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Landslide Hazard Assessment & Mitigation
DML – 502 Lecture - 5

“To understand mapping and hazard assessment techniques of landslides and protection against
landslide.”  

Subject Code: DML-505
Course Title: Landslide Hazard Assessment & Mitigation 

Causative factors of landslides – natural including inherent factors and external factors as well as
anthropogenic factors; Impacts of natural causative factors like lithology, structure, slope morphometry,
relative relief, hydrogeological conditions and land use and land cover on stability of slopes ; Impacts of
external factors like concentrated rain fall and earth quakes on slope stability; Various causes of slope
instability in Himalaya; extreme hydro-meteorological conditions leading to landslide dams and related
damages;
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Physical processes leading to rainfall-induced 
landslides: Shallow Landslides and Debris Flows

Variables
 Rainfall
 Runoff
 Saturation
 Water level
 Shear

strength

Sensors
 Rain gauge
 Discharge

meter
 Moisture

sensor
 Water level

sensor
 Tilt angle,

displacement
 Acceleration

Siva Subramanian, Fan X…. Yunus  et al., (JGR: Earth Surface, 2020)
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Materials in a debris slide/flow

Zhou et al. Int. J. Geomech., 2017, 17(4): 04016106
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Landslides in materials of debris (soil + rock) 

Zhou et al. Int. J. Geomech., 2017, 17(4): 04016106

Soil–rock mixtures formed by a debris slide

Soil–rock mixtures formed by debris-flow deposits
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Diameter Boundary of Soil and Broken Rocks

Yang, Fan, Siva Subramanian et al. Landslides 18 & (2021)

Field investigation after the 20 August 2019 debris flow event. a Image of the Cutou debris flows captured by UAV after the
event. It destroyed the National Highway 213 and Chengdu–Wenchuan expressway; b image of debris flow in Banzi catchment
captured by UAV after the event; c the Chediguan debris flow ran out to the opposite bank of the Minjiang River; d high-
precision images of debris flow disaster area were captured by UAV; e field sieving tests were performed in Gaojia catchment
after the 20 August 2019 event; and f coarse sediments were sieved in the field, and fine deposits were collected and sieved.
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Unsaturated/saturated states of soils/debris

From Delwyn G. Fredlund, Visiting Professor, Kobe University, Japan
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Unsaturated/saturated states of soils/debris

From Delwyn G. Fredlund, Visiting Professor, Kobe University, Japan
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Unsaturated/saturated states of soils/debris

From Delwyn G. Fredlund, Visiting Professor, Kobe University, Japan
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Unsaturated/saturated states of soils/debris

From Delwyn G. Fredlund, Visiting Professor, Kobe University, Japan
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Physical processes leading to rainfall-induced 
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Siva Subramanian, Fan X…. Yunus  et al., (JGR: Earth Surface, 2020)
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Physical processes leading to rainfall-induced 
landslides: Shallow Landslides and Debris Flows

Siva Subramanian, Fan X…. Yunus  et al., (JGR: Earth Surface, 2020)
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Thank you very much for your 
kind attention and time!

Thank you very much for your 
kind attention and time!

Question timeQuestion time


