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Typical characteristics

 They are generally 2-5 m deep

 They occur on steep slopes

 They can be classified as “fast landslides”

 Their triggering factor is rainfall 

 Ground water table is well below the ground 

surface, soils are unsaturated initially

 Residual soils (decomposition or rock in-place): 

sandy, silty

 Translational or rotational slides



Caine (1980)

For early warning systems statistical rainfall intensity-duration

(I-D) thresholds have been proposed in the literature.

They are affected by

• Availability, 

completeness

• Bias of records

• Not considering the 

mechanism of landslide

Guzzetti et al. (2008)

unsafe

safe



to develop a physically-based model for

prediction of rainfall triggered landslides (i.e.

determine triggering rainfall intensity-duration

threshold),

to lead toward an early warning system taking

into account the physical mechanism of the

problem.

Objective of the research



The mechanism



The mechanism
Soil Water Characteristic Curve

(SWCC)



The mechanism
Hydraulic conductivity Function

(HCF)



The mechanism
Unsaturated Shear Strength 



The mechanism
Numerical Simulations
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Fines content 

(as the fines content of soil increases, θr increases)

θr

Uniformity 

(the higher DSR the more uniform grain size dist.) 

DSR

Gradation

(a soil with a higher AEV is a finer grained soil) 

AEV

Numerical study  A parametric study (changes in soil properties on I-D)
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(a soil with a higher θs value is a denser soil)
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How SWCC  can affect unsaturated seepage and slope stability?



Rainfall duration (min)
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Soil gradation was found to be the most important factor that can cause
significant changes in location and shape of the I-D thresholds.

Numerical study  A parametric study (changes in soil properties on I-D)
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Kenanoglu, Ahmadiadli, Huvaj, Toker (2016) Computers and Geotechnics
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Laboratory model tests 
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Laboratory works  material properties (SWCC)
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• Hanging column setup (0-80 kPa)

• Pressure plate setup (50-1500 kPa)

• Capillary tube

were designed and manufactured at METU geotechnical laboratory.



Laboratory works  material properties (HCF)

• Infiltration column setup (through dry medium)

was designed and manufactured at METU geotech. lab.
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Laboratory works  flume model tests (setup)

A laboratory setup that includes a flume box, rainfall system and raising setup was
designed by the author and manufactured for METU geotechnical laboratory.



Laboratory works  flume model tests (sample preparation)



Laboratory works  flume model tests (test results)

• Tensiometers (suction-time)

• Wetting front

• Inclinometers

• Failure surface
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Ahmadiadli, Huvaj, Toker (2016) Landslides Journal





Rainfall Intensity-Duration thresholds

●: Dr=34%

■: Dr=48%

▲: Dr=61%

Ahmadiadli, Huvaj, Toker (2016) Landslides Journal



• Geometry & Boundary Conditions

Numerical simulations  finite slopes (flume experiments)



Numerical simulations  infinite slopes (MATLAB code)

• Pore pressures
• Suction
• Unsat. Shear 

strength
• Factor of safety
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Currently, we are working on Landslide hazard 
assessment using:

• TRGRS by USGS
• SLIDE model by Japanese researchers
• Our model

Ahmadiadli, TUBITAK post-doc funding







• Among countries and even within any one country there 

is seldom uniformity in terminology and the results of the 

landslide zoning are often not precisely defined these 

maps have different accuracy and reliability. 

• Maps are currently prepared using a variety of input 

data that can be either qualitative or quantitative. 

• In some countries, the data required for an appropriate 

quantitative landslide hazard zoning are unavailable.

Landslide susceptibility zoning usually involves developing

an inventory of landslides which have occurred in the 

past together with an assessment of the areas with a 

potential to experience landsliding in the future



There is no unique procedure capable of estimating the 

potential of failure of each type of landslide and its 

expected travel distance. In fact, the conditioning factors 

(i.e. slope angle, lithology, groundwater conditions,...) are 

specific for each landslide mechanism. 

Because of this, it will often be necessary to assess 

separately susceptibility, hazard and risk, for the different 

types of landslides affecting the area (i.e. for rock falls, 

small shallow landslides and deep-seated large landslides) 

and to present the results in specific zoning maps as the 

recommendations or the statutory obligations to mitigate 

the risk might differ for the different landslide types. These 
maps may be combined onto one map.












