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The Western Crossing has exposed
strata on S flank and likely slump-like
landslides on the N flank.

The toes of the slump blocks appear to
be buried by canyon floor deposits
indicating a very high age
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Background

Design Parameters
: 2000

6.1
Vs;, =180 m/s 0.155 0.335
Vs, = 275 m/s 0.133 0.308
Vs;, =550 m/s 0.105 0.257
Vs;, = 760 m/s 0.092 0.229
Vss = 1100 m/s 0.079 0.197
-m-m-m-m-
' SAND RPN 0-1.9 m 0-1.9m
Sandy/Clayey SILT 4.5(2) -7.4 m . 1.9-18m  1.9-17m
Silty/Sandy CLAY
NG 7.4-200m  0-200m  18-200m  17-200m



Eastern Crossing Shear Strength: Erosion Model
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Western Crossing Shear Strength: Erosion Model
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Methodology

-

Compile and interpret all available geological, geophysical, and
geotechnical data

1D infinite static and pseudo-static slope stability analyses
2D static and pseudo-static limit equilibrium (LEM) analyses
2D static and pseudo-static finite element analyses (FEM)
Probabilistic LEM and FEM
2D dynamic analyses in FEM
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Input parameter/ material properties
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Input parameter/ material properties
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Input parameter/ set failure radius and grid points
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Input parameter/ EQ pseudo-static
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Results: Southwest Slope
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Finite Element Method: PLAXIS
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Comparison of Results

FEM Results South West Slope
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Probabilistic Analyses

LEM O

— Monte Carlo simulation with 20,000 .
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— Varied k, and cyclic strength .
— Normal distributions .
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Probabilistic Analyses: Results

Probability of FoS < 1 low for 200 yr, LEM: SW 2000 year

high for 2000 yr
7 Similar values for FEM and LEM
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Dynamic FEM in PLAXIS

Static and pseudo-static deterministic
and probabilistic analyses with LEM
and FEM give similar results

When to use FEM?

— More advanced constitutive models

— Complicated geometry requiring 3D
analyses

— More flexibility

— Dynamic analyses




Dynamic FEM in PLAXIS

Main differences with static analyses: |
7 Specification of acceleration ¢ Tl
time series S
7 Soil damping ol
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Dynamic FEM in PLAXIS

‘¥ 3 acceleration time series scaled to

UHS for 200 and 2000 year return
periods

Free field lateral boundaries and a
compliant boundary at the base
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Rayleigh Damping

7 HSsmall constitutive model accounts
for damping at larger strains, but
need Rayleigh damping for small
strains and other models

7 Rayleigh damping is viscous damping
that is proportional to a linear
combination of mass and stiffness

7 G and g are the target damping ratios
and f; and f; are target frequencies
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PLAXIS Demonstration

Set line displacement on bottom of model
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PLAXIS Demonstration

Boundary Conditions
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PLAXIS Demonstration

Phase parameters
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e Reset state variables O @.3200 -5.406675E-05
i Reset time ] ©9.3400 -9.512915E-85
i Updated mesh 0 9.3600 -1.292355E-04
Model explorer (Phase_2) J Ignere sucton 9.3800 -1.631444E-04
Attributes library -~ - Cavitation cut-off D
@\H] Geometry _ Cavitation stress 100.0 KN/ 33.780@ -5.198279E-05
- @)% Groups i L 33.8000 -5.186825E-05
@[] Interfaces Max cores to use 258 33.820@ -5.861525E-85
Q‘ !::J::::::"::SBCS : Max number u.fsteus stored 1 33 . Ma . 983 321E .es
% o i Use compression for result fles E 33.8600 -4.934315E-05
@[] Model conditions <1500.09 o — 33.8800 -4.860819E-05
- @[] clmat= 33.9000@ -4.808715E-85
Q, Deformations — Time step determination Semi-automatic . - 33 . gzea 4. ?39335E -es
mamics Coordinates Number of sub steps Automatic 33.0400 -4.EB4760E-05
et =3 ; 53.9600 4. 618903¢.05
*- BoundaryYMin: Compliant base Added Displ Max load fraction per step 0.5000 33.9800 -4.562468E-05 Py
* Baurdsryies: Nane = set Dyt o3 over relaxation Facor Lo 34.0000 -4.499570E-05
Al nodes fxites: None g288> _delete Dis Max number of iterations 60
| i i 100 st ek o oo e of e : v
ieldStress @282> _set Phase.
@[] GroundnaterFlow oK 2 =
@\[] Predipitation < >
- @[] Pseudostatic
@] ThermalFlow v || Command -
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Select curve points to save data
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PLAXIS Demonstration

Define Rayleigh damping for each soil material

File Edit Phases Options Expert Help

= TPy - ¥

soil Structures
-500.00 250000 300000
B el b X Sail - HS small - Soil_mat_1
== B E DR B . . . NPT
b
Tritial phase [InitialPhase] =B H
Initalzation Phase_1] o General  Mechanical Groundwater Thermal Interfaces Initial Single DOF
EQ Load [Phase_2] M E Property Unit Value
Material set 200
Show materials...
- Identification Soil_mat_1
P—
4 Soil model HS small - 1804
4 Drainage type Undrained 8 -
Selection explorer (Phase_2) - Colour D RGE 161, 226, 232 180
®[H ... 4
Comments e
—] 140 °
B Unit weights e
| Y unsat kN/m3 18.00 1204 °
— Vet khijm? 18.00 .
~tocood vord vati E 100 ®
7 Einit 0.5000 .
— 6.00 - E)
0.3333
Model explorer (Phase_2) | m— S ~
Attributes ibrary - | Rayleigh damping o
6.0
@ [H] Geometry Input method SDOF equivalent -
@) Groups
@[] 1nterfaces B R w00
@[] Line displacements b 0.6121E-3
@[] Groundwater flaw BCs - £, % 1,000
S0l 4 200
£+ @)[E] Modsl conditions ~1500. & D 1.000
- @[] cimate B fy Hz 0.2000
- @7 Deformations . o 0.00 T y T T
- @[] Dynamics Coordinates  (-558.2 -649.0) m 2 iz 5.000 1 00E-3 00100 o100 100 100 100
. BoundaryXMin: Free-field Command line fiHd
- BoundaryXMax: Free-fid Session  Model history
- BoundaryYMin: Compliant base oK Log scale )
- BoundaryfMax: None ©285> _set Soll _mat_i.TargetFrequencyl
Al nodes ftiee: o Next || ok || cancel
- Allnades fixties: None 286> _set S01l_mat_1.TargetFrequencyl
- Normel relax coeff C1: 1.000 o
Tangential relax cosfFC2: 1,000 8287> _set Soil_mat_1.TargetDampingl 1
oK
FieldStress 8288> _set Soil_mat_1.TargetDamping2 1
. GroundwaterFon v
- @[] Predpitation < >
- @[] PseudoStatic
- @\ ThermalFlow v | Command
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Dynamic FEM In PLAXIS: Results
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Conclusions

9 Static and pseudo-static deterministic and probabilistic
analyses with LEM and FEM give similar results

7 Probabilistic analyses show low probability of failure for 200
year, but high probability for 2000 year return period

7 Dynamic analyses predict only minor displacements for 2000
year return period
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