn = 0.2

4. If the calculated FOS is less than the required minimum FOS and the failure
surface passes through the pile element, then increase the pile shear strength in
smaller increments until the required FOS is achieved. If the calculated FOS is
higher than the required FOS and the failure surface passes outside the pile
element, then decrease the pile shear strength until the required FOS is achieved.

5. The pile shear strength required for a FOS of 1.0 is 140,000 Ibf.
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Case 1A: Compound Slope Stability — Seismic

b) Check Passive Resistance — Seismic Extreme Event Limit State

-_—

F I
Material Uinit Weight Strangth Cohaslon Phi Water Ru
Mame || sy Type fpsf) | (dog) | surtace
F Mohr-
I 2 | s | 0 | 20| e |0
Foundation Mahr:
5 . 120 o 300 ET) Nene | o

Modify Line Load

. In a separate model, remove all earth material from the active side of the wall.
. Set the failure surface entry point such that it starts at the tip of the embedded pile.

Apply a line load perpendicular to the pile at a height 0.4H = 0.4 x 25 ft = 10 ft from

the base.

Perform LE slope stability analysis using kn = 0.2 to determine the passive
pressure that corresponds to a FOS of 1.0. Here Pp = 33 kip/ft.
From Pp = 0.5 y H2 Kp, back-calculate Kp = 0.88 (no interface considered)
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. Determine passive resistance below the compound failure surface using Brom’s
method:

] ] D+d
Passive Resistance = 3 K,, (T) yb(D — d)
25+ 10.9
= 3 x 0.88 (T) 120 x 2(25 —10.9)
= 160.4kip/pile

. FOS = Passive resistance of 160.4 kip per pile divided by demand force of 140 kip
per pile = 1.15 > minimum required FOS 1.0.
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Case 1B: Overall Slope Stability — Static

Estimate Wall Embedment Depth — Static Service Limit State

.
ﬁ( S| material Unit Weight | Strength | Cohesion | Phi | water

name || (bs/t3) | Type | (pst) |(deg)| surtace |*¥
| =
| Retained Mohr-
| Soil I:l 120 Coulomb 0 > tore | ©
Foundation Mohr-
2 . 120 Coulomb 300 * one 0
Foundation . 120 Mohr- 50 30 None | O
| 1 Coulomb
I/ ~.
! Method Name Min Fs

Spencer
GLE / Morgenstern-Price

General Srpar  Dasign Fachors (Morst)

Tips Data
Foroe Application and Orentaton
Shear
Fome Application Artree [Method &) o General CESg0 FRCion (ione)
Farce Driermation Perpend icular o pile | Tee Dt
Spacing Failure Mode .'E-hﬂr .
Out-CH-Plane Spaceng ) 1 Pile Shear Strength (1bs) 200000

1. Model the retained soil, retaining wall and ground condition in front of the retaining
wall. In this example the height of the retaining wall is 15 ft. The ground in front of
retaining wall has 2H:1V slope with a slope height of 35 ft.

2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile
element and assign the 8 ft out-of-plane spacing and very large pile shear strength
(200,000 Ibf)

3. Perform limit equilibrium slope stability analysis.

4. If the potential failure surface intersects the pile, increase the shear strength of the
pile to make the potential failure outside the pile element. If the calculated FOS is
less than the required minimum FOS, increase the length of the pile until the
calculated FOS meets the requirement.

5. The pile embedment depth required for a FOS of 1.3 is 14 ft.
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Case 1B: Overall Slope Stability — Seismic

Estimate Wall Embedment Depth — Seismic Extreme Event Limit State

Material o Unit Weight Strength | Cohesion Phi Water 0 \
| Nam o (ibs/#3) Type (psf) | (deg) | surface
Retained Mohr-
f Soil I:l 120 Coulomb 0 32 Nene |0
Foundation Mohr-
! N = 120 e 200 24 N 0
| Foundation Mohr-
“ ! | 120 o 50 30 None |0
| ™
Method Name Min FS
Spencer 0.995
GLE / Morgenstern-Price
T
]
Genersl Shew  Dessign Factors (Mors)
e Dann
Force Application and Orientation
Force Apal ication Actve (Method &) || General Shex  Desgn Factors (None)
Faroe Qrigraation Ferpendicular o gile - i Tee Data
Eomcing Fallure Mode Shear =
Qut-C-Plane Spacing [%) & | Pile Shear Strength (ibs) 200000

1. Model the retained soil, retaining wall and ground condition in front of the retaining
wall. In this example the height of the retaining wall is 15 ft. The ground in front of
retaining wall has 2H:1V slope with a slope height of 35 ft.

2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile

element and assign the 8 ft out-of-plane spacing and very large pile shear strength

(200,000 Ibf)

Perform limit equilibrium slope stability analysis, using kn = 0.2

If the potential failure surface intersects the pile, increase the shear strength of the

pile to make the potential failure outside the pile element. If the calculated FOS is

less than the required minimum FOS, increase the length of the pile until the
calculated FOS meets the requirement.

5. The pile embedment depth required for a FOS of 1.0 is 22 ft.

e
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Case 1B: Compound Slope Stability — Static

a) Estimate Demand Force — Static Service Limit State

General

Material Color Unit Weight (Ibs/ Strength Cohesion Phi Water

o

Name ft3) Type {psf) (deg) Surface
Retained Soil D 120 cxﬁ:;h 0 32 None 0
Foundation 2 | [ 120 czfl’:;h 300 34 None 0
Foundation 1 . 120 C(’:’:‘T:;h 50 30 None 0

Method Name Min FS
Spencer 1.302
GLE / Morgenstern-Price

e Demgn Facters (No)

Trpst

Spating

Dt

Formce Application and Orientation General Shear Design Factors [Nane)
forme Application Active [Method &)

Favoe Qrientation Perpandicular io pile

* N | Type | Data
Failure Mode iShcar

Out-0t-Plane Spacing (%) & Pile Shear Strength [Ibs) ' 29000

. Model the retained soil, retaining wall and ground condition in front of the retaining

wall. In this example the height of the retaining wall is 15 ft. The ground in front of
retaining wall has 2H:1V slope with a slope height of 35 ft.

Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile
element, assign the 8 ft out-of-plane spacing. Use pile shear strength 29,000 Ibf
and pile length obtained from the Global Stability Analysis - Static (14 ft)

Perform limit equilibrium slope stability analysis.

If the calculated FOS is less than the required minimum FOS and the failure
surface passes through the pile element, then increase the pile shear strength in
smaller increments until the required FOS is achieved. If the calculated FOS is
higher than the required FOS and the failure surface passes outside the pile
element, then decrease the pile shear strength until the required FOS is achieved.
The pile shear strength required for a FOS of 1.3 is 29,000 Ibf.
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Case 1B: Compound Slope Stability — Static

b) Check Passive Resistance — Static Service Limit State

-_—

Unit
Material Color Weight | Strength | Cohesion | Phi | Water Ru
Name ibs/ | Type [psf) | [deg) | Surface
fi3)
Foundation 120 Maohr- 300 34 MNone | O
2 Coulomb
Foundation 130 Maohr- 50 30 | None | O
1 Coulomb

Mathod Min

Maodify Line Load ? X
Orientation
Magritude: 5000 I
I'\:U‘ TSl IO DLy [—]
() vertical
() Horizontal
(®) Angle from horizontal

Angle to boundary

8| 180 (2 deg.
) Agply
Oromse msmres [57] [ e

In a separate model, remove all earth material from the active side of the wall.

2. Set the failure surface entry point such that it starts at the tip of the embedded pile.

Apply a line load perpendicular to the pile at a height 0.4H = 0.4 x 14 ft = 5.6 ft
from the base.

Perform LE slope stability analysis to determine the passive pressure that
corresponds to a FOS of 1.0. Here Pp = 25 kip/ft.

From Pp = 0.5 y H2 Kp, back-calculate Kp = 2.13 (no interface considered)
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. Determine passive resistance below the compound failure surface using Brom’s
method:

] ] D+d
Passive Resistance = 3 K,, (T) yb(D — d)

4+5.1

1
=3x 213 ( ) 120 x 2(14 - 5.1)

= 130.3kip/pile

. FOS = Passive resistance of 130.3 kip per pile divided by demand force of 29 kip
per pile = 4.5 > minimum required FOS 1.5.
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Case 1B: Compound Slope Stability — Seismic

a) Estimate Demand Force — Seismic Extreme Event Limit State

\ Material Color Unit Weight Strength | Cohesion | Phi Water Rul| | <
Name (Ibs/ft3) Type (psf) | (deg) [ Surface b
Retained Mohr-

Soil 120 Coulomb 0 32 None °
Foundation 120 Mohr- 300 34 None 0

2 Coulomb
Foundation 120 Mohr- 50 30 None 0

1 Coulomb

AN

» - ]

Min
FS

Spencer 0.990

GLE / Morgenstern-

Price

Method Name

0.991

General Chaar  Design Factors (Mo

Tipe [ 5FY
Foroe Application and Onientation
| Force Application Artree [Method A) - General Shear mmsm
' Farge Qriemation Ferprersdicular o pile » | = | e
I Soacing | Failure Mode Shear wl
| Cut-Of-Plane Spacing (K] E Pile Shear Strength (Ibs) 95750
1. Model the retained soil, retaining wall and ground condition in front of the retaining

w

wall. In this example the height of the retaining wall is 15 ft. The ground in front of
retaining wall has 2H:1V slope with a slope height of 35 ft.

Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile
element, assign the 8 ft out-of-plane spacing. Use pile shear strength 95,760 Ibf
and pile length obtained from the Global Stability Analysis - Seismic (22 ft)
Perform limit equilibrium slope stability analysis, using kn = 0.2

If the calculated FOS is less than the required minimum FOS and the failure
surface passes through the pile element, then increase the pile shear strength in
smaller increments until the required FOS is achieved. If the calculated FOS is
higher than the required FOS and the failure surface passes outside the pile
element, then decrease the pile shear strength until the required FOS is achieved.
The pile shear strength required for a FOS of 1.0 is 95,760 Ibf.
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Case 1B: Compound Slope Stability — Seismic

b) Check Passive Resistance — Seismic Extreme Event Limit State

402
\ Unit W
\
Moo g | St | cohedon| | e,
ibs/t3) | VP -
Foundation 120 Mohr- 300 34 None | 0
l 2 Coulomb
" Foundation Mohr-
Method Name | Min FS 1 120 | Clombl %0 30 [ None | O

Spencer 1.006 \

Modify Line Load ? *

Orientation .

Normal to boundary Mg .
(O Vertical

(O Horizontal

(®) Angle from horizontal

Angle to boundary

;/'; 180 = deg.
E Apply
|:| Flip angle 180 degrees III
Cancel

1. In a separate model, remove all earth material from the active side of the wall.
2. Set the failure surface entry point such that it starts at the tip of the embedded pile.
3. Apply a line load perpendicular to the pile at a height 0.4H = 0.4 x 22 ft = 8.8 ft

from the base.

4. Perform LE slope stability analysis using kn = 0.2 to determine the passive
pressure that corresponds to a FOS of 1.0. Here Pp = 26 Kip/ft.

5. From Pp = 0.5y H? K, , back-calculate Kp = 0.9 (no interface considered)
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. Determine passive resistance below the compound failure surface using Brom’s
method:

] ] D+d
Passive Resistance = 3 K,, (T) yb(D — d)

22+9.9

=3 x o.9< ) 120 x 2(22 — 9.9)

= 125 kip/pile

. FOS = Passive resistance of 125 kip per pile divided by demand force of 95.76 kip
per pile = 1.3 > minimum required FOS 1.0.
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Case 2: Overall Slope Stability — Static

Estimate Wall Embedment Depth — Static Service Limit State

Material e Unit Weight Strength | Cohesion Phi Water mr
Name (Ibs/ft3) Type (psf) (deg) | surface
Retained Mohr-
Soil |:| 120 Coulomb 0 32 None 0
-1-31-5 Foundation Mohr-
——
\_\7\ 1 D 120 Coulomb 300 34 None 0
| Foundation Mohr-
5 = 120 ot 300 34 None |0
—_
o o o ““k'\‘*-
Min
Method Name
FS
. Spencer 1315 | © le
GLE / Morgenstern-
/Morg 1315
Price
o o o

General Sheaw  Desgn Fachors (Nore)
Ties Dot
Foroe Application and Orentation

General Shes  Deson Factors (None)

force Application Artree [Method A)

Faige Drertaticn Perpendicular i pile - | Type Data
Spacing | Fallure Mode Shear
Cut-CH-Plane Spacing %) B | Pile Shenr Strengeh (1B) 200000

1. Model the retained soil, retaining wall and ground condition in front of the retaining
wall. In this example the height of the retaining wall is 15 ft. The ground in front of

retaining wall has 1H:1V slope with a slope height of 35 ft.

2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile
element and assign the 8 ft out-of-plane spacing and very large pile shear strength

(200,000 Ibf)
Perform limit equilibrium slope stability analysis.

> W

calculated FOS meets the requirement.
5. The pile embedment depth required for a FOS of 1.3 is 21 ft.
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If the potential failure surface intersects the pile, increase the shear strength of the
pile to make the potential failure outside the pile element. If the calculated FOS is
less than the required minimum FOS, increase the length of the pile until the




Case 2: Overall Slope Stability — Seismic

Estimate Wall Embedment Depth — Seismic Extreme Event Limit State

—~— waterial | Tonitweight(Ibs/ | strength | Cohesion | Phi water | P
~ Name #3) Tvpe sf) | (den) | surfoce [™] M
T~ Retain 120 0 32 Nene |0

| Foundation Mohr-
| 7 O 120 e 300 34 None |0
] .

120 o 300 34 none | o

Method Name Min FS

Spencer 1.014

GLE / Morgenstern-
Price

1.009

General Crwar  Dassign Factors (Mo

:-.-p-r {15 [ ]
| |
| Farce Application and Orientation 3l
1 N General Shear Desgn Factors (None
Foroe Applicafion Brtree (Method &) L E | By I 0 ]
| Fame Crieration Perpend ioular e pile B \ e Data
s Failure Mode Shear -
| Qut-0f-Plane Spacng (%) & B | Pile Shesr Serengeh (1bs) 200000
L o AT

1. Model the retained soil, retaining wall and ground condition in front of the retaining
wall. In this example the height of the retaining wall is 15 ft. The ground in front of
retaining wall has 1H:1V slope with a slope height of 35 ft.

2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile

element and assign the 8 ft out-of-plane spacing and very large pile shear strength

(200,000 Ibf)

Perform limit equilibrium slope stability analysis, using kn = 0.2

4. If the potential failure surface intersects the pile, increase the shear strength of the
pile to make the potential failure outside the pile element. If the calculated FOS is
less than the required minimum FOS, increase the length of the pile until the
calculated FOS meets the requirement.

5. The pile embedment depth required for a FOS of 1.0 is 22 ft.

w
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Case 2: Compound Slope Stability — Static

a) Estimate Demand Force — Static Service Limit State

Material - Unit Weight (lbs/ Strength Cohesion Phi Water B
Name oor ft3) Type (psf) (deg) Surface v
. . Mohr-
Retained Soil I:‘ 120 Coulomb o] 32 None o]
i Mohr-
Foundation 1 I:‘ 120 Coulomb 300 34 None 0
i Mohr-
Foundation 2 . 120 Coulomb 300 34 None 0
¥ k
Method Name Min FS
Spencer 1.305 £
GLE / Morgenstern-Price | 1.304 E
|

General Shear  Design Factors (Mors)

.-_ﬂ_:f

Foroe Application and Orientation | General Shear DESIIJJ'I Factors {NDHE]
Foroe Application Brtree [Method A) = TWE - Data
Fame Driematicn Peipendicular i pile =
v _| Failure Mode Shear -
| Dut-0f-PFisne Soncing 71 [ | Pile Shear strength [Ibs) 38000
T —— = k
1. Model the retained soil, retaining wall and ground condition in front of the retaining

w

wall. In this example the height of the retaining wall is 15 ft. The ground in front of
retaining wall has 1H:1V slope with a slope height of 35 ft.

Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile
element, assign the 8 ft out-of-plane spacing. Use pile shear strength 38,000 Ibf
and pile length obtained from the Global Stability Analysis - Static (21 ft)

Perform limit equilibrium slope stability analysis.

If the calculated FOS is less than the required minimum FOS and the failure
surface passes through the pile element, then increase the pile shear strength in
smaller increments until the required FOS is achieved. If the calculated FOS is
higher than the required FOS and the failure surface passes outside the pile
element, then decrease the pile shear strength until the required FOS is achieved.
The pile shear strength required for a FOS of 1.3 is 38,000 Ibf.
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Case 2: Compound Slope Stability — Static

b) Check Passive Resistance — Static Service Limit State

Material Strength | Cohesdon | Phi | Water
Color | welght Ru
Nama Type psf) || (deg) | Surface
Deats) !
Foundation ~ ol
1B 7 | couome| | 3¢ | new o
Foundation et
3 . 130 Coukamb 304} 34 MNone | O

Method Name | Min FS
Spencer 0.998 ‘*l _'

Modify Line Load [ =
'f"' e Magnitude: 5000 I
() Werteal
() Horizontal

() Anghe from horizontal

. In a separate model, remove all earth material from the active side of the wall.

. Set the failure surface entry point such that it starts at the tip of the embedded pile.

3. Apply a line load perpendicular to the pile at a height 0.4H = 0.4 x 21 ft = 8.4 ft
from the base.

4. Perform LE slope stability analysis to determine the passive pressure that
corresponds to a FOS of 1.0. Here Pp = 48 kip/ft.

5. From Pp = 0.5y H? K;, back-calculate Kp = 1.81 (no interface considered)

N —
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. Determine passive resistance below the compound failure surface using Brom’s
method:

] ] D+d
Passive Resistance = 3 K,, (T) yb(D — d)

21 + 11.8)

=3 X 1.81( 120 x 2(21 - 11.8)

= 196.6 kip/pile

. FOS = Passive resistance of 196.6 kip per pile divided by demand force of 38 kip
per pile = 5.17 > minimum required FOS 1.5.
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Case 2: Compound Slope Stability — Seismic

a) Estimate Demand Force — Seismic Extreme Event Limit State

General Shear  Dessign Factors (Mo
:,1_“:..“ = - e

| Force Application and Orientation

| Fome Oriestaticn Piipi el iou 8T LG Eile

o

T ™aterial Color Unit Weight Strength | Cohesion | Phi Water Ru €02
Name (Ibs/ft3) Type (psf) (deg) | Surface ’W
Retained Mohr-
Soil D 120 Coulomb 0 32 None 0
Foundation D 120 Mohr- 300 34 None 0
1 Coulomb
3\ Foundation Mohr-
Method Name ":Is" \ 2 . 120 Coulomb 300 34 None 0

Spencer 0996 | |\
GLE / Morgenstern- \
Price

0.994

1 General 5hex  Desgn Factors (Mone)
-T'-rpe .I}uta

foroe Application Actre [Method &)

Lpacing B | Failure Mode Shesr &

| Out-0f-Piane Spacing (M) i N | Pile Shear Strengm [1bs) 50000

. Model the retained soil, retaining wall and ground condition in front of the retaining

wall. In this example the height of the retaining wall is 15 ft. The ground in front of
retaining wall has 1H:1V slope with a slope height of 35 ft.

Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile
element, assign the 8 ft out-of-plane spacing. Use pile shear strength 50,000 Ibf
and pile length obtained from the Global Stability Analysis - Seismic (22 ft)
Perform limit equilibrium slope stability analysis, using kn = 0.2

If the calculated FOS is less than the required minimum FOS and the failure
surface passes through the pile element, then increase the pile shear strength in
smaller increments until the required FOS is achieved. If the calculated FOS is
higher than the required FOS and the failure surface passes outside the pile
element, then decrease the pile shear strength until the required FOS is achieved.
The pile shear strength required for a FOS of 1.0 is 50,000 Ibf.
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Case 2: Compound Slope Stability — Seismic

b) Check Passive Resistance — Seismic Extreme Event Limit State

Method Min
Name FS

Spencer 1.002

T,

Muterial | | Unitweight | Stength | Cohesion | Phi woaer |
Nama i /h3) Type | (psf) | ideg) | surtace
F“"?'“"‘“ |:| 120 r::f.lr..l. 300 4 Mone |0
foundarion | BT a0 [ Mo ] a0 | ae | mese [0 I
kss B2
ks
........ T..l
Modify Line Load ! *
Orientation . Magritude: B
() vertical
() Horzontsl
(®) Angle from horizonital
A [ 1m0 (2] e
S Apply
Hfempemosrs [ ][ one
1. In a separate model, remove all earth material from the active side of the wall.

. Set the failure surface entry point such that it starts at the tip of the embedded pile.

Apply a line load perpendicular to the pile at a height 0.4H = 0.4 x 22 ft = 8.8 ft

from the base.

4. Perform LE slope stability analysis using kn = 0.2 to determine the passive
pressure that corresponds to a FOS of 1.0. Here Pp = 29 Kip/ft.

5. From Pp = 0.5y H? K;, back-calculate Kp = 1.0 (no interface considered)

w N
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6. Determine passive resistance below the compound failure surface using Brom’s
method:

] ] D+d
Passive Resistance = 3 K,, (T) yb(D — d)

22 + 13.7)

=3 x 1.0( 120 x 2(22 — 13.7)

= 106.6 kip/pile

7. FOS = Passive resistance of 106.6 kip per pile divided by demand force of 50
kip per pile = 2.132 > minimum required FOS 1.0.
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A3. GROUND ANCHORED WALL

Design Examples

The following examples include:
Comparison of cohesionless and mixed (cohesion and frictional) soils
Comparison of varying sloping ground surface

Soldier Pile Wall with Ground Anchor

Design Height, H

25 ft

Descending Slope Height 35 ft

Application of Paep

Application of Pp

0.4H
0.33H

(static and seismic)
(static and seismic)

e Horizontal Seismic Coeff, kn 0.2 (assume seismic movement > 2 inches
tolerable)
e Pile width, b 2 ft
e Pile spacing 8 ft
Case Ground Retained Soil Foundation 1 Foundation 2
slope incline Shear Strength Shear Strength Shear Strength
1A y =120 pcf
oH1V c' =0 psf, ¢' = 30 deg
1B (27 deg) v = 120 pcf v = 120 pcf v = 120 pcf
c'=0psf,¢'=32deg | c¢'=50psf, $'=30deg | c'=300 psf, ¢' = 34 deg
5 1H:1V y =120 pcf
(45 deg) c' = 300 psf, ¢' = 34 deg

Summary of Results

Static (Service Limit State) Seismic (Extreme Limit State)
Case M_in. Demand Passive M_in. Demand Passive
Paep, Pile i Pae, Pile .
Force, | Resistance, Force, Resistance,
k/ft Depth, K/oi ) k/ft Depth, . ;
ft pile k/pile i k/pile k/pile
1A 15.2 21 49 178 16.5 26 146 157
1B 15.2 17 18 100 16.5 24 107 134
2 15.2 24 47 201 16.5 23 58 95
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Case 1A: Overall Global Slope Stability - Static Service Limit State

a) Estimate Ground Anchor Stabilization Force

. Assign long-term soil properties - see above figure

. Set the search limits to force the exiting failure through the base

3. Apply a line load (required stabilizing force) with a horizontal orientation on the
face of the retained soil face. The load is applied at 0.4 H = 0.4 x 25ft = 10 ft from
the base.

4. Perform limit equilibrium (LE) slope stability analysis, using Method 1 to determine
Paep:

N —

Paepr = 1.33 x PA =1.33 x 11,400 Ibf/ft = 15,162 Ibf/ft (governs)

From Method 2, Paep = 14,400 Ibf/ft
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Case 1A: Overall Global Slope Stability - Static Service Limit State

b) Estimate Wall Embedment Depth

Gereral Shes  Design Factors {Nore)
"f.‘-t [Data
| Failues Mode Shenr
| File Shear Strengen {IES) 200000
I
T
[ Seercer Trum] Generdl Shes  Desgn Pactors (Fone)
[ Mo gmastere Frie | 105 | o Toes
Foere Application and Jrierésfion
: Foce Agpicaman Armres |Mietnoa &)

Forca Orimeascn PFarpendicular o pile
Spacing
Cut-Jf-Plane Spacng (%1 ]

1. Model a vertical pile element at 8 ft spacing with large pile shear strength (200,000
Ibf)

2. Set the entry failure search limits behind the retaining wall, and the exit failure
search limits in front of the wall. Use a circular failure search.

3. Perform LE slope stability analysis. A pile embedment of 21 feet results in FoS >
1.3

Appendix: Page 37 of 115



Case 1A: Overall Global Slope Stability - Seismic Extreme Event Limit State

a) Estimate Ground Anchor Stabilization Force

] | Add Ling Load 7 ¥
== Vgt 500 | mm
|= Siormud bz bosndacy
L Ll 1 L]
T L & o
[ g roce | | - D——
A b= bondary
A
o
-
-
; Co 1 ons

. Assign long-term soil properties - see figure

. Set the search limits to force the exiting failure through the base

3. Apply a line load (required stabilizing force) with a horizontal orientation on the
face of the retained soil face. The load is applied at 0.4 H = 0.4 x 25ft = 10 ft from
the base.

4. Perform limit equilibrium (LE) slope stability analysis, using kn = 0.2 to determine
Paep for FoS = 1.0: 8 Paep = 16,500 Ibf/ft

N —

Appendix: Page 38 of 115



Case 1A: Overall Global Slope Stability - Seismic Extreme Event Limit State

b) Estimate Wall Embedment Depth

Wb Hama P 13

i

Sperices 1009

TGLE { Wpegervilera-PTie | 1050
.‘1'.

ol ] e e

Cltd I-I

r'r'.‘-:
Failure Made

| File snear Sirenygeh {IES)

Gereral Shes  Design Pactors (Hore)

Daa

senerdl Shew  Diesgn Factors (one)
= .
Foroe ApplicABon and OrievseTon
Forte Bopnicamen
Forte Oruameasen
Spacing
Qut-Of-Plane Spacing (5

Data

Arrive (Mezhoa A)

Farpandicular o pile

]

1. Model a vertical pile element at 8 ft spacing with large pile shear strength (200,000

Ibf)

2. Set the entry failure search limits behind the retaining wall, and the exit failure
search limits in front of the wall. Use a circular failure search.
3. Perform LE slope stability analysis, using kn = 0.2. A pile embedment of 26 feet

results in FoS > 1.0

(pile length from seismic governs design for global stability)
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Case 1A: Compound Slope Stability - Static Service Limit State

a) Estimate Demand Force

1. In a separate analysis, model the Paep and wall length/spacing determined from

General Shear  Design Factors (Mone)
Tioe [Dara
Failure Made Shesr
File Shear Jrrength (Ibs) 25000

Genersl  Shew  Design Factors [Hone)
Fiee [ ata
Foroe Application and Oreersamon
Force Appdicamon Acmive |Mezhoad &)
Force Oremeascn Parpandicular o pile
Spmurg
Cut-0f-Plane Specing (51 ]

Steps 3 to 5 from the static global slope stability analyses.

2. Set the entry failure search limits behind the retaining wall, and the exit failure

search limits in front of the wall. Use a circular failure search.

3. Perform LE slope stability analysis, modifying the pile shear strength to 49 k to

allow failure to occur within the pile element for a FoS > 1.3.
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Case 1A: Compound Slope Stability - Static Service Limit State

b) Check Passive Resistance

Fatsire) S0 Whiakly Lot L g T

Method Name | Min F5

Spencer 1.001 ¥ e —— 1 A Yarn twea "
1 LA [ e (] e
. 1 Cre g 120 degrem Co ]l ow

N —

In a separate model, remove all earth material from the active side of the wall.

. Set the search limits to force the entry failure through the bottom of the embedded

wall. Use a circular failure search.

Apply a line load with a horizontal orientation on the face of the retained soil face.
The load is applied at 1/3 x H = 1/3 x 21ft = 7 ft from the base

Perform LE slope stability analysis to determine Pp = 44 k/ft that computes a FoS
of 1.0.

From Pp = 0.5 y H2 Kp, back-calculate Ky = 1.66
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6. Determine the passive resistance force below the failure surface computed in Step
3.

) ) D+d
Passive Resistance = 3 K,, (T) yb(D — d)

21 + 12
=3><1.66( )120><2(21—12)

= 178k /pile
Ground Anchor(s)
Pacp —
d
7. Passive resistance of 178 k per pile divided by demand force of 49 k per pile =
3.6

Greater than minimum required 1.5 FoS.
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Case 1A: Compound Slope Stability - Seismic Extreme Event Limit State

Estimate Demand Force

1. In a separate analysis, model the Paer and wall length/spacing determined from

",.

General e Design Factors [Nore)

| Type Dats

Fallure Mode Shear

Pile Shear Strength [1bs) 145600

Genersl  Shear  Diesign Pactors (Hone)
fpe T bata

Porom Application and Orierssmon

Force Appdicamen Artve |Methoa A)
Ferts Oriemtascn Parpandiculario gile

Spacing
Dut-Of-Flane Specing (% E

Steps 3 to 5 from the seismic global slope stability analyses.

2. Set the entry failure search limits behind the retaining wall, and the exit failure

search limits in front of the wall. Use a circular failure search.

3. Perform LE slope stability analysis using kn = 0.2. Modifying the pile shear strength

to 145.6 k to allow failure to occur within the pile element for a FoS > 1.0.
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Case 1A: Compound Slope Stability - Seismic Extreme Event Limit State

Check Passive Resistance

N —

i3y Line L2ad r -

Comeranm,

gl
(s

1 hcge P e

Mathod Name | Min F5 : i
Spencer 1.000

133 7 ey

I R - L

e e e e e O
I prrry .

. In a separate model, remove all earth material from the active side of the wall.
. Set the search limits to force the entry failure through the bottom of the embedded

wall. Use a circular failure search.
Apply a line load with a horizontal orientation on the face of the retained soil face.
The load is applied at 1/3 H = 1/3 x 26ft = 8.7 ft from the base

Perform LE slope stability analysis using kn = 0.2 to determine Pp = 36.9 k/ft that
computes a FoS of 1.0.

From Pp = 0.5 y H? Kpe, back-calculate Kpe = 0.91
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6. Determine the passive resistance force below the failure surface computed in Step
3:

) ) D+d
Passive Resistance = 3 K,, (T) yb(D — d)

26 + 14

=3><o.99( )120><2(26—14)

= 157k /pile

Ground Anchor(s)

Pace —1

d

© 3K,o',b  Wall Embedment

7. Passive resistance of 157 k per pile divided by demand force of 146 k per pile =
1.1

Greater than minimum required 1.0 FoS
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Case 1B: Overall Global Slope Stability - Static Service Limit State

a) Estimate Ground Anchor Stabilization Force

-_—

w N

T e e i Rhians oo e

. Assign long-term soil properties - see figure
. Set the search limits to force the exiting failure through the base.

Apply a line load (required stabilizing force) with a horizontal orientation on the
face of the retained soil face. The load is applied at 0.4 H = 0.4 x 25ft = 10 ft from
the base.

Perform limit equilibrium (LE) slope stability analysis, using Method 1 to
determine Paep:

Paep = 1.33 x PA = 1.33 x 11,400 Ibf/ft = 15,162 Ibf/ft (governs)
From Method 2, Paep = 14,400 Ibf/ft
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Case 1B: Overall Global Slope Stability - Static Service Limit State

b) Estimate Wall Embedment Depth

Gereral  Shesr  Design Pactors (one)

Toe
Failurs Made

Pile Snear Stengon (5| | 200000
L |

(]
IETTT

Generdl Shew  Desgn Pactors (fone)

Free

Force Application and Jriersasicon
Foice Azes iamen
Fors Oregntascn

Speorg
Cue-Of-Flane Spsceng (51

Aoree |MeTria &)
| Parpandicular e pile

0

1. Model a vertical pile element at 8 ft spacing with large pile shear strength (200,000

Ibf)

2. Set the entry failure search limits behind the retaining wall, and the exit failure

search limits in front of the wall. Use a circular failure search.

3. Perform LE slope stability analysis. A pile embedment of 17 feet results in FoS >

1.3
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Case 1B: Overall Global Slope Stability - Seismic Extreme Event Limit State

a) Estimate Ground Anchor Stabilization Force

1. Assign long-term soil properties - see figure

2. Set the search limits to force the exiting failure through the base

3. Apply a line load (required stabilizing force) with a horizontal orientation on the
face of the retained soil face. The load is applied at 0.4 H = 0.4 x 25ft = 10 ft from
the base.

4. Perform limit equilibrium (LE) slope stability analysis, using kn = 0.2 to determine
Paep for FoS = 1.0: Paep = 16,500 Ibf/ft
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Case 1B: Overall Global Slope Stability - Seismic Extreme Event Limit State

b) Estimate Wall Embedment Depth

Pt hiever i F3
Sg=anet 1800

GLI | Margenbers-Frics | 1000

Gererdl oS Design Factors (Hore)

Tioe Dana
Failure Made | Ehear
File Snear Sengen (S| | 200000

General Shew  Design Factars (one)
Tree Data
Foege Application and Oreessesion
Force Appdicamon Aotve |Mehos A)
Feren Grertasen | Ferpandicular ta pils
Speorg
Cut-Of-Flane Spacng (%1 §

1. Model a vertical pile element at 8 ft spacing with large pile shear strength

(200,000 Ibf)

2. Set the entry failure search limits behind the retaining wall, and the exit failure
search limits in front of the wall. Use a circular failure search.
3. Perform LE slope stability analysis, using kn = 0.2. A pile embedment of 24 feet

results in FoS > 1.0

(pile length from seismic governs design for global stability)
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Case 1B: Compound Slope Stability - Static Service Limit State

a) Estimate Demand Force

General Shear  Design Factors (None)

‘ Tipe Dats
Failure Mode [shear
Pile Shear Strength (Ibs) | 17500
] Genersl Shewr  Design Factors (None)
ree Duta
Foroe Application and Jreerismon
Force Age icamen Arte [Menod &)
Ferce Onermis=en .hlplﬂﬂllulll o pile
Spacing
Qur-Of-Flane Spsceng () B

1. In a separate analysis, model the Paepr and wall length/spacing determined from
Steps 3 to 5 from the static global slope stability analyses.

2. Set the entry failure search limits behind the retaining wall, and the exit failure
search limits in front of the wall. Use a circular failure search.

3. Perform LE slope stability analysis, modifying the pile shear strength to 17.5 k to
allow failure to occur within the pile element for a FoS > 1.3.

Appendix: Page 50 of 115



Case 1B: Compound Slope Stability - Static Service Limit State

b) Check Passive Resistance

N —

. In a separate model, remove all earth material from the active side of the wall.
. Set the search limits to force the entry failure through the bottom of the

embedded wall. Use a circular failure search.

Apply a line load with a horizontal orientation on the face of the retained soil face.
The load is applied at 1/3 H = 1/3 x 17ft = 5.7 ft from the base

Perform LE slope stability analysis to determine Pp = 33.2 k/ft that computes a
FoS of 1.0.

From Pp = 0.5y H? K, back-calculate Kp = 1.91

Appendix: Page 51 of 115



6. Determine the passive resistance force below the failure surface computed in Step 3:

] ] D+d
Passive Resistance = 3 K, (T) yb(D — d)

17 + 12

=3><1.91( )120x2(17—12)

= 100k /pile

Ground Anchor(s)

7. Passive resistance of 100 k per pile divided by demand force of 17.5 k per pile =
5.7

Greater than minimum required 1.5 FoS
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Case 1B: Compound Slope Stability - Seismic Extreme Event Limit State

a) Estimate Demand Force

Genersl  She  Desion Factors (None)
Type | Do
Failure Made | Shar
File Shaar Serangth (1) 106500

Wit e s P

— 00D
O e I General Shew  Design Factars (Hone)

Free [:TY

Foroe Application and Orientation
Force Asg naman Arrree |WiEnees A]
Fere drertasen | Parpandicular to gile

Spaing
Dut-0f-Plane Specng (41 ]

1. In a separate analysis, model the Paep and wall length/spacing determined from
Steps 3 to 5 from the seismic global slope stability analyses.

2. Set the entry failure search limits behind the retaining wall, and the exit failure
search limits in front of the wall. Use a circular failure search.

3. Perform LE slope stability analysis using kn = 0.2. Modifying the pile shear strength
to 106.5 k to allow failure to occur within the pile element for a FoS > 1.0.
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Case 1B: Compound Slope Stability - Seismic Extreme Event Limit State

b) Check Passive Resistance

[ ] e

s o I

In a separate model, remove all earth material from the active side of the wall.

2. Set the search limits to force the entry failure through the bottom of the
embedded wall. Use a circular failure search.

3. Apply a line load with a horizontal orientation on the face of the retained soil face.
The load is applied at 1/3 H = 1/3 x 24ft = 8 ft from the base

4. Perform LE slope stability analysis using kn = 0.2 to determine Pp = 31.3 k/ft that
computes a FoS of 1.0.

5. From Pp = 0.5 y H? Kpe, back-calculate Kpe = 0.91

-_
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6. Determine the passive resistance force below the failure surface computed in Step
3:

] ] D+d
Passive Resistance = 3 K, (T) yb(D — d)

24 + 13
=3><0.91( )120x2(24—13)

= 133k/pile

Ground Anchor(s)

—>

PAE P

7. Passive resistance of 133 k per pile divided by demand force of 106.5 k per pile =
1.2

Greater than minimum required 1.0 FoS
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Case 2: Compound Slope Stability - Static Service Limit State

a) Estimate Ground Anchor Stabilization Force

[nasteriat masme | votes [ meviges ooy | g mype e utses ity rmd pheg | mmes st [}
| o [p— s i ms |8

-_—

. Assign long-term soil properties - see figure

. Set the search limits to force the exiting failure through the base

Apply a line load (required stabilizing force) with a horizontal orientation on the
face of the retained soil face. The load is applied at 0.4 H = 0.4 x 25ft = 10 ft from
the base.

4. Perform limit equilibrium (LE) slope stability analysis, using Method 1 to
determine Paer:

w N

Paepr = 1.33 x PA = 1.33 x 11,400 Ibf/ft = 15,162 Ibf/ft (governs)

From Method 2, Paep = 14,400 Ibf/ft
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Case 2: Compound Slope Stability - Static Service Limit State

b) Estimate Wall Embedment Depth

Gereral Shes  Design Pactors (Fone)
Troe Cata
Failurs Made |Shear

File Shear Strengen (IEs) | 200000
_ =7

Genersl  Shesr  Design Factors (Hone)
e [ oma
Foroe Application and Oreentsmon
FIMLE Spd iLamen Ao |Menhoa )
Forte Groertafen Farpandicular o pile
Spaoeg
Cut-Of-Plane Specing (51 B

1. Model a vertical pile element at 8 ft spacing with large pile shear strength
(200,000 Ibf)

2. Set the entry failure search limits behind the retaining wall, and the exit failure
search limits in front of the wall. Use a circular failure search.

3. Perform LE slope stability analysis. A pile embedment of 24 feet results in FoS >
1.3

(pile length from static governs design for global stability)
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Case 2: Overall Global Slope Stability - Seismic Extreme Event Limit State

a) Estimate Ground Anchor Stabilization Force

AddiLine Losd ? ¥
w a1t 16530 | BTt
i tigrmal = boundary

reerical

Rty

7 A 2 horurmreal

1 A b= boundary

1£4
o 1 omn

-_—

. Assign long-term soil properties - see figure
. Set the search limits to force the exiting failure through the base.
Apply a line load (required stabilizing force) with a horizontal orientation on the

face of the retained soil face. The load is applied at 0.4 H = 0.4 x 25ft = 10 ft from
the base.

Perform limit equilibrium (LE) slope stability analysis, using kn = 0.2 to determine
Paep for FoS = 1.0: Paep = 16,500 Ibf/ft

w N
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Case 2: Overall Global Slope Stability - Seismic Extreme Event Limit State

Estimate Wall Embedment Depth

Gerewdl Shes  Design Pactors (Nore)
Troe Cana
Failure Made |Shear

File Shear Strengen (IBs) | 200000
e |

General  Shear  Diesign Factors (Hone)
] [ Ota
Forpe Application and Jrerissen
Fofie B iaman Aomeed | Meanea A)
Ferce Groeriamen Perpandicularto gile
Spaing
Dut-0f-Flane Spacing (%] ]

1. Model a vertical pile element at 8 ft spacing with large pile shear strength
(200,000 Ibf)

2. Set the entry failure search limits behind the retaining wall, and the exit failure
search limits in front of the wall. Use a circular failure search.

3. Perform LE slope stability analysis, using kn = 0.2. A pile embedment of 23 feet
results in FoS > 1.0
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Case 2: Compound Slope Stability - Static Service Limit State

a) Estimate Demand Force

General Sl Design Pactors (Nane)

Tvpe:
Failure Mode

| Pile Shear Strengt (Ibs]

Dzt
Shear
ATEOD

Free

Fore Appdicasen

Foms Gremeascn
Spacing

ur-Of-Flane Specng (51

Gerersl  Shew  Cissign Faciors (Hone)

Foroe Application and Qreerienicr

Data

Artve |Meshos A)
Farpendicular o pile

]

itprwr bipma | odor | s Wonghr (s 1 | Sraogre Fype | Cosemmom ipef [ i g [ s boioan | |

1. In a separate analysis, model the Paep and wall length/spacing determined from

Steps 3 to 5 from the static global slope stability analyses.

2. Set the entry failure search limits behind the retaining wall, and the exit failure

search limits in front of the wall. Use a circular failure search.

