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An earthquake struck Padang Province, West Sumatra, Indonesia, at 17:16 on September 30,
2009. The earthquake had a moment magnitude of Mw 7.6, and triggered landslides in Tandikat,
Padang Pariaman Regency. The landslides occurred during rainfall, and originated on mountains
mantled with loose pumice, taking many lives. The unfortunate combination of intensive rainfall
and earthquake probably decreased slope stability. This study seeks to examine the initiation
mechanism of earthquake-triggered landslides during rainfall, and to develop a new approach to
predict pore pressure increase by assuming reciprocal relationships between strain, stiffness, and
excess pore pressure.

Field investigations, laboratory work and numerical modelling were conducted in this study.
Assessment of rainfall infiltration used the Green-Ampt infiltration method, utilising hydraulic
parameters determined from the field investigations. In order to assess slope stability, the concept
of stiffness degradation was used to predict pore pressure increase due to earthquake. This was
achieved by developing an empirical formulation based on cyclic triaxial test results. A new
procedure based on the “rigid block on quasi plastic layer” assumption was developed to assess
dynamic slope stability landslides during heavy rainfall. Additionally, stochastic analysis was
performed by utilizing random variables of soil parameters to derive the probability distribution
of landslide hazard.

Results from cyclic triaxial test experiments showed that initial effective confining pressure

and initial shear stress had considerable influence on increase in pore pressure. Slope stability



analysis using a rigid block on a quasi-plastic layer assumption and actual earthquake
acceleration suggests that landslide may have occurred due to pore pressure build-up. The factor
of safety decreased rapidly before earthquake acceleration reached its peak. At that time, the
energy of the earthquake had not reached its maximum, suggesting that similar
failures are likely to occur on saturated sliding zones during smaller earthquakes.
This suggestion was supported by result of stochastic analysis. The stochastic
analysis of the Tandikat landslide confirms that smaller earthquakes could possibly
trigger catastrophic landslides during rainfall. Smaller peak ground acceleration of
~0.15g could result in a more than 50% chance of Rsv>0.75, while the analysis of dry
condition yields a 30% chance of catastrophic level of landslide hazard. This suggests
that rainfall condition increases the probability of catastrophic landslide. The effect
of peak ground acceleration larger than 0.30g to the probability of Rsv>0.75 is
negligible in a particular event. The results suggest that peak ground acceleration of
~0.30g is considered as the critical magnitude of ground acceleration that would
result in a nearly 100% probability of catastrophic level of landslide hazard in the

area.
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