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APPENDIX G 
 

STABILITY ANALYSES 
 
 
G.1. GENERAL  

This appendix presents technical information related to the slope stability analyses that were 
performed as discussed in the Stability Analyses section of the main report. 

G.2. MATERIAL STRENGTHS 

The following sections provide details on the shear strength models used for rock and bentonite 
clay materials in the analyses.  Terrace deposits were modeled using Mohr-Coulomb parameters. 
Properties for all materials included in the analyses are shown in Table 2 of the main report text. 

Parameters for all materials included in the models correspond to long-term (i.e., drained), 
effective stress conditions because the observed landslide movement took place over several 
months.  

G.2.1. Generalized Hoek-Brown Strength Criterion 

The strength of a rock mass is influenced by several factors, including the intact strength 
of the rock (as measured in a uniaxial compressive strength test per ASTM D7012), spacing and 
characteristics of discontinuities such as bedding planes and fractures, degree of weathering, and 
disturbance from construction or blasting activities (Hoek and Brown, 1997; Hoek and Marinos, 
2000).  Although commonly used to model rock, the Mohr-Coulomb strength criterion cannot 
capture these effects using only the friction angle and “cohesion” of the rock.  

We modeled rock using the generalized Hoek-Brown strength criterion, which includes 
the influence of all the factors described above.  Furthermore, it captures the nonlinear response 
of rock at high confining pressure due to grain crushing.  The Mohr-Coulomb strength envelope 
tends to over-predict shear strength at high confining pressures because it does not include this 
nonlinearity.  Geologic strength index (GSI), the intact rock parameter “mi”, and the disturbance 
factor “D” were assigned to sections of rock core based on observations by an engineering 
geologists according to the charts presented in Hoek and Marinos (1997).  Figure G-1 presents 
the Hoek-Brown strength criterion model used for the Altamira Shale in the analyses. 
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G.2.2. User-Defined Nonlinear Strength Model for Bentonite Clay 

The drained residual shear strength behavior of cohesive soils with a clay fraction greater 
than 50 percent and a liquid limit between approximately 60 and 220 percent is significantly 
nonlinear at moderate to high confining pressures (Stark and Eid, 1994).  Important implications 
of this nonlinearity are that (1) laboratory testing performed at low confining pressures or over a 
narrow range of confining pressures could significantly over-predict shear strengths at higher 
confining pressures or outside the range tested, and (2) slope stability analyses that fail to include 
the nonlinear effects will tend to over-predict resisting forces where failure surfaces are deep and 
therefore provide an unrealistically high factor of safety (FS) (Stark et al., 2005).  

Nonlinear shear strength envelopes for the bentonite clays derived from weathered tuff at 
the nearby Portuguese Bend landslide have been documented by Stark and Eid (1994) and 
Waltry and Lade (2000).  We assumed that drained conditions existed because of the relatively 
slow moving nature of the landslide, and that the residual shear strength conditions had been 
reached due to recent movement and previous displacement to accommodate inter-layer slip 
during folding.  We modeled the clay using a nonlinear envelope defined by a series of torsional 
ring shear tests, ASTM D7012 (ASTM, 2010), presented in Figure G-2.  Our model shows 
similar form to those presented by the previously noted researchers and agrees well with the 
predicted shear strengths based on correlation to clay fraction and liquid limit presented by Stark, 
et al. (2005). 

G.3. HYDROGEOLOGY 

Porewater pressure acts as a driving force for landslides due to (1) a reduction in effective 
normal stress acting between soil grains and a subsequent reduction in shear strength, and (2) the 
hydrostatic pressure exerted by the fluid on the surface of joints and tension cracks.  Both of 
these effects were included in the stability models. 

Because of the inclination and dip direction of the rock bedding, water that infiltrates through the 
terraces upslope of the site flows toward the beach.  Layers of low permeability rock within the 
formation (e.g., tuff/bentonite) act as aquitards, creating artesian conditions.  Although the 
hydraulic conductivity of the rock is relatively low, precipitation or irrigation water infiltrating 
into the soil or rock would cause a rapid increase in excess porewater pressure downslope (i.e., at 
the landslide), even though the infiltrated water could take significantly longer to flow laterally 
downslope through the soil or rock.  This phenomenon is particularly pronounced in pre-
saturated material and porewater pressure rises range from several hours to several months as 
documented at the nearby Portuguese Bend and Abalone Cove landslides (Hill, et al., 2006).  
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The magnitude of excess pore pressures measured near the landslide (up to 120 feet of excess 
head) indicates that the confined aquifers below the landslide and in the location of the borings 
are communicating with infiltration sources up to 1,000 (horizontal) feet upslope based on the 
average dip of bedding. 