3. Perform LE slope stability analysis, modifying the pile shear strength to 47.4 k to

allow failure to occur within the pile element for a FoS > 1.3.
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Case 2: Compound Slope Stability - Static Service Limit State
b) Check Passive Resistance

romciein ] m0 ezt s | w ] s o]

. In a separate model, remove all earth material from the active side of the wall.
. Set the search limits to force the entry failure through the bottom of the
embedded wall. Use a circular failure search.
3. Apply a line load with a horizontal orientation on the face of the retained soil face.
The load is applied at 1/3 H = 1/3 x 24ft = 8 ft from the base
4. Perform LE slope stability analysis to determine Pp = 55 k/ft that computes a FoS
of 1.0.

5. From Pp = 0.5y H? K;, back-calculate Kp = 1.59

N —
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6. Determine the passive resistance force below the failure surface computed in Step
3:

] ] D+d
Passive Resistance = 3 K,, (T) yb(D — d)

24 + 15
=3><1.59( )120)(2(24—15)

2

= 201k/pile

Ground Anchor(s)

7. Passive resistance of 201 k per pile divided by demand force of 47.4 k per pile =
4.2

Greater than minimum required 1.5 FoS.
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Case 2: Compound Slope Stability - Seismic Extreme Event Limit State

a) Estimate Demand Force

General Shear  Design Factors (None)
Type Data
Failure Mads Shepad
Pile Shear Strength (1bs) SBRO00
Miethod Mams i B3
Iparcer
L st gomstonrFiiie Genersl Shear  Design Factors (one)
e [Bata
Faroe Application and Orientamon
Force Appdicamen Aot |Metnos &)
Forcs Oremtascn Pergandicular to gile
SpEnrg
Dut-0f-Plane Specing (51 B

1. In a separate analysis, model the Paer and wall length/spacing determined from
Steps 3 to 5 from the seismic global slope stability analyses.

2. Set the entry failure search limits behind the retaining wall, and the exit failure
search limits in front of the wall. Use a circular failure search.

3. Perform LE slope stability analysis using kn = 0.2. Modifying the pile shear
strength to

58 k to allow failure to occur within the pile element for a FoS > 1.0.
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Case 2: Compound Slope Stability - Seismic Extreme Event Limit State

b) Check Passive Resistance

R | iModé,l..mtm:l 7 X
el Magritde: 0600 |
L T
Civerical
{_) arorasl
8 g from harizontsl
e o e
A | 102 de
By
Dsimas | S
Careel

I.'.mi"jl T (e T ey, [eppe Pypu— N

=== | T T T O

In a separate model, remove all earth material from the active side of the wall.

2. Set the search limits to force the entry failure through the bottom of the
embedded wall. Use a circular failure search.

3. Apply a line load with a horizontal orientation on the face of the retained soil face.
The load is applied at 1/3 H = 1/3 x 23ft = 7.7 ft from the base

4. Perform LE slope stability analysis using kn = 0.2 to determine Pp = 30.6 k/ft that
computes a FoS of 1.0.

5. From Pp = 0.5 y H? Kye, back-calculate Kpe = 0.96

-_—
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6. Determine the passive resistance force below the failure surface computed in Step
3:

] ] D+d
Passive Resistance = 3 K,, (T) yb(D — d)

3+16

2
=3><0.96( )120x2(23—16)

= 95k /pile

Ground Anchor(s)

7. Passive resistance of 95 k per pile divided by demand force of 58 k per pile = 1.6

Greater than minimum required 1.0 FoS.
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A4. MECHANICALLY STABILIZED EMBANKMENT (MSE)

Method 2 — with representative engineering properties of the reinforcements.

This

method models the reinforcements using representative engineering properties.

These properties are estimated based on the properties of the bottom three rows of
reinforcements. The steps for the analysis are as outlined below:

1.

Model the MSE reinforcements (refer to Figure 4.1), ensuring the length matches
that determined in the global stability analysis. Include at least the bottom three
rows of reinforcements.

Set the shear strength of the MSE backfill to apparent cohesion of 0 and apparent
friction angle of 34 degrees.

Develop representative engineering properties for the reinforcements as outlined

in Table 4.1. Refer to the design example for guidance.

o s

reinforcement length.
6. The required reinforcement length is determined from the outcome of Step 5.

Conduct stability analysis for both static and pseudo-seismic scenarios.
If the calculated FoS falls below the required minimum FoS, adjust the

Representative Engineering Properties of the Reinforcements

Slide 2 Slope W
General Input Values Pullout Resistance Input Values
Inputs
Force Application Active Method Interface Adhesion 0
, . Parallel to tan”'(F*): refer to
Force Orientation Reinforcement Interface Shear Angle Table A 4.4
Strip Coverage 50% (Rc = 0.5) Surface Area Factor 2
Allowable Tensile Strength = Af,/b (refer to . (1/Rc)ylo (refer to
Ad/b Table A.4.2) Reduction Factor Table A.4.1)
Pullout and Striping Tensile Capacity Inputs
Anchorage: Constant/same as
Slope Face Acfy/b (refer to

Connection Strength and
Connection Strength

Tensile Strength

Tensile Capacity

Table A.4.2)

(1/Rc)g/j refer to

Strength Model Linear Reduction Factor Table A4 1
Adhesion 0 Calculation Settings
- tan”'(F*): refer to
Friction Angle Table A4 4 F of S Dependent No
Design Factors / Partial Installation Installation

Factor (defined)

Specifications

Specifications

Tensile and Plate Strength

v/ refer to Table
A.4.1

Face Anchorage

Yes

Bond Strength =

v/ refer to Table
A.4.1
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Figure 4.1: Reinforcement Layout (Bridge Design Aids 3-8, 2013 - Attachment 1)

Method 3 — With Engineering Properties for Each Row of Reinforcements

This method involves modeling the reinforcements with specific engineering properties
assigned to each row. The engineering properties are determined based on the type and
depth (overburden) of the reinforcements using steel reinforcements presented from
Bridge Design Aids 3-8 (2013) Attachment 3, Steel Soil Reinforcement Tables. The
required tensile strength and interface friction angles for each row of reinforcements are
summarized in Appendix 4, Tables A.4.2, and A.4.3.

The steps for the analysis are as outlined below:

1.

2.

e

Model the MSE reinforcements, ensuring the length matches that determined in
the global stability analysis.

Set the shear strength of the MSE backfill to apparent cohesion of 0 and apparent
friction angle of 34 degrees.

Establish engineering properties for each row of the reinforcements using
Appendix Tables A.4.2, and A.4.3, and Table 4.1. Refer to design examples for
guidance.

Conduct the stability analysis for both static and pseudo-seismic scenarios.

If the calculated FoS is falls below the required minimum FoS, adjust the
reinforcement length accordingly.

The required reinforcement length is determined from the outcome of Step 5.

Appendix: Page 67 of 115



Design Examples

For the design example, level ground and 3(H) to 1(V) slope ground in front of a wall were
modeled using Slide 2. Model parameters including the soil properties, wall geometry,
and reinforcements are presented below:

Soil Profile

Ground condition in front of a wall
Level Ground

3(H) to 1(V)

Wall Height (ft) 20 20
Foundation Slope Height 35 35
(ft)

Soil Property: Unit Weight (kcf)/Cohesion (ksf)/Friction Angle (degree)
MSE Backfill 0.12/0.0/34 0.12/0.0/34
Retained Soil 0.12/0.0/30 0.12/0.0/30

18t Foundation Soil Layer 0.12/0.0/30 0.12/0.0/30

2" Foundation Soil Layer

0.12/0.30/34

0.12/0.30/34

BDA 3-8: Attachment 3 — Steel Soil Reinforcement Table
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Global Stability Analysis: MSE wall on Level Ground — Static

1. Model an MSE wall block with a height equal to the maximum representative
MSE wall design height (H) and a width equal to 0.7 times H.

2. Assign the shear strength of the block as apparent cohesion = 1,000 psf and
apparent friction angle = 34 degrees.

2]
] " 4
2
» l
% Material Unit Strength | Cohesion | Phi | Water
Namle Colod [ iet T :»t (sfl) (del) Surface Ry
(bs/f3) YP p: g
Foundation Mohr-
1 D 120 Coulomb 0 30 None 0
2] Foundation . 120 Mohr- 300 34 | none | o
2 Coulomb
Retained Mohr-
120 o 30 None 0
Soil . Coulomb
MSE Mohr-
Reinforced . 120 Coulomb 1000 34 None | 0
) E) E) LY & 3o b

3. Perform stability analysis for static case.

Method Name

Bishop simplified

Spencer 1.782
GLE/

Morgenstern-Price

1.788
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4.

If the critical failure surface intersects the MSE block, increase the shear strength
of the block to shift the critical failure surface outside the block.

If the calculated FoS is less than the required minimum FoS, increase the width
of the MSE block until the calculated FOS meets the requirement: The calculated
FoS =1.78.

The required reinforcement length for global stability is determined as the width
of the MSE block from Step 5: The required reinforcement length = 0.7 times H =
14 feet.
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Overall Stability Analysis: MSE wall on Level Ground — Seismic Kn = 0.2

1. Perform stability analysis for seismic case.

Method Min
Name FS
Bishop

simplified 1.211

Spencer 1.235

GLE/
Morgenstern- | 1.227
Price |

2. If the potential failure surface intersects the MSE block, increase the shear
strength of the block to shift the potential failure surface outside the block.

3. If the calculated FoS is less than the required minimum FoS, increase the width
of the MSE block until the calculated FOS meets the requirement: The calculated
FoS =1.23.

4. The required reinforcement length for global stability is determined as the width
of the MSE block from Step 5: The required reinforcement length = 14 feet.
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Compound Stability Analysis: MSE wall on Level Ground - Static
Method 1

1. Model an MSE wall block with a height equal to the maximum representative
MSE wall design height (H) and a width equal to the reinforcement length
estimated from the global stability analysis.

2. Assign the shear strength of the block as apparent cohesion = 350 psf and
apparent friction angle = 34 degrees.

hi | Water

3. Set and adjust search limits to ensure that the critical failure surface passes

through the bottom corner of the MSE block.

Perform the stability analysis for the static case.

5. If the calculated FoS is less than the required minimum FoS and the potential
failure surface passes around the mid-height of the block, adjust the search limits
to guide potential failure surfaces through the bottom corner of the block.

s
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Method Win
Mame F5
Bish
sim uhci'ped 152
Spencer 1520
GLE
Mogenstern-| 1.508
Price

failure surface
intersect the bottom comer of
the block.

6. If the calculated FoS is less than the required minimum FoS, increase the width
of the MSE block until the calculated FOS meets the requirement: The calculated

FoS =1.5.

7. The required reinforcement length for global stability is determined as the width
of the MSE block from Step 5. The required reinforcement length = 14 feet.
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Compound Stability Analysis for an MSE wall on Level Ground — Static

Method 2

1. Model the MSE reinforcements. ensuring the length matches that determined in
the global stability analysis. It is not necessary to model all reinforcements, but
for this example, all reinforcements are included.

2. Set the shear strength of the MSE backfill to apparent cohesion of 0 and
apparent friction angle of 34 degrees.

Unit
Color | Weight
{lbs/ft3)

Strength | Cohesion | Phi | Water

120

120 M 300 | 34 | Mone

120 ) 0 30 one
o

120

3. Determine the representative engineering properties of the reinforcements as
outlined in the table below.

Appendix: Page 74 of 115



Reinforcement Input — Slide 2

General

Input -Static

Input - Seismic

Force Application

Active Method

Active Method

Force Orientation

Parallel to Reinforcement

Parallel to Reinforcement

Strip Coverage

50% (Rc = 0.5)

50% (Rc = 0.5)

Allowable Tensile Strength

- Adylb 7000 Ibf/ft 7000 Ibf/ft
Pullout and Striping
Anchorage:
Slope Face Constant and Constant and
Connection Strength and 7000 Ibf/ft 7000 Ibf/ft
Connection Strength
Strength Model Linear Linear
Adhesion 0 0
- tan'(F*) = 10.32 degrees: tan-!(F*) = 8.3 degrees:
Friction Angle refer to Table A.4.4 refer to Table A.4.4
Design Factors / Partial
Factor (defined)
Tensile and Plate Strength 168 117
=yl
Bond Strength = y/o 1.5 0.83
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Support Properties

Solider Pile

Solider Pile - Reduced Capacity
MSE - bottom_sth_W20xW 15_5t-2,
MSE-top-WW 15xW15_St-6in
MSE_2nd-\W 15x\W 15_5t-18in
MSE_3nd-W15xW 15_5t-18in
MSE_4nd-W 15x\W 15_5t-18in
MSE_5nd-W15x\W 15 _5t-18in
MSE_6th-W20xW15_5t-24in
MSE_7th_W20xW15_5t-24in

Seismic-W 15xW15_5t_24n-Approa
Seismic_7th_W20xW15_5t-24in
Seismic_gth-W20xW 15_St-24n
Seismic_5nd-WW15x\W15_5t-18in
Seismic_4nd-W 15xW15_5t-18in
Seismic_3nd-W 15xW15_5t-18in
Seismic_2nd-W15xW15_St-18in
Seismic-top-W 15xW 15_5t-6in
Seismic-bottom_8th_W20xW 15_5t-

7 X
Name: [ MSE_w 15 15_St_24in-Approach2 | color: | -
SupportType: | Geosynthefic |
Manufacturer Library:  Mone " X /
e
e
e
General  Pullout and Stripping  Design Factors (Applied)
Type Data

Force Application and Orientation

Force Application Active (Method A)

Parallel to Reinforcement

Force Orientation

Spacing

Strip Coverage (%) 50
Tensile

Allowable Tensile Strength (1bs/ft) J000

£ >
|:|':|':| '@[ ﬁ g @ kg Mote: Properties are shared across all groups and scenarios. oK. I | Cancel
Support Properties 7 =
W Solider File Name: [ MSE_w 15x15_St_24in-Approach2 | color: [ ™
M Solider Pile - Reduced Capacity -
B MSE - bottom th Wa0x1s St-2) SUPPOTtTYBE: | Geosynthetic v]
B MSE-top-W 15xW 15_St-6in )
B MSE_2nd-W 15xW15_5t-18in Manufacturer Library:  Mone , X /
B MSE_3nd-W 15x\W15_St-18in
=
M MSE_4nd-W15%W15_St-18in
MSE_Snd-\W 15xW 15_St-18in =00
MSE_6th-W20x\W 15_St-24in e
W MSE_7th_W20xW15_5t-24in
W MSE_W15W15_St_24in-Approach)
W Seismic-W 15xW 15_5t_24n-Approa
W Seismic_7th_W20x\W 15_5t-24in
W Seismic_6th-W20xW 15_St-24in Type Data
Seismic_5nd-W 15xW 15_5t-18in Anchorage
W Seismic_dnd-W15xW15_St-18in Anchorage Slope Face .
Se!sm!c_SndJ\N'leWlS_St—len Connection Strength Input Constant -
W Seismic_2nd-WW 15xW 15_5t-18in :
W Seismic-top-W15xW15_St-6in Connection Strength (1bs/ft) 7000
W Seismic-bottom_8th_W20x\W15_St- Shear Strength of Interface
Input Type Friction Angle & Adhesion -
Shear Strength Model Linear -
Adhesion (psf) 0
Friction Angle (%) 10.32
Material Dependent No -
Use External Loads in Strength Computation Yes -
£ >
EI:"j m’ ﬂ g, @ T Note: Properties are shared across al groups and scenarios. QK I | Cancel
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SHEB D5 e g te g gt e i 8

4. Conduct the stability analysis for both static and pseudo-seismic scenarios.

A |

Suppert - Partial Factors

Mote: These partial factors are spedfic to the cunrent
anchor being defined, and will be used in place of any
pther anchorage factors defined via Design Standards,

:§- Tensike and Plate strength:
= .
= 1
o e
_OMMDPeSSive: strenitn 1
Cancel

E.g. Factored Strength = Strength [ Partial Factor.

Min
Method Name .
Bishop simplified [ 1519
Spencer 1508 Failure surface intersects
GLE/S the bottom three row.
Morgenstern- 1500
Price

5. If the calculated FoS is less than the required minimum FoS, increase the

reinforcement length: The calculated FoS for static = 1.5
6. The required reinforcement length is determined from the outcome of Step 5.
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Compound Stability Analysis: MSE wall on Level Ground - Static
Method 3

1. Model the MSE reinforcements. ensuring the length matches that determined in
the global stability analysis.

2. Set the shear strength of the MSE backfill to apparent cohesion of 0 and
apparent friction angle of 34 degrees.

Mote: reinforcement
properties for each
reinforcement are created.

m:i
HU L
S HHE Ii

ele == |F2

T[T |§

¥
llllillj i
LEL}

3. Determine engineering properties for each row of the reinforcements using
Appendix Tables A.4.2, and A.4.3, and Table 4.1.
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[ MEE bepeta L2k 55 _5t-Gan

lrufacturer Library:

B MEE_Ind-¥ 150V 15_5E-ESn
B MSE_3nd-W 15 15 _5t-18n
B MEE_and-W LSWI5_5t-58n
MEE_Snd-W 15xW 15 _5E- L8 8 pm
MEE_Eth-WathaW 15_5t-24n
B MSE 7 WIS St-2an each
W MEE_ WS 1S S5 _24n-Appre
B Sesmic W 1999 15_5t_24n-ig t
B fesmic P WHANIE St0e o Stropng | Dason Facters ppled)
[
Sesrric_Snd-WISXW15_5t-188
B Semic_dnd-W1SK15_5t-108
B Sesric_3nd-W15+W15 51188
B Sesvic_2nd-W 15 15_5t-188
B Sric aop W 15 15_5%-60
W Sesmic bottom _th_W2mW1

ies created: one for
of reinforcements.

[ e (Meched A) -
| Paraliel 1o Reinfomement -

age (%) [sa

| 7o00

£
RN
Table Ax.2: Data s?ﬂmw for Caltrans Pre-Designed MSE Wall mjyﬁrn hats
ucighl Bars (Tensile Strength) L rse Bars (Pullout Capacity)
Stewd Bar ! W15, W20, and W25 Stegl Bar size’ W15
SatGin.or 3at 10 ng (51) &, 9, 18, 24 and 30in.
if.
30 in. (2.5 fr.) Fd
65 ksl Vi Fi 55 ksl
1.1 milfyear ri Corrosion Rate Mot Considered
Effective for 10 yea
0143 in._

W15 Mominal Diameter 0437 in, W15 Mominal Diamater (1) 0.437 in.
Corrected bar Diameter* 0,294

Corrected Arga’ 0.067ghn"

Tensile Capacity® 7 kips/ft
W20 Nominal Diameter 0,504% in.
Corrected bar Diametert 0.3616 in.

Cormected Area’ 0.1027 in*

Tensile Capacity® 10.7 kips/it
‘W15 Nominal Diameter 0.5642 in.
Correctid bar Diametiert 0.4212 in.

Cormected Area’ 0.1393 in*

Tensile Capacity® 145 kips/ft

Nominal Diameter of W15 = 0,437 in, and Nominal Cross-Sectional Area of W15 = 0,15 in’
Per AASHTO CA 11.10.6.4.2a, galvanizing = 10 years, Corrosion Rate = 1.1 milsyear

Loss of DHameter = 1.1 x 65 year (7Syear = 10year) x 2 sides /1000 = 0,143 in.

Corrected bar lameter = nominal diameter - loss of bar diameter

ol ol ol
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e

o Tensile and Plate strength: | 1.66
SEAT L N
[yt =
e CETEEC S N
e
B A Shear strengthi 1
e e

Compresshve strength 1

[T ]| comem

T Y G E.g. Factored Strength = Strength / Partial Factor,

Mote: These partial factors are spedfic to the current
snchor being defined, and wil be used in place of any
atter anchorage factons defined via Design Standards,

Support Properties 7 0
W Sokder Pl | hame: | HEE -t LW 1, 516 ]
B Sobder Pile - Recuced Copscty r a
B VS -bottom_Bth_Wamay1s | SRPRTES  Geonmtes: “
-~ MEE-fop-WISKWIS_Sten
B MSE_Irg W 15515, 51 1in Manufactner Liwary:  hone Fx
B MEE_Ird W 153 15_53- 1
W MEE_ted W 153 15_53-18m
MEE_Srel W 15 15_52: 18
t MEE_ S v 0w 15 e 2an
B MR T WO 195 e
1 M MW LS L St 29n-Apprn
:mj;,}w;ﬁ ,_Lg'ﬁ Genersl | Pullout and 55000 | Desgn Factrs (Appled)
W Setmc SHWIINWI5 St TR | Datn
© Selme_Sed WISWIS 5018 | Anchorage
: mﬁ:mﬂz * Anchomge |Siope Face -
B S W LS S | non SHERG laget | Conatans %
B Sonc-top 1515 St | | CommesTion Soengh (ibs/fy el
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4. Conduct the stability analysis for both static and pseudo-seismic scenarios.

Method Name

Bishop
simplified
Spencer 1.543

GLE/
Morgenstern-

1.551

5. If the calculated FoS is less than the required minimum FoS, increase the
reinforcement length: The calculated FoS = 1.54.
6. The required reinforcement length is determined from the outcome of Step 5.
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Compound Stability Analysis: MSE wall on Level Ground — Seismic Knh = 0.2

1. Use the same inputs as the static case, except for applying the Kn value and
different reduction factors and interface friction angles for reinforcements.

Support - Partial Factors b4

Hobe: These partial factons are spedfic to the asrent
anchor being defined, and wil be used in place of any
wther anchorage factors defined via Design Standards.

Tensle and Plate strength: | 117 |

Bond strength: [oss |

[oc ]| conce

E.g. Factored Strength = Strength [ Partial Factor.

Table Ax.3_b: Comverted 5 from F* Calculated based on Warying Transverse Bar Spacing |5t -Selamic

Transverse

6in Bin 18 in. 24 in
| Spating [St] | G N R — R
Depth(ft) | F* |Gfdeg)] F* | S(deg) | F* | Sfdeg) | F* | S(deg) |
1.25 113 4847 .75 35.97 [ J0U63 nis 1576
375 | 106 [ 656 | 070 | 3545 | 035 | 1939 | 026 | 14
515 | 098 | #4452 | 066 | 3338 | 033 | 1815 | 025 | 1381 |
B.75 | 091 | 4232 | 061 | 326 | 030 | 1688 | 023 | 1282 |
135 | 084 | 3995 | 056 | 2948 | 028 | 1560 | 021 | 1183 |
1375 | 076 | 3741 | 051 | 23701 | 025 | 1430 | Q19 | I0AF |
1625 0LES 34 68 L 24.T6 [k 1395 air .81
187% [ 27 31.7% o041 X2.43 o2l 11.66 s .80
11.3% 038 | 3023 | 039 nn | o 10,59 015 539
i 0.58 30,23 1 [ ] 21.23 1 0.1 10.99 1S 1 ]
625 [ osa [ w023 | o | 2123 015 | 1059 | 0.1% 829
875 [ 058 [3023 | 039 | 2113 | 019 | w9 | 015 | 839 |
[ 3125 o058 [023] 0% | 03 | 019 | 109 [ 015 | 829 |
1375 058 30.33 039 21.23 L1y 10.99 ois B9
3625 0.58 F0.23 03 21.23 019 10.99 o1s B2
W75 | 058 | 023 | 039 | 2123 | 019 | 1099 | 015 | 829
4135 | 058 | 023 | 039 | 123 | 019 | 1089 | 015 | 829

2. Use the same inputs as the static case, except for applying the Kn value and
different reduction factors and interface friction angles for reinforcements.

3. Run slope stability analysis and verify if a calculated minimum factor of safety
(FoS) is equal to or greater than a required FoS.
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Compound Stability Analysis: MSE wall on Level Ground — Seismic Knh = 0.2

1. Use the same inputs as the static case, except for applying the Kn value and
different reduction factors and interface friction angles for reinforcements.

2. Run slope stability analysis and verify if a calculated minimum factor of safety
(FoS) is equal to or greater than a required FoS.

Global Stability Analysis: MSE wall on 3(H) to1(V) Slope Ground — Static

1. Model an MSE wall block with a height equal to the maximum representative
MSE wall design height (H) and a width equal to 0.7 times H (= 14ft).

2. Set the shear strength of the block to apparent cohesion of 1,000 psf and
apparent friction angle of 34 degrees.
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3. Conduct stability analysis for static case.

Min

Method Name Fs

Bishop
simplified
Spencer 1375
GLE /
Morgenstern- | 1.377
Price

1378

4. If the potential failure surface intersects the MSE block, increase the shear
strength of the block to shift the potential failure surface outside the block.

5. If the calculated FoS is less than the required minimum FoS, increase the width
of the MSE block until the calculated FOS meets the requirement: The calculated
FoS =1.37

6. The required reinforcement length for global stability is determined as the width
of the MSE block from Step 5: The required reinforcement length = 0.7 times H =
14 feet.
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Overall Stability Analysis: MSE wall on 3(H) to1(V) Slope Ground — Seismic Kn = 0.2

1. Conduct stability analysis for seismic scenario.

Method Name

Bishop
simplified
Spencer 0.934
GLE/
Morgenstern- ] 0.931
Price

2. If the potential failure surface intersects the MSE block, increase the shear
strength of the block to drive the potential failure surface outside the block.

3. If the calculated FoS is less than the required minimum FoS, increase the width
of the MSE block until the calculated FOS meets the requirement: The calculated
FoS is less than 1.0. Increase a width of block to 1.1 times H (=22ft). Note the
required minimum FoS was set to 1.0 (ky = 0.2) to perform the seismic
displacement analysis.
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] Min
» Method Name ES
Bishop simplified | 0.996
Spencer 1.002
] GLE/
Morgenstern- | 1.000
E Price

The required reinforcement length = 1.1 times H = 22 feet: This reinforcement
length shall be used for the following compound stability analysis.
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Compound Stability Analysis: MSE wall on 3(H) to1(V) Slope Ground — Static

Method 1

1. Model an MSE wall block with a height equal to the maximum representative
MSE wall design height (H) and a width equal to the reinforcement length
estimated from the global (seismic) stability analysis: 22 ft from global seismic
analysis.

2. Set the shear strength of the block to apparent cohesion of 350 psf and apparent
friction angle of 34 degrees.

Unit B 3
Material . strength | Cohesion | Phi | Water
color | weight Hu
N (i | P (psf) | (deg) | surface
120

uuuuuuuuu

tahr-
w0 o 30 | None |0

120

r,
%
4
()7
=
H
g
-

llllll 1 Coulomb

3. Set and adjust search limits to ensure that potential failure surfaces passes
through the bottom corner of the MSE block.

Conduct the stability analysis for both static and seismic scenarios.

If the calculated FoS is less than the required minimum FoS and the potential
failure surface passes around the mid-height of the block, adjust the search limits
to guide potential failure surfaces through the bottom corner of the block.

o s
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Min

FS
Bishop simplified | 1.444
Spencer 1.442
GLE/
Morgenstern- 1.441
Price

Method Name

6.

If the calculated FoS is less than the required minimum FoS for the potential
failure surface passing through the bottom corner of the block, increase the width
of the MSE block until the calculated FOS meets the requirement: The calculated
FoS =1.44.

The required reinforcement length is determined as the width of the MSE block
from Step 6: The required reinforcement length = 22 ft.
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Compound Stability Analysis: MSE wall on 3(H) to1(V) Slope Ground — Static

Method 2

1. Model the MSE reinforcements, ensuring the length matches that determined in
the global (seismic) stability analysis. Reinforcement Length = 22 ft from global
seismic analysis.

2. Set the shear strength of the MSE backfill to apparent cohesion of 0 and
apparent friction angle of 34 degrees.

3. Determine the representative engineering properties of the reinforcements as
outlined in the table below.

Reinforcement Input — Slide 2
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General

Input -Static

Input - Seismic

Force Application

Active Method

Active Method

Force Orientation

Parallel to Reinforcement

Parallel to Reinforcement

Strip Coverage

50% (Rc = 0.5)

50% (R. = 0.5)

Allowable Tensile Strength =
Acfy/b

7000 Ibf/ft

7000 Ibf/ft

Pullout and Striping

Anchorage:
Slope Face
Connection Strength and
Connection Strength

Constant and
7000 Ibf/ft

Constant and
7000 Ibf/ft

Strength Model

Linear

Linear

Adhesion

0

0

Friction Angle

tan-'(F*) = 10.32 degrees:
refer to Table A.x.4

tan-!(F*) = 8.3 degrees :
refer to Table A.x.4

Design Factors / Partial
Factor (defined)

Tensile and Plate Strength =
Yo

1.68

1.17

Bond Strength = y/o

1.5

0.83

Support Properties

W Solider File MHame:
M Solider Pile - Reduced Capadity

M MSE-top-WW 15xW 15_St-6in
M MSE_2nd-W 15xW15_5t-18in

B MSE_3nd-W15%W15_5t-18in
M MSE_and-W15xW15_5t-18in
MSE_Snd-W 15%W15_5t-18in
MSE_Sth-W20xW15_5t-24in
l MSE 7ﬂ'1 _W20xW15_5t-24in

. SelsrnchWlExWIE St 24<n-\ﬂ.pproa
W Seismic_7th_W20xW 15_5t-24in

[ MSE - bottom_8th_W20x\/15_St-2{ SuPPOrtType:

[ msE_w 15xw15_st_24in-Approach2

|Geosw1ﬁ15hc

Manufacturer Library:  Mone

General  Pullout and Stripping  Design Factors (Applied)

Ly

~a
et

MW Seismic_5th-W20xW15_St-24in Type

Seismic_5nd-W15xW15_St-18in

W Seismic_dnd-W15xW 15_St-18in

Seismic_3nd-W 15xW 15_St-18in
B Seismic_2nd-\W15xW15_St-18in
M Seismic-top-W 15 15_St-6in
W Seismic-bottom_8th_\W20x\W/15_St-

< >

SR A Hi 4

Mote: Properties are shared across all groups and scenarios.

| Data

Force Application and Orientation

Force Application |Amve {Method &) -

Force Orientation |ParaIIEI to Reinforcement -
Spacing

Strip Coverage (%) |50
Tensile

Allowable Tensile Strength (Ibs/ft) 7000
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4. Conduct the stability analysis for both static and pseudo-seismic scenarios.

5. If the calculated FoS is less than the required minimum FoS, increase the
reinforcement length: The calculated FoS = 1.5.

6. The required reinforcement length is determined from outcome of Step 5.
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Compound Stability Analysis: MSE wall on 3(H) to1(V) Slope Ground — Static

Method 3

1. Model the MSE reinforcements, ensuring the length matches that determined in
the global (seismic) stability analysis. Reinforcement Length = 22 ft from global
seismic analysis.

2. Set the shear strength of the MSE backfill to apparent cohesion of 0 and
apparent friction angle of 34 degrees.

3. Determine engineering properties for each row of the reinforcements using
Appendix Tables A.4.2, and A.4.3, and Table 4.1
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|Areve |Wethad A) -
" Paraliel 1o Renfeoemens 2

EEI TR ) Pt Pty b B ] e 0] g o el e, =] | caen
Table Ax.2: mlfummwhr Caltrans Pre-Designed MSE Wl Steel Wire Mats
iral Bars [Tensile Strength) J Transverse Bass (Pullout Capacity)
W15, W20, and W25 Wi5s
S5at6in o 3 at 10 6,9, 18, 24 and 30 in.
ifi.
30 in. (2.5 ) J
65 kgl Fy 65 kal
1.1m ar Corrosion Rate Mot Considersd
Effective for 10 ye
0,143 in.
W15 Nominal Diameter 0.437 :/ W15 Nominal Dismater (1) 0.437 in.
Correctied bar Diameter 0.294 in
Corrected Area’ 00679
Tensile Capacity® ¥ kips/ft
W20 Nominal Diameter 0.5046 in.
Corrected bar Diameter® 0.3616in.
Corrected Ares’ 0.1027 in’
Teasile Capacity® 10,7 kiges/ it
Wi5 Nominal Diametear 0.5643 in.
Corrected bar Diameter 0.4212 in.
Correctied Args’ 0.1393 in’
Tensile Capacity® 14,5 kiges/ft
1. Nominal Diameter of W15 = 0.437 in, and Nominal Cross-Sectional Area of W15 = 0,15 in’
2. Paer AASHTO CA 11.10.6.4. 2a, galvanizing = 10 years, Corrosion Rate = 1.1 mils/year
3. Loss of Diameter = 1.1 x 65 year (7Syear - 10year] x 2 sides /1000 = 0,143 in,
4, cCorrected bar Diameter = nominal diameter — loss of bar diameter
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Support Properties
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B MEE_Tth_WHRW15_51-24n
W MSE_WiSaW15_5t_24n-dppn
B Semmic-i 15 15_5t_24en-Ap.
B Sesmmic_7th_W2Ihiv15_5t-24
B Sesmic_Sth-W20wW L5 5824
Semic_Sedl W I5HW 15 _51- 188
B i _dnd-W 15w 15 _31- 10
0 Semmic_Jnd-W 150w 15_51- 188
B Semmic_2nd-W 1500 15_51- 10
M Sesmic-top-a L5 15_5t-5n
B Semmicbottom_Bth_Wa0xwiz
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SepertTyoe: | Geasymithetic
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Tipe

Anfharage
‘Connection Srength Ingus

|Slope Face -
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Connection Strerpth (b

e

Shear Strengoh of Intemace
Input Tape

[Fricion Angle & Adhesion -

Shear Strength Mode|

Linear

Adhesicn (psf)
Frigton Angle ')
Material Dependent

Use External Loads in Strength Computation

Tabde Aw3_a: Converted B from F* Caloulated
B P

ing Trarewerse Bar Spacing (51) -Static

The first row with 6- in

W15 transverse
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4. Perform the stability analysis for both static and pseudo-seismic scenarios.

AL

Bl A

Min
Method Name FS
Bishop simplified | 1.505
Spencer 1.499
GLE/
1.501
Morgenstern-Price >0

5. If the calculated FoS is less than the required minimum FoS, increase the
reinforcement length: The calculated FoS = 1.5.
6. The required reinforcement length is determined from outcome of Step 5.
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Engineering Properties of Reinforcements and Parameter Study for Overall
Stability Analysis.

1. Equivalent Factor of Safety (FoS)

The geotechnical stability analysis follows the allowable/working stress design (WSD)
method, while the structure reinforcement design follows the load and resistance factor
design (LRFD) method. To model reinforcements properly in the stability analysis, an
equivalent factor of safety (FoS) is calculated to incorporate load and resistance factors
as detailed in Table A.4.1. The calculated FoS is then applied to tensile strength and
pullout resistance as partial/reduction factors in the slope stability analysis.

Table A4.1: Equivalent Factor of Safety

Static’ Static FoS Seismic? Seismic FoS
Load Factor (y) 1.35 Load Factor (y) 1.0
Pullout 1.5 (1.35/0.9) Pullout 0.83 (1/1.2)
Resistance 0.9 Resistance 1.2
Factors (o) Factors (o)
Tensile 1.68 (1.35/0.8) Tensile 1.17 (1/0.85)
Resistance 0.8 Resistance 0.85
Factors (o) Factors (o)

1. CA Amendment Table 11.5.7-1
2. AASHTO 11.5.8

2. Caltrans MSE Wall Reinforcement Data and Tensile Capacities

According to Bridge Design Aids 3-8 (2013) Attachment 3, Steel Reinforcement Tables
and XS Sheet, 13-020-2: Mechanically Stabilized Embankment-Details No. 2, Caltrans
MSE walls use steel wire mats comprising W15, W20 and W25 for longitudinal bar and
W15 for transverse bars.

The tensile strength of the reinforcement is determined based on the corrosion-corrected
longitudinal bar diameter and cross-sectional area, while the pullout capacity of
reinforcement is determined based on transverse bar diameters and spacing before
corrosion correction (FHWA GEC 11, Figure 3.4). The spacing of transverse bar (St)
varies with depth. Information for steel wire mats is summarized in Table A.4.2.
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Table A4.2: Data Summary for Caltrans Pre-Designed MSE Wall Steel Wire Mats

Longitudinal Bars (Tensile Strength) Transverse Bars (Pullout Capacity)
Steel Bar Size' W15, W20, and W25 Steel Bar size' W15
Spacing per Mat 5at6in.or3 at10 Spacing (St) 6,9, 18, 24 and
in. 30 in.
Mat Width (b) 30in. (2.51t.)
fy 65 ksi Fy 65 ksi
Corrosion Rate? 1.1 mil/year Corrosion Rate Not Considered
Galvanizing? Effective for 10 years
Loss of bar Diameter® 0.143 in.
W15 Nominal Diameter 0.437 in. W15 Nominal 0.437 in.
Diameter (t)
Corrected bar Diameter* 0.294 in.
Corrected Area* 0.0679 in?
Tensile Capacity® 7 kips/ft
W20 Nominal Diameter 0.5046 in.
Corrected bar Diameter* 0.3616 in.
Corrected Area* 0.1027 in?
Tensile Capacity® 10.7 Kips/ft
W25 Nominal Diameter 0.5642 in.
Corrected bar Diameter* 0.4212 in.
Corrected Area* 0.1393 in?
Tensile Capacity® 14.5 Kips/ft

Nominal Diameter of W15 = 0.437 in. and Nominal Cross-Sectional Area of W15 = 0.15 in?
Per AASHTO CA 11.10.6.4.2a, galvanizing = 10 years, Corrosion Rate = 1.1 mils/year
Loss of Diameter = 1.1 x 65-year (75year — 10year) x 2 sides /1000 = 0.143 in.

Corrected bar Diameter = nominal diameter — loss of bar diameter

Tensile Capacity = # of bar (4) x fy (65ksi) x corrected Area / Mat Width (2.5)

A A

The following adjustments to the reinforcement input for slope stability analysis are
proposed to ensure equivalent pullout resistance and tensile strength of the
reinforcements per AASHTO and FHWA.

3. Pullout Resistance: Soil/Reinforcement Interface Friction Angle (d)

Pullout Resistance per a unit length of reinforcement is defined as the following per
AASHTO 11.10.6.3.2 and 11.10.7.2

r = F*acvCRc (Static) r = 0.8F*acvCRc (Seismic)

Where,
a = 1.0 for scale effect correction factor (steel)
C = 2 for surface area geometry factor (two sides)
Rc = 0.5 for reinforcement coverage ratio (30-inch mat width over 60-inch spacing)
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According to AASHTO Figure 11.10.6.3.2, the pullout resistance factor (F*) for the steel
wire mat varies from 20(t/St) at the top of the wall (zero depth) to 10(t/St) at a depth of 20
feet and remains constant below the depth of 20 feet. F* can be interpolated between the
top of the wall and 20 feet. Note that the nominal transverse bar diameter (t) of W15 is
0.437 inches, and corrosion correction should not be applied for the calculation of F*.

Since the slope stability program computes the pullout resistance of the reinforcements
via soil/reinforcement interface friction angles (8) instead of F*, the 6 was computed for
each depth (level) of transverse bar spacings (St) of the reinforcements, and presented
in Table A.4.3 using the following correlation:

5 = tan"'(F*)

Tensile strengths from Table A.4.1 and & from Table A.4.3 can be used to establish the
engineering properties of the reinforcements for Method 3.

Table A4.3_a: Converted 6 from F* Calculated based on Varying Transverse Bar
Spacing (St) -Static

J;iﬂ?n";fef) 6 in. 9 in. 18 in. 24 in.
Depth (ft) F* d (deg) F* d (deg) F* d (deg) F* d (deg)
1.25 141 | 5468 | 094 | 4325 | 047 | 2519 | 035 | 19.43
3.75 132 | 5286 | 0.88 | 4135 | 044 | 23.75 | 033 | 18.26
6.25 123 | 5087 | 0.82 | 3933 | 041 | 2228 | 031 | 17.08
8.75 114 | 4869 | 0.76 | 37.19 | 038 | 2077 | 028 | 15.88
11.25 105 | 4631 | 0.70 | 3491 | 035 | 1924 | 026 | 14.67
13.75 096 | 43.71 | 064 | 3251 | 032 | 17.67 | 024 | 13.44
16.25 0.86 | 40.86 | 058 | 29.97 | 029 | 16.08 | 022 | 1220
18.75 077 | 37.73 | 052 | 2729 | 026 | 1446 | 019 | 10.95
21.25 073 | 36.07 | 049 | 2500 | 024 | 1365 | 0.18 | 1032
23.75 073 | 36.07 | 049 | 2500 | 024 | 1365 | 018 | 1032
26.25 0.73 | 36.07 | 049 | 2500 | 024 | 1365 | 0.18 | 1032
28.75 0.73 | 36.07 | 049 | 2500 | 024 | 1365 | 0.18 | 1032
31.25 0.73 | 36.07 | 049 | 2500 | 024 | 1365 | 0.18 | 1032
33.75 073 | 36.07 | 049 | 2500 | 024 | 1365 | 0.18 | 1032
36.25 073 | 36.07 | 049 | 2500 | 024 | 1365 | 018 | 1032
38.75 0.73 | 36.07 | 049 | 2500 | 024 | 1365 | 0.8 | 1032
41.25 0.73 | 36.07 | 049 | 2500 | 024 | 1365 | 0.18 | 1032
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Table A4.3_b: Converted 6 from F* Calculated based on Varying Transverse Bar

Spacing (St) -Seismic

;I;:an";';;‘t*) 6 in. 9in. 18 in. 24 in.

