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Abstract 

This reports consists of two main parts. In first part, a series of experiments 

were undertaken to evaluate the hydrological responses of shallow slopes of varying 

steepness subjected to varying intensities of rainfall. An analysis of infinite slopes 

were also undertaken to develop a fundamental understanding of rainfall-induced 

shallow landslide characteristics. The hydrological and physical responses were 

characterized in the infiltration and saturation phases. During the infiltration phase, 

the maximum water content was found behind the wetting front, termed as the 

water content behind the wetting front (Ohl, ). For a certain soil type, the magnitude 

of Owb  was found to be dependent on the magnitude of rainfall intensity, regardless 

of the slope gradient and initial water content. Based on the relative depth of the 

failure plane, the failure can be categorized by three prime modes: 1) along the 

impervious layer mode, 2) shallow depth mode, and 3) transitional mode. These 

modes can be characterized by the magnitude of a stability index termed as 

tanco'itanfi ratio. An infiltration index termed as Or, ratio was found to play a role 

in the depth of failure plane only for the transitional mode. Second part presents 

a sets of parametric study performed via finite element modeling to investigate the 

effect of saturated permeability of soil, slope angle and antecedent rainfall on 

instability of a shallow slope. It was found that the rate of reduction in safety factor 

increases with an increasing the intensity of rainfall, only in a range of lower than the 

infiltration capacity at soil saturated state. As such the, saturated permeability of the 

soil, which is equal to the infiltration capacity at soil saturated state, plays an 

important role in the shallow slope failure. The saturated permeability was found 

also to govern a range of applicability of the rainfall intensity-duration thresholds for 

initiation of slope failure. If the rainfall intensity is not greater than the infiltration 

capacity at soil saturated state, the rainfall duration to failure be read from the 

thresholds. Slope angle and antecedent rainfall were found to play significant roles 

on instability of shallow slopes, as they control the initial stability of slope, which 

results in the different linear relationship of thresholds. In addition, the slope angle 



might accelerate the rate of rain water infiltration, and hence it reflects the slope of 

the thresholds. 

Based on those failure modes, primary methodology for monitoring device 

installations to build up physically-based warning system was introduced. Where the 

mild slope, the failure plane will be along the impervious layer. Should install a 

warning device near the boundary between the soil layer and impervious layer to 

detect an increase in water table levels. While the Intermediate steep slope is a 

transitional failure, the failure plane can occur at various depths depending on the 

stability and infiltration indices. For a given ilk, lower values of the strength 

parameters (both c' and 0') result in shallower depths of the failure plane. 

Furthermore, in cohesionless sloping ground having its steepness angle close to the 

soil frictional angle, when the rainfall intensity approaches the value of the soil 

saturated permeability, the variation of rainfall intensity plays the major role in the 

eventual depth of the failure plane. This study also found that little cohesive 

strength in sloping ground can reduce the influence of rainfall intensity on the depth 

of a potential failure plane. 


