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Development of wireless monitoring modules for soil slope failures of
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Abstract

To improve the limitations of rainfall-based slope warning system, this project aims
to develop time-dependent warning system of soil slopes by integrating rigorous slope
analysis with in-situ wireless, real-time monitoring system. The new warning technology
that integrated the hydro-mechanical slope analysis and wireless sensing module for field
key properties is under development. In current stage, both surficial failures with sliding
occurred in unsaturated zone, and deep-seated slides where failure surface located in
saturated zone, are covered. Wireless sensing modules adopting micro-electro-mechanical
system (MEMS) sensors with wireless communication components are integrated to
real-time monitor surficial ground inclination, water content profiles, and pore water
pressures. The technologies developed for internet of things have been used in the



development of sensing modules. The target failure modes include both shallow slips in
unsaturated zone triggered by infiltration and deep slides in saturated zone triggered by
excess pore pressures due to seepage. For shallow slip site, soil moisture contents at two
depths and surface inclination are monitored and process for warning. In deep slide cases,
pore water pressure near the slip surface and rainfall characteristics are monitored. Two
shallow slip sites have been monitored for over 2 years and the wireless monitoring
modules have been upgraded. A deep-seated sliding site has been setup with pore
pressure, surface inclination, and infiltration process measurements. A coupled
hydro-mechanical analysis is performed to model both the hydraulic and mechanical
responses of slopes. Combining the real-time monitoring of pore pressure and rigorous
analysis, a customized, time-dependent warning system might be feasible.

Keywords : slope failure, wireless sensing module, coupled hydro-mechanical

analysis, time-dependent warning system, internet of things
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