Depth (ft) F* d (deg) F* d (deg) F* d (deg) F* d (deg)
1.25 113 | 4847 | 0.75 | 3697 | 038 | 2062 | 028 | 15.76
3.75 1.06 | 4656 | 0.70 | 3515 | 035 | 1939 | 026 | 14.79
6.25 098 | 4452 | 066 | 3324 | 033 | 1815 | 025 | 13.81
8.75 001 | 4232 | 061 | 3126 | 030 | 16.88 | 023 | 12.82
11.25 084 | 39.95 | 056 | 29.18 | 028 | 1560 | 021 | 11.83
13.75 076 | 37.41 | 051 | 27.01 | 025 | 1430 | 019 | 10.82
16.25 069 | 3468 | 046 | 2476 | 023 | 1299 | 017 | 9.81
18.75 062 | 31.76 | 041 | 2243 | 021 | 1166 | 015 | 8.80
21.25 058 | 3023 | 039 | 2123 | 019 | 1099 | 015 | 8.9
23.75 058 | 3023 | 039 | 2123 | 019 | 1099 | 015 | 8.9
26.25 058 | 3023 | 039 | 2123 | 019 | 1099 | 015 | 8.9
28.75 058 | 3023 | 039 | 2123 | 019 | 1099 | 015 | 8.9
31.25 058 | 3023 | 039 | 2123 | 019 | 1099 | 015 | 8.9
33.75 058 | 3023 | 039 | 2123 | 019 | 1099 | 015 | 8.9
36.25 058 | 3023 | 039 | 2123 | 019 | 1099 | 015 | 8.9
38.75 058 | 3023 | 039 | 2123 | 019 | 1099 | 015 | 8.9
41.25 058 | 3023 | 039 | 2123 | 019 | 1099 | 015 | 8.9

For Method 2, the bottom three rows are assumed to affect the stability analysis, the
following representative engineering properties of the reinforcements are proposed for

the analysis.

Table A4.4-a: Simplified Interface Friction Angle for Two Ranges of MSE Wall Design

Height
Load Case 1 — level ground on top of walls

H (ft.) St (in.) F* (pullout resistance factor) Inte'r‘{erx]zleelz(rcilc)ztion
Up to 9 15 (YSt) = 15%(0.437/9) = 0.73 ta”&gg:e);%

i% .t5° 2;‘ go 10 (/St) = 0.18 t0 0.15 10.32 degrees

Load Case 2 — 2(H) to 1(V) sloping ground on top of walls

Upto15 | 18 15 (USt) = 15*(0.437/18) = 0.36 ta”&gg:e):szo
11-2§5t° 2;‘ go 10 (¢/St) = 0.18 t0 0.15 8.3 degrees
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4. Estimation of Equivalent Cohesion of 350 psf

To simplify the model of the reinforcements in the stability analysis, an equivalent
cohesion representing the resistance of the Caltrans MSE steel reinforcements was
assessed. The evaluations were based on the minimum of the allowable pullout
resistance and allowable tensile resistance. For the pullout resistance, the embedded
lengths (Le) ranging from 1 to 6 feet were evaluated and compared to the tensile
resistance.

The following steps were used to estimate the equivalent cohesions:

1. Calculate the allowable tensile strength and allowable pullout resistance (Le from
1 to 6 feet): Table A.4.6-a.

2. Selected a minimum value from Step 1: Table A.4.6-a.

3. Calculate equivalent cohesion values for each Le by dividing the value from Step
2 with a vertical spacing of the reinforcement of 2.5 feet: Table A.4.6-b.

4. Evaluate an average Le of potential failure surfaces from the parameter study
performed: Table A.4.10

5. Select a representative cohesion that can apply to the simplified analysis method.

In addition to the above steps, the following facts were also considered when evaluating
a representative cohesion.

e The equivalent cohesion was computed based on the vertical spacing of the
reinforcements, although it acts along the potential failure surface in the stability
analysis.

e The equivalent cohesion was computed based on the allowable resistance of the
reinforcements, and it is further divided by the calculated FoS in the stability
analysis.

Based on the steps above an equivalent cohesion of 350 psf is recommended for Method
1 — compound stability analysis.

The following tables present a summary of equivalent cohesions for the three design
height ranges.

Table A4.5-a: Equivalent Cohesion for Compound Slope Stability Analysis (Load Case 1
— Level Ground & Static)

Le Coh Le Coh | Le Coh Le Coh Le Coh Le Coh
(ft) | (ksf) (ft) | (ksf) | (ft) (ksf) (ft) (ksf) (ft) (ksf) (ft) (ksf)

H (ft)

<18 0.29 0.57 0.81 0.83 0.83 0.83
18<H<32 1 0.15 2 031 ] 3 0.46 4 0.61 5 0.75 6 0.81
32<H<42.5 0.22 0.44 0.66 0.82 0.83 0.83
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Table A4.5-b: Equivalent Cohesion for compound slope stability check (Load Case 1 —
Level Ground & Seismic)

H (ft) Le | Coh Le | Coh | Le Coh Le Coh Le Coh Le Coh
(ft) | (ksf) (ft) | (ksf) | (ft) (ksf) (ft) (ksf) (ft) (ksf) (ft) (ksf)

<18 0.41 0.83 1.17 1.20 1.20 1.20
18<H<32 1 0.22 2 044 | 3 0.66 4 0.88 5 1.08 6 1.17
32<H<42.5 0.32 0.63 0.95 1.19 1.20 1.20

Table A4.5-c: Equivalent Cohesion for compound slope stability check (Load Case 2-
Sloping Ground & Static)

H (ft) Le |Coh | Le |[Coh | Le | Coh | Le | Coh | Le |Coh | Le | Coh
(ft) | (ksf) | (ft) | (ksf) | (ft) | (ksf) | (ft) | (ksf) | (ft) | (ksf) | (ft) | (ksf)

<27 0.15 0.29 0.44 0.59 0.74 0.81
27<H<425| 1 |022] 2 |044] 3 | 065 | 4 |0.80 5 |083] 6 |0.83

Table A4.5-d: Equivalent Cohesion for compound slope stability check (Load Case 2-
Sloping Ground & Seismic)

H (ft) Le |Coh | Le |[Coh | Le | Coh | Le | Coh | Le |Coh | Le | Coh
(ft) | (ksf) | (ft) | (ksf) | (ft) | (ksf) | (ft) | (ksf) | (ft) | (ksf) | (ft) | (ksf)

<27 0.21 0.43 0.64 0.85 1.06 1.18
27<H<425] 1 |031] 2 |063| 3 | 0.94 4 | 1.16 5 |120] 6 |1.20

Table A4.6-a: Step 1-Pullout Resistance vs Tensile Resistance for varying depths (Load
Case 1:1=0.437 and St = 9 or 24 in.) — Static

St | Depth Sv F* 5 Le | Pullout_Allowable | Tensile_Allowable | Coh’

(ft) (ksf) Degree | (ft) (ksf) (ksf) (ksf)
9 | 11251135 | 0.70 | 34.91 | 3.00 1.88 2.07 0.75
9 |13.75] 165 | 0.64 | 3251 | 3.00 2.10 2.07 0.83
9 |116.25] 1.95 | 0.58 | 29.97 | 3.00 2.25 2.07 0.83
9 |18.75| 225 | 0.52 | 27.29 | 3.00 2.32 2.07 0.83
24 | 21.25| 255 | 0.18 | 10.32 | 3.00 0.93 2.07 0.37
24 | 23.75| 2.85 | 0.18 | 10.32 | 3.00 1.04 2.07 0.42
24 | 26.25| 3.15 | 0.18 | 10.32 | 3.00 1.15 2.07 0.46
24 | 28.75| 3.45 | 0.18 | 10.32 | 3.00 1.26 2.07 0.50
24 | 31.25| 3.75 | 0.18 | 10.32 | 3.00 1.37 2.07 0.55
24 | 33.75 | 4.05 | 0.18 | 10.32 | 3.00 1.47 2.07 0.59
24 | 36.25| 4.35 | 0.18 | 10.32 | 3.00 1.58 2.07 0.63
24 | 38.75| 465 | 0.18 | 10.32 | 3.00 1.69 2.07 0.68
24 |1 41.25| 495 | 018 | 10.32 | 3.00 1.80 2.07 0.72

1. Equivalent cohesion (Coh) = min(Pullout, Tensile)/spacing (2.5ft) for Le
2. If Le > 6 ft, tensile resistance controls the reinforcement capacity
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Table A4.6-b: Step 2-Equivalent Cohesion value for compound slope stability check
(Load Case 1:t=0.437 and St =9 or 24 in.) - Static

St | H(ft) | Le | Coh | Le | Coh Le | Coh | Le | Coh | Le | Coh | Le | Coh

(ft) | (ksf) | (ft) | (ksf) (ft) | (ksf) | (ft) | (ksf) | (ft) | (ksf) | (ft) | (ksf)
9 |1125(10][025]20 | 050 | 30 |0.75]| 40 |083 |50 ]083]| 6.0 0.83
9 |13.75/1.0]/ 028 | 20| 056 | 3.0 | 083 | 4.0 | 083 |50 | 083 | 6.0 0.83
9 /162510030 | 20| 060 | 3.0 | 083 | 4.0 | 0.83 | 50 | 0.83 | 6.0 | 0.83
9 |1875/1.0]/031] 20| 062 | 3.0 | 083 | 4.0 | 083 | 50 | 083 | 6.0 | 0.83
H | 18.00 0.29 0.57 0.81 0.83 0.83 0.83
24 1212510012 | 20| 025 | 3.0 | 037 |40 | 050 |50 | 062 6.0[0.74
24 | 23.75/10[014 | 20| 028 | 3.0 | 042 | 40 | 055 | 5.0 | 069 | 6.0 | 0.83
24 12625|1.0|015] 20 | 0.31 3.0 | 046 | 40 | 061 | 5.0 | 0.76 | 6.0 | 0.83
24 | 28.75/1.0]017 | 20| 0.34 | 3.0 | 050 | 40 | 0.67 | 50 | 0.83 | 6.0 | 0.83
24 131.25/10]/018 | 20 | 0.36 | 3.0 | 055| 40 | 0.73 | 5.0 | 0.83 | 6.0 | 0.83
H | 32.00 0.15 0.31 0.46 0.61 0.75 0.81
24 | 33.75/1.0]/020 | 20| 039 | 30 |059| 40 ]0.79 |50 |0.83]| 6.0]0.83
24 1 36.25/10]021 |20 042 | 30 | 063 | 40 | 083 | 50 | 0.83 | 6.0 | 0.83
24 | 38.75/1.0]023 | 20| 045 | 30 | 068 | 40 | 083 | 50 | 0.83 | 6.0 | 0.83
24 14125/10[024 | 20| 048 | 30 | 072 | 40 | 083 |50 |0.83 ]| 6.0]0.83
H | 42.50 0.22 0.44 0.66 0.82 0.83 0.83

Table A4.6-c: Step 1-Pullout Resistance vs Tensile Resistance for varying depths (Load
Case 1:t=0.437 and St =9 or 24 in.) — Seismic

St Depth | sy F* ) Le | Pullout_Allowable | Tensile_Allowable | Coh'

(ft) | (ksf) Degree | (ft) (ksf) (ksf) (ksf)
9 11.25 [1.35|0.56 | 29.18 | 3.00 2.72 2.99 1.09
9 13.75 1165 0.51 | 27.01 | 3.00 3.04 2.99 1.20
9 16.25 [ 1.95 1046 | 24.76 | 3.00 3.25 2.99 1.20
9 18.75 1 2.25 | 0.41 | 22.43 | 3.00 3.36 2.99 1.20
24 1 21.25|255]0.15] 8.29 |3.00 1.34 2.99 0.54
24 |123.75(1285|0.15| 8.29 |3.00 1.50 2.99 0.60
24 126.25(315]0.15] 8.29 |3.00 1.66 2.99 0.66
24 |28.75(345|0.15| 8.29 |3.00 1.82 2.99 0.73
24 |31.25|3.75]0.15| 829 |3.00 1.97 2.99 0.79
24 |33.75|4.05]0.15| 8.29 |3.00 2.13 2.99 0.85
24 136.25[14.35|/0.15] 8.29 |3.00 2.29 2.99 0.92
24 |38.75 (465|015 | 8.29 |3.00 2.45 2.99 0.98
24 141.251495]0.15| 8.29 |3.00 2.61 2.99 1.04

1.
2.

Equivalent cohesion (Coh) = min(Pullout, Tensile)/spacing (2.5ft) for Le
If Le > 6 ft, tensile resistance controls the reinforcement capacity
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Table A4.6-d: Step 2-Equivalent Cohesion value for compound slope stability check
(Load Case 1:t=0.437 and St =9 or 24 in.) — Seismic

St |H(ft) | Le [Coh | Le |Coh | Le | Coh | Le | Coh | Le | Coh | Le | Coh
(ft) | (ksf) | (ft) | (ksf) | (ft) | (ksf) | (ft) | (ksf) | (ft) | (ksf) | (ft) | (ksf)
11.25| 1.00 | 0.36 | 2.00 | 0.73 | 3.00 | 1.09 | 4.00 | 1.20 | 5.00 | 1.20 | 6.00 | 1.20
13.75| 1.00 | 0.41 | 2.00 | 0.81 | 3.00 | 1.20 | 4.00 | 1.20 | 5.00 | 1.20 | 6.00 | 1.20
16.25 | 1.00 | 0.43 | 2.00 | 0.87 | 3.00 | 1.20 | 4.00 | 1.20 | 5.00 | 1.20 | 6.00 | 1.20
18.75 | 1.00 | 0.45|2.00 | 0.90 | 3.00 | 1.20 | 4.00 | 1.20 | 5.00 | 1.20 | 6.00 | 1.20
18.00 0.41 0.83 1.17 1.20 1.20 1.20
21.25|1.00 | 0.18 | 2.00 | 0.36 | 3.00 | 0.54 | 4.00 | 0.72 | 5.00 | 0.90 | 6.00 | 1.07
23.75] 1.00 | 0.20 | 2.00 | 0.40 | 3.00 | 0.60 | 4.00 | 0.80 | 5.00 | 1.00 | 6.00 | 1.20
26.25 0.22 | 2.00 | 0.44 | 3.00 | 0.66 | 4.00 | 0.88 | 5.00 | 1.11 | 6.00 | 1.20

—_—
o
[ellele]

31.25| 1.00 | 0.26 | 2.00 | 0.53 | 3.00 | 0.79 | 4.00 | 1.05 | 5.00 | 1.20 | 6.00 | 1.20
32.00 0.22 0.44 0.66 0.88 1.08 1.17
33.75 | 1.00 | 0.28 | 2.00 | 0.57 | 3.00 | 0.85 | 4.00 | 1.14 | 5.00 | 1.20 | 6.00 | 1.20
36.25 | 1.00 | 0.31 | 2.00 | 0.61 | 3.00 | 0.92 | 4.00 | 1.20 | 5.00 | 1.20 | 6.00 | 1.20

38.75 | 1.00 | 0.33 | 2.00 | 0.65 | 3.00 | 0.98 | 4.00 | 1.20 | 5.00 | 1.20 | 6.00 | 1.20
41.25 1 1.00 | 0.35|2.00 | 0.69 | 3.00 | 1.04 | 4.00 | 1.20 | 5.00 | 1.20 | 6.00 | 1.20
42.50 0.32 0.63 0.95 1.19 1.20 1.20

9

9

9

9

H

24

24

24 .
24 128.75]1.00 | 0.24 | 2.00 | 0.48 | 3.00 | 0.73 | 4.00 | 0.97 | 5.00 | 1.20 | 6.00 | 1.20
24

H

24

24

24

24

H

Table A4.7-a: Step 1-Pullout Resistance vs Tensile Resistance for varying depths (Load
Case 2:1=0.437 and St = 18 or 24 in.) — Static

St | Depth' | s/? F* ) Le | Pullout_Allowable | Tensile_Allowable | Coh'

(ft) (ksf) Degree | (ft) (ksf) (ksf) (ksf)
18 | 11.25 | 1.63 | 0.35 | 19.24 | 3.00 1.13 2.07 0.45
18 | 13.75 | 193 | 0.32 | 17.67 | 3.00 1.23 2.07 0.49
24 | 16.25 | 2.23 | 0.22 | 12.20 | 3.00 0.96 2.07 0.38
24 | 18.75 | 253 | 019 | 10.95 | 3.00 0.98 2.07 0.39
24 | 21.25 | 283 | 018 | 10.32 | 3.00 1.03 2.07 0.41
24 | 23.75 | 313 | 0.18 | 10.32 | 3.00 1.14 2.07 0.46
24 | 26.25 | 343 | 0.18 | 10.32 | 3.00 1.25 2.07 0.50
24 | 28.75 | 3.73 | 0.18 | 10.32 | 3.00 1.36 2.07 0.54
24 | 31.25 | 403 | 018 | 10.32 | 3.00 1.47 2.07 0.59
24 | 33.75 | 433 | 018 | 10.32 | 3.00 1.58 2.07 0.63
24 | 36.25 | 463 | 0.18 | 10.32 | 3.00 1.68 2.07 0.67
24 | 38.75 | 493 | 0.18 | 10.32 | 3.00 1.79 2.07 0.72
24 | 4125 | 523 | 018 | 10.32 | 3.00 1.90 2.07 0.76

1. Equivalent cohesion (Coh) = min (Pullout, Tensile)/spacing (2.5ft) for Le

2. Weight of 2(H) to 1(V) ground slope above the top of walls considered (Assumed Wall L =
0.7*H=0.7"12 = 0.27 ksf)

3. If Le > 6 ft, tensile resistance controls the reinforcement capacity.
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Table A4.7-b: Step 2-Equivalent Cohesion value for compound slope stability check
(Load Case 2:t=0.437 and St = 18 or 24 in.) — Static

St | H(ft) | Le |[Coh | Le |Coh | Le | Coh | Le | Coh | Le | Coh | Le | Coh
(ft) | (ksf) | (ft) | (ksf) | (ft) | (ksf) | (ft) | (ksf) | (ft) | (ksf) | (ft) | (ksf)

18 | 11.25 1 1.00 | 0.15 | 2.00 | 0.30 | 3.00 | 0.45 | 4.00 | 0.61 | 5.00 | 0.76 | 6.00 | 0.83

18 | 13.75 | 1.00 | 0.16 | 2.00 | 0.33 | 3.00 | 0.49 | 4.00 | 0.65 | 5.00 | 0.82 | 6.00 | 0.83

24 | 16.25 | 1.00 | 0.13 | 2.00 | 0.26 | 3.00 | 0.38 | 4.00 | 0.51 | 5.00 | 0.64 | 6.00 | 0.77

24 | 18.75 1 1.00 | 0.13 | 2.00 | 0.26 | 3.00 | 0.39 | 4.00 | 0.52 | 5.00 | 0.65 | 6.00 | 0.78

24 | 21.25 11.00 | 0.14 | 2.00 | 0.27 | 3.00 | 0.41 | 4.00 | 0.55 | 5.00 | 0.69 | 6.00 | 0.82

24 | 23.75 | 1.00 | 0.15|2.00 | 0.30 | 3.00 | 0.46 | 4.00 | 0.61 | 5.00 | 0.76 | 6.00 | 0.83

24 | 26.25 | 1.00 | 0.17 | 2.00 | 0.33 | 3.00 | 0.50 | 4.00 | 0.67 | 5.00 | 0.83 | 6.00 | 0.83

H | 27.00 0.15 0.29 0.44 0.59 0.74 0.81

24 | 28.75 1 1.00 | 0.18 | 2.00 | 0.36 | 3.00 | 0.54 | 4.00 | 0.72 | 5.00 | 0.83 | 6.00 | 0.83

24 | 31.25 [ 1.00 [ 0.20|2.00|0.39|3.00| 0.59 | 4.00 | 0.78 | 5.00 | 0.83 | 6.00 | 0.83

24 | 33.75 | 1.00 | 0.21|2.00 | 0.42 | 3.00 | 0.63 | 4.00 | 0.83 | 5.00 | 0.83 | 6.00 | 0.83

24 | 38.75 1 1.00|0.24 | 2.00 | 0.48 | 3.00 | 0.72 | 4.00 | 0.83 | 5.00 | 0.83 | 6.00 | 0.83

0
0
24 | 36.25 | 1.00 | 0.22 | 2.00 | 0.45 | 3.00 | 0.67 | 4.00 | 0.83 | 5.00 | 0.83 | 6.00 | 0.83
0
0

24 | 41.25 11.00|0.25|2.00 | 0.51 | 3.00 | 0.76 | 4.00 | 0.83 | 5.00 | 0.83 | 6.00 | 0.83

H | 42.50 0.22 0.44 0.65 0.80 0.83 0.83

Table A4.7-c: Step 1-Pullout Resistance vs Tensile Resistance for varying depths (Load
Case 2:t=0.437 and St = 18 or 24 in.) — Seismic

St Depth' | s,? F* ) Le | Pullout_Allowable | Tensile_Allowable | Coh'

(ft) | (ksf) Degree | (ft) (ksf) (ksf) (ksf)
18 11.25 [ 1.630.28 | 15.60 | 3.00 1.64 2.99 0.66
18 13.75 [ 1.930.25| 14.30 | 3.00 1.77 2.99 0.71
24 16.25 | 2.2310.17| 9.81 |3.00 1.39 2.99 0.56
24 18.75 1253 0.15| 8.80 |3.00 1.41 2.99 0.57
24 21.25 [2.83|0.15] 8.29 |3.00 1.49 2.99 0.60
24 23.75 [3.13]0.15] 8.29 |3.00 1.65 2.99 0.66
24 26.25 | 3.43|0.15| 8.29 |3.00 1.80 2.99 0.72
24 28.75 | 3.73]|0.15| 8.29 |3.00 1.96 2.99 0.78
24 31.25 | 4.03]0.15] 829 |3.00 2.12 2.99 0.85
24 33.75 1433 ]0.15| 829 |3.00 2.28 2.99 0.91
24 36.25 | 4.63 | 0.15| 8.29 |3.00 2.44 2.99 0.97
24 38.75 1493|015 829 |3.00 2.59 2.99 1.04
24 41.25 | 523]0.15| 8.29 |3.00 2.75 2.99 1.10

1. Equivalent cohesion (Coh) = min(Pullout, Tensile)/spacing (2.5ft) for Le

2. 2. Weight of 2(H) to 1(V) ground slope above the top of walls considered (Assumed Wall L
= 0.7*H=0.7"12 = 0.27 ksf)

3. IfLe > 6 ft, tensile resistance controls the reinforcement capacity.

Appendix: Page 104 of 115



Table A4.7-b: Step 2-Equivalent Cohesion value for compound slope stability check
(Load Case 2:t=0.437 and St =18 or 24 in.) — Seismic

St |H(ft) | Le [Coh | Le |Coh | Le | Coh | Le | Coh | Le | Coh | Le | Coh

(ft) | (ksf) | (ft) | (ksf) | (ft) | (ksf) | (ft) | (ksf) | (ft) | (ksf) | (ft) | (ksf)
18 [ 11.25]1.00 | 0.22 | 2.00 | 0.44 | 3.00 | 0.66 | 4.00 | 0.87 | 5.00 | 1.09 | 6.00 | 1.20
18 [ 13.75]1.00 | 0.24 | 2.00 | 0.47 | 3.00 | 0.71 | 4.00 | 0.95 | 5.00 | 1.18 | 6.00 | 1.20
24 116.25|1.00 | 0.19 | 2.00 | 0.37 | 3.00 | 0.56 | 4.00 | 0.74 | 5.00 | 0.93 | 6.00 | 1.11
24 118.75|1.00 | 0.19 | 2.00 | 0.38 | 3.00 | 0.57 | 4.00 | 0.75 | 5.00 | 0.94 | 6.00 | 1.13
24 121.25|1.00 | 0.20 | 2.00 | 0.40 | 3.00 | 0.60 | 4.00 | 0.79 | 5.00 | 0.99 | 6.00 | 1.19
24 |23.75|1.00 | 0.22 | 2.00 | 0.44 | 3.00 | 0.66 | 4.00 | 0.88 | 5.00 | 1.10 | 6.00 | 1.20
24 |126.25|1.00 | 0.24 | 2.00 | 0.48 | 3.00 | 0.72 | 4.00 | 0.96 | 5.00 | 1.20 | 6.00 | 1.20
H |27.00 0.21 0.43 0.64 0.85 1.06 1.18
24 | 28.75|1.00 | 0.26 | 2.00 | 0.52 | 3.00 | 0.78 | 4.00 | 1.05 | 5.00 | 1.20 | 6.00 | 1.20
24 |31.25|1.00 [ 0.28 | 2.00 | 0.57 | 3.00 | 0.85 | 4.00 | 1.13 | 5.00 | 1.20 | 6.00 | 1.20
24 |33.75|1.00 | 0.30 | 2.00 | 0.61 | 3.00 | 0.91 | 4.00 | 1.20 | 5.00 | 1.20 | 6.00 | 1.20
24 |36.25|1.00 | 0.32 | 2.00 | 0.65 | 3.00 | 0.97 | 4.00 | 1.20 | 5.00 | 1.20 | 6.00 | 1.20
24 |38.75|1.00 | 0.35|2.00|0.69|3.00] 1.04 | 4.00 | 1.20 | 5.00 | 1.20 | 6.00 | 1.20
24 |41.25|1.00 | 0.37 | 2.00 | 0.73 | 3.00 | 1.10 | 4.00 | 1.20 | 5.00 | 1.20 | 6.00 | 1.20
H |42.50 0.31 0.63 0.94 1.16 1.20 1.20

5 Comparison/Parameter Study

A parameter study was conducted to compare three compound stability analysis methods
and validate the simplified method, Method 1, as a reasonable and practical modeling
and analysis approach for the MSE wall compound stability. The soil profiles, wall heights,
and foundation slope conditions used for the study are summarized in Table B.x.1.

Additionally, the steel reinforcement data are provided in Table B.x.2.

Table A4.8: Soil Profiles for Parameter Study

G'-ri‘l’;' L3 1Y) | 210 1(V) | 1(H) o 1Y) | 2(H)to 1(V) | 2(H) to 1(V)
Wall (:)e'ght 20 20 20 20 10 425
Foundation
Slope 35 35 35 35 35 85
Height (ft)
Soil Property: Unit Weight (kcf)/Cohesion (ksf)/Friction Angle (degree)
B'\a/lcSkEill 0.12/0.0/34 | 0.12/0.0/34 | 0.12/0.0/34 | 0.12/0.0/34 | 0.12/0.0/34 | 0.12/0.0/34
Retsao'irl‘ed 0.12/0.0/30 | 0.12/0.0/30 | 0.12/0.0/30 | 0.12/0.0/30 | 0.12/0.0/30 | 0.12/0.0/30
7t 0.12/0.1/36
Foundation | 0.12/0.0/30 | 0.12/0.0/30 | 0.12/0.2/32 | 0.12/0.4/42 | 0.12/0.1/32 &
Soil Layer 0.12/0.4/32
2nd
Foundation | 0.12/0.3/34 | 0.12/0.3/34 | 0.12/0.3/34 | 0.12/0.3/34 | 0.12/0.3/34 | 0.12/0.3/34
Soil Layer
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Table A4.9: Steel Soil Reinforcement Details for Parameter Study - BDA 3-8:
Attachment 3

Ml 16°=R" {15 =07} 19°=2° {17 &%) I =RT 20 0 242 (22 =0

BW il VA°6% {12 -0 1576 i 147 =0 17 6" { 16" =0 18 =67 [ 17 0%
Top 4-W1SxW1 3@ 6 Top 4-W15xW 1 % 6 Top 4-W1SxW1 %@ 6 Top 4-W 1 SxW1 %@ 6
Vol WIS WISa6 | 4of WISkWISa6 § ol 4-W15xW) % 18 4ol 4-W1SxWI1 5% 18
| of d=-W2HW | %ix 9 | off =-WIHIEW 1 509 § 2 of 4-W2HiW ] S 24 1o =W W 1 Sar 24
Bot 4-W2HIEWIS5a9 | Bot 4-WHEWI529 ] Bot 4-W2IEWSa 24 ] Bot 4-W20sW] S 24

HI il 6 =8 (% 07 9.2 H") 11 =&% {1007 14°=27{ 12 <65

Wil 0 5" (R =07 9 5" (R =) =6 (R <% 1] =6"{ 10 =0")

Top W1 SxW] 566 Top &=W1SWI5@6 | Top 4-WI1SxWI5@E6 || Top W1 SxW5@6
Bot -WISxWit@a | 1 of +-WISxWIsa@s § 2of 4-WIsxWlsme || 5 of 4-W1SxW1%as
Bot. 4=-W15xWI1%a6 | Bot 4-W20xW15a9]] Bot. 4-W20xW %39

HI (M) W -E7 (380" 10737 (3767 i1 -E° (40 07 H =2 (42 =57

BWili 26 -6 (25 0% 2045 2R -07) L e I 1A 6" (12 =07
|.-|- WISt WIsT 18 Top 4-W1%W]L%T 18 |.1_- EWIAxWIsa |8 |.1- E=WIAxWIsr 18
4 of -WI1%xW1%q 18 i ol 4-W1SxW1 S 18 4 of 4-W1SxW) % 18 4 of - W15xW 1 %x 18
4 of 4-W20xW 1 Sar 24 5 of 4-W20xW] S 24 5 of 4-W 20 W S 24 5 of 4-W2isW | Sax 24
4 of 6=W2SxW 1 46 M 1 of &W2Ax W ST 30 Lof &=W2SxWI 4@ 30 | 6 of 6-W25xW 1 47 30

Bot. 6=W23SxW13@ 30| Bot 6-W25xW1 %0 30 Bot. 6=-W25xW 150 3 Bot. &=W2SxW1 3 30

Example Configuration Vod 4=W20 W) Sa 24
LI | ¥ kevels of remnforcensent mats with
4-W i 4 longiadinal wares W20 sured by
WilSa2d4 WIS sared tramsverse wires al 24-mch spacing

Based on the above design data, MSE walls are analyzed, and graphical results are
summarized in Table B.x.3. The table presents calculated FoS and the location of critical
failure surface. Note that all three approaches will provide almost identical results.
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Table A.4.10-a: Factor of Safety and Potential Failure Plane for Wall Height of 20 feet

Wall Height = 20 ft & Foundation Slope Height = 35 feet

Level Ground

Method 1 Method 2 Method 3

_ /E.

3(H) to 1(V)

2(H) to 1(V)

1(H) to 1(V)
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Table A4.10-b: Factor of Safety and Potential Failure Plane for Wall Height of 10 feet

Wall Height = 10 ft & Foundation Slope Height = 35 feet
2(H) to 1(V)

Table A.4.10-c: Factor of Safety and Potential Failure Plane for Wall Height of 42.5 feet

Wall Height = 42 5 ft & Foundation Slope Height = 85 feet
2(H) to 1(V)

|

Search Limit modified to
model appropriate potential
compound slope failure
plane

| -
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AS5. SOIL NAIL WALL
Design Example

For this design example, a slope stability analysis program, Slide2 was used. the soll, soll
nail properties and wall geometry are summarized in Tables A5.2, A5.3, and A5.4.

Table A5.2: Soil Nail Wall - Soil Profile

Wall Height: 20 feet/Foundation Height and Slope= 35 feet and 2(H) to 1(V)
Unit Weight Cohesion Friction Angle Bond
(kcf) (ksf) (degree) Strength (psi)
Retained Soil 0.12 0.1 34 12
18t Foundation Soil Layer 0.12 0 30 12
2" Foundation Soil Layer 0.12 0.3 34 12

Table A5.3: Soil Nail Data

Soil Nail
fy (ksi) 65
d (in) - Nail Diameter 1
Allowable Facing Resistance (kips) — 30.2/40.2

Static/Seismic
Vertical Spacing (ft)
Horizontal Spacing (ft)
Length (ft)

5
5
25

Table A5.4: Soil Nail Wall — Soil Nail and Facing Engineering Properties

Snail Input Slide2 Inputs
fy (ksi) - Nails 65 . .
d (in) - Nail Tensile Capacity | ¢ = 42/4 x 1,000 = 51,000
: 1 (Ibs)
Diameter

Allowable Facing Resistance x
1,000 x Partial Factor = 30,000

Allowable Facing 30 (Static) Plate Capacity x 1.8 = 54,000 (Static)
Resistance (kips) 42 (Seismic) (Ibs)
42,000 x 1.35 = 56,700
(Seismic)
fs (psi) - Bond 12
Strength Bond Strength _
D (in) - Drilled . (Ibs/ft) fsxnDx12=2,714

Hole Diameter
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Global/Compound Stability Analysis for Soil Nail Walls — Static

1. Model soil nail reinforcements and wall geometry.
2. Assign the shear strength of soil layers as presented in Table 5.2.

Unit
Material Color Weight | Strength | Cohesion | Phi | Water R
Name (bs/ | Type (psf) | (deg) | Surface
f13)

Foundation Mohr-

5 B w2 couomp | 300 | 3¢ | None [0
Foundation Mohr-

P | 20 coutoms | 100 | 30 | mone |0
Native
retained | [l [ 120 cxj:;b 100 34 | None |0

3. Determine the engineering properties of soil nails per Tables 5.3 and 5.4.

Support Properties

W Solider Pile
Solider File - Reduced Capacity
MSE Reinforcement - steel mat|

Soil Nail -seismic
M Support &

>

AT R hv

? *

Mame: | Soil Mails | Color: :

SupportType: | oil Nal |

Manufacturer Library:  None R /

General  pullput and Stripping  Design Factors (Applied)
Type Data

Force Application and Orientation

Force Application Active (Method A) -
Force Orientation Parallel to Reinforcement -
Spacing
Qur-Ot-Plane Spacing (f1) |5
Tensile
Tensile Capacity (Ibs) |51mu

Shear and Compression

Use Shear Capacity MNo

Use Compression Capacity No

Mote: Properties are shared across all groups and scenarios. oK. I | Cancel

Appendix: Page 110 of 115




Support - Partial Factors

Mote: These partial factors are spedific to the current
anchor being defined, and will be used in place of any
Tensile and Plate strength: | 1.51
Bond strength;
Shear strength:

Compressive strength:

Cancel

E.q. Factored Strength = Strength f Partial Factor.

other anchorage factors defined via Design Standards.

4. Conduct the stability analysis for the static scenario.

1.297

Min
FS
Bishop simplified | 1.297

Spencer 1.289
GLE/
Morgenstern- 1.290
Price

Method Name

strength | Cohesion | Phi | Water |
Type (psf) | (deg) | Surface

cm::nb 300 | 32 | Nene |0

5 c:':j:;b 100 30 | None [o

» C:’:j:r:b 100 31 | None [o

5. If the calculated FoS is less than the required minimum FoS, increase the
reinforcement parameters including length, spacing, etc.: The calculated FoS =

1.3.
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Global/Compound Stability Analysis for Soil Nail Walls — Seismic with Kn = 0.2

1. Model soil nail reinforcements and wall geometry.
2. Assign the shear strength of soil layers as presented in Table 5.2.
3. Determine the engineering properties of soil nails per Tables 5.3 and 5.4.

Support Properties ? X

-~ I Solider Pile Mame: ‘ Soil Nail -seismic | Color: : v

M Solider Pile - Reduced Capacity|
-l MSEReinforcement - steelmat| SPPOrtTYPe: ‘S"i Nail e |
-~ Sail Nails

|_Rsoil Nail -seismic Manufacturer Lbrary: - None £ X /
-~ Supports

NS

General Ppullout and Stripping  Design Factors (Applied)

Type | Data
Force Application and Orientation
Force Application |AET:iVE[MEthDd A) -
Force Orientation |Para|lel to Reinforcement -
Spacing
Qut-Of-Plane Spacing (ft) |5
Tensile
Tensile Capacity {Ibs) | 51000
Shear and Compression
Use Shear Caparity |No -
Use Compression Capacity No -

EERTEE [[] ¥  Mote: Properties are shared across all groups and scenarios. E

Support Properties

X
W Solider Pile Name: ‘ Soil MNail -seismic | Color:
--- M Solider Pile - Reduced Capadity|
Ml MSE Reinforcement - steel mat| SUPPOrtType: ‘Soi Mail V|
B Soil Nails

7
B Soil Nail seismic Manufacturer Library:  Mone " X /
-l Supportd

General | Pullout and Stripping | pesign Factors (Applied)

Type ‘ Data
Plate Capacity

Plate Capacity (Ibs) ‘55700
Bond Strength

Bond Strength (Ibs/ft) ‘ 2714

Material Dependent No

< ¥

Hl}‘ ]ﬂ’ i@ B @ T Note: Properties are shared across all groups and scenarios. II'
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4. Conduct the stability analysis for the seismic scenario.

5.

0.898
Material Col Unit Weight | Strength | Cohesion | Phi Water R
Name eler (Ibs /ft3) Type (psf) (deg) | Surface u
. Mohr-
Foundation 2 . 120 Coulomb 300 34 None o]
Foundation Mohr-
1 Coh l:‘ 120 Coulomb 100 30 None 0
Native
) Mohr-
Reta!ned . 120 Coulomb 100 34 None 0
Soils
Min
Method Name
FS
Bishop simplified | 0.898
Spencer 0.899

GLE/

Price

Morgenstern- | 0.902

If the calculated FoS is less than the required minimum FoS, increase the
reinforcement parameters including length, spacing, etc.: The calculated FoS =
0.9. Need to adjust reinforcement parameters until the calculated FoS meets the

required minimum FoS.
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Comparison Study

To ensure that the engineering properties of soil nails and facing work properly in slope
stability program, a comparison study was performed using Snail and Slide 2 and the

results are presented in Table A.5.5
Table A.5.5: Soil Nail Wall — Comparison between Snail and Slide

Slide 2 Results | Snail Results
Potential Failure Plane above Toe of Wall — Static

s

Min Arialysi Mathed: KD
Mathod Nama — ._ Ay Sowmane; Parmanant
Bishop simplified | 2,287 __,,-*"" Minlesen Factor of Safaty: L

Morgenstem- | 2.82% bl = To 0K

spencer 13510 I Weighn | Swargrh | Cobeston | s |Calculatid Sarvion Load at 5o Nad Head (Empeicall. Te: 201 kips
P
GLE/ Hame | E;' Tree | fpell | jdegi{ Aowable Facng Besstance, P alowabls [Entered): 30.2 kips
. o |
Mok

Price Foundaton . »
1 . ] . -
Fomprufiaf iy B
o o Cion h

—==]
e ,'::* vnnpth | Cobuuinn | put | w D
| I st I 3 O M
'I":"_:"' D Vl'ﬁ L w | s -
o [ | Pasa - " & (Empirical), Tec  19.9kips
= sl [Entared]): 41.2 Wes
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Potential Failure Plane Below Toe of Wall — Static

[
Mlethod Pame ¥s ASD
Bishep semplified | 1LI57)
F— Lo wnent
GLE/ i 1.40
Morgenytern- 1.3
Prics 2
| {Emplrical), To:
t (Entered):
St u:_;n b | P | 3
=1 lsomn | 2 pep
_____.-' 3 . EE L )
B i vl 0] I A R E
-—— — J:::c .r:-' "“'_h'_. T 3

Potential Failure Plane Below Toe of Wall — Seismic

TEEEEEE,
Kot Methe: a0 T
hralyin Soaniee ! Sl
Mirvarrazes Factor of Satwty: o
Cabiuiabi] Sarvice Load af 5ol Hal Head [Empiical), Ta: 1.1 ips

— — Alcrvvaliie Faong Resstance, F_alowsbls [Estered]: 417 hipw

i :I_h u.wh ] [ F_allowabls = Te OK
—— 1 3 |
“liw O] e frarnst

) -
et B o= |2

Mathod Name
Bc!hﬂ‘lﬂ"‘lelll'llﬂ
Spencer
GLE
Morgenshem:
Frice
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	A1. CONVENTIONAL RETAINING WALL 
	Design Example 
	For the design examples and parameter study, a standard plan retaining wall (e.g., Type 1-Case 1) with various design heights is considered to retain a vertical cut slope of granular soil (a friction angle of 30 degrees and unit weight of 120 pcf) and its footing is founded on top of a slope with varying descending angles. The edge of the wall footing is located at 4 feet from the top of the slope. The rigid block is assumed to be composed of very high shear strength soil (a cohesion of 10,000 psf, a fricti
	Below are the analysis steps used for the design examples and a summary of example analysis results is presented in Tables 1 through 6. 
	Global Stability Analysis – SGCRW without piles 
	The global stability modeling and analysis steps for SGCRW are presented below: 
	1. Model an SGCRW with a soil block with a height equal to the maximum wall design height (H) plus footing thickness (F) and a width equal to footing width. 
	1. Model an SGCRW with a soil block with a height equal to the maximum wall design height (H) plus footing thickness (F) and a width equal to footing width. 
	1. Model an SGCRW with a soil block with a height equal to the maximum wall design height (H) plus footing thickness (F) and a width equal to footing width. 
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	2. Assign the shear strength of the block as an apparent cohesion of 10,000 psf (a fictitious value to enforce potential failure surfaces outside the block) and an apparent friction angle of 34 degrees. 
	2. Assign the shear strength of the block as an apparent cohesion of 10,000 psf (a fictitious value to enforce potential failure surfaces outside the block) and an apparent friction angle of 34 degrees. 
	2. Assign the shear strength of the block as an apparent cohesion of 10,000 psf (a fictitious value to enforce potential failure surfaces outside the block) and an apparent friction angle of 34 degrees. 
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	3. Perform stability analysis for both static and seismic cases to calculate a factor of safety (FoS). 
	3. Perform stability analysis for both static and seismic cases to calculate a factor of safety (FoS). 
	3. Perform stability analysis for both static and seismic cases to calculate a factor of safety (FoS). 

	4. If the calculated FoS is less than the required minimum FoS, adjust (increase) footing width until achieving the required FoS. 
	4. If the calculated FoS is less than the required minimum FoS, adjust (increase) footing width until achieving the required FoS. 


	  
	 
	Global Stability Analysis - SGCRW with Piles  
	1. Model an SGCRW with a soil block defined as the same as the previous section along with piles.  
	1. Model an SGCRW with a soil block defined as the same as the previous section along with piles.  
	1. Model an SGCRW with a soil block defined as the same as the previous section along with piles.  


