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Background

• MSc. Geotechnical Engineering, NTNU, 2011

• 5 years at NGI

• FEM (offshore foundations, landslides)

• PhD project Klima 2050: 
– Started spring 2016

– WP3 Landslides triggered by hydro-meteorological processes

– WP3.1 Development of analytical and numerical codes
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Klima2050

• WP3, organized by NGI (José Cepeda)
– WP3.1 Development of analytical and numerical codes
– WP3.2 Environmentally sustainable methods for improving drainage 

and stabilizing slopes
– WP3.3 Protection of critical infrastructures (CI) from landslides
– WP3.4 Early warning systems based on short-term weather 

forecasts (now-casting)
– WP3.5 Procedures for managing landslide risk

• Goals:
– Physical understanding of debris flow phenomena
– Better prediction of run-out distance
– Design tool for mitigation measures
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Debris flow challenges

• Extreme precipitation events

• Soil (particles) and water (fluid)

• Debris avalanche debris flow

• Excess pore pressure

• Entrainment

• Separation

(NPRA)
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Possible approaches

• Debris flow initiation, propagation and structure interaction

• Methods
– Depth averaged (2.5D)

– CFD

– SPH

– DEM

• CFD:
– Better physical understanding

– Pressure, forces on structures

– Continuum fluid
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Current work

• Computational Fluid Dynamics (CFD) 
– 3D general solution of Navier-Stokes equations

– Open source: REEF3D (Bihs et al., 2016)

– Finite Difference Method

– Parallelization

– Newtonian rheology

– (DEM+CFD coupling)

• Navier-Stokes equations:
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Rheology

• Debris flow as continuum

• Viscoplastic Herschel-Bulkley rheology

• Water with fines in suspension (not debris flow)
– Interstitial fluid phase, mudflows

• Generalized Newtonian fluid ௬
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Benchmark test

• Quickness test - remoulded sensitive clay
– Rheological data, viscometer (Grue, 2015)

– Cylindrical dambreak (Thakur et al., 2013)

(Thakur et al., 2013)
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Benchmark test
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Moriguchi et al. (2009)
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Simulations
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Yield stress

• Coulomb friction:
– t0 = c + s’tan(f), 

• Dry granular soils:
– zero excess pore pressure

– s’  hydrostatic pressure p

• Debris flows:
– Excess pore pressure generation

• Implemented as high viscosity, n0
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Future implementation

• Multiphase continuum material
– Fluid representing both particle and water phases  

– Solid volume content, m – r
– Excess pore pressure by shear deformation, pexcess –

– Coulomb friction,  ty – f – pexcess

– Dissipation of pore pressure, pexcess – k – t – m 

– Grain size curve dependent rheology, [D10, D50, D90] – k –
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Validation

• Ashenafi Yifru (PhD, E39)

• Laboratory tests

• Model tests

• Field cases

• More data!
(Yang, 2106)

(Laache, 2106)
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Flume test

(Laache, 2016)
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Flume test

(Laache, 2016)
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Flume test

• Natural soils (well graded sand)

• 2 ultrasound sensors (height)

• Video cameras

• Pore pressure measurements

(Laache, 2016)
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Field case: Kvam, 2011 and 2013
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Other activities

• Field trips:
– Gråfonfjellet (NGU)

– Norangsdalen (Klima2050, NGI)

– Kvam (NGI)

• ETH Winter School, Switzerland
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Collaborations

• NTNU, Marine Civil Engineering – REEF3D CFD code

• NGI – Soil characterization, field measurements

• SVV/NPRA – E39 project, PhD candidate

• Sintef – Kvam case study

• WP2 – Case studies?

• Abroad? 
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Thank you!


