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An Explanation for the Delayed Failure of Natural Slopes and Earth Dams 
Luis E. Vallejo, University of Pittsburgh; Mahiru Shettima, Zell Engineers Inc. 
Slopes and earth dams made of stiff clay can fail after many years of their construction. The delayed 
failure of these structures has been explained by: (1) the pore pressure equilibration within the stiff clay, 
and (2) the creep induced structural breakdown of the stiff clay. These explanations assume the stiff 
clays involved in the failure of the earth structures to be intact. However, the majority of stiff clays 
contain fissures. The role of these fissures on the delayed failure of slopes and earth dams made of stiff 
fissured clay has not been investigated to date. Under constant gravitational stresses (creep), the 
fissures in the clay could slowly propagate and interact producing as a result the failure surface that 
causes the delayed failure of these earth structures. In this study, the delayed failure of slopes and earth 
dams is explained by the creep propagation of the fissures in the clay. 
 
Feasibility Analyses of Using Renewable Wind Energy for Landslides Mitigation 
Jiale Li and Xiong (Bill) Yu, Case Western Reserve University 
Landslide is one of the major geological disaster threat to human lives. As a promising alternative to 
conventional remediation measures, the use of electrochemical stabilization techniques is expected to 
provide an effective means of remediation for shallow and intermediate depth landslide failures. 
Electrochemical treatment, however, demands a large amount of power access to the electrical grid. 
Traditionally, the electricity is provided via a mobile fuel-based generator. The fuel consumption causes 
high cost and negative environmental consequences due to the carbon dioxide emission. Renewable 
energy such as the wind and solar energy provides a promising alternative to driving electrochemical 
treatment. This paper provides a feasibility analysis on the electrochemical treatment concept with 
renewable energy. The results show that electrochemical soil improvements using a renewable 
generator are much more economical than the traditional gasoline generator. It, therefore, is a 
promising and environmentally friendly alternative for electrochemical treatment of landslide.    
  
Performance-based Slope Stability Analysis and the Pseudo-static Factor of Safety 
Bogart Mendez, Erdem Tastan, and Juan M. Gutierrez, Rizzo Associates 
This study compiles the results of seismic stability analysis of an infinite slope from three methodologies, 
i.e. pseudo-static analysis, Newmark sliding block deformation analysis, and two-dimensional (2D) finite 
difference analysis. Ten different ground motions are considered. While the pseudo-static factor of 
safety (FSPS) remains unchanged for constant PGA and seismic coefficient, a slope can exhibit different 
dynamic performances for each ground motion. The slope’s dynamic performance can be adequate 
even when both the conventional pseudo-static factor of safety (FSPS), and the time-varying dynamic 
factor of safety (FSdyn), drop below one. Limitations to the application of the Newmark sliding block 
analysis and the importance of numerical modeling are discussed. Results on the sensitivity of the 
numerical model to input parameters are also presented.      
 



Numerical Modeling of Blast Induced Landslide 
Gokhan Saygili, University of Texas at Tyler; Christian Madshus and Harun K. Engin, Norwegian 
Geotechnical Institute; Steinar Nordal, Norwegian University of Science and Technology 
A 2D dynamic finite element analysis (FEA) was carried out to simulate the stress wave propagation and 
accumulated strains of a blasting-induced landslide in sensitive clay that took place near the city of 
Namsos, Norway in 2009. The blasting triggered a large unintended transient motion of the rock mass 
with unfavorable weak planes and fault zones. The transient penetration of the rock mass into the clay 
triggered the devastating slide. A linear elastic model was used for the undrained response of soil. The 
interaction between soil and the blasted rock was modeled by means of an interface. The blast load was 
defined as a triangular velocity – time function with a peak value of 10 m/s. In accordance with the field 
observations after the slide, the predicted deformation of the rock face out into the sensitive clay was 
around one meter. The results showed a clear trend of the blast impact that diminished with distance. 
Stability checks using the volume of remolded clay determined from the dynamic analysis revealed that 
the factor of safety of the slope was reduced to less than unity following the blast. 
 
Numerical Study of an Anchor-reinforced Vegetation System 
Ali Ebrahimi and Ming Zhu, Geosyntec Consultants; Drew Loizeaux and Scott Manning, Propex Operating 
Co. LLC 
A numerical study using the finite element method was conducted to evaluate the working mechanisms 
of an anchor reinforced vegetation system, which consists of a high performance turf reinforcement mat 
secured into a soil slope using percussion driven earth anchors. The results indicated that the anchors 
predominantly contributed to the relatively shallow, but wide and non-localized slope stability; while 
the mat played a significant role in preventing localized failure between or across anchors. The 
numerical analysis results are consistent with the field observations of anchor reinforced vegetation 
systems. Additional parametric analyses were performed to further compare the performance of 
different mats by varying their material properties in the numerical models. Since a slope stability 
analysis is usually performed using the limit equilibrium method in geotechnical engineering practice, a 
comparison of results between the finite element method and the limit equilibrium method is presented 
in the paper too. 
 
Geotechnical Stability Analysis for Anchored Reinforced Vegetation Systems Assuming Shallow 
Potential Failure Paths 
Stanley M. Miller, University of Idaho; Drew Loizeaux, Propex Operating Co. LLC 
In recent years, anchored reinforced vegetation systems (ARVS) have been developed as an option for 
stabilizing soil slopes prone to shallow translational failures. Such systems rely on the installation of a 
geosynthetic, high-performance turf reinforcement mat (HPTRM) to provide erosion protection and to 
enhance vegetation establishment, used in conjunction with patterned rigid pins (micro soil nails) or 
percussion-driven cable anchors to provide mechanical support to the shallow soil mass prone to 
slippage. Typical geotechnical design methods vary from professional experience tempered with 
subject-matter knowledge to a basic limit-equilibrium stability analysis based on the infinite-slope 
model. We have enhanced this model with options to include a non-linear shear strength descriptor, 
perched groundwater levels that may occur seasonally in the shallow slope system, a site-specific 
seismic analysis, a search to identify the “critical” depth of sliding, and a strategy for designing the 
required spacing and strength of soil anchors. The geotechnical design approach is explained, then 
illustrated with several examples. 