	 
	Figure
	 
	2. Assign the shear strength of the block as the same as the previous section and the shear strength of piles as 20,000 lb (a fictitious value to enforce potential failure surfaces outside the block and the pile tips). 
	2. Assign the shear strength of the block as the same as the previous section and the shear strength of piles as 20,000 lb (a fictitious value to enforce potential failure surfaces outside the block and the pile tips). 
	2. Assign the shear strength of the block as the same as the previous section and the shear strength of piles as 20,000 lb (a fictitious value to enforce potential failure surfaces outside the block and the pile tips). 

	3. Select Support Type as Pile/Micro Pile defined in Software Slide 2 and Force Application and Force Orientation as Active (Method A) and Perpendicular to Pile, respectively. Set “out of plane spacing” to 1 foot: Actual shear strength/force of the pile is equal to the entered pile shear strength times actual pile spacing.  
	3. Select Support Type as Pile/Micro Pile defined in Software Slide 2 and Force Application and Force Orientation as Active (Method A) and Perpendicular to Pile, respectively. Set “out of plane spacing” to 1 foot: Actual shear strength/force of the pile is equal to the entered pile shear strength times actual pile spacing.  

	4. Perform stability analysis for both static and seismic cases. If a critical failure surface intersects piles, increase the shear strength of piles to ensure that the critical failure surface does not intersect the piles.   
	4. Perform stability analysis for both static and seismic cases. If a critical failure surface intersects piles, increase the shear strength of piles to ensure that the critical failure surface does not intersect the piles.   
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	5. If the calculated FoS is less than the required minimum FoS, adjust (increase) pile length until achieving the required FoS 
	5. If the calculated FoS is less than the required minimum FoS, adjust (increase) pile length until achieving the required FoS 
	5. If the calculated FoS is less than the required minimum FoS, adjust (increase) pile length until achieving the required FoS 


	Compound Stability Analysis - SGCRW with Piles 
	The compound stability modeling and analysis steps for SGCRW with piles are presented below: 
	1. Repeat the previous steps 1, 2, and 3 except for adjusting (reducing) the shear strength of piles with the pile length calculated from the global stability analysis. 
	1. Repeat the previous steps 1, 2, and 3 except for adjusting (reducing) the shear strength of piles with the pile length calculated from the global stability analysis. 
	1. Repeat the previous steps 1, 2, and 3 except for adjusting (reducing) the shear strength of piles with the pile length calculated from the global stability analysis. 

	2. Perform stability analysis for both static and seismic cases by reducing the shear strength of piles up to a value to meet the minimum required FOS while the critical failure surface intersects the piles. The adjusted shear strength is the pile shear force demand that will need to be resisted by piles. 
	2. Perform stability analysis for both static and seismic cases by reducing the shear strength of piles up to a value to meet the minimum required FOS while the critical failure surface intersects the piles. The adjusted shear strength is the pile shear force demand that will need to be resisted by piles. 


	 
	Figure
	 
	3. Measure the pile length below the critical failure surface and verify it is long enough to provide the required pile passive resistance against the pile shear force demand in the previous step.  Use Brom’s method for the evaluation of the passive resistance of discrete piles.      
	3. Measure the pile length below the critical failure surface and verify it is long enough to provide the required pile passive resistance against the pile shear force demand in the previous step.  Use Brom’s method for the evaluation of the passive resistance of discrete piles.      
	3. Measure the pile length below the critical failure surface and verify it is long enough to provide the required pile passive resistance against the pile shear force demand in the previous step.  Use Brom’s method for the evaluation of the passive resistance of discrete piles.      

	4. If the passive resistance does not meet the required FoS of 1.5 against the calculated pile shear force demand (passive resistance < 1.5 times demand force), increase pile length until achieving the minimum FoS of 1.5 for the required passive resistance of piles. 
	4. If the passive resistance does not meet the required FoS of 1.5 against the calculated pile shear force demand (passive resistance < 1.5 times demand force), increase pile length until achieving the minimum FoS of 1.5 for the required passive resistance of piles. 

	5. Calculate Kp using the GLE method as shown below. 
	5. Calculate Kp using the GLE method as shown below. 
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	Figure
	Brom’s method for evaluating ultimate passive resistance (FHWA-IF-99-015) 
	 
	6. Report the calculated pile shear force demand to Bridge Design as needed. 
	6. Report the calculated pile shear force demand to Bridge Design as needed. 
	6. Report the calculated pile shear force demand to Bridge Design as needed. 


	  
	Summary of Example Analysis Results - SGCRW without Piles 
	Table A1.1: Overall Factor of Safety of Wall vs Block (Case 1) 
	Retaining Wall Type/ Height (feet) 
	Retaining Wall Type/ Height (feet) 
	Retaining Wall Type/ Height (feet) 
	Retaining Wall Type/ Height (feet) 

	Soil Properties under Footing on 1H:1V Sloping Ground 
	Soil Properties under Footing on 1H:1V Sloping Ground 

	FOS (Overall) 
	FOS (Overall) 


	Friction (°)  
	Friction (°)  
	Friction (°)  

	Cohesion(psf) 
	Cohesion(psf) 

	Static 
	Static 

	Seismic 
	Seismic 


	TR
	Wall 
	Wall 

	Block 
	Block 

	Wall 
	Wall 

	Block 
	Block 


	Type 1 (Case 1) / 20 
	Type 1 (Case 1) / 20 
	Type 1 (Case 1) / 20 

	42 
	42 

	400 
	400 

	1.48 
	1.48 

	1.52 
	1.52 

	1.10 
	1.10 

	1.12 
	1.12 


	20 
	20 
	20 

	1100 
	1100 

	1.42 
	1.42 

	1.45 
	1.45 

	1.10 
	1.10 

	1.12 
	1.12 


	Type 1 (Case 1) / 24 
	Type 1 (Case 1) / 24 
	Type 1 (Case 1) / 24 

	43 
	43 

	400 
	400 

	1.48 
	1.48 

	1.48 
	1.48 

	1.10 
	1.10 

	1.10 
	1.10 


	20 
	20 
	20 

	1250 
	1250 

	1.45 
	1.45 

	1.44 
	1.44 

	1.13 
	1.13 

	1.13 
	1.13 


	Type 1 (Case 1) / 28 
	Type 1 (Case 1) / 28 
	Type 1 (Case 1) / 28 

	44 
	44 

	400 
	400 

	1.48 
	1.48 

	1.49 
	1.49 

	1.10 
	1.10 

	1.11 
	1.11 


	20 
	20 
	20 

	1400 
	1400 

	1.43 
	1.43 

	1.44 
	1.44 

	1.13 
	1.13 

	1.14 
	1.14 


	Type 1 (Case 1) / 32 
	Type 1 (Case 1) / 32 
	Type 1 (Case 1) / 32 

	44 
	44 

	400 
	400 

	1.47 
	1.47 

	1.47 
	1.47 

	1.11 
	1.11 

	1.11 
	1.11 


	20 
	20 
	20 

	1550 
	1550 

	1.42 
	1.42 

	1.43 
	1.43 

	1.12 
	1.12 

	1.13 
	1.13 


	Type 1 (Case 1) / 36 
	Type 1 (Case 1) / 36 
	Type 1 (Case 1) / 36 

	44 
	44 

	400 
	400 

	1.48 
	1.48 

	1.48 
	1.48 

	1.11 
	1.11 

	1.11 
	1.11 


	20 
	20 
	20 

	1750 
	1750 

	1.42 
	1.42 

	1.43 
	1.43 

	1.12 
	1.12 

	1.13 
	1.13 



	 
	Table A1.2: Overall Factor of Safety of Wall vs Block (Case 2) 
	Retaining Wall Type/ Height (feet) 
	Retaining Wall Type/ Height (feet) 
	Retaining Wall Type/ Height (feet) 
	Retaining Wall Type/ Height (feet) 

	Soil Properties under Footing on 2H:1V Sloping Ground 
	Soil Properties under Footing on 2H:1V Sloping Ground 

	FOS (Overall) 
	FOS (Overall) 


	Friction (°) 
	Friction (°) 
	Friction (°) 

	Cohesion(psf) 
	Cohesion(psf) 

	Static 
	Static 

	Seismic 
	Seismic 


	TR
	Wall 
	Wall 

	Block 
	Block 

	Wall 
	Wall 

	Block 
	Block 


	Type 1 (Case 1) / 20 
	Type 1 (Case 1) / 20 
	Type 1 (Case 1) / 20 

	40 
	40 

	100 
	100 

	1.66 
	1.66 

	1.68 
	1.68 

	1.15 
	1.15 

	1.16 
	1.16 


	20 
	20 
	20 

	750 
	750 

	1.61 
	1.61 

	1.63 
	1.63 

	1.13 
	1.13 

	1.13 
	1.13 


	Type 1 (Case 1) / 24 
	Type 1 (Case 1) / 24 
	Type 1 (Case 1) / 24 

	40 
	40 

	100 
	100 

	1.62 
	1.62 

	1.62 
	1.62 

	1.12 
	1.12 

	1.13 
	1.13 


	20 
	20 
	20 

	850 
	850 

	1.58 
	1.58 

	1.59 
	1.59 

	1.12 
	1.12 

	1.12 
	1.12 


	Type 1 (Case 1) / 28 
	Type 1 (Case 1) / 28 
	Type 1 (Case 1) / 28 

	41 
	41 

	100 
	100 

	1.63 
	1.63 

	1.63 
	1.63 

	1.14 
	1.14 

	1.14 
	1.14 


	20 
	20 
	20 

	950 
	950 

	1.55 
	1.55 

	1.55 
	1.55 

	1.10 
	1.10 

	1.11 
	1.11 


	Type 1 (Case 1) / 32 
	Type 1 (Case 1) / 32 
	Type 1 (Case 1) / 32 

	41 
	41 

	100 
	100 

	1.61 
	1.61 

	1.61 
	1.61 

	1.13 
	1.13 

	1.14 
	1.14 


	20 
	20 
	20 

	1100 
	1100 

	1.52 
	1.52 

	1.54 
	1.54 

	1.11 
	1.11 

	1.11 
	1.11 


	Type 1 (Case 1) / 36 
	Type 1 (Case 1) / 36 
	Type 1 (Case 1) / 36 

	41 
	41 

	100 
	100 

	1.61 
	1.61 

	1.60 
	1.60 

	1.16 
	1.16 

	1.13 
	1.13 


	20 
	20 
	20 

	1300 
	1300 

	1.52 
	1.52 

	1.54 
	1.54 

	1.12 
	1.12 

	1.13 
	1.13 



	 
	  
	Table A1.3: Overall Factor of Safety of Wall vs Block (3) 
	Retaining Wall Type/ Height (feet) 
	Retaining Wall Type/ Height (feet) 
	Retaining Wall Type/ Height (feet) 
	Retaining Wall Type/ Height (feet) 

	Soil Properties under Footing on 3H:1V Sloping Ground 
	Soil Properties under Footing on 3H:1V Sloping Ground 

	FOS (Overall) 
	FOS (Overall) 


	Friction (°)  
	Friction (°)  
	Friction (°)  

	Cohesion (psf) 
	Cohesion (psf) 

	Static 
	Static 

	Seismic 
	Seismic 


	TR
	Wall 
	Wall 

	Block 
	Block 

	Wall 
	Wall 

	Block 
	Block 


	Type 1 (Case 1) / 20 
	Type 1 (Case 1) / 20 
	Type 1 (Case 1) / 20 

	33 
	33 

	100 
	100 

	1.56 
	1.56 

	1.57 
	1.57 

	1.11 
	1.11 

	1.12 
	1.12 


	20 
	20 
	20 

	500 
	500 

	1.60 
	1.60 

	1.62 
	1.62 

	1.12 
	1.12 

	1.13 
	1.13 


	Type 1 (Case 1) / 24 
	Type 1 (Case 1) / 24 
	Type 1 (Case 1) / 24 

	34 
	34 

	100 
	100 

	1.56 
	1.56 

	1.56 
	1.56 

	1.11 
	1.11 

	1.11 
	1.11 


	20 
	20 
	20 

	550 
	550 

	1.53 
	1.53 

	1.53 
	1.53 

	1.11 
	1.11 

	1.11 
	1.11 


	Type 1 (Case 1) / 28 
	Type 1 (Case 1) / 28 
	Type 1 (Case 1) / 28 

	35 
	35 

	100 
	100 

	1.57 
	1.57 

	1.57 
	1.57 

	1.12 
	1.12 

	1.12 
	1.12 


	20 
	20 
	20 

	650 
	650 

	1.52 
	1.52 

	1.52 
	1.52 

	1.11 
	1.11 

	1.12 
	1.12 


	Type 1 (Case 1) / 32 
	Type 1 (Case 1) / 32 
	Type 1 (Case 1) / 32 

	35 
	35 

	100 
	100 

	1.55 
	1.55 

	1.55 
	1.55 

	1.11 
	1.11 

	1.10 
	1.10 


	20 
	20 
	20 

	750 
	750 

	1.51 
	1.51 

	1.52 
	1.52 

	1.11 
	1.11 

	1.11 
	1.11 


	Type 1 (Case 1) / 36 
	Type 1 (Case 1) / 36 
	Type 1 (Case 1) / 36 

	35 
	35 

	100 
	100 

	1.55 
	1.55 

	1.55 
	1.55 

	1.12 
	1.12 

	1.11 
	1.11 


	20 
	20 
	20 

	850 
	850 

	1.51 
	1.51 

	1.52 
	1.52 

	1.11 
	1.11 

	1.11 
	1.11 



	 
	  
	Summary of Example Analysis Results - SGCRW Piles 
	Table A1.4: Overall Factor of Safety and Minimum Embedment Depth of Piles (Case 1) 
	Retaining Wall Type/ Height (feet) 
	Retaining Wall Type/ Height (feet) 
	Retaining Wall Type/ Height (feet) 
	Retaining Wall Type/ Height (feet) 

	Length of Piles (feet) 
	Length of Piles (feet) 

	Soil Properties under Footing on 1H:1V Sloping Ground 
	Soil Properties under Footing on 1H:1V Sloping Ground 

	FOS (Overall) 
	FOS (Overall) 

	 
	 
	Minimum Embedment Depth (feet) / Minimum Shear Strength of Piles (lb/ft) 
	 


	TR
	Friction (°) 
	Friction (°) 

	Cohesion (psf) 
	Cohesion (psf) 

	Static 
	Static 

	Seismic 
	Seismic 


	Type 1 (Case 1) / 20 
	Type 1 (Case 1) / 20 
	Type 1 (Case 1) / 20 

	20 
	20 

	34 
	34 

	400 
	400 

	1.52 
	1.52 

	1.14 
	1.14 

	11 / 6000 
	11 / 6000 


	TR
	20 
	20 

	1100 
	1100 

	1.46 
	1.46 

	1.12 
	1.12 

	20 / 1000 
	20 / 1000 



	 
	Table A1.5: Overall Factor of Safety and Minimum Embedment Depth of Piles (Case 2) 
	Retaining Wall Type/ Height (feet) 
	Retaining Wall Type/ Height (feet) 
	Retaining Wall Type/ Height (feet) 
	Retaining Wall Type/ Height (feet) 

	Length/Spacing of Piles (feet) 
	Length/Spacing of Piles (feet) 

	Soil Properties under Footing on 2H:1V Sloping Ground 
	Soil Properties under Footing on 2H:1V Sloping Ground 

	FOS (Overall) 
	FOS (Overall) 

	 
	 
	Minimum Embedment Depth (feet) / Minimum Shear Strength of Piles (lb/ft) 
	 


	TR
	Friction (°) 
	Friction (°) 

	Cohesion (psf) 
	Cohesion (psf) 

	Static 
	Static 

	Seismic 
	Seismic 


	Type 1 (Case 1) / 20 
	Type 1 (Case 1) / 20 
	Type 1 (Case 1) / 20 

	20 
	20 

	32 
	32 

	100 
	100 

	1.71 
	1.71 

	1.17 
	1.17 

	6.8 / 8000 
	6.8 / 8000 


	TR
	20 
	20 

	650 
	650 

	1.63 
	1.63 

	1.13 
	1.13 

	15.6 / 2000 
	15.6 / 2000 



	 
	Table A1.6: Overall Factor of Safety and Minimum Embedment Depth of Piles (Case 2) 
	Retaining Wall Type/ Height (feet) 
	Retaining Wall Type/ Height (feet) 
	Retaining Wall Type/ Height (feet) 
	Retaining Wall Type/ Height (feet) 

	Length/Spacing of Piles (feet) 
	Length/Spacing of Piles (feet) 

	Soil Properties under Footing on 3H:1V Sloping Ground 
	Soil Properties under Footing on 3H:1V Sloping Ground 

	FOS (Overall) 
	FOS (Overall) 

	 
	 
	Minimum Embedment Depth (feet) / Minimum Shear Strength of Piles (lb/ft) 
	 


	TR
	Friction (°) 
	Friction (°) 

	Cohesion (psf) 
	Cohesion (psf) 

	Static 
	Static 

	Seismic 
	Seismic 


	Type 1 (Case 1) / 20 
	Type 1 (Case 1) / 20 
	Type 1 (Case 1) / 20 

	20 
	20 

	26 
	26 

	100 
	100 

	1.72 
	1.72 

	1.12 
	1.12 

	10.4 / 9000 
	10.4 / 9000 


	TR
	20 
	20 

	450 
	450 

	1.75 
	1.75 

	1.14 
	1.14 

	16.1 / 1500 
	16.1 / 1500 



	 
	  
	A2. NON-GRAVITY CANTILEVER RETAINING WALL  
	Design Examples 
	The following examples include: 
	• Solider piles with lagging wall – Design height = 25 feet 
	• Solider piles with lagging wall – Design height = 25 feet 
	• Solider piles with lagging wall – Design height = 25 feet 

	• Drilled hole diameter = 2 feet and pile spacing = 8 feet. 
	• Drilled hole diameter = 2 feet and pile spacing = 8 feet. 

	• Descending ground slope height = 35 feet 
	• Descending ground slope height = 35 feet 

	• Comparison of cohesionless and mixed (cohesion and frictional) soils 
	• Comparison of cohesionless and mixed (cohesion and frictional) soils 

	• Comparison of varying sloping ground surface 
	• Comparison of varying sloping ground surface 

	• Horizontal seismic coefficient = 0.2 
	• Horizontal seismic coefficient = 0.2 


	 
	Table A2.1: Soil Profile 
	Case 
	Case 
	Case 
	Case 

	Ground slope incline 
	Ground slope incline 

	Retained Soil  
	Retained Soil  
	Shear Strength  

	Foundation 1  
	Foundation 1  
	Shear Strength 

	Foundation 2  
	Foundation 2  
	Shear Strength 


	1A 
	1A 
	1A 

	2H:1V  
	2H:1V  
	(27 deg) 

	γ = 120 pcf 
	γ = 120 pcf 
	c' = 0 psf, φ' = 32 deg 

	γ = 120 pcf 
	γ = 120 pcf 
	c' = 0 psf, φ' = 30 deg 

	γ = 120 pcf 
	γ = 120 pcf 
	c' = 300 psf, φ' = 34 deg 


	TR
	1B 
	1B 

	γ = 120 pcf 
	γ = 120 pcf 
	c' = 50 psf, φ' = 30 deg 


	TR
	2 
	2 

	1H:1V  
	1H:1V  
	(45 deg) 

	γ = 120 pcf 
	γ = 120 pcf 
	c' = 300 psf, φ' = 34 deg 



	 
	 
	Table A2.2: Summary of Results 
	Case 
	Case 
	Case 
	Case 

	Static (Service Limit State) 
	Static (Service Limit State) 

	Seismic (Extreme Event Limit State) 
	Seismic (Extreme Event Limit State) 


	Minimum Pile Embedment Depth (ft) 
	Minimum Pile Embedment Depth (ft) 
	Minimum Pile Embedment Depth (ft) 

	Demand Force, kip/pile 
	Demand Force, kip/pile 

	Passive Resistance, kip/pile 
	Passive Resistance, kip/pile 

	Passive Resistance FOS 
	Passive Resistance FOS 

	Minimum Pile Embedment Depth (ft) 
	Minimum Pile Embedment Depth (ft) 

	Demand Force, kip/pile 
	Demand Force, kip/pile 

	Passive Resistance, kip/pile 
	Passive Resistance, kip/pile 

	Passive Resistance FOS 
	Passive Resistance FOS 


	1A 
	1A 
	1A 

	18 
	18 

	76 
	76 

	183.4 
	183.4 

	2.41 
	2.41 

	25 
	25 

	140 
	140 

	158.9 
	158.9 

	1.14 
	1.14 


	1B 
	1B 
	1B 

	14 
	14 

	38 
	38 

	125.3 
	125.3 

	3.30 
	3.30 

	22 
	22 

	97.5 
	97.5 

	124.4 
	124.4 

	1.28 
	1.28 


	2 
	2 
	2 

	21 
	21 

	47.5 
	47.5 

	191.9 
	191.9 

	4.04 
	4.04 

	22 
	22 

	50 
	50 

	106.6 
	106.6 

	2.13 
	2.13 



	 
	  
	Case 1A: Overall Slope Stability – Static 
	Estimate Wall Embedment Depth – Static Service Limit State 
	Figure
	 
	 
	Figure
	 
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of the retaining wall has 2H:1V slope with a slope height of 35 ft.  
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of the retaining wall has 2H:1V slope with a slope height of 35 ft.  
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of the retaining wall has 2H:1V slope with a slope height of 35 ft.  

	2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile element and assign the 8 ft out-of-plane spacing and very large pile shear strength (200,000 lbf) 
	2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile element and assign the 8 ft out-of-plane spacing and very large pile shear strength (200,000 lbf) 

	3. Perform limit equilibrium slope stability analysis. 
	3. Perform limit equilibrium slope stability analysis. 

	4. If the potential failure surface intersects the pile, increase the shear strength of the pile to make the potential failure outside the pile element. If the calculated FOS is less than the required minimum FOS, increase the length of the pile until the calculated FOS meets the requirement. 
	4. If the potential failure surface intersects the pile, increase the shear strength of the pile to make the potential failure outside the pile element. If the calculated FOS is less than the required minimum FOS, increase the length of the pile until the calculated FOS meets the requirement. 

	5. The pile embedment depth required for a FOS of 1.3 is 18 ft.  
	5. The pile embedment depth required for a FOS of 1.3 is 18 ft.  


	Case 1A: Overall Slope Stability – Seismic 
	Estimate Wall Embedment Depth – Seismic Extreme Event Limit State 
	 
	Figure
	 
	 
	Figure
	 
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of the retaining wall has 2H:1V slope with a slope height of 35 ft.  
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of the retaining wall has 2H:1V slope with a slope height of 35 ft.  
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of the retaining wall has 2H:1V slope with a slope height of 35 ft.  

	2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile element and assign the 8 ft out-of-plane spacing and very large pile shear strength (200,000 lbf) 
	2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile element and assign the 8 ft out-of-plane spacing and very large pile shear strength (200,000 lbf) 

	3. Perform limit equilibrium slope stability analysis, using kh = 0.2 
	3. Perform limit equilibrium slope stability analysis, using kh = 0.2 

	4. If the potential failure surface intersects the pile, increase the shear strength of the pile to make the potential failure outside the pile element. If the calculated FOS is less than the required minimum FOS, increase the length of the pile until the calculated FOS meets the requirement. 
	4. If the potential failure surface intersects the pile, increase the shear strength of the pile to make the potential failure outside the pile element. If the calculated FOS is less than the required minimum FOS, increase the length of the pile until the calculated FOS meets the requirement. 

	5. The pile embedment depth required for a FOS of 1.0 is 25 ft.  
	5. The pile embedment depth required for a FOS of 1.0 is 25 ft.  


	Case 1A: Compound Slope Stability – Static 
	a) Estimate Demand Force – Static Service Limit State 
	 
	Figure
	 
	 
	Figure
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 2H:1V slope with a slope height of 35 ft.  
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 2H:1V slope with a slope height of 35 ft.  
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 2H:1V slope with a slope height of 35 ft.  

	2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile element and assign the 8 ft out-of-plane spacing. Use pile shear strength 57,800 lbf and pile length obtained from the Global Stability Analysis - Static (18 ft) 
	2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile element and assign the 8 ft out-of-plane spacing. Use pile shear strength 57,800 lbf and pile length obtained from the Global Stability Analysis - Static (18 ft) 

	3. Perform limit equilibrium slope stability analysis. 
	3. Perform limit equilibrium slope stability analysis. 

	4. If the calculated FOS is less than the required minimum FOS and the failure surface passes through the pile element, then increase the pile shear strength in smaller increments until the required FOS is achieved. If the calculated FOS is higher than the required FOS and the failure surface passes outside the pile element, then decrease the pile shear strength until the required FOS is achieved. 
	4. If the calculated FOS is less than the required minimum FOS and the failure surface passes through the pile element, then increase the pile shear strength in smaller increments until the required FOS is achieved. If the calculated FOS is higher than the required FOS and the failure surface passes outside the pile element, then decrease the pile shear strength until the required FOS is achieved. 

	5. The pile shear strength required for a FOS of 1.3 is 57,800 lbf.  
	5. The pile shear strength required for a FOS of 1.3 is 57,800 lbf.  


	Case 1A: Compound Slope Stability – Static 
	b) Check Passive Resistance – Static Service Limit State 
	 
	Figure
	 
	1. In a separate model, remove all earth material from the active side of the wall. 
	1. In a separate model, remove all earth material from the active side of the wall. 
	1. In a separate model, remove all earth material from the active side of the wall. 

	2. Set the failure surface entry point such that it starts at the tip of the embedded pile. 
	2. Set the failure surface entry point such that it starts at the tip of the embedded pile. 

	3. Apply a line load perpendicular to the pile at a height 0.4H = 0.4 x 18 ft = 7.2 ft from the base. 
	3. Apply a line load perpendicular to the pile at a height 0.4H = 0.4 x 18 ft = 7.2 ft from the base. 

	4. Perform LE slope stability analysis to determine the passive pressure that corresponds to a FOS of 1.0. Here PP = 35 kip/ft. 
	4. Perform LE slope stability analysis to determine the passive pressure that corresponds to a FOS of 1.0. Here PP = 35 kip/ft. 

	5. From PP = 0.5 γ H2 Kp , back-calculate Kp = 1.8 (no interface considered) 
	5. From PP = 0.5 γ H2 Kp , back-calculate Kp = 1.8 (no interface considered) 

	  
	  


	 
	6. Determine passive resistance below the compound failure surface using Brom’s method: 
	6. Determine passive resistance below the compound failure surface using Brom’s method: 
	6. Determine passive resistance below the compound failure surface using Brom’s method: 


	𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑅𝑅𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑅𝑅𝑃𝑃𝑅𝑅𝑅𝑅𝑃𝑃=3 𝐾𝐾𝑝𝑝�𝐷𝐷+𝑑𝑑2�𝛾𝛾𝛾𝛾(𝐷𝐷−𝑑𝑑) 
	 =3×1.8Ł18+6.42Ł120×2(18−6.4) 
	 =183.4𝑘𝑘𝑃𝑃𝑘𝑘/𝑘𝑘𝑃𝑃𝑝𝑝𝑃𝑃 
	 
	7. FOS = Passive resistance of 183.4 kip per pile divided by demand force of 57.8 kips per pile = 3.17 > minimum required FOS 1.5.   
	7. FOS = Passive resistance of 183.4 kip per pile divided by demand force of 57.8 kips per pile = 3.17 > minimum required FOS 1.5.   
	7. FOS = Passive resistance of 183.4 kip per pile divided by demand force of 57.8 kips per pile = 3.17 > minimum required FOS 1.5.   


	 
	  
	Case 1A: Compound Slope Stability – Seismic 
	a) Estimate Demand Force – Seismic Extreme Event Limit State 
	 
	 
	 
	Figure
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 2H:1V slope with a slope height of 35 ft.  
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 2H:1V slope with a slope height of 35 ft.  
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 2H:1V slope with a slope height of 35 ft.  

	2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile element, assign the 8 ft out-of-plane spacing. Use pile shear strength 140,000 lbs and pile length obtained from the Global Stability Analysis - Seismic (25 ft) 
	2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile element, assign the 8 ft out-of-plane spacing. Use pile shear strength 140,000 lbs and pile length obtained from the Global Stability Analysis - Seismic (25 ft) 
	Figure

	3. Perform limit equilibrium slope stability analysis, using kh = 0.2 
	3. Perform limit equilibrium slope stability analysis, using kh = 0.2 

	4. If the calculated FOS is less than the required minimum FOS and the failure surface passes through the pile element, then increase the pile shear strength in smaller increments until the required FOS is achieved. If the calculated FOS is higher than the required FOS and the failure surface passes outside the pile element, then decrease the pile shear strength until the required FOS is achieved. 
	4. If the calculated FOS is less than the required minimum FOS and the failure surface passes through the pile element, then increase the pile shear strength in smaller increments until the required FOS is achieved. If the calculated FOS is higher than the required FOS and the failure surface passes outside the pile element, then decrease the pile shear strength until the required FOS is achieved. 

	5. The pile shear strength required for a FOS of 1.0 is 140,000 lbf. 
	5. The pile shear strength required for a FOS of 1.0 is 140,000 lbf. 


	  
	Case 1A: Compound Slope Stability – Seismic 
	b) Check Passive Resistance – Seismic Extreme Event Limit State 
	 
	1. In a separate model, remove all earth material from the active side of the wall. 
	1. In a separate model, remove all earth material from the active side of the wall. 
	1. In a separate model, remove all earth material from the active side of the wall. 

	2. Set the failure surface entry point such that it starts at the tip of the embedded pile. 
	2. Set the failure surface entry point such that it starts at the tip of the embedded pile. 
	Figure

	3. Apply a line load perpendicular to the pile at a height 0.4H = 0.4 x 25 ft = 10 ft from the base. 
	3. Apply a line load perpendicular to the pile at a height 0.4H = 0.4 x 25 ft = 10 ft from the base. 

	4. Perform LE slope stability analysis using kh = 0.2 to determine the passive pressure that corresponds to a FOS of 1.0. Here Pp = 33 kip/ft. 
	4. Perform LE slope stability analysis using kh = 0.2 to determine the passive pressure that corresponds to a FOS of 1.0. Here Pp = 33 kip/ft. 

	5. From PP = 0.5 γ H2 Kp , back-calculate Kp = 0.88 (no interface considered) 
	5. From PP = 0.5 γ H2 Kp , back-calculate Kp = 0.88 (no interface considered) 


	  
	 
	6. Determine passive resistance below the compound failure surface using Brom’s method: 
	6. Determine passive resistance below the compound failure surface using Brom’s method: 
	6. Determine passive resistance below the compound failure surface using Brom’s method: 


	𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑅𝑅𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑅𝑅𝑃𝑃𝑅𝑅𝑅𝑅𝑃𝑃=3 𝐾𝐾𝑝𝑝�𝐷𝐷+𝑑𝑑2�𝛾𝛾𝛾𝛾(𝐷𝐷−𝑑𝑑) 
	 =3×0.88Ł25+10.92Ł120×2(25−10.9) 
	 =160.4𝑘𝑘𝑃𝑃𝑘𝑘/𝑘𝑘𝑃𝑃𝑝𝑝𝑃𝑃 
	 
	 
	7. FOS = Passive resistance of 160.4 kip per pile divided by demand force of 140 kip per pile = 1.15 > minimum required FOS 1.0.   
	7. FOS = Passive resistance of 160.4 kip per pile divided by demand force of 140 kip per pile = 1.15 > minimum required FOS 1.0.   
	7. FOS = Passive resistance of 160.4 kip per pile divided by demand force of 140 kip per pile = 1.15 > minimum required FOS 1.0.   


	  
	Case 1B: Overall Slope Stability – Static 
	Estimate Wall Embedment Depth – Static Service Limit State 
	 
	 
	 
	 
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 2H:1V slope with a slope height of 35 ft.  
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 2H:1V slope with a slope height of 35 ft.  
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 2H:1V slope with a slope height of 35 ft.  
	Figure

	2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile element and assign the 8 ft out-of-plane spacing and very large pile shear strength (200,000 lbf) 
	2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile element and assign the 8 ft out-of-plane spacing and very large pile shear strength (200,000 lbf) 

	3. Perform limit equilibrium slope stability analysis. 
	3. Perform limit equilibrium slope stability analysis. 
	Figure

	4. If the potential failure surface intersects the pile, increase the shear strength of the pile to make the potential failure outside the pile element. If the calculated FOS is less than the required minimum FOS, increase the length of the pile until the calculated FOS meets the requirement. 
	4. If the potential failure surface intersects the pile, increase the shear strength of the pile to make the potential failure outside the pile element. If the calculated FOS is less than the required minimum FOS, increase the length of the pile until the calculated FOS meets the requirement. 

	5. The pile embedment depth required for a FOS of 1.3 is 14 ft.  
	5. The pile embedment depth required for a FOS of 1.3 is 14 ft.  


	Case 1B: Overall Slope Stability – Seismic 
	Estimate Wall Embedment Depth – Seismic Extreme Event Limit State 
	 
	 
	 
	 
	Figure
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 2H:1V slope with a slope height of 35 ft.  
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 2H:1V slope with a slope height of 35 ft.  
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 2H:1V slope with a slope height of 35 ft.  

	2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile element and assign the 8 ft out-of-plane spacing and very large pile shear strength (200,000 lbf) 
	2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile element and assign the 8 ft out-of-plane spacing and very large pile shear strength (200,000 lbf) 

	3. Perform limit equilibrium slope stability analysis, using kh = 0.2 
	3. Perform limit equilibrium slope stability analysis, using kh = 0.2 
	Figure

	4. If the potential failure surface intersects the pile, increase the shear strength of the pile to make the potential failure outside the pile element. If the calculated FOS is less than the required minimum FOS, increase the length of the pile until the calculated FOS meets the requirement. 
	4. If the potential failure surface intersects the pile, increase the shear strength of the pile to make the potential failure outside the pile element. If the calculated FOS is less than the required minimum FOS, increase the length of the pile until the calculated FOS meets the requirement. 

	5. The pile embedment depth required for a FOS of 1.0 is 22 ft. 
	5. The pile embedment depth required for a FOS of 1.0 is 22 ft. 


	  
	Case 1B: Compound Slope Stability – Static 
	a) Estimate Demand Force – Static Service Limit State 
	 
	 
	 
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 2H:1V slope with a slope height of 35 ft.  
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 2H:1V slope with a slope height of 35 ft.  
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 2H:1V slope with a slope height of 35 ft.  

	2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile element, assign the 8 ft out-of-plane spacing. Use pile shear strength 29,000 lbf and pile length obtained from the Global Stability Analysis - Static (14 ft) 
	2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile element, assign the 8 ft out-of-plane spacing. Use pile shear strength 29,000 lbf and pile length obtained from the Global Stability Analysis - Static (14 ft) 
	Figure

	3. Perform limit equilibrium slope stability analysis. 
	3. Perform limit equilibrium slope stability analysis. 

	4. If the calculated FOS is less than the required minimum FOS and the failure surface passes through the pile element, then increase the pile shear strength in smaller increments until the required FOS is achieved. If the calculated FOS is higher than the required FOS and the failure surface passes outside the pile element, then decrease the pile shear strength until the required FOS is achieved. 
	4. If the calculated FOS is less than the required minimum FOS and the failure surface passes through the pile element, then increase the pile shear strength in smaller increments until the required FOS is achieved. If the calculated FOS is higher than the required FOS and the failure surface passes outside the pile element, then decrease the pile shear strength until the required FOS is achieved. 
	Figure

	5. The pile shear strength required for a FOS of 1.3 is 29,000 lbf.  
	5. The pile shear strength required for a FOS of 1.3 is 29,000 lbf.  


	Case 1B: Compound Slope Stability – Static 
	b) Check Passive Resistance – Static Service Limit State 
	 
	 
	1. In a separate model, remove all earth material from the active side of the wall. 
	1. In a separate model, remove all earth material from the active side of the wall. 
	1. In a separate model, remove all earth material from the active side of the wall. 

	2. Set the failure surface entry point such that it starts at the tip of the embedded pile. 
	2. Set the failure surface entry point such that it starts at the tip of the embedded pile. 

	3. Apply a line load perpendicular to the pile at a height 0.4H = 0.4 x 14 ft = 5.6 ft from the base. 
	3. Apply a line load perpendicular to the pile at a height 0.4H = 0.4 x 14 ft = 5.6 ft from the base. 
	Figure

	4. Perform LE slope stability analysis to determine the passive pressure that corresponds to a FOS of 1.0. Here PP = 25 kip/ft. 
	4. Perform LE slope stability analysis to determine the passive pressure that corresponds to a FOS of 1.0. Here PP = 25 kip/ft. 

	5. From PP = 0.5 γ H2 Kp , back-calculate Kp = 2.13 (no interface considered)  6. Determine passive resistance below the compound failure surface using Brom’s method: 
	5. From PP = 0.5 γ H2 Kp , back-calculate Kp = 2.13 (no interface considered)  6. Determine passive resistance below the compound failure surface using Brom’s method: 


	𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑅𝑅𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑅𝑅𝑃𝑃𝑅𝑅𝑅𝑅𝑃𝑃=3 𝐾𝐾𝑝𝑝�𝐷𝐷+𝑑𝑑2�𝛾𝛾𝛾𝛾(𝐷𝐷−𝑑𝑑) 
	 =3×2.13Ł14+5.12Ł120×2(14−5.1) 
	 =130.3𝑘𝑘𝑃𝑃𝑘𝑘/𝑘𝑘𝑃𝑃𝑝𝑝𝑃𝑃 
	 
	7. FOS = Passive resistance of 130.3 kip per pile divided by demand force of 29 kip per pile = 4.5 > minimum required FOS 1.5. 
	7. FOS = Passive resistance of 130.3 kip per pile divided by demand force of 29 kip per pile = 4.5 > minimum required FOS 1.5. 
	7. FOS = Passive resistance of 130.3 kip per pile divided by demand force of 29 kip per pile = 4.5 > minimum required FOS 1.5. 


	  
	Case 1B: Compound Slope Stability – Seismic 
	a) Estimate Demand Force – Seismic Extreme Event Limit State 
	 
	 
	 
	 
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 2H:1V slope with a slope height of 35 ft.  
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 2H:1V slope with a slope height of 35 ft.  
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 2H:1V slope with a slope height of 35 ft.  

	2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile element, assign the 8 ft out-of-plane spacing. Use pile shear strength 95,760 lbf and pile length obtained from the Global Stability Analysis - Seismic (22 ft) 
	2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile element, assign the 8 ft out-of-plane spacing. Use pile shear strength 95,760 lbf and pile length obtained from the Global Stability Analysis - Seismic (22 ft) 
	Figure

	3. Perform limit equilibrium slope stability analysis, using kh = 0.2 
	3. Perform limit equilibrium slope stability analysis, using kh = 0.2 

	4. If the calculated FOS is less than the required minimum FOS and the failure surface passes through the pile element, then increase the pile shear strength in smaller increments until the required FOS is achieved. If the calculated FOS is higher than the required FOS and the failure surface passes outside the pile element, then decrease the pile shear strength until the required FOS is achieved. 
	4. If the calculated FOS is less than the required minimum FOS and the failure surface passes through the pile element, then increase the pile shear strength in smaller increments until the required FOS is achieved. If the calculated FOS is higher than the required FOS and the failure surface passes outside the pile element, then decrease the pile shear strength until the required FOS is achieved. 

	5. The pile shear strength required for a FOS of 1.0 is 95,760 lbf. 
	5. The pile shear strength required for a FOS of 1.0 is 95,760 lbf. 
	Figure


	  
	Case 1B: Compound Slope Stability – Seismic 
	b) Check Passive Resistance – Seismic Extreme Event Limit State 
	 
	 
	 
	1. In a separate model, remove all earth material from the active side of the wall. 
	1. In a separate model, remove all earth material from the active side of the wall. 
	1. In a separate model, remove all earth material from the active side of the wall. 

	2. Set the failure surface entry point such that it starts at the tip of the embedded pile. 
	2. Set the failure surface entry point such that it starts at the tip of the embedded pile. 

	3. Apply a line load perpendicular to the pile at a height 0.4H = 0.4 x 22 ft = 8.8 ft from the base. 
	3. Apply a line load perpendicular to the pile at a height 0.4H = 0.4 x 22 ft = 8.8 ft from the base. 

	4. Perform LE slope stability analysis using kh = 0.2 to determine the passive pressure that corresponds to a FOS of 1.0. Here PP = 26 kip/ft. 
	4. Perform LE slope stability analysis using kh = 0.2 to determine the passive pressure that corresponds to a FOS of 1.0. Here PP = 26 kip/ft. 
	Figure

	5. From PP = 0.5 γ H2 Kp , back-calculate Kp = 0.9 (no interface considered)  6. Determine passive resistance below the compound failure surface using Brom’s method: 
	5. From PP = 0.5 γ H2 Kp , back-calculate Kp = 0.9 (no interface considered)  6. Determine passive resistance below the compound failure surface using Brom’s method: 
	Figure


	𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑅𝑅𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑅𝑅𝑃𝑃𝑅𝑅𝑅𝑅𝑃𝑃=3 𝐾𝐾𝑝𝑝�𝐷𝐷+𝑑𝑑2�𝛾𝛾𝛾𝛾(𝐷𝐷−𝑑𝑑) 
	 =3×0.9Ł22+9.92Ł120×2(22−9.9) 
	 =125 𝑘𝑘𝑃𝑃𝑘𝑘/𝑘𝑘𝑃𝑃𝑝𝑝𝑃𝑃 
	 
	 
	7. FOS = Passive resistance of 125 kip per pile divided by demand force of 95.76 kip per pile = 1.3 > minimum required FOS 1.0. 
	7. FOS = Passive resistance of 125 kip per pile divided by demand force of 95.76 kip per pile = 1.3 > minimum required FOS 1.0. 
	7. FOS = Passive resistance of 125 kip per pile divided by demand force of 95.76 kip per pile = 1.3 > minimum required FOS 1.0. 