To capture the effect of elevated porewater pressures acting on the failure plane, we modeled two 
separate piezometric surfaces, one for a confined aquifer and one for an unconfined aquifer as 
shown in Figure G-3.  We found that applying the confined piezometric surface to the bentonite 
clay layer modeled at the interpreted base of the landslide, and the unconfined piezometric 
surface to the remaining materials resulted in failure surfaces that were most similar to the 
observed failure during back analyses.  For forward analyses, the same two piezometric surfaces 
were used to model separate confined and unconfined groundwater pressures, except they were 
modified to accommodate the shift of the slope face inland.  Results of our back and forward 
analyses for selected sections are provided in Figures G-3 through G-8. 

The phreatic correction feature in SLOPE/W was used to account for the curvature of the 
piezometric surface (i.e., non-vertical equipotential lines) near the slope surface. 

G.4. LANDSLIDE GEOMETRY AND MODE 

The geomorphology in the vicinity of the landslide is characterized by a series of steep bluffs 
separating relatively flat marine terraces.  Prior to the current landslide, the coastal bluff face was 
inclined at approximately 40 degrees based on the 2006 Navigate LA contours (2012).  The 
terrace surface immediately above the coastal bluff is inclined at approximately 3 to 5 degrees 
and extends northward about 800 feet to the base of the next bluff. 

In plan view, the headscarp of the landslide can be roughly divided into two linear segments. The 
first segment trends southwest to northeast and is roughly parallel to the east side of White Point 
and the fault discussed above that was observed below the landslide.  The second segment trends 
southeast to northwest.  The shape of the scarp suggests continued evolution of the existing bay 
bounded by White Point. 

In cross section, the landslide mass forms a large block with the base of the landslide likely 
parallel to bedding features.  The visible portion of the headscarp is near-vertical and up to 40 
feet tall; it is unknown if the buried portion of the “back” of the main block is vertical, curved, or 
irregular.  The landslide plane appears to daylight approximately at the elevation of the beach at 
about +10 feet MSL. 
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For the analysis, we defined the surface geometry based on the 2006 Navigate LA and 2011 site 
specific survey contours for the before- and after-sliding conditions, respectively.  The 
subsurface geometry was based on interpretation of the subsurface and surface geologic data 
collected by Shannon &Wilson and City representatives.  

G.5. SEISMIC STABILITY ANALYSES 

We performed seismic analyses according to “Recommended Procedures for Implementation of 
DMG Special Publication 117, Guidelines for Analyzing and Mitigating Landslide Hazards in 
California” (Blake et al., 2002).  Our seismic stability analyses are part of the calculation 
package included with this appendix.  We used the online seismic hazard deaggregation tools 
provided by the United States Geological Survey (2011) based on the 2008 update to the national 
seismic hazard maps (Peterson et al., 2008) to estimate the peak ground acceleration and 
deaggregated modal magnitude and source distance for a design-level earthquake having a 10-
percent probability of exceedance in 50 years.  

The procedure recommended by Special Publication 117 involves performing a “screen” analysis 
for the slope using a horizontal acceleration coefficient, keq, based on the peak ground 
acceleration (PGA) for rock conditions at the site, deaggregated modal earthquake magnitude 
and source distance, and a computed nonlinear reduction factor that accounts for the nonlinear 
response of the landslide mass material.  If the slope is unstable using the screen-analysis 
criteria, it is evaluated for stability and coseismic deformation during the level of ground shaking 
expected during the design earthquake.  The FS for these pseudo-static, limit equilibrium 
analyses are presented in Table 3 of the main report and the calculation package attached with 
this appendix.   

Coseismic deformation is horizontal movement of the landslide mass that occurs simultaneously 
with ground shaking in response to earthquake accelerations.  The magnitude of displacement 
can be estimated using the ratio of the yield coefficient, ky, to the seismic demand on the slope 
considering the amplifying or de-amplifying effects of the slope geometry, kmax.  Note that if the 
static FS is approximately 1.0, i.e., the slope is marginally stable, an additional driving force 
such as earthquake shaking would likely result in unbounded, large-scale movements greater 
than the predicted coseismic deformations.  Because our analyses indicated that the slope is 
marginally stable under current (static) conditions, we assume that design earthquake shaking 
will result in ground deformation of a similar magnitude to that observed during the 2011 
Landslide. 
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For the seismic analyses, we included discontinuities in our model and only considered cases 
where the water level in the discontinuity was at or above the unconfined, static piezometric 
surface measured at the site.  For each discontinuity water lever considered, the slope failed the 
screen analysis, indicating that unstable conditions would occur under design seismic loading.  
We subsequently estimated the horizontal displacements that would occur during the design 
earthquake using the procedures of Bray, et al. (1998) as outlined in Special Publication 117. 
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