	 
	  
	Case 2: Overall Slope Stability – Static 
	Estimate Wall Embedment Depth – Static Service Limit State 
	 
	 
	 
	 
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 1H:1V slope with a slope height of 35 ft.  
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 1H:1V slope with a slope height of 35 ft.  
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 1H:1V slope with a slope height of 35 ft.  

	2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile element and assign the 8 ft out-of-plane spacing and very large pile shear strength (200,000 lbf) 
	2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile element and assign the 8 ft out-of-plane spacing and very large pile shear strength (200,000 lbf) 

	3. Perform limit equilibrium slope stability analysis. 
	3. Perform limit equilibrium slope stability analysis. 

	4. If the potential failure surface intersects the pile, increase the shear strength of the pile to make the potential failure outside the pile element. If the calculated FOS is less than the required minimum FOS, increase the length of the pile until the calculated FOS meets the requirement. 
	4. If the potential failure surface intersects the pile, increase the shear strength of the pile to make the potential failure outside the pile element. If the calculated FOS is less than the required minimum FOS, increase the length of the pile until the calculated FOS meets the requirement. 

	5. The pile embedment depth required for a FOS of 1.3 is 21 ft.  
	5. The pile embedment depth required for a FOS of 1.3 is 21 ft.  
	Figure


	Case 2: Overall Slope Stability – Seismic 
	Estimate Wall Embedment Depth – Seismic Extreme Event Limit State 
	Figure
	 
	 
	 
	 
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 1H:1V slope with a slope height of 35 ft.  
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 1H:1V slope with a slope height of 35 ft.  
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 1H:1V slope with a slope height of 35 ft.  

	2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile element and assign the 8 ft out-of-plane spacing and very large pile shear strength (200,000 lbf) 
	2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile element and assign the 8 ft out-of-plane spacing and very large pile shear strength (200,000 lbf) 

	3. Perform limit equilibrium slope stability analysis, using kh = 0.2 
	3. Perform limit equilibrium slope stability analysis, using kh = 0.2 

	4. If the potential failure surface intersects the pile, increase the shear strength of the pile to make the potential failure outside the pile element. If the calculated FOS is less than the required minimum FOS, increase the length of the pile until the calculated FOS meets the requirement. 
	4. If the potential failure surface intersects the pile, increase the shear strength of the pile to make the potential failure outside the pile element. If the calculated FOS is less than the required minimum FOS, increase the length of the pile until the calculated FOS meets the requirement. 

	5. The pile embedment depth required for a FOS of 1.0 is 22 ft.  
	5. The pile embedment depth required for a FOS of 1.0 is 22 ft.  
	Figure


	Case 2: Compound Slope Stability – Static 
	a) Estimate Demand Force – Static Service Limit State 
	Figure
	 
	 
	 
	 
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 1H:1V slope with a slope height of 35 ft.  
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 1H:1V slope with a slope height of 35 ft.  
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 1H:1V slope with a slope height of 35 ft.  

	2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile element, assign the 8 ft out-of-plane spacing. Use pile shear strength 38,000 lbf and pile length obtained from the Global Stability Analysis - Static (21 ft) 
	2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile element, assign the 8 ft out-of-plane spacing. Use pile shear strength 38,000 lbf and pile length obtained from the Global Stability Analysis - Static (21 ft) 

	3. Perform limit equilibrium slope stability analysis. 
	3. Perform limit equilibrium slope stability analysis. 

	4. If the calculated FOS is less than the required minimum FOS and the failure surface passes through the pile element, then increase the pile shear strength in smaller increments until the required FOS is achieved. If the calculated FOS is higher than the required FOS and the failure surface passes outside the pile element, then decrease the pile shear strength until the required FOS is achieved. 
	4. If the calculated FOS is less than the required minimum FOS and the failure surface passes through the pile element, then increase the pile shear strength in smaller increments until the required FOS is achieved. If the calculated FOS is higher than the required FOS and the failure surface passes outside the pile element, then decrease the pile shear strength until the required FOS is achieved. 

	5. The pile shear strength required for a FOS of 1.3 is 38,000 lbf.  
	5. The pile shear strength required for a FOS of 1.3 is 38,000 lbf.  
	Figure


	Case 2: Compound Slope Stability – Static 
	b) Check Passive Resistance – Static Service Limit State 
	Figure
	 
	1. In a separate model, remove all earth material from the active side of the wall. 
	1. In a separate model, remove all earth material from the active side of the wall. 
	1. In a separate model, remove all earth material from the active side of the wall. 

	2. Set the failure surface entry point such that it starts at the tip of the embedded pile. 
	2. Set the failure surface entry point such that it starts at the tip of the embedded pile. 

	3. Apply a line load perpendicular to the pile at a height 0.4H = 0.4 x 21 ft = 8.4 ft from the base. 
	3. Apply a line load perpendicular to the pile at a height 0.4H = 0.4 x 21 ft = 8.4 ft from the base. 

	4. Perform LE slope stability analysis to determine the passive pressure that corresponds to a FOS of 1.0. Here PP = 48 kip/ft. 
	4. Perform LE slope stability analysis to determine the passive pressure that corresponds to a FOS of 1.0. Here PP = 48 kip/ft. 

	5. From PP = 0.5 γ H2 Kp , back-calculate Kp = 1.81 (no interface considered)  
	5. From PP = 0.5 γ H2 Kp , back-calculate Kp = 1.81 (no interface considered)  


	6. Determine passive resistance below the compound failure surface using Brom’s method: 
	6. Determine passive resistance below the compound failure surface using Brom’s method: 
	6. Determine passive resistance below the compound failure surface using Brom’s method: 


	𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑅𝑅𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑅𝑅𝑃𝑃𝑅𝑅𝑅𝑅𝑃𝑃=3 𝐾𝐾𝑝𝑝�𝐷𝐷+𝑑𝑑2�𝛾𝛾𝛾𝛾(𝐷𝐷−𝑑𝑑) 
	 =3×1.81Ł21+11.82Ł120×2(21−11.8) 
	Figure
	 =196.6 𝑘𝑘𝑃𝑃𝑘𝑘/𝑘𝑘𝑃𝑃𝑝𝑝𝑃𝑃 
	 
	 
	7. FOS = Passive resistance of 196.6 kip per pile divided by demand force of 38 kip per pile = 5.17 > minimum required FOS 1.5.   
	7. FOS = Passive resistance of 196.6 kip per pile divided by demand force of 38 kip per pile = 5.17 > minimum required FOS 1.5.   
	7. FOS = Passive resistance of 196.6 kip per pile divided by demand force of 38 kip per pile = 5.17 > minimum required FOS 1.5.   


	  
	Case 2: Compound Slope Stability – Seismic 
	a) Estimate Demand Force – Seismic Extreme Event Limit State 
	 
	 
	 
	 
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 1H:1V slope with a slope height of 35 ft.  
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 1H:1V slope with a slope height of 35 ft.  
	1. Model the retained soil, retaining wall and ground condition in front of the retaining wall. In this example the height of the retaining wall is 15 ft. The ground in front of retaining wall has 1H:1V slope with a slope height of 35 ft.  

	2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile element, assign the 8 ft out-of-plane spacing. Use pile shear strength 50,000 lbf and pile length obtained from the Global Stability Analysis - Seismic (22 ft) 
	2. Assign soil properties using Tables 2.1. Create pile wall using pile/micro pile element, assign the 8 ft out-of-plane spacing. Use pile shear strength 50,000 lbf and pile length obtained from the Global Stability Analysis - Seismic (22 ft) 

	3. Perform limit equilibrium slope stability analysis, using kh = 0.2 
	3. Perform limit equilibrium slope stability analysis, using kh = 0.2 

	4. If the calculated FOS is less than the required minimum FOS and the failure surface passes through the pile element, then increase the pile shear strength in smaller increments until the required FOS is achieved. If the calculated FOS is higher than the required FOS and the failure surface passes outside the pile element, then decrease the pile shear strength until the required FOS is achieved. 
	4. If the calculated FOS is less than the required minimum FOS and the failure surface passes through the pile element, then increase the pile shear strength in smaller increments until the required FOS is achieved. If the calculated FOS is higher than the required FOS and the failure surface passes outside the pile element, then decrease the pile shear strength until the required FOS is achieved. 

	5. The pile shear strength required for a FOS of 1.0 is 50,000 lbf.  
	5. The pile shear strength required for a FOS of 1.0 is 50,000 lbf.  


	Case 2: Compound Slope Stability – Seismic 
	b) Check Passive Resistance – Seismic Extreme Event Limit State 
	Figure
	 
	1. In a separate model, remove all earth material from the active side of the wall. 
	1. In a separate model, remove all earth material from the active side of the wall. 
	1. In a separate model, remove all earth material from the active side of the wall. 
	Figure

	2. Set the failure surface entry point such that it starts at the tip of the embedded pile. 
	2. Set the failure surface entry point such that it starts at the tip of the embedded pile. 

	3. Apply a line load perpendicular to the pile at a height 0.4H = 0.4 x 22 ft = 8.8 ft from the base. 
	3. Apply a line load perpendicular to the pile at a height 0.4H = 0.4 x 22 ft = 8.8 ft from the base. 

	4. Perform LE slope stability analysis using kh = 0.2 to determine the passive pressure that corresponds to a FOS of 1.0. Here PP = 29 kip/ft. 
	4. Perform LE slope stability analysis using kh = 0.2 to determine the passive pressure that corresponds to a FOS of 1.0. Here PP = 29 kip/ft. 

	5. From PP = 0.5 γ H2 Kp , back-calculate Kp = 1.0 (no interface considered)  6. Determine passive resistance below the compound failure surface using Brom’s method: 
	5. From PP = 0.5 γ H2 Kp , back-calculate Kp = 1.0 (no interface considered)  6. Determine passive resistance below the compound failure surface using Brom’s method: 


	𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑅𝑅𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑅𝑅𝑃𝑃𝑅𝑅𝑅𝑅𝑃𝑃=3 𝐾𝐾𝑝𝑝�𝐷𝐷+𝑑𝑑2�𝛾𝛾𝛾𝛾(𝐷𝐷−𝑑𝑑) 
	 =3×1.0Ł22+13.72Ł120×2(22−13.7) 
	 =106.6 𝑘𝑘𝑃𝑃𝑘𝑘/𝑘𝑘𝑃𝑃𝑝𝑝𝑃𝑃 
	 
	Figure
	 
	7. FOS = Passive resistance of 106.6 kip per pile divided by demand force of 50 kip per pile = 2.132 > minimum required FOS 1.0.   
	7. FOS = Passive resistance of 106.6 kip per pile divided by demand force of 50 kip per pile = 2.132 > minimum required FOS 1.0.   
	7. FOS = Passive resistance of 106.6 kip per pile divided by demand force of 50 kip per pile = 2.132 > minimum required FOS 1.0.   


	 
	  
	A3. GROUND ANCHORED WALL  
	Design Examples 
	The following examples include: 
	• Comparison of cohesionless and mixed (cohesion and frictional) soils 
	• Comparison of cohesionless and mixed (cohesion and frictional) soils 
	• Comparison of cohesionless and mixed (cohesion and frictional) soils 

	• Comparison of varying sloping ground surface 
	• Comparison of varying sloping ground surface 


	 
	Soldier Pile Wall with Ground Anchor 
	 
	• Design Height, H  25 ft 
	• Design Height, H  25 ft 
	• Design Height, H  25 ft 

	• Descending Slope Height 35 ft 
	• Descending Slope Height 35 ft 

	• Application of PAEP  0.4H (static and seismic) 
	• Application of PAEP  0.4H (static and seismic) 

	• Application of PP  0.33H (static and seismic) 
	• Application of PP  0.33H (static and seismic) 

	• Horizontal Seismic Coeff, kh 0.2 (assume seismic movement > 2 inches tolerable) 
	• Horizontal Seismic Coeff, kh 0.2 (assume seismic movement > 2 inches tolerable) 

	• Pile width, b   2 ft 
	• Pile width, b   2 ft 

	• Pile spacing   8 ft 
	• Pile spacing   8 ft 


	 
	Case 
	Case 
	Case 
	Case 

	Ground slope incline 
	Ground slope incline 

	Retained Soil  
	Retained Soil  
	Shear Strength  

	Foundation 1  
	Foundation 1  
	Shear Strength 

	Foundation 2  
	Foundation 2  
	Shear Strength 


	1A 
	1A 
	1A 

	2H:1V  
	2H:1V  
	(27 deg) 

	γ = 120 pcf 
	γ = 120 pcf 
	c' = 0 psf, φ' = 32 deg 

	γ = 120 pcf 
	γ = 120 pcf 
	c' = 0 psf, φ' = 30 deg 

	γ = 120 pcf 
	γ = 120 pcf 
	c' = 300 psf, φ' = 34 deg 


	1B 
	1B 
	1B 

	γ = 120 pcf 
	γ = 120 pcf 
	c' = 50 psf, φ' = 30 deg 


	2 
	2 
	2 

	1H:1V  
	1H:1V  
	(45 deg) 

	γ = 120 pcf 
	γ = 120 pcf 
	c' = 300 psf, φ' = 34 deg 



	 
	Summary of Results 
	 
	Case 
	Case 
	Case 
	Case 

	Static (Service Limit State) 
	Static (Service Limit State) 

	Seismic (Extreme Limit State) 
	Seismic (Extreme Limit State) 


	PAEP, k/ft 
	PAEP, k/ft 
	PAEP, k/ft 

	Min. Pile Depth, ft 
	Min. Pile Depth, ft 

	Demand Force, k/pile 
	Demand Force, k/pile 

	Passive Resistance, k/pile 
	Passive Resistance, k/pile 

	PAE, k/ft 
	PAE, k/ft 

	Min. Pile Depth, ft 
	Min. Pile Depth, ft 

	Demand Force, k/pile 
	Demand Force, k/pile 

	Passive Resistance, k/pile 
	Passive Resistance, k/pile 


	1A 
	1A 
	1A 

	15.2 
	15.2 

	21 
	21 

	49 
	49 

	178 
	178 

	16.5 
	16.5 

	26 
	26 

	146 
	146 

	157 
	157 


	1B 
	1B 
	1B 

	15.2 
	15.2 

	17 
	17 

	18 
	18 

	100 
	100 

	16.5 
	16.5 

	24 
	24 

	107 
	107 

	134 
	134 


	2 
	2 
	2 

	15.2 
	15.2 

	24 
	24 

	47 
	47 

	201 
	201 

	16.5 
	16.5 

	23 
	23 

	58 
	58 

	95 
	95 



	  
	Case 1A: Overall Global Slope Stability - Static Service Limit State 
	a) Estimate Ground Anchor Stabilization Force 
	 
	1. Assign long-term soil properties - see above figure 
	1. Assign long-term soil properties - see above figure 
	1. Assign long-term soil properties - see above figure 

	2. Set the search limits to force the exiting failure through the base 
	2. Set the search limits to force the exiting failure through the base 

	3. Apply a line load (required stabilizing force) with a horizontal orientation on the face of the retained soil face. The load is applied at 0.4 H = 0.4 x 25ft = 10 ft from the base.  
	3. Apply a line load (required stabilizing force) with a horizontal orientation on the face of the retained soil face. The load is applied at 0.4 H = 0.4 x 25ft = 10 ft from the base.  

	4. Perform limit equilibrium (LE) slope stability analysis, using Method 1 to determine PAEP: 
	4. Perform limit equilibrium (LE) slope stability analysis, using Method 1 to determine PAEP: 


	PAEP = 1.33 x PA = 1.33 x 11,400 lbf/ft = 15,162 lbf/ft  (governs) 
	From Method 2, PAEP = 14,400 lbf/ft 
	  
	Case 1A: Overall Global Slope Stability - Static Service Limit State 
	b) Estimate Wall Embedment Depth 
	 
	 
	 
	1. Model a vertical pile element at 8 ft spacing with large pile shear strength (200,000 lbf) 
	1. Model a vertical pile element at 8 ft spacing with large pile shear strength (200,000 lbf) 
	1. Model a vertical pile element at 8 ft spacing with large pile shear strength (200,000 lbf) 

	2. Set the entry failure search limits behind the retaining wall, and the exit failure search limits in front of the wall. Use a circular failure search. 
	2. Set the entry failure search limits behind the retaining wall, and the exit failure search limits in front of the wall. Use a circular failure search. 

	3. Perform LE slope stability analysis. A pile embedment of 21 feet results in FoS > 1.3 
	3. Perform LE slope stability analysis. A pile embedment of 21 feet results in FoS > 1.3 


	 
	  
	Case 1A: Overall Global Slope Stability - Seismic Extreme Event Limit State 
	a) Estimate Ground Anchor Stabilization Force 
	 
	 
	 
	1. Assign long-term soil properties - see figure 
	1. Assign long-term soil properties - see figure 
	1. Assign long-term soil properties - see figure 

	2. Set the search limits to force the exiting failure through the base 
	2. Set the search limits to force the exiting failure through the base 

	3. Apply a line load (required stabilizing force) with a horizontal orientation on the face of the retained soil face. The load is applied at 0.4 H = 0.4 x 25ft = 10 ft from the base.  
	3. Apply a line load (required stabilizing force) with a horizontal orientation on the face of the retained soil face. The load is applied at 0.4 H = 0.4 x 25ft = 10 ft from the base.  

	4. Perform limit equilibrium (LE) slope stability analysis, using kh = 0.2 to determine PAEP for FoS = 1.0: 8 PAEP = 16,500 lbf/ft 
	4. Perform limit equilibrium (LE) slope stability analysis, using kh = 0.2 to determine PAEP for FoS = 1.0: 8 PAEP = 16,500 lbf/ft 


	  
	Case 1A: Overall Global Slope Stability - Seismic Extreme Event Limit State 
	b) Estimate Wall Embedment Depth 
	 
	1. Model a vertical pile element at 8 ft spacing with large pile shear strength (200,000 lbf) 
	1. Model a vertical pile element at 8 ft spacing with large pile shear strength (200,000 lbf) 
	1. Model a vertical pile element at 8 ft spacing with large pile shear strength (200,000 lbf) 

	2. Set the entry failure search limits behind the retaining wall, and the exit failure search limits in front of the wall. Use a circular failure search. 
	2. Set the entry failure search limits behind the retaining wall, and the exit failure search limits in front of the wall. Use a circular failure search. 

	3. Perform LE slope stability analysis, using kh = 0.2. A pile embedment of 26 feet results in FoS > 1.0  
	3. Perform LE slope stability analysis, using kh = 0.2. A pile embedment of 26 feet results in FoS > 1.0  


	(pile length from seismic governs design for global stability) 
	  
	Case 1A: Compound Slope Stability - Static Service Limit State 
	a) Estimate Demand Force 
	 
	1. In a separate analysis, model the PAEP and wall length/spacing determined from Steps 3 to 5 from the static global slope stability analyses. 
	1. In a separate analysis, model the PAEP and wall length/spacing determined from Steps 3 to 5 from the static global slope stability analyses. 
	1. In a separate analysis, model the PAEP and wall length/spacing determined from Steps 3 to 5 from the static global slope stability analyses. 

	2. Set the entry failure search limits behind the retaining wall, and the exit failure search limits in front of the wall. Use a circular failure search. 
	2. Set the entry failure search limits behind the retaining wall, and the exit failure search limits in front of the wall. Use a circular failure search. 

	3. Perform LE slope stability analysis, modifying the pile shear strength to 49 k to allow failure to occur within the pile element for a FoS > 1.3. 
	3. Perform LE slope stability analysis, modifying the pile shear strength to 49 k to allow failure to occur within the pile element for a FoS > 1.3. 


	 
	  
	Case 1A: Compound Slope Stability - Static Service Limit State 
	b) Check Passive Resistance 
	 
	 
	1. In a separate model, remove all earth material from the active side of the wall.  
	1. In a separate model, remove all earth material from the active side of the wall.  
	1. In a separate model, remove all earth material from the active side of the wall.  

	2. Set the search limits to force the entry failure through the bottom of the embedded wall. Use a circular failure search.   
	2. Set the search limits to force the entry failure through the bottom of the embedded wall. Use a circular failure search.   

	3. Apply a line load with a horizontal orientation on the face of the retained soil face. The load is applied at 1/3 x H = 1/3 x 21ft = 7 ft from the base 
	3. Apply a line load with a horizontal orientation on the face of the retained soil face. The load is applied at 1/3 x H = 1/3 x 21ft = 7 ft from the base 

	4. Perform LE slope stability analysis to determine PP = 44 k/ft that computes a FoS of 1.0. 
	4. Perform LE slope stability analysis to determine PP = 44 k/ft that computes a FoS of 1.0. 

	5. From PP = 0.5 γ H2 Kp , back-calculate Kp = 1.66  6. Determine the passive resistance force below the failure surface computed in Step 3. 
	5. From PP = 0.5 γ H2 Kp , back-calculate Kp = 1.66  6. Determine the passive resistance force below the failure surface computed in Step 3. 


	𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑅𝑅𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑅𝑅𝑃𝑃𝑅𝑅𝑅𝑅𝑃𝑃=3 𝐾𝐾𝑝𝑝�𝐷𝐷+𝑑𝑑2�𝛾𝛾𝛾𝛾(𝐷𝐷−𝑑𝑑) 
	 =3×1.66Ł21+122Ł120×2(21−12) 
	 =178𝑘𝑘/𝑘𝑘𝑃𝑃𝑝𝑝𝑃𝑃 
	 
	 
	7. Passive resistance of 178 k per pile divided by demand force of 49 k per pile = 3.6  
	7. Passive resistance of 178 k per pile divided by demand force of 49 k per pile = 3.6  
	7. Passive resistance of 178 k per pile divided by demand force of 49 k per pile = 3.6  


	Greater than minimum required 1.5 FoS.   
	 
	  
	Case 1A: Compound Slope Stability - Seismic Extreme Event Limit State 
	Estimate Demand Force 
	 
	 
	1. In a separate analysis, model the PAEP and wall length/spacing determined from Steps 3 to 5 from the seismic global slope stability analyses. 
	1. In a separate analysis, model the PAEP and wall length/spacing determined from Steps 3 to 5 from the seismic global slope stability analyses. 
	1. In a separate analysis, model the PAEP and wall length/spacing determined from Steps 3 to 5 from the seismic global slope stability analyses. 

	2. Set the entry failure search limits behind the retaining wall, and the exit failure search limits in front of the wall. Use a circular failure search. 
	2. Set the entry failure search limits behind the retaining wall, and the exit failure search limits in front of the wall. Use a circular failure search. 

	3. Perform LE slope stability analysis using kh = 0.2. Modifying the pile shear strength to 145.6 k to allow failure to occur within the pile element for a FoS > 1.0. 
	3. Perform LE slope stability analysis using kh = 0.2. Modifying the pile shear strength to 145.6 k to allow failure to occur within the pile element for a FoS > 1.0. 


	 
	  
	Case 1A: Compound Slope Stability - Seismic Extreme Event Limit State 
	Check Passive Resistance 
	 
	 
	1. In a separate model, remove all earth material from the active side of the wall.  
	1. In a separate model, remove all earth material from the active side of the wall.  
	1. In a separate model, remove all earth material from the active side of the wall.  

	2. Set the search limits to force the entry failure through the bottom of the embedded wall. Use a circular failure search. 
	2. Set the search limits to force the entry failure through the bottom of the embedded wall. Use a circular failure search. 

	3. Apply a line load with a horizontal orientation on the face of the retained soil face. The load is applied at 1/3 H = 1/3 x 26ft = 8.7 ft from the base 
	3. Apply a line load with a horizontal orientation on the face of the retained soil face. The load is applied at 1/3 H = 1/3 x 26ft = 8.7 ft from the base 

	4. Perform LE slope stability analysis using kh = 0.2 to determine PP = 36.9 k/ft that computes a FoS of 1.0. 
	4. Perform LE slope stability analysis using kh = 0.2 to determine PP = 36.9 k/ft that computes a FoS of 1.0. 

	5. From PP = 0.5 γ H2 Kpe , back-calculate Kpe = 0.91 
	5. From PP = 0.5 γ H2 Kpe , back-calculate Kpe = 0.91 


	 
	  
	6. Determine the passive resistance force below the failure surface computed in Step 3: 
	6. Determine the passive resistance force below the failure surface computed in Step 3: 
	6. Determine the passive resistance force below the failure surface computed in Step 3: 


	 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑅𝑅𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑅𝑅𝑃𝑃𝑅𝑅𝑅𝑅𝑃𝑃=3 𝐾𝐾𝑝𝑝�𝐷𝐷+𝑑𝑑2�𝛾𝛾𝛾𝛾(𝐷𝐷−𝑑𝑑) 
	 =3×0.99Ł26+142Ł120×2(26−14) 
	 =157𝑘𝑘/𝑘𝑘𝑃𝑃𝑝𝑝𝑃𝑃 
	 
	 
	7. Passive resistance of 157 k per pile divided by demand force of 146 k per pile = 1.1  
	7. Passive resistance of 157 k per pile divided by demand force of 146 k per pile = 1.1  
	7. Passive resistance of 157 k per pile divided by demand force of 146 k per pile = 1.1  


	Greater than minimum required 1.0 FoS 
	Figure
	 
	  
	Case 1B: Overall Global Slope Stability - Static Service Limit State 
	a) Estimate Ground Anchor Stabilization Force 
	 
	 
	1. Assign long-term soil properties - see figure 
	1. Assign long-term soil properties - see figure 
	1. Assign long-term soil properties - see figure 

	2. Set the search limits to force the exiting failure through the base. 
	2. Set the search limits to force the exiting failure through the base. 

	3. Apply a line load (required stabilizing force) with a horizontal orientation on the face of the retained soil face. The load is applied at 0.4 H = 0.4 x 25ft = 10 ft from the base.  
	3. Apply a line load (required stabilizing force) with a horizontal orientation on the face of the retained soil face. The load is applied at 0.4 H = 0.4 x 25ft = 10 ft from the base.  

	4. Perform limit equilibrium (LE) slope stability analysis, using Method 1 to determine PAEP: 
	4. Perform limit equilibrium (LE) slope stability analysis, using Method 1 to determine PAEP: 


	PAEP = 1.33 x PA = 1.33 x 11,400 lbf/ft = 15,162 lbf/ft  (governs) 
	Figure
	From Method 2, PAEP = 14,400 lbf/ft 
	 
	  
	Case 1B: Overall Global Slope Stability - Static Service Limit State 
	b) Estimate Wall Embedment Depth 
	 
	 
	1. Model a vertical pile element at 8 ft spacing with large pile shear strength (200,000 lbf) 
	1. Model a vertical pile element at 8 ft spacing with large pile shear strength (200,000 lbf) 
	1. Model a vertical pile element at 8 ft spacing with large pile shear strength (200,000 lbf) 

	2. Set the entry failure search limits behind the retaining wall, and the exit failure search limits in front of the wall. Use a circular failure search. 
	2. Set the entry failure search limits behind the retaining wall, and the exit failure search limits in front of the wall. Use a circular failure search. 

	3. Perform LE slope stability analysis. A pile embedment of 17 feet results in FoS > 1.3 
	3. Perform LE slope stability analysis. A pile embedment of 17 feet results in FoS > 1.3 
	Figure


	 
	  
	Case 1B: Overall Global Slope Stability - Seismic Extreme Event Limit State 
	a) Estimate Ground Anchor Stabilization Force 
	 
	 
	1. Assign long-term soil properties - see figure 
	1. Assign long-term soil properties - see figure 
	1. Assign long-term soil properties - see figure 

	2. Set the search limits to force the exiting failure through the base 
	2. Set the search limits to force the exiting failure through the base 

	3. Apply a line load (required stabilizing force) with a horizontal orientation on the face of the retained soil face. The load is applied at 0.4 H = 0.4 x 25ft = 10 ft from the base.  
	3. Apply a line load (required stabilizing force) with a horizontal orientation on the face of the retained soil face. The load is applied at 0.4 H = 0.4 x 25ft = 10 ft from the base.  
	Figure

	4. Perform limit equilibrium (LE) slope stability analysis, using kh = 0.2 to determine PAEP for FoS = 1.0: PAEP = 16,500 lbf/ft 
	4. Perform limit equilibrium (LE) slope stability analysis, using kh = 0.2 to determine PAEP for FoS = 1.0: PAEP = 16,500 lbf/ft 


	 
	  
	Case 1B: Overall Global Slope Stability - Seismic Extreme Event Limit State 
	b) Estimate Wall Embedment Depth 
	 
	 
	1. Model a vertical pile element at 8 ft spacing with large pile shear strength (200,000 lbf) 
	1. Model a vertical pile element at 8 ft spacing with large pile shear strength (200,000 lbf) 
	1. Model a vertical pile element at 8 ft spacing with large pile shear strength (200,000 lbf) 
	Figure

	2. Set the entry failure search limits behind the retaining wall, and the exit failure search limits in front of the wall. Use a circular failure search. 
	2. Set the entry failure search limits behind the retaining wall, and the exit failure search limits in front of the wall. Use a circular failure search. 

	3. Perform LE slope stability analysis, using kh = 0.2. A pile embedment of 24 feet results in FoS > 1.0 
	3. Perform LE slope stability analysis, using kh = 0.2. A pile embedment of 24 feet results in FoS > 1.0 


	(pile length from seismic governs design for global stability) 
	 
	 
	  
	Case 1B: Compound Slope Stability - Static Service Limit State 
	a) Estimate Demand Force 
	 
	Figure
	 
	1. In a separate analysis, model the PAEP and wall length/spacing determined from Steps 3 to 5 from the static global slope stability analyses. 
	1. In a separate analysis, model the PAEP and wall length/spacing determined from Steps 3 to 5 from the static global slope stability analyses. 
	1. In a separate analysis, model the PAEP and wall length/spacing determined from Steps 3 to 5 from the static global slope stability analyses. 

	2. Set the entry failure search limits behind the retaining wall, and the exit failure search limits in front of the wall. Use a circular failure search. 
	2. Set the entry failure search limits behind the retaining wall, and the exit failure search limits in front of the wall. Use a circular failure search. 

	3. Perform LE slope stability analysis, modifying the pile shear strength to 17.5 k to allow failure to occur within the pile element for a FoS > 1.3. 
	3. Perform LE slope stability analysis, modifying the pile shear strength to 17.5 k to allow failure to occur within the pile element for a FoS > 1.3. 


	 
	  
	Case 1B: Compound Slope Stability - Static Service Limit State 
	b) Check Passive Resistance 
	 
	 
	1. In a separate model, remove all earth material from the active side of the wall.  
	1. In a separate model, remove all earth material from the active side of the wall.  
	1. In a separate model, remove all earth material from the active side of the wall.  

	2. Set the search limits to force the entry failure through the bottom of the embedded wall. Use a circular failure search.   
	2. Set the search limits to force the entry failure through the bottom of the embedded wall. Use a circular failure search.   
	Figure

	3. Apply a line load with a horizontal orientation on the face of the retained soil face. The load is applied at 1/3 H = 1/3 x 17ft = 5.7 ft from the base 
	3. Apply a line load with a horizontal orientation on the face of the retained soil face. The load is applied at 1/3 H = 1/3 x 17ft = 5.7 ft from the base 

	4. Perform LE slope stability analysis to determine PP = 33.2 k/ft that computes a FoS of 1.0. 
	4. Perform LE slope stability analysis to determine PP = 33.2 k/ft that computes a FoS of 1.0. 

	5. From PP = 0.5 γ H2 Kp , back-calculate Kp = 1.91 
	5. From PP = 0.5 γ H2 Kp , back-calculate Kp = 1.91 


	 
	  
	 
	6. Determine the passive resistance force below the failure surface computed in Step 3: 
	6. Determine the passive resistance force below the failure surface computed in Step 3: 
	6. Determine the passive resistance force below the failure surface computed in Step 3: 


	 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑅𝑅𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑅𝑅𝑃𝑃𝑅𝑅𝑅𝑅𝑃𝑃=3 𝐾𝐾𝑝𝑝�𝐷𝐷+𝑑𝑑2�𝛾𝛾𝛾𝛾(𝐷𝐷−𝑑𝑑) 
	 =3×1.91Ł17+122Ł120×2(17−12) 
	Figure
	 =100𝑘𝑘/𝑘𝑘𝑃𝑃𝑝𝑝𝑃𝑃 
	 
	 
	7. Passive resistance of 100 k per pile divided by demand force of 17.5 k per pile = 5.7  
	7. Passive resistance of 100 k per pile divided by demand force of 17.5 k per pile = 5.7  
	7. Passive resistance of 100 k per pile divided by demand force of 17.5 k per pile = 5.7  


	Greater than minimum required 1.5 FoS 
	 
	  
	Case 1B: Compound Slope Stability - Seismic Extreme Event Limit State 
	a) Estimate Demand Force 
	Figure
	 
	 
	1. In a separate analysis, model the PAEP and wall length/spacing determined from Steps 3 to 5 from the seismic global slope stability analyses. 
	1. In a separate analysis, model the PAEP and wall length/spacing determined from Steps 3 to 5 from the seismic global slope stability analyses. 
	1. In a separate analysis, model the PAEP and wall length/spacing determined from Steps 3 to 5 from the seismic global slope stability analyses. 

	2. Set the entry failure search limits behind the retaining wall, and the exit failure search limits in front of the wall. Use a circular failure search. 
	2. Set the entry failure search limits behind the retaining wall, and the exit failure search limits in front of the wall. Use a circular failure search. 

	3. Perform LE slope stability analysis using kh = 0.2. Modifying the pile shear strength to 106.5 k to allow failure to occur within the pile element for a FoS > 1.0. 
	3. Perform LE slope stability analysis using kh = 0.2. Modifying the pile shear strength to 106.5 k to allow failure to occur within the pile element for a FoS > 1.0. 


	 
	  
	Case 1B: Compound Slope Stability - Seismic Extreme Event Limit State 
	b) Check Passive Resistance 
	 
	 
	1. In a separate model, remove all earth material from the active side of the wall.  
	1. In a separate model, remove all earth material from the active side of the wall.  
	1. In a separate model, remove all earth material from the active side of the wall.  

	2. Set the search limits to force the entry failure through the bottom of the embedded wall. Use a circular failure search. 
	2. Set the search limits to force the entry failure through the bottom of the embedded wall. Use a circular failure search. 
	Figure

	3. Apply a line load with a horizontal orientation on the face of the retained soil face. The load is applied at 1/3 H = 1/3 x 24ft = 8 ft from the base 
	3. Apply a line load with a horizontal orientation on the face of the retained soil face. The load is applied at 1/3 H = 1/3 x 24ft = 8 ft from the base 

	4. Perform LE slope stability analysis using kh = 0.2 to determine PP = 31.3 k/ft that computes a FoS of 1.0. 
	4. Perform LE slope stability analysis using kh = 0.2 to determine PP = 31.3 k/ft that computes a FoS of 1.0. 

	5. From PP = 0.5 γ H2 Kpe , back-calculate Kpe = 0.91 
	5. From PP = 0.5 γ H2 Kpe , back-calculate Kpe = 0.91 


	 
	  
	 
	6. Determine the passive resistance force below the failure surface computed in Step 3: 
	6. Determine the passive resistance force below the failure surface computed in Step 3: 
	6. Determine the passive resistance force below the failure surface computed in Step 3: 


	 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑅𝑅𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑅𝑅𝑃𝑃𝑅𝑅𝑅𝑅𝑃𝑃=3 𝐾𝐾𝑝𝑝�𝐷𝐷+𝑑𝑑2�𝛾𝛾𝛾𝛾(𝐷𝐷−𝑑𝑑) 
	 =3×0.91Ł24+132Ł120×2(24−13) 
	 =133𝑘𝑘/𝑘𝑘𝑃𝑃𝑝𝑝𝑃𝑃 
	 
	Figure
	 
	7. Passive resistance of 133 k per pile divided by demand force of 106.5 k per pile = 1.2  
	7. Passive resistance of 133 k per pile divided by demand force of 106.5 k per pile = 1.2  
	7. Passive resistance of 133 k per pile divided by demand force of 106.5 k per pile = 1.2  


	Greater than minimum required 1.0 FoS 
	 
	  
	Case 2: Compound Slope Stability - Static Service Limit State 
	a) Estimate Ground Anchor Stabilization Force 
	 
	 
	1. Assign long-term soil properties - see figure 
	1. Assign long-term soil properties - see figure 
	1. Assign long-term soil properties - see figure 

	2. Set the search limits to force the exiting failure through the base 
	2. Set the search limits to force the exiting failure through the base 

	3. Apply a line load (required stabilizing force) with a horizontal orientation on the face of the retained soil face. The load is applied at 0.4 H = 0.4 x 25ft = 10 ft from the base.  
	3. Apply a line load (required stabilizing force) with a horizontal orientation on the face of the retained soil face. The load is applied at 0.4 H = 0.4 x 25ft = 10 ft from the base.  
	Figure

	4. Perform limit equilibrium (LE) slope stability analysis, using Method 1 to determine PAEP: 
	4. Perform limit equilibrium (LE) slope stability analysis, using Method 1 to determine PAEP: 


	PAEP = 1.33 x PA = 1.33 x 11,400 lbf/ft = 15,162 lbf/ft  (governs) 
	From Method 2, PAEP = 14,400 lbf/ft 
	 
	 
	  
	Case 2: Compound Slope Stability - Static Service Limit State 
	b) Estimate Wall Embedment Depth 
	 
	Figure
	 
	1. Model a vertical pile element at 8 ft spacing with large pile shear strength (200,000 lbf) 
	1. Model a vertical pile element at 8 ft spacing with large pile shear strength (200,000 lbf) 
	1. Model a vertical pile element at 8 ft spacing with large pile shear strength (200,000 lbf) 

	2. Set the entry failure search limits behind the retaining wall, and the exit failure search limits in front of the wall. Use a circular failure search. 
	2. Set the entry failure search limits behind the retaining wall, and the exit failure search limits in front of the wall. Use a circular failure search. 

	3. Perform LE slope stability analysis. A pile embedment of 24 feet results in FoS > 1.3 
	3. Perform LE slope stability analysis. A pile embedment of 24 feet results in FoS > 1.3 


	(pile length from static governs design for global stability) 
	 
	  
	Case 2: Overall Global Slope Stability - Seismic Extreme Event Limit State 
	a) Estimate Ground Anchor Stabilization Force 
	 
	Figure
	 
	1. Assign long-term soil properties - see figure 
	1. Assign long-term soil properties - see figure 
	1. Assign long-term soil properties - see figure 

	2. Set the search limits to force the exiting failure through the base. 
	2. Set the search limits to force the exiting failure through the base. 

	3. Apply a line load (required stabilizing force) with a horizontal orientation on the face of the retained soil face. The load is applied at 0.4 H = 0.4 x 25ft = 10 ft from the base.  
	3. Apply a line load (required stabilizing force) with a horizontal orientation on the face of the retained soil face. The load is applied at 0.4 H = 0.4 x 25ft = 10 ft from the base.  

	4. Perform limit equilibrium (LE) slope stability analysis, using kh = 0.2 to determine PAEP for FoS = 1.0: PAEP = 16,500 lbf/ft 
	4. Perform limit equilibrium (LE) slope stability analysis, using kh = 0.2 to determine PAEP for FoS = 1.0: PAEP = 16,500 lbf/ft 


	 
	  
	Case 2: Overall Global Slope Stability - Seismic Extreme Event Limit State 
	Estimate Wall Embedment Depth 
	 
	 
	Figure
	1. Model a vertical pile element at 8 ft spacing with large pile shear strength (200,000 lbf) 
	1. Model a vertical pile element at 8 ft spacing with large pile shear strength (200,000 lbf) 
	1. Model a vertical pile element at 8 ft spacing with large pile shear strength (200,000 lbf) 

	2. Set the entry failure search limits behind the retaining wall, and the exit failure search limits in front of the wall. Use a circular failure search. 
	2. Set the entry failure search limits behind the retaining wall, and the exit failure search limits in front of the wall. Use a circular failure search. 

	3. Perform LE slope stability analysis, using kh = 0.2. A pile embedment of 23 feet results in FoS > 1.0 
	3. Perform LE slope stability analysis, using kh = 0.2. A pile embedment of 23 feet results in FoS > 1.0 


	 
	  
	Case 2: Compound Slope Stability - Static Service Limit State 
	a) Estimate Demand Force 
	 
	 
	Figure
	1. In a separate analysis, model the PAEP and wall length/spacing determined from Steps 3 to 5 from the static global slope stability analyses. 
	1. In a separate analysis, model the PAEP and wall length/spacing determined from Steps 3 to 5 from the static global slope stability analyses. 
	1. In a separate analysis, model the PAEP and wall length/spacing determined from Steps 3 to 5 from the static global slope stability analyses. 

	2. Set the entry failure search limits behind the retaining wall, and the exit failure search limits in front of the wall. Use a circular failure search. 
	2. Set the entry failure search limits behind the retaining wall, and the exit failure search limits in front of the wall. Use a circular failure search. 

	3. Perform LE slope stability analysis, modifying the pile shear strength to 47.4 k to allow failure to occur within the pile element for a FoS > 1.3. 
	3. Perform LE slope stability analysis, modifying the pile shear strength to 47.4 k to allow failure to occur within the pile element for a FoS > 1.3. 


	 
	  
	Case 2: Compound Slope Stability - Static Service Limit State 
	b) Check Passive Resistance 
	 
	 
	1. In a separate model, remove all earth material from the active side of the wall.  
	1. In a separate model, remove all earth material from the active side of the wall.  
	1. In a separate model, remove all earth material from the active side of the wall.  

	2. Set the search limits to force the entry failure through the bottom of the embedded wall. Use a circular failure search.   
	2. Set the search limits to force the entry failure through the bottom of the embedded wall. Use a circular failure search.   

	3. Apply a line load with a horizontal orientation on the face of the retained soil face. The load is applied at 1/3 H = 1/3 x 24ft = 8 ft from the base 
	3. Apply a line load with a horizontal orientation on the face of the retained soil face. The load is applied at 1/3 H = 1/3 x 24ft = 8 ft from the base 

	4. Perform LE slope stability analysis to determine PP = 55 k/ft that computes a FoS of 1.0. 
	4. Perform LE slope stability analysis to determine PP = 55 k/ft that computes a FoS of 1.0. 

	5. From PP = 0.5 γ H2 Kp , back-calculate Kp = 1.59 
	5. From PP = 0.5 γ H2 Kp , back-calculate Kp = 1.59 


	 
	 
	Figure
	  
	 
	6. Determine the passive resistance force below the failure surface computed in Step 3: 
	6. Determine the passive resistance force below the failure surface computed in Step 3: 
	6. Determine the passive resistance force below the failure surface computed in Step 3: 


	 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑅𝑅𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑅𝑅𝑃𝑃𝑅𝑅𝑅𝑅𝑃𝑃=3 𝐾𝐾𝑝𝑝�𝐷𝐷+𝑑𝑑2�𝛾𝛾𝛾𝛾(𝐷𝐷−𝑑𝑑) 
	 =3×1.59Ł24+152Ł120×2(24−15) 
	 =201𝑘𝑘/𝑘𝑘𝑃𝑃𝑝𝑝𝑃𝑃 
	 
	 
	7. Passive resistance of 201 k per pile divided by demand force of 47.4 k per pile = 4.2  
	7. Passive resistance of 201 k per pile divided by demand force of 47.4 k per pile = 4.2  
	7. Passive resistance of 201 k per pile divided by demand force of 47.4 k per pile = 4.2  
	Figure


	Greater than minimum required 1.5 FoS.   
	 
	  
	Case 2: Compound Slope Stability - Seismic Extreme Event Limit State 
	a) Estimate Demand Force  
	 
	 
	1. In a separate analysis, model the PAEP and wall length/spacing determined from Steps 3 to 5 from the seismic global slope stability analyses. 
	1. In a separate analysis, model the PAEP and wall length/spacing determined from Steps 3 to 5 from the seismic global slope stability analyses. 
	1. In a separate analysis, model the PAEP and wall length/spacing determined from Steps 3 to 5 from the seismic global slope stability analyses. 

	2. Set the entry failure search limits behind the retaining wall, and the exit failure search limits in front of the wall. Use a circular failure search. 
	2. Set the entry failure search limits behind the retaining wall, and the exit failure search limits in front of the wall. Use a circular failure search. 
	Figure

	3. Perform LE slope stability analysis using kh = 0.2. Modifying the pile shear strength to  
	3. Perform LE slope stability analysis using kh = 0.2. Modifying the pile shear strength to  


	58 k to allow failure to occur within the pile element for a FoS > 1.0. 
	 
	 
	  
	Case 2: Compound Slope Stability - Seismic Extreme Event Limit State 
	b) Check Passive Resistance 
	 
	 
	1. In a separate model, remove all earth material from the active side of the wall.  
	1. In a separate model, remove all earth material from the active side of the wall.  
	1. In a separate model, remove all earth material from the active side of the wall.  

	2. Set the search limits to force the entry failure through the bottom of the embedded wall. Use a circular failure search. 
	2. Set the search limits to force the entry failure through the bottom of the embedded wall. Use a circular failure search. 

	3. Apply a line load with a horizontal orientation on the face of the retained soil face. The load is applied at 1/3 H = 1/3 x 23ft = 7.7 ft from the base 
	3. Apply a line load with a horizontal orientation on the face of the retained soil face. The load is applied at 1/3 H = 1/3 x 23ft = 7.7 ft from the base 

	4. Perform LE slope stability analysis using kh = 0.2 to determine PP = 30.6 k/ft that computes a FoS of 1.0. 
	4. Perform LE slope stability analysis using kh = 0.2 to determine PP = 30.6 k/ft that computes a FoS of 1.0. 

	5. From PP = 0.5 γ H2 Kpe , back-calculate Kpe = 0.96 
	5. From PP = 0.5 γ H2 Kpe , back-calculate Kpe = 0.96 
	Figure


	 
	  
	6. Determine the passive resistance force below the failure surface computed in Step 3: 
	6. Determine the passive resistance force below the failure surface computed in Step 3: 
	6. Determine the passive resistance force below the failure surface computed in Step 3: 


	 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑅𝑅𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑅𝑅𝑃𝑃𝑅𝑅𝑅𝑅𝑃𝑃=3 𝐾𝐾𝑝𝑝�𝐷𝐷+𝑑𝑑2�𝛾𝛾𝛾𝛾(𝐷𝐷−𝑑𝑑) 
	 =3×0.96Ł23+162Ł120×2(23−16) 
	 =95𝑘𝑘/𝑘𝑘𝑃𝑃𝑝𝑝𝑃𝑃 
	 
	 
	 
	7. Passive resistance of 95 k per pile divided by demand force of 58 k per pile = 1.6  
	7. Passive resistance of 95 k per pile divided by demand force of 58 k per pile = 1.6  
	7. Passive resistance of 95 k per pile divided by demand force of 58 k per pile = 1.6  


	Greater than minimum required 1.0 FoS. 
	Figure
	 
	 
	  
	A4. MECHANICALLY STABILIZED EMBANKMENT (MSE) 
	Method 2 – with representative engineering properties of the reinforcements.  
	This method models the reinforcements using representative engineering properties. These properties are estimated based on the properties of the bottom three rows of reinforcements. The steps for the analysis are as outlined below: 
	1. Model the MSE reinforcements (refer to Figure 4.1), ensuring the length matches that determined in the global stability analysis. Include at least the bottom three rows of reinforcements.  
	1. Model the MSE reinforcements (refer to Figure 4.1), ensuring the length matches that determined in the global stability analysis. Include at least the bottom three rows of reinforcements.  
	1. Model the MSE reinforcements (refer to Figure 4.1), ensuring the length matches that determined in the global stability analysis. Include at least the bottom three rows of reinforcements.  

	2. Set the shear strength of the MSE backfill to apparent cohesion of 0 and apparent friction angle of 34 degrees.  
	2. Set the shear strength of the MSE backfill to apparent cohesion of 0 and apparent friction angle of 34 degrees.  

	3. Develop representative engineering properties for the reinforcements as outlined in Table 4.1. Refer to the design example for guidance. 
	3. Develop representative engineering properties for the reinforcements as outlined in Table 4.1. Refer to the design example for guidance. 

	4. Conduct stability analysis for both static and pseudo-seismic scenarios.   
	4. Conduct stability analysis for both static and pseudo-seismic scenarios.   

	5. If the calculated FoS falls below the required minimum FoS, adjust the reinforcement length.  
	5. If the calculated FoS falls below the required minimum FoS, adjust the reinforcement length.  

	6. The required reinforcement length is determined from the outcome of Step 5. 
	6. The required reinforcement length is determined from the outcome of Step 5. 


	Representative Engineering Properties of the Reinforcements 
	Figure
	Slide 2 
	Slide 2 
	Slide 2 
	Slide 2 

	Slope W  
	Slope W  


	General 
	General 
	General 

	Input Values 
	Input Values 

	Pullout Resistance Inputs 
	Pullout Resistance Inputs 

	Input Values 
	Input Values 


	Force Application 
	Force Application 
	Force Application 

	Active Method 
	Active Method 

	Interface Adhesion 
	Interface Adhesion 

	0 
	0 


	Force Orientation 
	Force Orientation 
	Force Orientation 

	Parallel to Reinforcement 
	Parallel to Reinforcement 

	Interface Shear Angle 
	Interface Shear Angle 

	tan-1(F*): refer to Table A.4.4 
	tan-1(F*): refer to Table A.4.4 


	Strip Coverage 
	Strip Coverage 
	Strip Coverage 

	50% (Rc = 0.5) 
	50% (Rc = 0.5) 

	Surface Area Factor 
	Surface Area Factor 

	2 
	2 


	Allowable Tensile Strength = Acfy/b 
	Allowable Tensile Strength = Acfy/b 
	Allowable Tensile Strength = Acfy/b 

	 Acfy/b (refer to Table A.4.2) 
	 Acfy/b (refer to Table A.4.2) 

	Reduction Factor  
	Reduction Factor  

	(1/Rc)γ/ϕ (refer to Table A.4.1) 
	(1/Rc)γ/ϕ (refer to Table A.4.1) 


	Pullout and Striping 
	Pullout and Striping 
	Pullout and Striping 

	 
	 

	Tensile Capacity Inputs 
	Tensile Capacity Inputs 

	 
	 


	Anchorage: 
	Anchorage: 
	Anchorage: 
	Slope Face 
	Connection Strength and 
	Connection Strength 

	Constant/same as Tensile Strength  
	Constant/same as Tensile Strength  
	 

	Tensile Capacity   
	Tensile Capacity   

	Acfy/b (refer to Table A.4.2) 
	Acfy/b (refer to Table A.4.2) 


	Strength Model 
	Strength Model 
	Strength Model 

	Linear 
	Linear 

	Reduction Factor  
	Reduction Factor  

	(1/Rc)g/j refer to Table A.4.1 
	(1/Rc)g/j refer to Table A.4.1 


	Adhesion 
	Adhesion 
	Adhesion 

	0 
	0 

	Calculation Settings 
	Calculation Settings 

	 
	 


	Friction Angle 
	Friction Angle 
	Friction Angle 

	tan-1(F*): refer to Table A.4.4 
	tan-1(F*): refer to Table A.4.4 

	F of S Dependent 
	F of S Dependent 

	No 
	No 


	Design Factors / Partial Factor (defined) 
	Design Factors / Partial Factor (defined) 
	Design Factors / Partial Factor (defined) 

	 
	 

	Installation Specifications 
	Installation Specifications 

	Installation Specifications 
	Installation Specifications 


	Tensile and Plate Strength  
	Tensile and Plate Strength  
	Tensile and Plate Strength  

	γ/ϕ refer to Table A.4.1 
	γ/ϕ refer to Table A.4.1 

	Face Anchorage 
	Face Anchorage 

	Yes 
	Yes 


	Bond Strength = 
	Bond Strength = 
	Bond Strength = 

	γ/ϕ refer to Table A.4.1 
	γ/ϕ refer to Table A.4.1 

	 
	 

	 
	 



	 
	 
	Figure 4.1: Reinforcement Layout (Bridge Design Aids 3-8, 2013 - Attachment 1) 
	 
	Method 3 – With Engineering Properties for Each Row of Reinforcements 
	This method involves modeling the reinforcements with specific engineering properties assigned to each row. The engineering properties are determined based on the type and depth (overburden) of the reinforcements using steel reinforcements presented from Bridge Design Aids 3-8 (2013) Attachment 3, Steel Soil Reinforcement Tables. The required tensile strength and interface friction angles for each row of reinforcements are summarized in Appendix 4, Tables A.4.2, and A.4.3.    
	The steps for the analysis are as outlined below: 
	1. Model the MSE reinforcements, ensuring the length matches that determined in the global stability analysis. 
	1. Model the MSE reinforcements, ensuring the length matches that determined in the global stability analysis. 
	1. Model the MSE reinforcements, ensuring the length matches that determined in the global stability analysis. 

	2. Set the shear strength of the MSE backfill to apparent cohesion of 0 and apparent friction angle of 34 degrees. 
	2. Set the shear strength of the MSE backfill to apparent cohesion of 0 and apparent friction angle of 34 degrees. 

	3. Establish engineering properties for each row of the reinforcements using Appendix Tables A.4.2, and A.4.3, and Table 4.1. Refer to design examples for guidance.   
	3. Establish engineering properties for each row of the reinforcements using Appendix Tables A.4.2, and A.4.3, and Table 4.1. Refer to design examples for guidance.   
	Figure

	4. Conduct the stability analysis for both static and pseudo-seismic scenarios.   
	4. Conduct the stability analysis for both static and pseudo-seismic scenarios.   

	5. If the calculated FoS is falls below the required minimum FoS, adjust the reinforcement length accordingly.  
	5. If the calculated FoS is falls below the required minimum FoS, adjust the reinforcement length accordingly.  

	6. The required reinforcement length is determined from the outcome of Step 5. 
	6. The required reinforcement length is determined from the outcome of Step 5. 


	 
	 
	Design Examples 
	For the design example, level ground and 3(H) to 1(V) slope ground in front of a wall were modeled using Slide 2. Model parameters including the soil properties, wall geometry, and reinforcements are presented below: 
	Soil Profile 
	Ground condition in front of a wall 
	Ground condition in front of a wall 
	Ground condition in front of a wall 
	Ground condition in front of a wall 


	 
	 
	 

	Level Ground 
	Level Ground 

	3(H) to 1(V) 
	3(H) to 1(V) 


	Wall Height (ft) 
	Wall Height (ft) 
	Wall Height (ft) 

	20 
	20 

	20 
	20 


	Foundation Slope Height (ft) 
	Foundation Slope Height (ft) 
	Foundation Slope Height (ft) 

	35 
	35 

	35 
	35 


	Soil Property: Unit Weight (kcf)/Cohesion (ksf)/Friction Angle (degree) 
	Soil Property: Unit Weight (kcf)/Cohesion (ksf)/Friction Angle (degree) 
	Soil Property: Unit Weight (kcf)/Cohesion (ksf)/Friction Angle (degree) 


	MSE Backfill 
	MSE Backfill 
	MSE Backfill 

	0.12/0.0/34 
	0.12/0.0/34 

	0.12/0.0/34 
	0.12/0.0/34 


	Retained Soil 
	Retained Soil 
	Retained Soil 

	0.12/0.0/30 
	0.12/0.0/30 

	0.12/0.0/30 
	0.12/0.0/30 


	1st Foundation Soil Layer 
	1st Foundation Soil Layer 
	1st Foundation Soil Layer 

	0.12/0.0/30 
	0.12/0.0/30 

	0.12/0.0/30 
	0.12/0.0/30 


	2nd Foundation Soil Layer 
	2nd Foundation Soil Layer 
	2nd Foundation Soil Layer 

	0.12/0.30/34 
	0.12/0.30/34 

	0.12/0.30/34 
	0.12/0.30/34 



	 
	 
	Figure
	 
	BDA 3-8: Attachment 3 – Steel Soil Reinforcement Table 
	 
	  
	Global Stability Analysis: MSE wall on Level Ground – Static  
	 
	1. Model an MSE wall block with a height equal to the maximum representative MSE wall design height (H) and a width equal to 0.7 times H. 
	1. Model an MSE wall block with a height equal to the maximum representative MSE wall design height (H) and a width equal to 0.7 times H. 
	1. Model an MSE wall block with a height equal to the maximum representative MSE wall design height (H) and a width equal to 0.7 times H. 

	2. Assign the shear strength of the block as apparent cohesion = 1,000 psf and apparent friction angle = 34 degrees. 
	2. Assign the shear strength of the block as apparent cohesion = 1,000 psf and apparent friction angle = 34 degrees. 


	 
	Figure
	3. Perform stability analysis for static case. 
	3. Perform stability analysis for static case. 
	3. Perform stability analysis for static case. 


	 
	 
	 
	 
	 
	4. If the critical failure surface intersects the MSE block, increase the shear strength of the block to shift the critical failure surface outside the block. 
	4. If the critical failure surface intersects the MSE block, increase the shear strength of the block to shift the critical failure surface outside the block. 
	4. If the critical failure surface intersects the MSE block, increase the shear strength of the block to shift the critical failure surface outside the block. 

	5. If the calculated FoS is less than the required minimum FoS, increase the width of the MSE block until the calculated FOS meets the requirement: The calculated FoS = 1.78. 
	5. If the calculated FoS is less than the required minimum FoS, increase the width of the MSE block until the calculated FOS meets the requirement: The calculated FoS = 1.78. 

	6. The required reinforcement length for global stability is determined as the width of the MSE block from Step 5: The required reinforcement length = 0.7 times H = 14 feet. 
	6. The required reinforcement length for global stability is determined as the width of the MSE block from Step 5: The required reinforcement length = 0.7 times H = 14 feet. 
	Figure


	 
	  
	Overall Stability Analysis: MSE wall on Level Ground – Seismic Kh = 0.2 
	 
	1. Perform stability analysis for seismic case.   
	1. Perform stability analysis for seismic case.   
	1. Perform stability analysis for seismic case.   


	 
	 
	 
	2. If the potential failure surface intersects the MSE block, increase the shear strength of the block to shift the potential failure surface outside the block. 
	2. If the potential failure surface intersects the MSE block, increase the shear strength of the block to shift the potential failure surface outside the block. 
	2. If the potential failure surface intersects the MSE block, increase the shear strength of the block to shift the potential failure surface outside the block. 

	3. If the calculated FoS is less than the required minimum FoS, increase the width of the MSE block until the calculated FOS meets the requirement: The calculated FoS = 1.23. 
	3. If the calculated FoS is less than the required minimum FoS, increase the width of the MSE block until the calculated FOS meets the requirement: The calculated FoS = 1.23. 

	4. The required reinforcement length for global stability is determined as the width of the MSE block from Step 5: The required reinforcement length = 14 feet. 
	4. The required reinforcement length for global stability is determined as the width of the MSE block from Step 5: The required reinforcement length = 14 feet. 


	 
	 
	  
	Compound Stability Analysis: MSE wall on Level Ground – Static  
	Figure
	Method 1 
	1. Model an MSE wall block with a height equal to the maximum representative MSE wall design height (H) and a width equal to the reinforcement length estimated from the global stability analysis. 
	1. Model an MSE wall block with a height equal to the maximum representative MSE wall design height (H) and a width equal to the reinforcement length estimated from the global stability analysis. 
	1. Model an MSE wall block with a height equal to the maximum representative MSE wall design height (H) and a width equal to the reinforcement length estimated from the global stability analysis. 

	2. Assign the shear strength of the block as apparent cohesion = 350 psf and apparent friction angle = 34 degrees. 
	2. Assign the shear strength of the block as apparent cohesion = 350 psf and apparent friction angle = 34 degrees. 


	 
	 
	 
	3. Set and adjust search limits to ensure that the critical failure surface passes through the bottom corner of the MSE block.  
	3. Set and adjust search limits to ensure that the critical failure surface passes through the bottom corner of the MSE block.  
	3. Set and adjust search limits to ensure that the critical failure surface passes through the bottom corner of the MSE block.  

	4. Perform the stability analysis for the static case. 
	4. Perform the stability analysis for the static case. 

	5. If the calculated FoS is less than the required minimum FoS and the potential failure surface passes around the mid-height of the block, adjust the search limits to guide potential failure surfaces through the bottom corner of the block. 
	5. If the calculated FoS is less than the required minimum FoS and the potential failure surface passes around the mid-height of the block, adjust the search limits to guide potential failure surfaces through the bottom corner of the block. 


	 
	 
	Figure
	 
	 
	 
	6. If the calculated FoS is less than the required minimum FoS, increase the width of the MSE block until the calculated FOS meets the requirement: The calculated FoS = 1.5. 
	6. If the calculated FoS is less than the required minimum FoS, increase the width of the MSE block until the calculated FOS meets the requirement: The calculated FoS = 1.5. 
	6. If the calculated FoS is less than the required minimum FoS, increase the width of the MSE block until the calculated FOS meets the requirement: The calculated FoS = 1.5. 

	7. The required reinforcement length for global stability is determined as the width of the MSE block from Step 5. The required reinforcement length = 14 feet. 
	7. The required reinforcement length for global stability is determined as the width of the MSE block from Step 5. The required reinforcement length = 14 feet. 


	 
	  
	Compound Stability Analysis for an MSE wall on Level Ground – Static 
	Method 2 
	 
	1. Model the MSE reinforcements. ensuring the length matches that determined in the global stability analysis. It is not necessary to model all reinforcements, but for this example, all reinforcements are included. 
	1. Model the MSE reinforcements. ensuring the length matches that determined in the global stability analysis. It is not necessary to model all reinforcements, but for this example, all reinforcements are included. 
	1. Model the MSE reinforcements. ensuring the length matches that determined in the global stability analysis. It is not necessary to model all reinforcements, but for this example, all reinforcements are included. 
	Figure

	2. Set the shear strength of the MSE backfill to apparent cohesion of 0 and apparent friction angle of 34 degrees. 
	2. Set the shear strength of the MSE backfill to apparent cohesion of 0 and apparent friction angle of 34 degrees. 


	 
	 
	 
	3. Determine the representative engineering properties of the reinforcements as outlined in the table below. 
	3. Determine the representative engineering properties of the reinforcements as outlined in the table below. 
	3. Determine the representative engineering properties of the reinforcements as outlined in the table below. 


	 
	 
	 
	 
	 
	 
	 
	 
	Figure
	Reinforcement Input – Slide 2 
	General 
	General 
	General 
	General 

	Input -Static   
	Input -Static   

	Input - Seismic 
	Input - Seismic 


	Force Application 
	Force Application 
	Force Application 

	Active Method 
	Active Method 

	Active Method 
	Active Method 


	Force Orientation 
	Force Orientation 
	Force Orientation 

	Parallel to Reinforcement 
	Parallel to Reinforcement 

	Parallel to Reinforcement 
	Parallel to Reinforcement 


	Strip Coverage 
	Strip Coverage 
	Strip Coverage 

	50% (Rc = 0.5) 
	50% (Rc = 0.5) 

	50% (Rc = 0.5) 
	50% (Rc = 0.5) 


	Allowable Tensile Strength = Acfy/b 
	Allowable Tensile Strength = Acfy/b 
	Allowable Tensile Strength = Acfy/b 

	7000 lbf/ft 
	7000 lbf/ft 

	7000 lbf/ft 
	7000 lbf/ft 


	Pullout and Striping 
	Pullout and Striping 
	Pullout and Striping 

	 
	 

	 
	 


	Anchorage: 
	Anchorage: 
	Anchorage: 
	Slope Face 
	Connection Strength and 
	Connection Strength 

	Constant and 
	Constant and 
	7000 lbf/ft 

	Constant and 
	Constant and 
	7000 lbf/ft 


	Strength Model 
	Strength Model 
	Strength Model 

	Linear 
	Linear 

	Linear 
	Linear 


	Adhesion 
	Adhesion 
	Adhesion 

	0 
	0 

	0 
	0 


	Friction Angle 
	Friction Angle 
	Friction Angle 

	tan-1(F*) = 10.32 degrees: refer to Table A.4.4 
	tan-1(F*) = 10.32 degrees: refer to Table A.4.4 

	tan-1(F*) = 8.3 degrees: refer to Table A.4.4 
	tan-1(F*) = 8.3 degrees: refer to Table A.4.4 


	Design Factors / Partial Factor (defined) 
	Design Factors / Partial Factor (defined) 
	Design Factors / Partial Factor (defined) 

	 
	 

	 
	 


	Tensile and Plate Strength = γ/ϕ 
	Tensile and Plate Strength = γ/ϕ 
	Tensile and Plate Strength = γ/ϕ 

	1.68 
	1.68 

	1.17 
	1.17 


	Bond Strength = γ/ϕ 
	Bond Strength = γ/ϕ 
	Bond Strength = γ/ϕ 

	1.5 
	1.5 

	0.83 
	0.83 



	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	4. Conduct the stability analysis for both static and pseudo-seismic scenarios.   
	4. Conduct the stability analysis for both static and pseudo-seismic scenarios.   
	4. Conduct the stability analysis for both static and pseudo-seismic scenarios.   


	 
	5. If the calculated FoS is less than the required minimum FoS, increase the reinforcement length: The calculated FoS for static = 1.5 
	5. If the calculated FoS is less than the required minimum FoS, increase the reinforcement length: The calculated FoS for static = 1.5 
	5. If the calculated FoS is less than the required minimum FoS, increase the reinforcement length: The calculated FoS for static = 1.5 

	6. The required reinforcement length is determined from the outcome of Step 5. 
	6. The required reinforcement length is determined from the outcome of Step 5. 


	 
	  
	Compound Stability Analysis: MSE wall on Level Ground – Static 
	Method 3 
	1. Model the MSE reinforcements. ensuring the length matches that determined in the global stability analysis. 
	1. Model the MSE reinforcements. ensuring the length matches that determined in the global stability analysis. 
	1. Model the MSE reinforcements. ensuring the length matches that determined in the global stability analysis. 

	2. Set the shear strength of the MSE backfill to apparent cohesion of 0 and apparent friction angle of 34 degrees. 
	2. Set the shear strength of the MSE backfill to apparent cohesion of 0 and apparent friction angle of 34 degrees. 


	 
	3. Determine engineering properties for each row of the reinforcements using Appendix Tables A.4.2, and A.4.3, and Table 4.1. 
	3. Determine engineering properties for each row of the reinforcements using Appendix Tables A.4.2, and A.4.3, and Table 4.1. 
	3. Determine engineering properties for each row of the reinforcements using Appendix Tables A.4.2, and A.4.3, and Table 4.1. 


	 
	 
	 
	 
	 
	 
	4. Conduct the stability analysis for both static and pseudo-seismic scenarios. 
	4. Conduct the stability analysis for both static and pseudo-seismic scenarios. 
	4. Conduct the stability analysis for both static and pseudo-seismic scenarios. 


	 
	 
	5. If the calculated FoS is less than the required minimum FoS, increase the reinforcement length: The calculated FoS = 1.54.  
	5. If the calculated FoS is less than the required minimum FoS, increase the reinforcement length: The calculated FoS = 1.54.  
	5. If the calculated FoS is less than the required minimum FoS, increase the reinforcement length: The calculated FoS = 1.54.  
	5. If the calculated FoS is less than the required minimum FoS, increase the reinforcement length: The calculated FoS = 1.54.  
	5. If the calculated FoS is less than the required minimum FoS, increase the reinforcement length: The calculated FoS = 1.54.  
	5. If the calculated FoS is less than the required minimum FoS, increase the reinforcement length: The calculated FoS = 1.54.  




	6. The required reinforcement length is determined from the outcome of Step 5. 
	6. The required reinforcement length is determined from the outcome of Step 5. 
	6. The required reinforcement length is determined from the outcome of Step 5. 
	6. The required reinforcement length is determined from the outcome of Step 5. 
	6. The required reinforcement length is determined from the outcome of Step 5. 





	 
	 
	Figure
	  
	Compound Stability Analysis: MSE wall on Level Ground – Seismic Kh = 0.2 
	1. Use the same inputs as the static case, except for applying the Kh value and different reduction factors and interface friction angles for reinforcements. 
	1. Use the same inputs as the static case, except for applying the Kh value and different reduction factors and interface friction angles for reinforcements. 
	1. Use the same inputs as the static case, except for applying the Kh value and different reduction factors and interface friction angles for reinforcements. 


	 
	 
	 
	2. Use the same inputs as the static case, except for applying the Kh value and different reduction factors and interface friction angles for reinforcements.  
	2. Use the same inputs as the static case, except for applying the Kh value and different reduction factors and interface friction angles for reinforcements.  
	2. Use the same inputs as the static case, except for applying the Kh value and different reduction factors and interface friction angles for reinforcements.  

	3. Run slope stability analysis and verify if a calculated minimum factor of safety (FoS) is equal to or greater than a required FoS. 
	3. Run slope stability analysis and verify if a calculated minimum factor of safety (FoS) is equal to or greater than a required FoS. 


	  
	Compound Stability Analysis: MSE wall on Level Ground – Seismic Kh = 0.2 
	1. Use the same inputs as the static case, except for applying the Kh value and different reduction factors and interface friction angles for reinforcements. 
	1. Use the same inputs as the static case, except for applying the Kh value and different reduction factors and interface friction angles for reinforcements. 
	1. Use the same inputs as the static case, except for applying the Kh value and different reduction factors and interface friction angles for reinforcements. 

	2. Run slope stability analysis and verify if a calculated minimum factor of safety (FoS) is equal to or greater than a required FoS. 
	2. Run slope stability analysis and verify if a calculated minimum factor of safety (FoS) is equal to or greater than a required FoS. 


	 
	 
	Global Stability Analysis: MSE wall on 3(H) to1(V) Slope Ground – Static  
	1. Model an MSE wall block with a height equal to the maximum representative MSE wall design height (H) and a width equal to 0.7 times H (= 14ft). 
	1. Model an MSE wall block with a height equal to the maximum representative MSE wall design height (H) and a width equal to 0.7 times H (= 14ft). 
	1. Model an MSE wall block with a height equal to the maximum representative MSE wall design height (H) and a width equal to 0.7 times H (= 14ft). 

	2. Set the shear strength of the block to apparent cohesion of 1,000 psf and apparent friction angle of 34 degrees. 
	2. Set the shear strength of the block to apparent cohesion of 1,000 psf and apparent friction angle of 34 degrees. 


	 
	 
	  
	3. Conduct stability analysis for static case. 
	3. Conduct stability analysis for static case. 
	3. Conduct stability analysis for static case. 


	 
	 
	4. If the potential failure surface intersects the MSE block, increase the shear strength of the block to shift the potential failure surface outside the block.  
	4. If the potential failure surface intersects the MSE block, increase the shear strength of the block to shift the potential failure surface outside the block.  
	4. If the potential failure surface intersects the MSE block, increase the shear strength of the block to shift the potential failure surface outside the block.  

	5. If the calculated FoS is less than the required minimum FoS, increase the width of the MSE block until the calculated FOS meets the requirement: The calculated FoS = 1.37 
	5. If the calculated FoS is less than the required minimum FoS, increase the width of the MSE block until the calculated FOS meets the requirement: The calculated FoS = 1.37 

	6. The required reinforcement length for global stability is determined as the width of the MSE block from Step 5: The required reinforcement length = 0.7 times H = 14 feet. 
	6. The required reinforcement length for global stability is determined as the width of the MSE block from Step 5: The required reinforcement length = 0.7 times H = 14 feet. 


	 
	  
	Overall Stability Analysis: MSE wall on 3(H) to1(V) Slope Ground – Seismic Kh = 0.2 
	1. Conduct stability analysis for seismic scenario. 
	1. Conduct stability analysis for seismic scenario. 
	1. Conduct stability analysis for seismic scenario. 


	 
	 
	2. If the potential failure surface intersects the MSE block, increase the shear strength of the block to drive the potential failure surface outside the block. 
	2. If the potential failure surface intersects the MSE block, increase the shear strength of the block to drive the potential failure surface outside the block. 
	2. If the potential failure surface intersects the MSE block, increase the shear strength of the block to drive the potential failure surface outside the block. 

	3. If the calculated FoS is less than the required minimum FoS, increase the width of the MSE block until the calculated FOS meets the requirement: The calculated FoS is less than 1.0. Increase a width of block to 1.1 times H (=22ft). Note the required minimum FoS was set to 1.0 (ky = 0.2) to perform the seismic displacement analysis.   
	3. If the calculated FoS is less than the required minimum FoS, increase the width of the MSE block until the calculated FOS meets the requirement: The calculated FoS is less than 1.0. Increase a width of block to 1.1 times H (=22ft). Note the required minimum FoS was set to 1.0 (ky = 0.2) to perform the seismic displacement analysis.   


	 
	 
	 
	4. The required reinforcement length = 1.1 times H = 22 feet: This reinforcement length shall be used for the following compound stability analysis. 
	4. The required reinforcement length = 1.1 times H = 22 feet: This reinforcement length shall be used for the following compound stability analysis. 
	4. The required reinforcement length = 1.1 times H = 22 feet: This reinforcement length shall be used for the following compound stability analysis. 


	 
	  
	Compound Stability Analysis: MSE wall on 3(H) to1(V) Slope Ground – Static  
	Method 1 
	1. Model an MSE wall block with a height equal to the maximum representative MSE wall design height (H) and a width equal to the reinforcement length estimated from the global (seismic) stability analysis: 22 ft from global seismic analysis.  
	1. Model an MSE wall block with a height equal to the maximum representative MSE wall design height (H) and a width equal to the reinforcement length estimated from the global (seismic) stability analysis: 22 ft from global seismic analysis.  
	1. Model an MSE wall block with a height equal to the maximum representative MSE wall design height (H) and a width equal to the reinforcement length estimated from the global (seismic) stability analysis: 22 ft from global seismic analysis.  

	2. Set the shear strength of the block to apparent cohesion of 350 psf and apparent friction angle of 34 degrees. 
	2. Set the shear strength of the block to apparent cohesion of 350 psf and apparent friction angle of 34 degrees. 


	 
	 
	3. Set and adjust search limits to ensure that potential failure surfaces passes through the bottom corner of the MSE block.  
	3. Set and adjust search limits to ensure that potential failure surfaces passes through the bottom corner of the MSE block.  
	3. Set and adjust search limits to ensure that potential failure surfaces passes through the bottom corner of the MSE block.  

	4. Conduct the stability analysis for both static and seismic scenarios. 
	4. Conduct the stability analysis for both static and seismic scenarios. 

	5. If the calculated FoS is less than the required minimum FoS and the potential failure surface passes around the mid-height of the block, adjust the search limits to guide potential failure surfaces through the bottom corner of the block. 
	5. If the calculated FoS is less than the required minimum FoS and the potential failure surface passes around the mid-height of the block, adjust the search limits to guide potential failure surfaces through the bottom corner of the block. 


	 
	 
	Figure
	 
	6. If the calculated FoS is less than the required minimum FoS for the potential failure surface passing through the bottom corner of the block, increase the width of the MSE block until the calculated FOS meets the requirement: The calculated FoS = 1.44. 
	6. If the calculated FoS is less than the required minimum FoS for the potential failure surface passing through the bottom corner of the block, increase the width of the MSE block until the calculated FOS meets the requirement: The calculated FoS = 1.44. 
	6. If the calculated FoS is less than the required minimum FoS for the potential failure surface passing through the bottom corner of the block, increase the width of the MSE block until the calculated FOS meets the requirement: The calculated FoS = 1.44. 

	7. The required reinforcement length is determined as the width of the MSE block from Step 6: The required reinforcement length = 22 ft. 
	7. The required reinforcement length is determined as the width of the MSE block from Step 6: The required reinforcement length = 22 ft. 


	 
	  
	Compound Stability Analysis: MSE wall on 3(H) to1(V) Slope Ground – Static 
	Method 2 
	Figure
	1. Model the MSE reinforcements, ensuring the length matches that determined in the global (seismic) stability analysis. Reinforcement Length = 22 ft from global seismic analysis. 
	1. Model the MSE reinforcements, ensuring the length matches that determined in the global (seismic) stability analysis. Reinforcement Length = 22 ft from global seismic analysis. 
	1. Model the MSE reinforcements, ensuring the length matches that determined in the global (seismic) stability analysis. Reinforcement Length = 22 ft from global seismic analysis. 

	2. Set the shear strength of the MSE backfill to apparent cohesion of 0 and apparent friction angle of 34 degrees.  
	2. Set the shear strength of the MSE backfill to apparent cohesion of 0 and apparent friction angle of 34 degrees.  
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	3. Determine the representative engineering properties of the reinforcements as outlined in the table below. 
	3. Determine the representative engineering properties of the reinforcements as outlined in the table below. 
	3. Determine the representative engineering properties of the reinforcements as outlined in the table below. 


	 
	 
	 
	 
	 
	 
	Reinforcement Input – Slide 2 
	General 
	General 
	General 
	General 

	Input -Static   
	Input -Static   

	Input - Seismic 
	Input - Seismic 


	Force Application 
	Force Application 
	Force Application 

	Active Method 
	Active Method 

	Active Method 
	Active Method 


	Force Orientation 
	Force Orientation 
	Force Orientation 

	Parallel to Reinforcement 
	Parallel to Reinforcement 

	Parallel to Reinforcement 
	Parallel to Reinforcement 


	Strip Coverage 
	Strip Coverage 
	Strip Coverage 

	50% (Rc = 0.5) 
	50% (Rc = 0.5) 

	50% (Rc = 0.5) 
	50% (Rc = 0.5) 


	Allowable Tensile Strength = Acfy/b 
	Allowable Tensile Strength = Acfy/b 
	Allowable Tensile Strength = Acfy/b 

	7000 lbf/ft 
	7000 lbf/ft 

	7000 lbf/ft 
	7000 lbf/ft 


	Pullout and Striping 
	Pullout and Striping 
	Pullout and Striping 

	 
	 

	 
	 


	Anchorage: 
	Anchorage: 
	Anchorage: 
	Slope Face 
	Connection Strength and 
	Connection Strength 

	Constant and 
	Constant and 
	7000 lbf/ft 

	Constant and 
	Constant and 
	7000 lbf/ft 


	Strength Model 
	Strength Model 
	Strength Model 

	Linear 
	Linear 

	Linear 
	Linear 


	Adhesion 
	Adhesion 
	Adhesion 

	0 
	0 

	0 
	0 


	Friction Angle 
	Friction Angle 
	Friction Angle 

	tan-1(F*) = 10.32 degrees: refer to Table A.x.4 
	tan-1(F*) = 10.32 degrees: refer to Table A.x.4 

	tan-1(F*) = 8.3 degrees : refer to Table A.x.4 
	tan-1(F*) = 8.3 degrees : refer to Table A.x.4 


	Design Factors / Partial Factor (defined) 
	Design Factors / Partial Factor (defined) 
	Design Factors / Partial Factor (defined) 

	 
	 

	 
	 


	Tensile and Plate Strength = γ/ϕ 
	Tensile and Plate Strength = γ/ϕ 
	Tensile and Plate Strength = γ/ϕ 

	1.68 
	1.68 

	1.17 
	1.17 


	Bond Strength = γ/ϕ 
	Bond Strength = γ/ϕ 
	Bond Strength = γ/ϕ 

	1.5 
	1.5 

	0.83 
	0.83 



	 
	Figure
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	Figure
	 
	4. Conduct the stability analysis for both static and pseudo-seismic scenarios.   
	4. Conduct the stability analysis for both static and pseudo-seismic scenarios.   
	4. Conduct the stability analysis for both static and pseudo-seismic scenarios.   

	5. If the calculated FoS is less than the required minimum FoS, increase the reinforcement length: The calculated FoS = 1.5. 
	5. If the calculated FoS is less than the required minimum FoS, increase the reinforcement length: The calculated FoS = 1.5. 

	6. The required reinforcement length is determined from outcome of Step 5. 
	6. The required reinforcement length is determined from outcome of Step 5. 


	 
	  
	Compound Stability Analysis: MSE wall on 3(H) to1(V) Slope Ground – Static 
	Method 3 
	1. Model the MSE reinforcements, ensuring the length matches that determined in the global (seismic) stability analysis. Reinforcement Length = 22 ft from global seismic analysis. 
	1. Model the MSE reinforcements, ensuring the length matches that determined in the global (seismic) stability analysis. Reinforcement Length = 22 ft from global seismic analysis. 
	1. Model the MSE reinforcements, ensuring the length matches that determined in the global (seismic) stability analysis. Reinforcement Length = 22 ft from global seismic analysis. 

	2. Set the shear strength of the MSE backfill to apparent cohesion of 0 and apparent friction angle of 34 degrees. 
	2. Set the shear strength of the MSE backfill to apparent cohesion of 0 and apparent friction angle of 34 degrees. 


	 
	Figure
	Figure
	 
	3. Determine engineering properties for each row of the reinforcements using Appendix Tables A.4.2, and A.4.3, and Table 4.1 
	3. Determine engineering properties for each row of the reinforcements using Appendix Tables A.4.2, and A.4.3, and Table 4.1 
	3. Determine engineering properties for each row of the reinforcements using Appendix Tables A.4.2, and A.4.3, and Table 4.1 


	 
	 
	 
	  
	 
	 
	 
	Figure
	 
	Figure
	 
	 
	 
	Figure
	 
	 
	 
	 
	 
	 
	Figure
	4. Perform the stability analysis for both static and pseudo-seismic scenarios.   
	4. Perform the stability analysis for both static and pseudo-seismic scenarios.   
	4. Perform the stability analysis for both static and pseudo-seismic scenarios.   
	Figure
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	5. If the calculated FoS is less than the required minimum FoS, increase the reinforcement length: The calculated FoS = 1.5. 
	5. If the calculated FoS is less than the required minimum FoS, increase the reinforcement length: The calculated FoS = 1.5. 
	5. If the calculated FoS is less than the required minimum FoS, increase the reinforcement length: The calculated FoS = 1.5. 

	6. The required reinforcement length is determined from outcome of Step 5. 
	6. The required reinforcement length is determined from outcome of Step 5. 


	  
	Engineering Properties of Reinforcements and Parameter Study for Overall Stability Analysis.  
	1. Equivalent Factor of Safety (FoS) 
	1. Equivalent Factor of Safety (FoS) 
	1. Equivalent Factor of Safety (FoS) 


	The geotechnical stability analysis follows the allowable/working stress design (WSD) method, while the structure reinforcement design follows the load and resistance factor design (LRFD) method. To model reinforcements properly in the stability analysis, an equivalent factor of safety (FoS) is calculated to incorporate load and resistance factors as detailed in Table A.4.1. The calculated FoS is then applied to tensile strength and pullout resistance as partial/reduction factors in the slope stability anal
	Table A4.1: Equivalent Factor of Safety 
	Static1 
	Static1 
	Static1 
	Static1 

	Static FoS 
	Static FoS 

	Seismic2 
	Seismic2 

	Seismic FoS 
	Seismic FoS 



	1. CA Amendment Table 11.5.7-1 
	1. CA Amendment Table 11.5.7-1 
	1. CA Amendment Table 11.5.7-1 

	2. AASHTO 11.5.8 
	2. AASHTO 11.5.8 


	 
	2. Caltrans MSE Wall Reinforcement Data and Tensile Capacities  
	2. Caltrans MSE Wall Reinforcement Data and Tensile Capacities  
	2. Caltrans MSE Wall Reinforcement Data and Tensile Capacities  


	According to Bridge Design Aids 3-8 (2013) Attachment 3, Steel Reinforcement Tables and XS Sheet, 13-020-2: Mechanically Stabilized Embankment-Details No. 2, Caltrans MSE walls use steel wire mats comprising W15, W20 and W25 for longitudinal bar and W15 for transverse bars.  
	The tensile strength of the reinforcement is determined based on the corrosion-corrected longitudinal bar diameter and cross-sectional area, while the pullout capacity of reinforcement is determined based on transverse bar diameters and spacing before corrosion correction (FHWA GEC 11, Figure 3.4). The spacing of transverse bar (St) varies with depth. Information for steel wire mats is summarized in Table A.4.2. 
	  
	Table A4.2: Data Summary for Caltrans Pre-Designed MSE Wall Steel Wire Mats 
	Longitudinal Bars (Tensile Strength) 
	Longitudinal Bars (Tensile Strength) 
	Longitudinal Bars (Tensile Strength) 
	Longitudinal Bars (Tensile Strength) 

	Transverse Bars (Pullout Capacity) 
	Transverse Bars (Pullout Capacity) 


	Steel Bar Size1 
	Steel Bar Size1 
	Steel Bar Size1 

	W15, W20, and W25 
	W15, W20, and W25 

	Steel Bar size1 
	Steel Bar size1 

	W15 
	W15 


	Spacing per Mat 
	Spacing per Mat 
	Spacing per Mat 

	5 at 6 in. or 3 at 10 in. 
	5 at 6 in. or 3 at 10 in. 

	Spacing (St) 
	Spacing (St) 

	6, 9, 18, 24 and 30 in. 
	6, 9, 18, 24 and 30 in. 


	Mat Width (b) 
	Mat Width (b) 
	Mat Width (b) 

	30 in. (2.5 ft.) 
	30 in. (2.5 ft.) 

	 
	 

	 
	 


	fy 
	fy 
	fy 

	65 ksi 
	65 ksi 

	Fy 
	Fy 

	65 ksi 
	65 ksi 


	Corrosion Rate2 
	Corrosion Rate2 
	Corrosion Rate2 

	1.1 mil/year 
	1.1 mil/year 

	Corrosion Rate 
	Corrosion Rate 

	Not Considered 
	Not Considered 


	Galvanizing2 
	Galvanizing2 
	Galvanizing2 

	Effective for 10 years 
	Effective for 10 years 

	 
	 

	 
	 


	Loss of bar Diameter3 
	Loss of bar Diameter3 
	Loss of bar Diameter3 

	0.143 in. 
	0.143 in. 

	 
	 

	 
	 


	W15 Nominal Diameter 
	W15 Nominal Diameter 
	W15 Nominal Diameter 

	0.437 in. 
	0.437 in. 

	W15 Nominal Diameter (t) 
	W15 Nominal Diameter (t) 

	0.437 in. 
	0.437 in. 


	Corrected bar Diameter4 
	Corrected bar Diameter4 
	Corrected bar Diameter4 

	0.294 in. 
	0.294 in. 

	 
	 

	 
	 


	Corrected Area4 
	Corrected Area4 
	Corrected Area4 

	0.0679 in2 
	0.0679 in2 

	 
	 

	 
	 


	Tensile Capacity5  
	Tensile Capacity5  
	Tensile Capacity5  

	7 kips/ft 
	7 kips/ft 

	 
	 

	 
	 


	W20 Nominal Diameter 
	W20 Nominal Diameter 
	W20 Nominal Diameter 

	0.5046 in. 
	0.5046 in. 

	 
	 

	 
	 


	Corrected bar Diameter4 
	Corrected bar Diameter4 
	Corrected bar Diameter4 

	0.3616 in. 
	0.3616 in. 

	 
	 

	 
	 


	Corrected Area4 
	Corrected Area4 
	Corrected Area4 

	0.1027 in2 
	0.1027 in2 

	 
	 

	 
	 


	Tensile Capacity5  
	Tensile Capacity5  
	Tensile Capacity5  

	10.7 kips/ft 
	10.7 kips/ft 

	 
	 

	 
	 


	W25 Nominal Diameter 
	W25 Nominal Diameter 
	W25 Nominal Diameter 

	0.5642 in. 
	0.5642 in. 

	 
	 

	 
	 


	Corrected bar Diameter4 
	Corrected bar Diameter4 
	Corrected bar Diameter4 

	0.4212 in. 
	0.4212 in. 

	 
	 

	 
	 


	Corrected Area4 
	Corrected Area4 
	Corrected Area4 

	0.1393 in2 
	0.1393 in2 

	 
	 

	 
	 


	Tensile Capacity5  
	Tensile Capacity5  
	Tensile Capacity5  

	14.5 kips/ft 
	14.5 kips/ft 

	 
	 

	 
	 



	1. Nominal Diameter of W15 = 0.437 in. and Nominal Cross-Sectional Area of W15 = 0.15 in2  
	1. Nominal Diameter of W15 = 0.437 in. and Nominal Cross-Sectional Area of W15 = 0.15 in2  
	1. Nominal Diameter of W15 = 0.437 in. and Nominal Cross-Sectional Area of W15 = 0.15 in2  

	2. Per AASHTO CA 11.10.6.4.2a, galvanizing = 10 years, Corrosion Rate = 1.1 mils/year  
	2. Per AASHTO CA 11.10.6.4.2a, galvanizing = 10 years, Corrosion Rate = 1.1 mils/year  

	3. Loss of Diameter = 1.1 x 65-year (75year – 10year) x 2 sides /1000 = 0.143 in. 
	3. Loss of Diameter = 1.1 x 65-year (75year – 10year) x 2 sides /1000 = 0.143 in. 

	4. Corrected bar Diameter = nominal diameter – loss of bar diameter 
	4. Corrected bar Diameter = nominal diameter – loss of bar diameter 

	5. Tensile Capacity = # of bar (4) x fy (65ksi) x corrected Area / Mat Width (2.5) 
	5. Tensile Capacity = # of bar (4) x fy (65ksi) x corrected Area / Mat Width (2.5) 


	The following adjustments to the reinforcement input for slope stability analysis are proposed to ensure equivalent pullout resistance and tensile strength of the reinforcements per AASHTO and FHWA. 
	3. Pullout Resistance: Soil/Reinforcement Interface Friction Angle (d) 
	3. Pullout Resistance: Soil/Reinforcement Interface Friction Angle (d) 
	3. Pullout Resistance: Soil/Reinforcement Interface Friction Angle (d) 


	Pullout Resistance per a unit length of reinforcement is defined as the following per AASHTO 11.10.6.3.2 and 11.10.7.2  
	Pr = F*aσvCRc  (Static)  Pr = 0.8F*aσvCRc  (Seismic) 
	Where,  
	Figure
	Figure
	a = 1.0 for scale effect correction factor (steel)  
	C = 2 for surface area geometry factor (two sides)  
	Rc = 0.5 for reinforcement coverage ratio (30-inch mat width over 60-inch spacing)  
	According to AASHTO Figure 11.10.6.3.2, the pullout resistance factor (F*) for the steel wire mat varies from 20(t/St) at the top of the wall (zero depth) to 10(t/St) at a depth of 20 feet and remains constant below the depth of 20 feet. F* can be interpolated between the top of the wall and 20 feet. Note that the nominal transverse bar diameter (t) of W15 is 0.437 inches, and corrosion correction should not be applied for the calculation of F*.   
	Since the slope stability program computes the pullout resistance of the reinforcements via soil/reinforcement interface friction angles (δ) instead of F*, the δ was computed for each depth (level) of transverse bar spacings (St) of the reinforcements, and presented in Table A.4.3 using the following correlation: 
	Figure
	δ = tan-1(F*)  
	Tensile strengths from Table A.4.1 and δ from Table A.4.3 can be used to establish the engineering properties of the reinforcements for Method 3.   
	Table A4.3_a: Converted δ from F* Calculated based on Varying Transverse Bar Spacing (St) -Static 
	Figure
	Transverse Spacing (St) 
	Transverse Spacing (St) 
	Transverse Spacing (St) 
	Transverse Spacing (St) 

	6 in. 
	6 in. 

	9 in. 
	9 in. 

	18 in. 
	18 in. 

	24 in. 
	24 in. 


	Depth (ft) 
	Depth (ft) 
	Depth (ft) 

	F* 
	F* 

	δ (deg) 
	δ (deg) 

	F* 
	F* 

	δ (deg) 
	δ (deg) 

	F* 
	F* 

	δ (deg) 
	δ (deg) 

	F* 
	F* 

	δ (deg) 
	δ (deg) 


	1.25 
	1.25 
	1.25 

	1.41 
	1.41 

	54.68 
	54.68 

	0.94 
	0.94 

	43.25 
	43.25 

	0.47 
	0.47 

	25.19 
	25.19 

	0.35 
	0.35 

	19.43 
	19.43 


	3.75 
	3.75 
	3.75 

	1.32 
	1.32 

	52.86 
	52.86 

	0.88 
	0.88 

	41.35 
	41.35 

	0.44 
	0.44 

	23.75 
	23.75 

	0.33 
	0.33 

	18.26 
	18.26 


	6.25 
	6.25 
	6.25 

	1.23 
	1.23 

	50.87 
	50.87 

	0.82 
	0.82 

	39.33 
	39.33 

	0.41 
	0.41 

	22.28 
	22.28 

	0.31 
	0.31 

	17.08 
	17.08 


	8.75 
	8.75 
	8.75 

	1.14 
	1.14 

	48.69 
	48.69 

	0.76 
	0.76 

	37.19 
	37.19 

	0.38 
	0.38 

	20.77 
	20.77 

	0.28 
	0.28 

	15.88 
	15.88 


	11.25 
	11.25 
	11.25 

	1.05 
	1.05 

	46.31 
	46.31 

	0.70 
	0.70 

	34.91 
	34.91 

	0.35 
	0.35 

	19.24 
	19.24 

	0.26 
	0.26 

	14.67 
	14.67 


	13.75 
	13.75 
	13.75 

	0.96 
	0.96 

	43.71 
	43.71 

	0.64 
	0.64 

	32.51 
	32.51 

	0.32 
	0.32 

	17.67 
	17.67 

	0.24 
	0.24 

	13.44 
	13.44 


	16.25 
	16.25 
	16.25 

	0.86 
	0.86 

	40.86 
	40.86 

	0.58 
	0.58 

	29.97 
	29.97 

	0.29 
	0.29 

	16.08 
	16.08 

	0.22 
	0.22 

	12.20 
	12.20 


	18.75 
	18.75 
	18.75 

	0.77 
	0.77 

	37.73 
	37.73 

	0.52 
	0.52 

	27.29 
	27.29 

	0.26 
	0.26 

	14.46 
	14.46 

	0.19 
	0.19 

	10.95 
	10.95 


	21.25 
	21.25 
	21.25 

	0.73 
	0.73 

	36.07 
	36.07 

	0.49 
	0.49 

	25.90 
	25.90 

	0.24 
	0.24 

	13.65 
	13.65 

	0.18 
	0.18 

	10.32 
	10.32 


	23.75 
	23.75 
	23.75 

	0.73 
	0.73 

	36.07 
	36.07 

	0.49 
	0.49 

	25.90 
	25.90 

	0.24 
	0.24 

	13.65 
	13.65 

	0.18 
	0.18 

	10.32 
	10.32 


	26.25 
	26.25 
	26.25 

	0.73 
	0.73 

	36.07 
	36.07 

	0.49 
	0.49 

	25.90 
	25.90 

	0.24 
	0.24 

	13.65 
	13.65 

	0.18 
	0.18 

	10.32 
	10.32 


	28.75 
	28.75 
	28.75 

	0.73 
	0.73 

	36.07 
	36.07 

	0.49 
	0.49 

	25.90 
	25.90 

	0.24 
	0.24 

	13.65 
	13.65 

	0.18 
	0.18 

	10.32 
	10.32 


	31.25 
	31.25 
	31.25 

	0.73 
	0.73 

	36.07 
	36.07 

	0.49 
	0.49 

	25.90 
	25.90 

	0.24 
	0.24 

	13.65 
	13.65 

	0.18 
	0.18 

	10.32 
	10.32 


	33.75 
	33.75 
	33.75 

	0.73 
	0.73 

	36.07 
	36.07 

	0.49 
	0.49 

	25.90 
	25.90 

	0.24 
	0.24 

	13.65 
	13.65 

	0.18 
	0.18 

	10.32 
	10.32 


	36.25 
	36.25 
	36.25 

	0.73 
	0.73 

	36.07 
	36.07 

	0.49 
	0.49 

	25.90 
	25.90 

	0.24 
	0.24 

	13.65 
	13.65 

	0.18 
	0.18 

	10.32 
	10.32 


	38.75 
	38.75 
	38.75 

	0.73 
	0.73 

	36.07 
	36.07 

	0.49 
	0.49 

	25.90 
	25.90 

	0.24 
	0.24 

	13.65 
	13.65 

	0.18 
	0.18 

	10.32 
	10.32 


	41.25 
	41.25 
	41.25 

	0.73 
	0.73 

	36.07 
	36.07 

	0.49 
	0.49 

	25.90 
	25.90 

	0.24 
	0.24 

	13.65 
	13.65 

	0.18 
	0.18 

	10.32 
	10.32 



	 
	  
	Table A4.3_b: Converted δ from F* Calculated based on Varying Transverse Bar Spacing (St) -Seismic 
	Transverse Spacing (St) 
	Transverse Spacing (St) 
	Transverse Spacing (St) 
	Transverse Spacing (St) 

	6 in. 
	6 in. 

	9 in. 
	9 in. 

	18 in. 
	18 in. 

	24 in. 
	24 in. 


	Depth (ft) 
	Depth (ft) 
	Depth (ft) 

	F* 
	F* 

	δ (deg) 
	δ (deg) 

	F* 
	F* 

	δ (deg) 
	δ (deg) 

	F* 
	F* 

	δ (deg) 
	δ (deg) 

	F* 
	F* 

	δ (deg) 
	δ (deg) 


	1.25 
	1.25 
	1.25 

	1.13 
	1.13 

	48.47 
	48.47 

	0.75 
	0.75 

	36.97 
	36.97 

	0.38 
	0.38 

	20.62 
	20.62 

	0.28 
	0.28 

	15.76 
	15.76 


	3.75 
	3.75 
	3.75 

	1.06 
	1.06 

	46.56 
	46.56 

	0.70 
	0.70 

	35.15 
	35.15 

	0.35 
	0.35 

	19.39 
	19.39 

	0.26 
	0.26 

	14.79 
	14.79 


	6.25 
	6.25 
	6.25 

	0.98 
	0.98 

	44.52 
	44.52 

	0.66 
	0.66 

	33.24 
	33.24 

	0.33 
	0.33 

	18.15 
	18.15 

	0.25 
	0.25 

	13.81 
	13.81 


	8.75 
	8.75 
	8.75 

	0.91 
	0.91 

	42.32 
	42.32 

	0.61 
	0.61 

	31.26 
	31.26 

	0.30 
	0.30 

	16.88 
	16.88 

	0.23 
	0.23 

	12.82 
	12.82 


	11.25 
	11.25 
	11.25 

	0.84 
	0.84 

	39.95 
	39.95 

	0.56 
	0.56 

	29.18 
	29.18 

	0.28 
	0.28 

	15.60 
	15.60 

	0.21 
	0.21 

	11.83 
	11.83 


	13.75 
	13.75 
	13.75 

	0.76 
	0.76 

	37.41 
	37.41 

	0.51 
	0.51 

	27.01 
	27.01 

	0.25 
	0.25 

	14.30 
	14.30 

	0.19 
	0.19 

	10.82 
	10.82 


	16.25 
	16.25 
	16.25 

	0.69 
	0.69 

	34.68 
	34.68 

	0.46 
	0.46 

	24.76 
	24.76 

	0.23 
	0.23 

	12.99 
	12.99 

	0.17 
	0.17 

	9.81 
	9.81 


	18.75 
	18.75 
	18.75 

	0.62 
	0.62 

	31.76 
	31.76 

	0.41 
	0.41 

	22.43 
	22.43 

	0.21 
	0.21 

	11.66 
	11.66 

	0.15 
	0.15 

	8.80 
	8.80 


	21.25 
	21.25 
	21.25 

	0.58 
	0.58 

	30.23 
	30.23 

	0.39 
	0.39 

	21.23 
	21.23 

	0.19 
	0.19 

	10.99 
	10.99 

	0.15 
	0.15 

	8.29 
	8.29 


	23.75 
	23.75 
	23.75 

	0.58 
	0.58 

	30.23 
	30.23 

	0.39 
	0.39 

	21.23 
	21.23 

	0.19 
	0.19 

	10.99 
	10.99 

	0.15 
	0.15 

	8.29 
	8.29 


	26.25 
	26.25 
	26.25 

	0.58 
	0.58 

	30.23 
	30.23 

	0.39 
	0.39 

	21.23 
	21.23 

	0.19 
	0.19 

	10.99 
	10.99 

	0.15 
	0.15 

	8.29 
	8.29 


	28.75 
	28.75 
	28.75 

	0.58 
	0.58 

	30.23 
	30.23 

	0.39 
	0.39 

	21.23 
	21.23 

	0.19 
	0.19 

	10.99 
	10.99 

	0.15 
	0.15 

	8.29 
	8.29 


	31.25 
	31.25 
	31.25 

	0.58 
	0.58 

	30.23 
	30.23 

	0.39 
	0.39 

	21.23 
	21.23 

	0.19 
	0.19 

	10.99 
	10.99 

	0.15 
	0.15 

	8.29 
	8.29 


	33.75 
	33.75 
	33.75 

	0.58 
	0.58 

	30.23 
	30.23 

	0.39 
	0.39 

	21.23 
	21.23 

	0.19 
	0.19 

	10.99 
	10.99 

	0.15 
	0.15 

	8.29 
	8.29 


	36.25 
	36.25 
	36.25 

	0.58 
	0.58 

	30.23 
	30.23 

	0.39 
	0.39 

	21.23 
	21.23 

	0.19 
	0.19 

	10.99 
	10.99 

	0.15 
	0.15 

	8.29 
	8.29 


	38.75 
	38.75 
	38.75 

	0.58 
	0.58 

	30.23 
	30.23 

	0.39 
	0.39 

	21.23 
	21.23 

	0.19 
	0.19 

	10.99 
	10.99 

	0.15 
	0.15 

	8.29 
	8.29 


	41.25 
	41.25 
	41.25 

	0.58 
	0.58 

	30.23 
	30.23 

	0.39 
	0.39 

	21.23 
	21.23 

	0.19 
	0.19 

	10.99 
	10.99 

	0.15 
	0.15 

	8.29 
	8.29 



	For Method 2, the bottom three rows are assumed to affect the stability analysis, the following representative engineering properties of the reinforcements are proposed for the analysis.   
	Table A4.4-a: Simplified Interface Friction Angle for Two Ranges of MSE Wall Design Height 
	Load Case 1 – level ground on top of walls 
	Load Case 1 – level ground on top of walls 
	Load Case 1 – level ground on top of walls 
	Load Case 1 – level ground on top of walls 


	H (ft.) 
	H (ft.) 
	H (ft.) 

	St (in.) 
	St (in.) 

	F* (pullout resistance factor) 
	F* (pullout resistance factor) 

	Interface Friction Angle (d) 
	Interface Friction Angle (d) 


	Up to 17.5 
	Up to 17.5 
	Up to 17.5 

	9 
	9 

	15 (t/St) = 15*(0.437/9) = 0.73 
	15 (t/St) = 15*(0.437/9) = 0.73 

	tan-1(F*) = 36 degrees 
	tan-1(F*) = 36 degrees 


	20 to 42.5 
	20 to 42.5 
	20 to 42.5 

	24 to 30 
	24 to 30 

	10 (t/St) = 0.18 to 0.15 
	10 (t/St) = 0.18 to 0.15 

	10.32 degrees 
	10.32 degrees 


	Load Case 2 – 2(H) to 1(V) sloping ground on top of walls 
	Load Case 2 – 2(H) to 1(V) sloping ground on top of walls 
	Load Case 2 – 2(H) to 1(V) sloping ground on top of walls 


	Up to 15 
	Up to 15 
	Up to 15 

	18 
	18 

	15 (t/St) = 15*(0.437/18) = 0.36 
	15 (t/St) = 15*(0.437/18) = 0.36 

	tan-1(F*) = 20 degrees 
	tan-1(F*) = 20 degrees 


	17.5 to 42.5 
	17.5 to 42.5 
	17.5 to 42.5 

	24 to 30 
	24 to 30 

	10 (t/St) = 0.18 to 0.15 
	10 (t/St) = 0.18 to 0.15 

	8.3 degrees 
	8.3 degrees 



	 
	  
	4. Estimation of Equivalent Cohesion of 350 psf 
	4. Estimation of Equivalent Cohesion of 350 psf 
	4. Estimation of Equivalent Cohesion of 350 psf 


	To simplify the model of the reinforcements in the stability analysis, an equivalent cohesion representing the resistance of the Caltrans MSE steel reinforcements was assessed. The evaluations were based on the minimum of the allowable pullout resistance and allowable tensile resistance. For the pullout resistance, the embedded lengths (Le) ranging from 1 to 6 feet were evaluated and compared to the tensile resistance.      
	Figure
	The following steps were used to estimate the equivalent cohesions: 
	1. Calculate the allowable tensile strength and allowable pullout resistance (Le from 1 to 6 feet): Table A.4.6-a.  
	1. Calculate the allowable tensile strength and allowable pullout resistance (Le from 1 to 6 feet): Table A.4.6-a.  
	1. Calculate the allowable tensile strength and allowable pullout resistance (Le from 1 to 6 feet): Table A.4.6-a.  

	2. Selected a minimum value from Step 1: Table A.4.6-a. 
	2. Selected a minimum value from Step 1: Table A.4.6-a. 

	3. Calculate equivalent cohesion values for each Le by dividing the value from Step 2 with a vertical spacing of the reinforcement of 2.5 feet: Table A.4.6-b.    
	3. Calculate equivalent cohesion values for each Le by dividing the value from Step 2 with a vertical spacing of the reinforcement of 2.5 feet: Table A.4.6-b.    
	Figure

	4. Evaluate an average Le of potential failure surfaces from the parameter study performed: Table A.4.10 
	4. Evaluate an average Le of potential failure surfaces from the parameter study performed: Table A.4.10 
	Figure

	5. Select a representative cohesion that can apply to the simplified analysis method. 
	5. Select a representative cohesion that can apply to the simplified analysis method. 


	In addition to the above steps, the following facts were also considered when evaluating a representative cohesion. 
	• The equivalent cohesion was computed based on the vertical spacing of the reinforcements, although it acts along the potential failure surface in the stability analysis.   
	• The equivalent cohesion was computed based on the vertical spacing of the reinforcements, although it acts along the potential failure surface in the stability analysis.   
	• The equivalent cohesion was computed based on the vertical spacing of the reinforcements, although it acts along the potential failure surface in the stability analysis.   

	• The equivalent cohesion was computed based on the allowable resistance of the reinforcements, and it is further divided by the calculated FoS in the stability analysis. 
	• The equivalent cohesion was computed based on the allowable resistance of the reinforcements, and it is further divided by the calculated FoS in the stability analysis. 
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	Based on the steps above an equivalent cohesion of 350 psf is recommended for Method 1 – compound stability analysis.  
	The following tables present a summary of equivalent cohesions for the three design height ranges.   
	Table A4.5-a: Equivalent Cohesion for Compound Slope Stability Analysis (Load Case 1 – Level Ground & Static) 
	H (ft) 
	H (ft) 
	H (ft) 
	H (ft) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 


	<18 
	<18 
	<18 

	  
	  
	1  
	  

	0.29 
	0.29 

	  
	  
	2  
	  

	0.57 
	0.57 

	  
	  
	3  
	  

	0.81 
	0.81 

	  
	  
	 4 
	  

	0.83 
	0.83 

	  
	  
	5  
	  

	0.83 
	0.83 

	  
	  
	6  
	  

	0.83 
	0.83 


	TR
	18<H<32 
	18<H<32 

	0.15 
	0.15 

	0.31 
	0.31 

	0.46 
	0.46 

	0.61 
	0.61 

	0.75 
	0.75 

	0.81 
	0.81 


	TR
	32<H<42.5 
	32<H<42.5 

	0.22 
	0.22 

	0.44 
	0.44 

	0.66 
	0.66 

	0.82 
	0.82 

	0.83 
	0.83 

	0.83 
	0.83 



	 
	Table A4.5-b: Equivalent Cohesion for compound slope stability check (Load Case 1 – Level Ground & Seismic) 
	H (ft) 
	H (ft) 
	H (ft) 
	H (ft) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 


	<18 
	<18 
	<18 

	  
	  
	 1 
	  

	0.41 
	0.41 

	  
	  
	2  
	  

	0.83 
	0.83 

	  
	  
	3  
	  

	1.17 
	1.17 

	  
	  
	 4 
	  

	1.20 
	1.20 

	  
	  
	5  
	  

	1.20 
	1.20 

	  
	  
	6  
	  

	1.20 
	1.20 


	18<H<32 
	18<H<32 
	18<H<32 

	0.22 
	0.22 

	0.44 
	0.44 

	0.66 
	0.66 

	0.88 
	0.88 

	1.08 
	1.08 

	1.17 
	1.17 


	32<H<42.5 
	32<H<42.5 
	32<H<42.5 

	0.32 
	0.32 

	0.63 
	0.63 

	0.95 
	0.95 

	1.19 
	1.19 

	1.20 
	1.20 

	1.20 
	1.20 



	 
	Table A4.5-c: Equivalent Cohesion for compound slope stability check (Load Case 2- Sloping Ground & Static) 
	H (ft) 
	H (ft) 
	H (ft) 
	H (ft) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 


	<27 
	<27 
	<27 

	  
	  
	1  

	0.15 
	0.15 

	  
	  
	2  

	0.29 
	0.29 

	  
	  
	 3 

	0.44 
	0.44 

	  
	  
	4  

	0.59 
	0.59 

	  
	  
	 5 

	0.74 
	0.74 

	  
	  
	6  

	0.81 
	0.81 


	27<H<42.5 
	27<H<42.5 
	27<H<42.5 

	0.22 
	0.22 

	0.44 
	0.44 

	0.65 
	0.65 

	0.80 
	0.80 

	0.83 
	0.83 

	0.83 
	0.83 



	 
	Table A4.5-d: Equivalent Cohesion for compound slope stability check (Load Case 2- Sloping Ground & Seismic) 
	H (ft) 
	H (ft) 
	H (ft) 
	H (ft) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 


	<27 
	<27 
	<27 

	  
	  
	 1 

	0.21 
	0.21 

	  
	  
	 2 

	0.43 
	0.43 

	  
	  
	 3 

	0.64 
	0.64 

	  
	  
	 4 

	0.85 
	0.85 

	  
	  
	 5 

	1.06 
	1.06 

	  
	  
	 6 

	1.18 
	1.18 


	27<H<42.5 
	27<H<42.5 
	27<H<42.5 

	0.31 
	0.31 

	0.63 
	0.63 

	0.94 
	0.94 

	1.16 
	1.16 

	1.20 
	1.20 

	1.20 
	1.20 



	 
	Figure
	Table A4.6-a: Step 1-Pullout Resistance vs Tensile Resistance for varying depths (Load Case 1: t = 0.437 and St = 9 or 24 in.) – Static  
	St 
	St 
	St 
	St 

	Depth (ft) 
	Depth (ft) 

	sv (ksf) 
	sv (ksf) 

	F* 
	F* 

	δ 
	δ 
	Degree 

	Le (ft) 
	Le (ft) 

	Pullout_Allowable (ksf) 
	Pullout_Allowable (ksf) 

	Tensile_Allowable (ksf) 
	Tensile_Allowable (ksf) 

	Coh1 (ksf) 
	Coh1 (ksf) 


	9 
	9 
	9 

	11.25 
	11.25 

	1.35 
	1.35 

	0.70 
	0.70 

	34.91 
	34.91 

	3.00 
	3.00 

	1.88 
	1.88 

	2.07 
	2.07 

	0.75 
	0.75 


	9 
	9 
	9 

	13.75 
	13.75 

	1.65 
	1.65 

	0.64 
	0.64 

	32.51 
	32.51 

	3.00 
	3.00 

	2.10 
	2.10 

	2.07 
	2.07 

	0.83 
	0.83 


	9 
	9 
	9 

	16.25 
	16.25 

	1.95 
	1.95 

	0.58 
	0.58 

	29.97 
	29.97 

	3.00 
	3.00 

	2.25 
	2.25 

	2.07 
	2.07 

	0.83 
	0.83 


	9 
	9 
	9 

	18.75 
	18.75 

	2.25 
	2.25 

	0.52 
	0.52 

	27.29 
	27.29 

	3.00 
	3.00 

	2.32 
	2.32 

	2.07 
	2.07 

	0.83 
	0.83 


	24 
	24 
	24 

	21.25 
	21.25 

	2.55 
	2.55 

	0.18 
	0.18 

	10.32 
	10.32 

	3.00 
	3.00 

	0.93 
	0.93 

	2.07 
	2.07 

	0.37 
	0.37 


	24 
	24 
	24 

	23.75 
	23.75 

	2.85 
	2.85 

	0.18 
	0.18 

	10.32 
	10.32 

	3.00 
	3.00 

	1.04 
	1.04 

	2.07 
	2.07 

	0.42 
	0.42 


	24 
	24 
	24 

	26.25 
	26.25 

	3.15 
	3.15 

	0.18 
	0.18 

	10.32 
	10.32 

	3.00 
	3.00 

	1.15 
	1.15 

	2.07 
	2.07 

	0.46 
	0.46 


	24 
	24 
	24 

	28.75 
	28.75 

	3.45 
	3.45 

	0.18 
	0.18 

	10.32 
	10.32 

	3.00 
	3.00 

	1.26 
	1.26 

	2.07 
	2.07 

	0.50 
	0.50 


	24 
	24 
	24 

	31.25 
	31.25 

	3.75 
	3.75 

	0.18 
	0.18 

	10.32 
	10.32 

	3.00 
	3.00 

	1.37 
	1.37 

	2.07 
	2.07 

	0.55 
	0.55 


	24 
	24 
	24 

	33.75 
	33.75 

	4.05 
	4.05 

	0.18 
	0.18 

	10.32 
	10.32 

	3.00 
	3.00 

	1.47 
	1.47 

	2.07 
	2.07 

	0.59 
	0.59 


	24 
	24 
	24 

	36.25 
	36.25 

	4.35 
	4.35 

	0.18 
	0.18 

	10.32 
	10.32 

	3.00 
	3.00 

	1.58 
	1.58 

	2.07 
	2.07 

	0.63 
	0.63 


	24 
	24 
	24 

	38.75 
	38.75 

	4.65 
	4.65 

	0.18 
	0.18 

	10.32 
	10.32 

	3.00 
	3.00 

	1.69 
	1.69 

	2.07 
	2.07 

	0.68 
	0.68 


	24 
	24 
	24 

	41.25 
	41.25 

	4.95 
	4.95 

	0.18 
	0.18 

	10.32 
	10.32 

	3.00 
	3.00 

	1.80 
	1.80 

	2.07 
	2.07 

	0.72 
	0.72 



	1. Equivalent cohesion (Coh) = min(Pullout, Tensile)/spacing (2.5ft) for Le 
	1. Equivalent cohesion (Coh) = min(Pullout, Tensile)/spacing (2.5ft) for Le 
	1. Equivalent cohesion (Coh) = min(Pullout, Tensile)/spacing (2.5ft) for Le 

	2. If Le > 6 ft, tensile resistance controls the reinforcement capacity 
	2. If Le > 6 ft, tensile resistance controls the reinforcement capacity 


	Table A4.6-b: Step 2-Equivalent Cohesion value for compound slope stability check (Load Case 1: t = 0.437 and St = 9 or 24 in.) - Static 
	St 
	St 
	St 
	St 

	H (ft) 
	H (ft) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 


	9 
	9 
	9 

	11.25 
	11.25 

	1.0 
	1.0 

	0.25 
	0.25 

	2.0 
	2.0 

	0.50 
	0.50 

	3.0 
	3.0 

	0.75 
	0.75 

	4.0 
	4.0 

	0.83 
	0.83 

	5.0 
	5.0 

	0.83 
	0.83 

	6.0 
	6.0 

	0.83 
	0.83 


	9 
	9 
	9 

	13.75 
	13.75 

	1.0 
	1.0 

	0.28 
	0.28 

	2.0 
	2.0 

	0.56 
	0.56 

	3.0 
	3.0 

	0.83 
	0.83 

	4.0 
	4.0 

	0.83 
	0.83 

	5.0 
	5.0 

	0.83 
	0.83 

	6.0 
	6.0 

	0.83 
	0.83 


	9 
	9 
	9 

	16.25 
	16.25 

	1.0 
	1.0 

	0.30 
	0.30 

	2.0 
	2.0 

	0.60 
	0.60 

	3.0 
	3.0 

	0.83 
	0.83 

	4.0 
	4.0 

	0.83 
	0.83 

	5.0 
	5.0 

	0.83 
	0.83 

	6.0 
	6.0 

	0.83 
	0.83 


	9 
	9 
	9 

	18.75 
	18.75 

	1.0 
	1.0 

	0.31 
	0.31 

	2.0 
	2.0 

	0.62 
	0.62 

	3.0 
	3.0 

	0.83 
	0.83 

	4.0 
	4.0 

	0.83 
	0.83 

	5.0 
	5.0 

	0.83 
	0.83 

	6.0 
	6.0 

	0.83 
	0.83 


	H 
	H 
	H 

	18.00 
	18.00 

	 
	 

	0.29 
	0.29 

	  
	  

	0.57 
	0.57 

	  
	  

	0.81 
	0.81 

	  
	  

	0.83 
	0.83 

	  
	  

	0.83 
	0.83 

	  
	  

	0.83 
	0.83 


	24 
	24 
	24 

	21.25 
	21.25 

	1.0 
	1.0 

	0.12 
	0.12 

	2.0 
	2.0 

	0.25 
	0.25 

	3.0 
	3.0 

	0.37 
	0.37 

	4.0 
	4.0 

	0.50 
	0.50 

	5.0 
	5.0 

	0.62 
	0.62 

	6.0 
	6.0 

	0.74 
	0.74 


	24 
	24 
	24 

	23.75 
	23.75 

	1.0 
	1.0 

	0.14 
	0.14 

	2.0 
	2.0 

	0.28 
	0.28 

	3.0 
	3.0 

	0.42 
	0.42 

	4.0 
	4.0 

	0.55 
	0.55 

	5.0 
	5.0 

	0.69 
	0.69 

	6.0 
	6.0 

	0.83 
	0.83 


	24 
	24 
	24 

	26.25 
	26.25 

	1.0 
	1.0 

	0.15 
	0.15 

	2.0 
	2.0 

	0.31 
	0.31 

	3.0 
	3.0 

	0.46 
	0.46 

	4.0 
	4.0 

	0.61 
	0.61 

	5.0 
	5.0 

	0.76 
	0.76 

	6.0 
	6.0 

	0.83 
	0.83 


	24 
	24 
	24 

	28.75 
	28.75 

	1.0 
	1.0 

	0.17 
	0.17 

	2.0 
	2.0 

	0.34 
	0.34 

	3.0 
	3.0 

	0.50 
	0.50 

	4.0 
	4.0 

	0.67 
	0.67 

	5.0 
	5.0 

	0.83 
	0.83 

	6.0 
	6.0 

	0.83 
	0.83 


	24 
	24 
	24 

	31.25 
	31.25 

	1.0 
	1.0 

	0.18 
	0.18 

	2.0 
	2.0 

	0.36 
	0.36 

	3.0 
	3.0 

	0.55 
	0.55 

	4.0 
	4.0 

	0.73 
	0.73 

	5.0 
	5.0 

	0.83 
	0.83 

	6.0 
	6.0 

	0.83 
	0.83 


	H 
	H 
	H 

	32.00 
	32.00 

	  
	  

	0.15 
	0.15 

	  
	  

	0.31 
	0.31 

	  
	  

	0.46 
	0.46 

	  
	  

	0.61 
	0.61 

	  
	  

	0.75 
	0.75 

	  
	  

	0.81 
	0.81 


	24 
	24 
	24 

	33.75 
	33.75 

	1.0 
	1.0 

	0.20 
	0.20 

	2.0 
	2.0 

	0.39 
	0.39 

	3.0 
	3.0 

	0.59 
	0.59 

	4.0 
	4.0 

	0.79 
	0.79 

	5.0 
	5.0 

	0.83 
	0.83 

	6.0 
	6.0 

	0.83 
	0.83 


	24 
	24 
	24 

	36.25 
	36.25 

	1.0 
	1.0 

	0.21 
	0.21 

	2.0 
	2.0 

	0.42 
	0.42 

	3.0 
	3.0 

	0.63 
	0.63 

	4.0 
	4.0 

	0.83 
	0.83 

	5.0 
	5.0 

	0.83 
	0.83 

	6.0 
	6.0 

	0.83 
	0.83 


	24 
	24 
	24 

	38.75 
	38.75 

	1.0 
	1.0 

	0.23 
	0.23 

	2.0 
	2.0 

	0.45 
	0.45 

	3.0 
	3.0 

	0.68 
	0.68 

	4.0 
	4.0 

	0.83 
	0.83 

	5.0 
	5.0 

	0.83 
	0.83 

	6.0 
	6.0 

	0.83 
	0.83 


	24 
	24 
	24 

	41.25 
	41.25 

	1.0 
	1.0 

	0.24 
	0.24 

	2.0 
	2.0 

	0.48 
	0.48 

	3.0 
	3.0 

	0.72 
	0.72 

	4.0 
	4.0 

	0.83 
	0.83 

	5.0 
	5.0 

	0.83 
	0.83 

	6.0 
	6.0 

	0.83 
	0.83 


	H 
	H 
	H 

	42.50 
	42.50 

	  
	  

	0.22 
	0.22 

	  
	  

	0.44 
	0.44 

	  
	  

	0.66 
	0.66 

	  
	  

	0.82 
	0.82 

	  
	  

	0.83 
	0.83 

	  
	  

	0.83 
	0.83 



	 
	Table A4.6-c: Step 1-Pullout Resistance vs Tensile Resistance for varying depths (Load Case 1: t = 0.437 and St = 9 or 24 in.) – Seismic  
	St 
	St 
	St 
	St 

	Depth (ft) 
	Depth (ft) 

	sv (ksf) 
	sv (ksf) 

	F* 
	F* 

	δ 
	δ 
	Degree 

	Le (ft) 
	Le (ft) 

	Pullout_Allowable (ksf) 
	Pullout_Allowable (ksf) 

	Tensile_Allowable (ksf) 
	Tensile_Allowable (ksf) 

	Coh1 (ksf) 
	Coh1 (ksf) 


	9 
	9 
	9 

	11.25 
	11.25 

	1.35 
	1.35 

	0.56 
	0.56 

	29.18 
	29.18 

	3.00 
	3.00 

	2.72 
	2.72 

	2.99 
	2.99 

	1.09 
	1.09 


	9 
	9 
	9 

	13.75 
	13.75 

	1.65 
	1.65 

	0.51 
	0.51 

	27.01 
	27.01 

	3.00 
	3.00 

	3.04 
	3.04 

	2.99 
	2.99 

	1.20 
	1.20 


	9 
	9 
	9 

	16.25 
	16.25 

	1.95 
	1.95 

	0.46 
	0.46 

	24.76 
	24.76 

	3.00 
	3.00 

	3.25 
	3.25 

	2.99 
	2.99 

	1.20 
	1.20 


	9 
	9 
	9 

	18.75 
	18.75 

	2.25 
	2.25 

	0.41 
	0.41 

	22.43 
	22.43 

	3.00 
	3.00 

	3.36 
	3.36 

	2.99 
	2.99 

	1.20 
	1.20 


	24 
	24 
	24 

	21.25 
	21.25 

	2.55 
	2.55 

	0.15 
	0.15 

	8.29 
	8.29 

	3.00 
	3.00 

	1.34 
	1.34 

	2.99 
	2.99 

	0.54 
	0.54 


	24 
	24 
	24 

	23.75 
	23.75 

	2.85 
	2.85 

	0.15 
	0.15 

	8.29 
	8.29 

	3.00 
	3.00 

	1.50 
	1.50 

	2.99 
	2.99 

	0.60 
	0.60 


	24 
	24 
	24 

	26.25 
	26.25 

	3.15 
	3.15 

	0.15 
	0.15 

	8.29 
	8.29 

	3.00 
	3.00 

	1.66 
	1.66 

	2.99 
	2.99 

	0.66 
	0.66 


	24 
	24 
	24 

	28.75 
	28.75 

	3.45 
	3.45 

	0.15 
	0.15 

	8.29 
	8.29 

	3.00 
	3.00 

	1.82 
	1.82 

	2.99 
	2.99 

	0.73 
	0.73 


	24 
	24 
	24 

	31.25 
	31.25 

	3.75 
	3.75 

	0.15 
	0.15 

	8.29 
	8.29 

	3.00 
	3.00 

	1.97 
	1.97 

	2.99 
	2.99 

	0.79 
	0.79 


	24 
	24 
	24 

	33.75 
	33.75 

	4.05 
	4.05 

	0.15 
	0.15 

	8.29 
	8.29 

	3.00 
	3.00 

	2.13 
	2.13 

	2.99 
	2.99 

	0.85 
	0.85 


	24 
	24 
	24 

	36.25 
	36.25 

	4.35 
	4.35 

	0.15 
	0.15 

	8.29 
	8.29 

	3.00 
	3.00 

	2.29 
	2.29 

	2.99 
	2.99 

	0.92 
	0.92 


	24 
	24 
	24 

	38.75 
	38.75 

	4.65 
	4.65 

	0.15 
	0.15 

	8.29 
	8.29 

	3.00 
	3.00 

	2.45 
	2.45 

	2.99 
	2.99 

	0.98 
	0.98 


	24 
	24 
	24 

	41.25 
	41.25 

	4.95 
	4.95 

	0.15 
	0.15 

	8.29 
	8.29 

	3.00 
	3.00 

	2.61 
	2.61 

	2.99 
	2.99 

	1.04 
	1.04 



	1. Equivalent cohesion (Coh) = min(Pullout, Tensile)/spacing (2.5ft) for Le 
	1. Equivalent cohesion (Coh) = min(Pullout, Tensile)/spacing (2.5ft) for Le 
	1. Equivalent cohesion (Coh) = min(Pullout, Tensile)/spacing (2.5ft) for Le 

	2. If Le > 6 ft, tensile resistance controls the reinforcement capacity 
	2. If Le > 6 ft, tensile resistance controls the reinforcement capacity 


	 
	  
	Table A4.6-d: Step 2-Equivalent Cohesion value for compound slope stability check (Load Case 1: t = 0.437 and St = 9 or 24 in.) – Seismic 
	St 
	St 
	St 
	St 

	H (ft) 
	H (ft) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 


	9 
	9 
	9 

	11.25 
	11.25 

	1.00 
	1.00 

	0.36 
	0.36 

	2.00 
	2.00 

	0.73 
	0.73 

	3.00 
	3.00 

	1.09 
	1.09 

	4.00 
	4.00 

	1.20 
	1.20 

	5.00 
	5.00 

	1.20 
	1.20 

	6.00 
	6.00 

	1.20 
	1.20 


	9 
	9 
	9 

	13.75 
	13.75 

	1.00 
	1.00 

	0.41 
	0.41 

	2.00 
	2.00 

	0.81 
	0.81 

	3.00 
	3.00 

	1.20 
	1.20 

	4.00 
	4.00 

	1.20 
	1.20 

	5.00 
	5.00 

	1.20 
	1.20 

	6.00 
	6.00 

	1.20 
	1.20 


	9 
	9 
	9 

	16.25 
	16.25 

	1.00 
	1.00 

	0.43 
	0.43 

	2.00 
	2.00 

	0.87 
	0.87 

	3.00 
	3.00 

	1.20 
	1.20 

	4.00 
	4.00 

	1.20 
	1.20 

	5.00 
	5.00 

	1.20 
	1.20 

	6.00 
	6.00 

	1.20 
	1.20 


	9 
	9 
	9 

	18.75 
	18.75 

	1.00 
	1.00 

	0.45 
	0.45 

	2.00 
	2.00 

	0.90 
	0.90 

	3.00 
	3.00 

	1.20 
	1.20 

	4.00 
	4.00 

	1.20 
	1.20 

	5.00 
	5.00 

	1.20 
	1.20 

	6.00 
	6.00 

	1.20 
	1.20 


	H 
	H 
	H 

	18.00 
	18.00 

	  
	  

	0.41 
	0.41 

	  
	  

	0.83 
	0.83 

	  
	  

	1.17 
	1.17 

	  
	  

	1.20 
	1.20 

	  
	  

	1.20 
	1.20 

	  
	  

	1.20 
	1.20 


	24 
	24 
	24 

	21.25 
	21.25 

	1.00 
	1.00 

	0.18 
	0.18 

	2.00 
	2.00 

	0.36 
	0.36 

	3.00 
	3.00 

	0.54 
	0.54 

	4.00 
	4.00 

	0.72 
	0.72 

	5.00 
	5.00 

	0.90 
	0.90 

	6.00 
	6.00 

	1.07 
	1.07 


	24 
	24 
	24 

	23.75 
	23.75 

	1.00 
	1.00 

	0.20 
	0.20 

	2.00 
	2.00 

	0.40 
	0.40 

	3.00 
	3.00 

	0.60 
	0.60 

	4.00 
	4.00 

	0.80 
	0.80 

	5.00 
	5.00 

	1.00 
	1.00 

	6.00 
	6.00 

	1.20 
	1.20 


	24 
	24 
	24 

	26.25 
	26.25 

	1.00 
	1.00 

	0.22 
	0.22 

	2.00 
	2.00 

	0.44 
	0.44 

	3.00 
	3.00 

	0.66 
	0.66 

	4.00 
	4.00 

	0.88 
	0.88 

	5.00 
	5.00 

	1.11 
	1.11 

	6.00 
	6.00 

	1.20 
	1.20 


	24 
	24 
	24 

	28.75 
	28.75 

	1.00 
	1.00 

	0.24 
	0.24 

	2.00 
	2.00 

	0.48 
	0.48 

	3.00 
	3.00 

	0.73 
	0.73 

	4.00 
	4.00 

	0.97 
	0.97 

	5.00 
	5.00 

	1.20 
	1.20 

	6.00 
	6.00 

	1.20 
	1.20 


	24 
	24 
	24 

	31.25 
	31.25 

	1.00 
	1.00 

	0.26 
	0.26 

	2.00 
	2.00 

	0.53 
	0.53 

	3.00 
	3.00 

	0.79 
	0.79 

	4.00 
	4.00 

	1.05 
	1.05 

	5.00 
	5.00 

	1.20 
	1.20 

	6.00 
	6.00 

	1.20 
	1.20 


	H 
	H 
	H 

	32.00 
	32.00 

	  
	  

	0.22 
	0.22 

	  
	  

	0.44 
	0.44 

	  
	  

	0.66 
	0.66 

	  
	  

	0.88 
	0.88 

	  
	  

	1.08 
	1.08 

	  
	  

	1.17 
	1.17 


	24 
	24 
	24 

	33.75 
	33.75 

	1.00 
	1.00 

	0.28 
	0.28 

	2.00 
	2.00 

	0.57 
	0.57 

	3.00 
	3.00 

	0.85 
	0.85 

	4.00 
	4.00 

	1.14 
	1.14 

	5.00 
	5.00 

	1.20 
	1.20 

	6.00 
	6.00 

	1.20 
	1.20 


	24 
	24 
	24 

	36.25 
	36.25 

	1.00 
	1.00 

	0.31 
	0.31 

	2.00 
	2.00 

	0.61 
	0.61 

	3.00 
	3.00 

	0.92 
	0.92 

	4.00 
	4.00 

	1.20 
	1.20 

	5.00 
	5.00 

	1.20 
	1.20 

	6.00 
	6.00 

	1.20 
	1.20 


	24 
	24 
	24 

	38.75 
	38.75 

	1.00 
	1.00 

	0.33 
	0.33 

	2.00 
	2.00 

	0.65 
	0.65 

	3.00 
	3.00 

	0.98 
	0.98 

	4.00 
	4.00 

	1.20 
	1.20 

	5.00 
	5.00 

	1.20 
	1.20 

	6.00 
	6.00 

	1.20 
	1.20 


	24 
	24 
	24 

	41.25 
	41.25 

	1.00 
	1.00 

	0.35 
	0.35 

	2.00 
	2.00 

	0.69 
	0.69 

	3.00 
	3.00 

	1.04 
	1.04 

	4.00 
	4.00 

	1.20 
	1.20 

	5.00 
	5.00 

	1.20 
	1.20 

	6.00 
	6.00 

	1.20 
	1.20 


	H 
	H 
	H 

	42.50 
	42.50 

	  
	  

	0.32 
	0.32 

	  
	  

	0.63 
	0.63 

	  
	  

	0.95 
	0.95 

	  
	  

	1.19 
	1.19 

	  
	  

	1.20 
	1.20 

	  
	  

	1.20 
	1.20 



	 
	Table A4.7-a: Step 1-Pullout Resistance vs Tensile Resistance for varying depths (Load Case 2: t = 0.437 and St = 18 or 24 in.) – Static  
	Figure
	St 
	St 
	St 
	St 

	Depth1 (ft) 
	Depth1 (ft) 

	sv2 (ksf) 
	sv2 (ksf) 

	F* 
	F* 

	δ 
	δ 
	Degree 

	Le (ft) 
	Le (ft) 

	Pullout_Allowable (ksf) 
	Pullout_Allowable (ksf) 

	Tensile_Allowable (ksf) 
	Tensile_Allowable (ksf) 

	Coh1 (ksf) 
	Coh1 (ksf) 


	18 
	18 
	18 

	11.25 
	11.25 

	1.63 
	1.63 

	0.35 
	0.35 

	19.24 
	19.24 

	3.00 
	3.00 

	1.13 
	1.13 

	2.07 
	2.07 

	0.45 
	0.45 


	18 
	18 
	18 

	13.75 
	13.75 

	1.93 
	1.93 

	0.32 
	0.32 

	17.67 
	17.67 

	3.00 
	3.00 

	1.23 
	1.23 

	2.07 
	2.07 

	0.49 
	0.49 


	24 
	24 
	24 

	16.25 
	16.25 

	2.23 
	2.23 

	0.22 
	0.22 

	12.20 
	12.20 

	3.00 
	3.00 

	0.96 
	0.96 

	2.07 
	2.07 

	0.38 
	0.38 


	24 
	24 
	24 

	18.75 
	18.75 

	2.53 
	2.53 

	0.19 
	0.19 

	10.95 
	10.95 

	3.00 
	3.00 

	0.98 
	0.98 

	2.07 
	2.07 

	0.39 
	0.39 


	24 
	24 
	24 

	21.25 
	21.25 

	2.83 
	2.83 

	0.18 
	0.18 

	10.32 
	10.32 

	3.00 
	3.00 

	1.03 
	1.03 

	2.07 
	2.07 

	0.41 
	0.41 


	24 
	24 
	24 

	23.75 
	23.75 

	3.13 
	3.13 

	0.18 
	0.18 

	10.32 
	10.32 

	3.00 
	3.00 

	1.14 
	1.14 

	2.07 
	2.07 

	0.46 
	0.46 


	24 
	24 
	24 

	26.25 
	26.25 

	3.43 
	3.43 

	0.18 
	0.18 

	10.32 
	10.32 

	3.00 
	3.00 

	1.25 
	1.25 

	2.07 
	2.07 

	0.50 
	0.50 


	24 
	24 
	24 

	28.75 
	28.75 

	3.73 
	3.73 

	0.18 
	0.18 

	10.32 
	10.32 

	3.00 
	3.00 

	1.36 
	1.36 

	2.07 
	2.07 

	0.54 
	0.54 


	24 
	24 
	24 

	31.25 
	31.25 

	4.03 
	4.03 

	0.18 
	0.18 

	10.32 
	10.32 

	3.00 
	3.00 

	1.47 
	1.47 

	2.07 
	2.07 

	0.59 
	0.59 


	24 
	24 
	24 

	33.75 
	33.75 

	4.33 
	4.33 

	0.18 
	0.18 

	10.32 
	10.32 

	3.00 
	3.00 

	1.58 
	1.58 

	2.07 
	2.07 

	0.63 
	0.63 


	24 
	24 
	24 

	36.25 
	36.25 

	4.63 
	4.63 

	0.18 
	0.18 

	10.32 
	10.32 

	3.00 
	3.00 

	1.68 
	1.68 

	2.07 
	2.07 

	0.67 
	0.67 


	24 
	24 
	24 

	38.75 
	38.75 

	4.93 
	4.93 

	0.18 
	0.18 

	10.32 
	10.32 

	3.00 
	3.00 

	1.79 
	1.79 

	2.07 
	2.07 

	0.72 
	0.72 


	24 
	24 
	24 

	41.25 
	41.25 

	5.23 
	5.23 

	0.18 
	0.18 

	10.32 
	10.32 

	3.00 
	3.00 

	1.90 
	1.90 

	2.07 
	2.07 

	0.76 
	0.76 



	1. Equivalent cohesion (Coh) = min (Pullout, Tensile)/spacing (2.5ft) for Le 
	1. Equivalent cohesion (Coh) = min (Pullout, Tensile)/spacing (2.5ft) for Le 
	1. Equivalent cohesion (Coh) = min (Pullout, Tensile)/spacing (2.5ft) for Le 

	2. Weight of 2(H) to 1(V) ground slope above the top of walls considered (Assumed Wall L =   0.7* H = 0.7*12 = 0.27 ksf)  
	2. Weight of 2(H) to 1(V) ground slope above the top of walls considered (Assumed Wall L =   0.7* H = 0.7*12 = 0.27 ksf)  

	3. If Le > 6 ft, tensile resistance controls the reinforcement capacity. 
	3. If Le > 6 ft, tensile resistance controls the reinforcement capacity. 
	1.3781.3781.3781.378Min FSMethod Name1.378Bishop simplified1.375Spencer1.377GLE / Morgenstern-Price120100806040200-20-40-60-100-80-60-40-20020406080100120140160180200220240


	  
	Table A4.7-b: Step 2-Equivalent Cohesion value for compound slope stability check (Load Case 2: t = 0.437 and St = 18 or 24 in.) – Static 
	St 
	St 
	St 
	St 

	H (ft) 
	H (ft) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 


	18 
	18 
	18 

	11.25 
	11.25 

	1.00 
	1.00 

	0.15 
	0.15 

	2.00 
	2.00 

	0.30 
	0.30 

	3.00 
	3.00 

	0.45 
	0.45 

	4.00 
	4.00 

	0.61 
	0.61 

	5.00 
	5.00 

	0.76 
	0.76 

	6.00 
	6.00 

	0.83 
	0.83 


	18 
	18 
	18 

	13.75 
	13.75 

	1.00 
	1.00 

	0.16 
	0.16 

	2.00 
	2.00 

	0.33 
	0.33 

	3.00 
	3.00 

	0.49 
	0.49 

	4.00 
	4.00 

	0.65 
	0.65 

	5.00 
	5.00 

	0.82 
	0.82 

	6.00 
	6.00 

	0.83 
	0.83 


	24 
	24 
	24 

	16.25 
	16.25 

	1.00 
	1.00 

	0.13 
	0.13 

	2.00 
	2.00 

	0.26 
	0.26 

	3.00 
	3.00 

	0.38 
	0.38 

	4.00 
	4.00 

	0.51 
	0.51 

	5.00 
	5.00 

	0.64 
	0.64 

	6.00 
	6.00 

	0.77 
	0.77 


	24 
	24 
	24 

	18.75 
	18.75 

	1.00 
	1.00 

	0.13 
	0.13 

	2.00 
	2.00 

	0.26 
	0.26 

	3.00 
	3.00 

	0.39 
	0.39 

	4.00 
	4.00 

	0.52 
	0.52 

	5.00 
	5.00 

	0.65 
	0.65 

	6.00 
	6.00 

	0.78 
	0.78 


	24 
	24 
	24 

	21.25 
	21.25 

	1.00 
	1.00 

	0.14 
	0.14 

	2.00 
	2.00 

	0.27 
	0.27 

	3.00 
	3.00 

	0.41 
	0.41 

	4.00 
	4.00 

	0.55 
	0.55 

	5.00 
	5.00 

	0.69 
	0.69 

	6.00 
	6.00 

	0.82 
	0.82 


	24 
	24 
	24 

	23.75 
	23.75 

	1.00 
	1.00 

	0.15 
	0.15 

	2.00 
	2.00 

	0.30 
	0.30 

	3.00 
	3.00 

	0.46 
	0.46 

	4.00 
	4.00 

	0.61 
	0.61 

	5.00 
	5.00 

	0.76 
	0.76 

	6.00 
	6.00 

	0.83 
	0.83 


	24 
	24 
	24 

	26.25 
	26.25 

	1.00 
	1.00 

	0.17 
	0.17 

	2.00 
	2.00 

	0.33 
	0.33 

	3.00 
	3.00 

	0.50 
	0.50 

	4.00 
	4.00 

	0.67 
	0.67 

	5.00 
	5.00 

	0.83 
	0.83 

	6.00 
	6.00 

	0.83 
	0.83 


	H 
	H 
	H 

	27.00 
	27.00 

	  
	  

	0.15 
	0.15 

	  
	  

	0.29 
	0.29 

	  
	  

	0.44 
	0.44 

	  
	  

	0.59 
	0.59 

	  
	  

	0.74 
	0.74 

	  
	  

	0.81 
	0.81 


	24 
	24 
	24 

	28.75 
	28.75 

	1.00 
	1.00 

	0.18 
	0.18 

	2.00 
	2.00 

	0.36 
	0.36 

	3.00 
	3.00 

	0.54 
	0.54 

	4.00 
	4.00 

	0.72 
	0.72 

	5.00 
	5.00 

	0.83 
	0.83 

	6.00 
	6.00 

	0.83 
	0.83 


	24 
	24 
	24 

	31.25 
	31.25 

	1.00 
	1.00 

	0.20 
	0.20 

	2.00 
	2.00 

	0.39 
	0.39 

	3.00 
	3.00 

	0.59 
	0.59 

	4.00 
	4.00 

	0.78 
	0.78 

	5.00 
	5.00 

	0.83 
	0.83 

	6.00 
	6.00 

	0.83 
	0.83 


	24 
	24 
	24 

	33.75 
	33.75 

	1.00 
	1.00 

	0.21 
	0.21 

	2.00 
	2.00 

	0.42 
	0.42 

	3.00 
	3.00 

	0.63 
	0.63 

	4.00 
	4.00 

	0.83 
	0.83 

	5.00 
	5.00 

	0.83 
	0.83 

	6.00 
	6.00 

	0.83 
	0.83 


	24 
	24 
	24 

	36.25 
	36.25 

	1.00 
	1.00 

	0.22 
	0.22 

	2.00 
	2.00 

	0.45 
	0.45 

	3.00 
	3.00 

	0.67 
	0.67 

	4.00 
	4.00 

	0.83 
	0.83 

	5.00 
	5.00 

	0.83 
	0.83 

	6.00 
	6.00 

	0.83 
	0.83 


	24 
	24 
	24 

	38.75 
	38.75 

	1.00 
	1.00 

	0.24 
	0.24 

	2.00 
	2.00 

	0.48 
	0.48 

	3.00 
	3.00 

	0.72 
	0.72 

	4.00 
	4.00 

	0.83 
	0.83 

	5.00 
	5.00 

	0.83 
	0.83 

	6.00 
	6.00 

	0.83 
	0.83 


	24 
	24 
	24 

	41.25 
	41.25 

	1.00 
	1.00 

	0.25 
	0.25 

	2.00 
	2.00 

	0.51 
	0.51 

	3.00 
	3.00 

	0.76 
	0.76 

	4.00 
	4.00 

	0.83 
	0.83 

	5.00 
	5.00 

	0.83 
	0.83 

	6.00 
	6.00 

	0.83 
	0.83 


	H 
	H 
	H 

	42.50 
	42.50 

	  
	  

	0.22 
	0.22 

	  
	  

	0.44 
	0.44 

	  
	  

	0.65 
	0.65 

	  
	  

	0.80 
	0.80 

	  
	  

	0.83 
	0.83 

	  
	  

	0.83 
	0.83 



	 
	Table A4.7-c: Step 1-Pullout Resistance vs Tensile Resistance for varying depths (Load Case 2: t = 0.437 and St = 18 or 24 in.) – Seismic 
	St 
	St 
	St 
	St 

	Depth1 (ft) 
	Depth1 (ft) 

	sv2 (ksf) 
	sv2 (ksf) 

	F* 
	F* 

	δ 
	δ 
	Degree 

	Le (ft) 
	Le (ft) 

	Pullout_Allowable (ksf) 
	Pullout_Allowable (ksf) 

	Tensile_Allowable (ksf) 
	Tensile_Allowable (ksf) 

	Coh1 (ksf) 
	Coh1 (ksf) 


	18 
	18 
	18 

	11.25 
	11.25 

	1.63 
	1.63 

	0.28 
	0.28 

	15.60 
	15.60 

	3.00 
	3.00 

	1.64 
	1.64 

	2.99 
	2.99 

	0.66 
	0.66 


	18 
	18 
	18 

	13.75 
	13.75 

	1.93 
	1.93 

	0.25 
	0.25 

	14.30 
	14.30 

	3.00 
	3.00 

	1.77 
	1.77 

	2.99 
	2.99 

	0.71 
	0.71 


	24 
	24 
	24 

	16.25 
	16.25 

	2.23 
	2.23 

	0.17 
	0.17 

	9.81 
	9.81 

	3.00 
	3.00 

	1.39 
	1.39 

	2.99 
	2.99 

	0.56 
	0.56 


	24 
	24 
	24 

	18.75 
	18.75 

	2.53 
	2.53 

	0.15 
	0.15 

	8.80 
	8.80 

	3.00 
	3.00 

	1.41 
	1.41 

	2.99 
	2.99 

	0.57 
	0.57 


	24 
	24 
	24 

	21.25 
	21.25 

	2.83 
	2.83 

	0.15 
	0.15 

	8.29 
	8.29 

	3.00 
	3.00 

	1.49 
	1.49 

	2.99 
	2.99 

	0.60 
	0.60 


	24 
	24 
	24 

	23.75 
	23.75 

	3.13 
	3.13 

	0.15 
	0.15 

	8.29 
	8.29 

	3.00 
	3.00 

	1.65 
	1.65 

	2.99 
	2.99 

	0.66 
	0.66 


	24 
	24 
	24 

	26.25 
	26.25 

	3.43 
	3.43 

	0.15 
	0.15 

	8.29 
	8.29 

	3.00 
	3.00 

	1.80 
	1.80 

	2.99 
	2.99 

	0.72 
	0.72 


	24 
	24 
	24 

	28.75 
	28.75 

	3.73 
	3.73 

	0.15 
	0.15 

	8.29 
	8.29 

	3.00 
	3.00 

	1.96 
	1.96 

	2.99 
	2.99 

	0.78 
	0.78 


	24 
	24 
	24 

	31.25 
	31.25 

	4.03 
	4.03 

	0.15 
	0.15 

	8.29 
	8.29 

	3.00 
	3.00 

	2.12 
	2.12 

	2.99 
	2.99 

	0.85 
	0.85 


	24 
	24 
	24 

	33.75 
	33.75 

	4.33 
	4.33 

	0.15 
	0.15 

	8.29 
	8.29 

	3.00 
	3.00 

	2.28 
	2.28 

	2.99 
	2.99 

	0.91 
	0.91 


	24 
	24 
	24 

	36.25 
	36.25 

	4.63 
	4.63 

	0.15 
	0.15 

	8.29 
	8.29 

	3.00 
	3.00 

	2.44 
	2.44 

	2.99 
	2.99 

	0.97 
	0.97 


	24 
	24 
	24 

	38.75 
	38.75 

	4.93 
	4.93 

	0.15 
	0.15 

	8.29 
	8.29 

	3.00 
	3.00 

	2.59 
	2.59 

	2.99 
	2.99 

	1.04 
	1.04 


	24 
	24 
	24 

	41.25 
	41.25 

	5.23 
	5.23 

	0.15 
	0.15 

	8.29 
	8.29 

	3.00 
	3.00 

	2.75 
	2.75 

	2.99 
	2.99 

	1.10 
	1.10 



	1. Equivalent cohesion (Coh) = min(Pullout, Tensile)/spacing (2.5ft) for Le 
	1. Equivalent cohesion (Coh) = min(Pullout, Tensile)/spacing (2.5ft) for Le 
	1. Equivalent cohesion (Coh) = min(Pullout, Tensile)/spacing (2.5ft) for Le 

	2. 2. Weight of 2(H) to 1(V) ground slope above the top of walls considered (Assumed Wall L =   0.7* H = 0.7*12 = 0.27 ksf)  
	2. 2. Weight of 2(H) to 1(V) ground slope above the top of walls considered (Assumed Wall L =   0.7* H = 0.7*12 = 0.27 ksf)  

	3. If Le > 6 ft, tensile resistance controls the reinforcement capacity. 
	3. If Le > 6 ft, tensile resistance controls the reinforcement capacity. 


	  
	Table A4.7-b: Step 2-Equivalent Cohesion value for compound slope stability check (Load Case 2: t = 0.437 and St = 18 or 24 in.) – Seismic 
	St 
	St 
	St 
	St 

	H (ft) 
	H (ft) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 

	Le (ft) 
	Le (ft) 

	Coh (ksf) 
	Coh (ksf) 


	18 
	18 
	18 

	11.25 
	11.25 

	1.00 
	1.00 

	0.22 
	0.22 

	2.00 
	2.00 

	0.44 
	0.44 

	3.00 
	3.00 

	0.66 
	0.66 

	4.00 
	4.00 

	0.87 
	0.87 

	5.00 
	5.00 

	1.09 
	1.09 

	6.00 
	6.00 

	1.20 
	1.20 


	18 
	18 
	18 

	13.75 
	13.75 

	1.00 
	1.00 

	0.24 
	0.24 

	2.00 
	2.00 

	0.47 
	0.47 

	3.00 
	3.00 

	0.71 
	0.71 

	4.00 
	4.00 

	0.95 
	0.95 

	5.00 
	5.00 

	1.18 
	1.18 

	6.00 
	6.00 

	1.20 
	1.20 


	24 
	24 
	24 

	16.25 
	16.25 

	1.00 
	1.00 

	0.19 
	0.19 

	2.00 
	2.00 

	0.37 
	0.37 

	3.00 
	3.00 

	0.56 
	0.56 

	4.00 
	4.00 

	0.74 
	0.74 

	5.00 
	5.00 

	0.93 
	0.93 

	6.00 
	6.00 

	1.11 
	1.11 


	24 
	24 
	24 

	18.75 
	18.75 

	1.00 
	1.00 

	0.19 
	0.19 

	2.00 
	2.00 

	0.38 
	0.38 

	3.00 
	3.00 

	0.57 
	0.57 

	4.00 
	4.00 

	0.75 
	0.75 

	5.00 
	5.00 

	0.94 
	0.94 

	6.00 
	6.00 

	1.13 
	1.13 


	24 
	24 
	24 

	21.25 
	21.25 

	1.00 
	1.00 

	0.20 
	0.20 

	2.00 
	2.00 

	0.40 
	0.40 

	3.00 
	3.00 

	0.60 
	0.60 

	4.00 
	4.00 

	0.79 
	0.79 

	5.00 
	5.00 

	0.99 
	0.99 

	6.00 
	6.00 

	1.19 
	1.19 


	24 
	24 
	24 

	23.75 
	23.75 

	1.00 
	1.00 

	0.22 
	0.22 

	2.00 
	2.00 

	0.44 
	0.44 

	3.00 
	3.00 

	0.66 
	0.66 

	4.00 
	4.00 

	0.88 
	0.88 

	5.00 
	5.00 

	1.10 
	1.10 

	6.00 
	6.00 

	1.20 
	1.20 


	24 
	24 
	24 

	26.25 
	26.25 

	1.00 
	1.00 

	0.24 
	0.24 

	2.00 
	2.00 

	0.48 
	0.48 

	3.00 
	3.00 

	0.72 
	0.72 

	4.00 
	4.00 

	0.96 
	0.96 

	5.00 
	5.00 

	1.20 
	1.20 

	6.00 
	6.00 

	1.20 
	1.20 


	H 
	H 
	H 

	27.00 
	27.00 

	  
	  

	0.21 
	0.21 

	  
	  

	0.43 
	0.43 

	  
	  

	0.64 
	0.64 

	  
	  

	0.85 
	0.85 

	  
	  

	1.06 
	1.06 

	  
	  

	1.18 
	1.18 


	24 
	24 
	24 

	28.75 
	28.75 

	1.00 
	1.00 

	0.26 
	0.26 

	2.00 
	2.00 

	0.52 
	0.52 

	3.00 
	3.00 

	0.78 
	0.78 

	4.00 
	4.00 

	1.05 
	1.05 

	5.00 
	5.00 

	1.20 
	1.20 

	6.00 
	6.00 

	1.20 
	1.20 


	24 
	24 
	24 

	31.25 
	31.25 

	1.00 
	1.00 

	0.28 
	0.28 

	2.00 
	2.00 

	0.57 
	0.57 

	3.00 
	3.00 

	0.85 
	0.85 

	4.00 
	4.00 

	1.13 
	1.13 

	5.00 
	5.00 

	1.20 
	1.20 

	6.00 
	6.00 

	1.20 
	1.20 


	24 
	24 
	24 

	33.75 
	33.75 

	1.00 
	1.00 

	0.30 
	0.30 

	2.00 
	2.00 

	0.61 
	0.61 

	3.00 
	3.00 

	0.91 
	0.91 

	4.00 
	4.00 

	1.20 
	1.20 

	5.00 
	5.00 

	1.20 
	1.20 

	6.00 
	6.00 

	1.20 
	1.20 


	24 
	24 
	24 

	36.25 
	36.25 

	1.00 
	1.00 

	0.32 
	0.32 

	2.00 
	2.00 

	0.65 
	0.65 

	3.00 
	3.00 

	0.97 
	0.97 

	4.00 
	4.00 

	1.20 
	1.20 

	5.00 
	5.00 

	1.20 
	1.20 

	6.00 
	6.00 

	1.20 
	1.20 


	24 
	24 
	24 

	38.75 
	38.75 

	1.00 
	1.00 

	0.35 
	0.35 

	2.00 
	2.00 

	0.69 
	0.69 

	3.00 
	3.00 

	1.04 
	1.04 

	4.00 
	4.00 

	1.20 
	1.20 

	5.00 
	5.00 

	1.20 
	1.20 

	6.00 
	6.00 

	1.20 
	1.20 


	24 
	24 
	24 

	41.25 
	41.25 

	1.00 
	1.00 

	0.37 
	0.37 

	2.00 
	2.00 

	0.73 
	0.73 

	3.00 
	3.00 

	1.10 
	1.10 

	4.00 
	4.00 

	1.20 
	1.20 

	5.00 
	5.00 

	1.20 
	1.20 

	6.00 
	6.00 

	1.20 
	1.20 


	H 
	H 
	H 

	42.50 
	42.50 

	  
	  

	0.31 
	0.31 

	  
	  

	0.63 
	0.63 

	  
	  

	0.94 
	0.94 

	  
	  

	1.16 
	1.16 

	  
	  

	1.20 
	1.20 

	  
	  

	1.20 
	1.20 
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	5 Comparison/Parameter Study   
	5 Comparison/Parameter Study   
	5 Comparison/Parameter Study   


	A parameter study was conducted to compare three compound stability analysis methods and validate the simplified method, Method 1, as a reasonable and practical modeling and analysis approach for the MSE wall compound stability. The soil profiles, wall heights, and foundation slope conditions used for the study are summarized in Table B.x.1. Additionally, the steel reinforcement data are provided in Table B.x.2.    
	Table A4.8: Soil Profiles for Parameter Study 
	 
	 
	 
	 

	Level Ground 
	Level Ground 

	3(H) to 1(V) 
	3(H) to 1(V) 

	2(H) to 1(V) 
	2(H) to 1(V) 

	1(H) to 1(V) 
	1(H) to 1(V) 

	2(H) to 1(V) 
	2(H) to 1(V) 

	2(H) to 1(V) 
	2(H) to 1(V) 


	Wall Height (ft) 
	Wall Height (ft) 
	Wall Height (ft) 

	20 
	20 

	20 
	20 

	20 
	20 

	20 
	20 

	10 
	10 

	42.5 
	42.5 


	Foundation Slope Height (ft) 
	Foundation Slope Height (ft) 
	Foundation Slope Height (ft) 

	35 
	35 

	35 
	35 

	35 
	35 

	35 
	35 

	35 
	35 

	85 
	85 


	Soil Property: Unit Weight (kcf)/Cohesion (ksf)/Friction Angle (degree) 
	Soil Property: Unit Weight (kcf)/Cohesion (ksf)/Friction Angle (degree) 
	Soil Property: Unit Weight (kcf)/Cohesion (ksf)/Friction Angle (degree) 


	MSE Backfill 
	MSE Backfill 
	MSE Backfill 

	0.12/0.0/34 
	0.12/0.0/34 

	0.12/0.0/34 
	0.12/0.0/34 

	0.12/0.0/34 
	0.12/0.0/34 

	0.12/0.0/34 
	0.12/0.0/34 

	0.12/0.0/34 
	0.12/0.0/34 

	0.12/0.0/34 
	0.12/0.0/34 


	Retained Soil 
	Retained Soil 
	Retained Soil 

	0.12/0.0/30 
	0.12/0.0/30 

	0.12/0.0/30 
	0.12/0.0/30 

	0.12/0.0/30 
	0.12/0.0/30 

	0.12/0.0/30 
	0.12/0.0/30 

	0.12/0.0/30 
	0.12/0.0/30 

	0.12/0.0/30 
	0.12/0.0/30 


	1st Foundation Soil Layer 
	1st Foundation Soil Layer 
	1st Foundation Soil Layer 

	0.12/0.0/30 
	0.12/0.0/30 

	0.12/0.0/30 
	0.12/0.0/30 

	0.12/0.2/32 
	0.12/0.2/32 

	0.12/0.4/42 
	0.12/0.4/42 

	0.12/0.1/32 
	0.12/0.1/32 

	0.12/0.1/36 & 
	0.12/0.1/36 & 
	0.12/0.4/32 


	2nd Foundation Soil Layer 
	2nd Foundation Soil Layer 
	2nd Foundation Soil Layer 

	0.12/0.3/34 
	0.12/0.3/34 

	0.12/0.3/34 
	0.12/0.3/34 

	0.12/0.3/34 
	0.12/0.3/34 

	0.12/0.3/34 
	0.12/0.3/34 

	0.12/0.3/34 
	0.12/0.3/34 

	0.12/0.3/34 
	0.12/0.3/34 
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	Table A4.9: Steel Soil Reinforcement Details for Parameter Study - BDA 3-8: Attachment 3 
	 
	Figure
	 
	Based on the above design data, MSE walls are analyzed, and graphical results are summarized in Table B.x.3. The table presents calculated FoS and the location of critical failure surface.  Note that all three approaches will provide almost identical results. 
	 
	  
	 
	Table A.4.10-a: Factor of Safety and Potential Failure Plane for Wall Height of 20 feet 
	 
	Figure
	 
	Figure
	Table A4.10-b: Factor of Safety and Potential Failure Plane for Wall Height of 10 feet 
	 
	Figure
	 
	Table A.4.10-c: Factor of Safety and Potential Failure Plane for Wall Height of 42.5 feet 
	 
	Figure
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	A5. SOIL NAIL WALL 
	Design Example  
	For this design example, a slope stability analysis program, Slide2 was used. the soil, soil nail properties and wall geometry are summarized in Tables A5.2, A5.3, and A5.4.  
	Table A5.2: Soil Nail Wall - Soil Profile 
	Wall Height: 20 feet/Foundation Height and Slope= 35 feet and 2(H) to 1(V) 
	Wall Height: 20 feet/Foundation Height and Slope= 35 feet and 2(H) to 1(V) 
	Wall Height: 20 feet/Foundation Height and Slope= 35 feet and 2(H) to 1(V) 
	Wall Height: 20 feet/Foundation Height and Slope= 35 feet and 2(H) to 1(V) 


	 
	 
	 

	Unit Weight (kcf) 
	Unit Weight (kcf) 

	Cohesion (ksf) 
	Cohesion (ksf) 

	Friction Angle (degree) 
	Friction Angle (degree) 

	Bond Strength (psi) 
	Bond Strength (psi) 


	Retained Soil 
	Retained Soil 
	Retained Soil 

	0.12 
	0.12 

	0.1 
	0.1 

	34 
	34 

	12 
	12 


	1st Foundation Soil Layer 
	1st Foundation Soil Layer 
	1st Foundation Soil Layer 

	0.12 
	0.12 

	0 
	0 

	30 
	30 

	12 
	12 


	2nd Foundation Soil Layer 
	2nd Foundation Soil Layer 
	2nd Foundation Soil Layer 

	0.12 
	0.12 

	0.3 
	0.3 

	34 
	34 

	12 
	12 



	 
	Table A5.3: Soil Nail Data 
	Soil Nail 
	Soil Nail 
	Soil Nail 
	Soil Nail 

	 
	 


	fy (ksi) 
	fy (ksi) 
	fy (ksi) 

	65 
	65 


	d (in) - Nail Diameter 
	d (in) - Nail Diameter 
	d (in) - Nail Diameter 

	1 
	1 


	Allowable Facing Resistance (kips) – Static/Seismic 
	Allowable Facing Resistance (kips) – Static/Seismic 
	Allowable Facing Resistance (kips) – Static/Seismic 

	30.2/40.2 
	30.2/40.2 


	Vertical Spacing (ft) 
	Vertical Spacing (ft) 
	Vertical Spacing (ft) 

	5 
	5 


	Horizontal Spacing (ft) 
	Horizontal Spacing (ft) 
	Horizontal Spacing (ft) 

	5 
	5 


	Length (ft) 
	Length (ft) 
	Length (ft) 

	25 
	25 



	 
	Table A5.4: Soil Nail Wall – Soil Nail and Facing Engineering Properties 
	Snail Input 
	Snail Input 
	Snail Input 
	Snail Input 

	Slide2 Inputs 
	Slide2 Inputs 


	fy (ksi) - Nails 
	fy (ksi) - Nails 
	fy (ksi) - Nails 

	65 
	65 

	Tensile Capacity (lbs) 
	Tensile Capacity (lbs) 

	fy x πd2/4 x 1,000 = 51,000 
	fy x πd2/4 x 1,000 = 51,000 


	d (in) - Nail Diameter 
	d (in) - Nail Diameter 
	d (in) - Nail Diameter 

	1 
	1 


	Allowable Facing Resistance (kips) 
	Allowable Facing Resistance (kips) 
	Allowable Facing Resistance (kips) 

	30 (Static) 
	30 (Static) 
	42 (Seismic) 

	Plate Capacity (lbs) 
	Plate Capacity (lbs) 

	Allowable Facing Resistance x 1,000 x Partial Factor = 30,000 x 1.8 = 54,000 (Static) 
	Allowable Facing Resistance x 1,000 x Partial Factor = 30,000 x 1.8 = 54,000 (Static) 
	 
	42,000 x 1.35 = 56,700 (Seismic) 


	fs (psi) - Bond Strength 
	fs (psi) - Bond Strength 
	fs (psi) - Bond Strength 

	12 
	12 

	Bond Strength (lbs/ft) 
	Bond Strength (lbs/ft) 

	fs x πD x 12 = 2,714 
	fs x πD x 12 = 2,714 


	D (in) - Drilled Hole Diameter 
	D (in) - Drilled Hole Diameter 
	D (in) - Drilled Hole Diameter 

	6 
	6 



	 
	Figure
	 
	 
	Global/Compound Stability Analysis for Soil Nail Walls – Static 
	1. Model soil nail reinforcements and wall geometry.  
	1. Model soil nail reinforcements and wall geometry.  
	1. Model soil nail reinforcements and wall geometry.  

	2. Assign the shear strength of soil layers as presented in Table 5.2. 
	2. Assign the shear strength of soil layers as presented in Table 5.2. 


	Figure
	 
	3. Determine the engineering properties of soil nails per Tables 5.3 and 5.4. 
	3. Determine the engineering properties of soil nails per Tables 5.3 and 5.4. 
	3. Determine the engineering properties of soil nails per Tables 5.3 and 5.4. 


	 
	Figure
	 
	 
	Figure
	4. Conduct the stability analysis for the static scenario. 
	4. Conduct the stability analysis for the static scenario. 
	4. Conduct the stability analysis for the static scenario. 


	 
	Figure
	 
	 
	5. If the calculated FoS is less than the required minimum FoS, increase the reinforcement parameters including length, spacing, etc.: The calculated FoS = 1.3. 
	5. If the calculated FoS is less than the required minimum FoS, increase the reinforcement parameters including length, spacing, etc.: The calculated FoS = 1.3. 
	5. If the calculated FoS is less than the required minimum FoS, increase the reinforcement parameters including length, spacing, etc.: The calculated FoS = 1.3. 


	 
	Global/Compound Stability Analysis for Soil Nail Walls – Seismic with Kh = 0.2 
	1. Model soil nail reinforcements and wall geometry.  
	1. Model soil nail reinforcements and wall geometry.  
	1. Model soil nail reinforcements and wall geometry.  

	2. Assign the shear strength of soil layers as presented in Table 5.2. 
	2. Assign the shear strength of soil layers as presented in Table 5.2. 

	3. Determine the engineering properties of soil nails per Tables 5.3 and 5.4. 
	3. Determine the engineering properties of soil nails per Tables 5.3 and 5.4. 


	Figure
	 
	 
	Figure
	 
	Figure
	 
	4. Conduct the stability analysis for the seismic scenario. 
	4. Conduct the stability analysis for the seismic scenario. 
	4. Conduct the stability analysis for the seismic scenario. 


	 
	 
	Figure
	 
	5. If the calculated FoS is less than the required minimum FoS, increase the reinforcement parameters including length, spacing, etc.: The calculated FoS = 0.9. Need to adjust reinforcement parameters until the calculated FoS meets the required minimum FoS. 
	5. If the calculated FoS is less than the required minimum FoS, increase the reinforcement parameters including length, spacing, etc.: The calculated FoS = 0.9. Need to adjust reinforcement parameters until the calculated FoS meets the required minimum FoS. 
	5. If the calculated FoS is less than the required minimum FoS, increase the reinforcement parameters including length, spacing, etc.: The calculated FoS = 0.9. Need to adjust reinforcement parameters until the calculated FoS meets the required minimum FoS. 


	 
	  
	Comparison Study 
	To ensure that the engineering properties of soil nails and facing work properly in slope stability program, a comparison study was performed using Snail and Slide 2 and the results are presented in Table A.5.5  
	Table A.5.5: Soil Nail Wall – Comparison between Snail and Slide 
	 
	Figure
	 
	 
	 
	 
	 
	 
	 
	Figure
	 
	 
	 
	 
	 




