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What are the QRA stages?
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Location, geometry and classification of
existing or potential landslides ?

Estimated frequency (annual, decennal,
... probabilities) ?

Estimated magnitude (intensity) ?

Magnitude (intensity) — Frequency
relationships ?

Elements at risk and associated
vulnerability ?

Spatial and temporal probability ?

Potential damage (scenarios) ?
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Hazard analysis for different magnitudes (scenarios)
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Hazard analysis for different magnitudes (scenarios)
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338 Hazard analysis for different magnitudes (scenarios)
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Hazard matrix: intensity — frequency relationship
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Hazard matrix: intensity — frequency relationship

Return period or mean probability
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pservatoire des Sciences de la Terre
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Landslide intensity

+ Intensity: a set of spatially distributed parameters describing
the destructiveness of a given landslide (Hungr, 1997) ;

i.e. velocity, kinetic energy, total displacement, flow discharge,
efc.

hysique du Globe de Strasbourg,
rvatoire des Sciences de la Terre

+ The landslide mechanism has a strong influence on the
consequences and damages. Large landslides are not
necessarily more damaging than small ones !

+ The expected damage depends on the location of the
exposed elements in relation to the landslide.
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Landslide intensity descriptors

I = the highest expected velocity

I Landslide types

Flow slides, Rapid earth and debris
flows, Rock falls, Rock
avalanches, Rock slides

Slides and slow earth flows

(Occasional reactivation and Active
Medium landslides)
First failure in brittle materials

de Physique du Globe de Strasbourg,
Dbservatoire des Sciences de la Terre

Deep-Seated Gravitational Slope
Deformation (DSGSD),
Sackung, Lateral spreads and
Creep zones

Low

” Cascini (2003)
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Landslide intensity descriptors

Process Low intensity Medium intensity High intensity
Rock falls E <30 kJ J0kJ<E<300kJ E>300kJ

Slides Vs < 2cm/year Vs : dm/year Vs > dm/day ;

Displacement

>1 m per event

Debris flow - D <1 m and D>1m and
V<1m/s V>1m/s

e Physique du Globe de Strasbourg,
bservatoire des Sciences de la Terre

E<0.5m 0.5<e<2m e>2m
(potential) (potential) (potential)

E = Kinetic energy ; Vs = mean annual velocity of slide ; D=thickness of debris
front ; V=debris flow velocity ; e= depth of soil material (potential debris
flows)

Rock avalanches or large rock slides will be always ranked as very
@ intense event (catastrophic events)

”~ Lateltin et al. (2005)
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How far ? (Travel distances)

1. HOW? {whlch type of phenomena)

+ Empirical approaches
(based on previous
obervations in a given
study area, historical
databases) ;

Physique du Globe de Strasbourg,
servatoire des Sciences de la Terre

+ Numerical approaches
(statistical models,
physically-based models,
etc.).

6. WHO? WHAT? {stakes)
I-!OW? (lmpact}
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How far ? (Travel distances)

Fig. 1. Modelling techniques for determining travel distance.

Travel distance analysis

e Physique du Globe de Strasbourg,
bservatoire des Sciences de la Terre

Empirical Dynamic
Limiting critetia Statistical
Rigid body Continutim mechanics
(sliding block) (deformable body)
Mass Energy Granular Hydraufic fé?ﬂ;
Velocity-dependent Velocity-independent Non- -
fiction Hiction Bagnoldian Bagnoldiar
”~ Fannin & Wise (2003)
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e Physique du Globe de Strasbourg,

bservatoire des Sciences de la Terre

How far ? (Travel distances)

Table 13.1. Overview of runout prediction methods discussed in the text.

(General approach

Keywords to characterize
method

Main references

Total travel distance {entire path length )

Travel distance and event
magnitude
Volume balance

Mass point models

Limiting criteria

Travel angle

Volume and descent height
Without entrainment

With entrainment

Voellmy approach

Iverson approach

Critical slope and junction angle

Runout length (depositional part of flow)
Critical slope and deposition Several empirical methods

on fan
Volume balance

Analytical approaches

Deposition area and flow cross
section
Mass point models

Constant discharge model

Runout distance {entire path or depositional part only)
Continuum based simulation Various constitutive equations

models

Corominas (1996)
Rickenmann (1999)
Cannon (1993)

Fannin and Wise (2001)
Zimmermann et al. (1997)
Lancaster et al. (2003)
Benda and Cundy (1990)

VanDine (1996);
Bathurst et al. (1997)
Iverson et al. (1988);
Crosta et al. (2003)
Korner (1980);

Perla et al. (1980)
Hungr et al. (1984);
Takahashi (1991)

[verson (1997); McDougall
and Hungr (2003)

Rickenmann (2005)
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How far ? (Travel distances) ... Empirical

+ Travel distances for various fast mass movements

Travel distance L [m)]
100000 ¢ 5 <

I m /:; * .
* x ®
10000 | o

t de Physique du Globe de Strasbourg,
Observatoire des Sciences de la Terre

— equation (13.2) derived for debris flows
1'000 ¢ + Swiss debris flows

[ 0 Kamikamihori (Japan)
< Canadian Cordillera
B Mt. St. Helens (Washington)
@ Nevado del Ruiz (Columbia)
+ Mt. Rainier
x

Rock avalanches (Abele, Hsd, LiTianchi)
100 : . ; A : o]
100 1'000 10'000 /016 1083 [m"31] 100'00C

~ Rickenmann (2005)
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How far ? (Travel distances) ... Empirical

+ Travel distances for rock avalanches ;

N Elm 11 September 1881 115 killed
! Average velocity: 18[#kmfh

Physique du Globe de Strasbourg,
servatoire des Sciences de la Terre

Elm rock avalanches modified after Heim (1932)
¢ L: horizontal distance of travel from top of the scar to end of deposit
e H: Vertical distance corresponding to L

e L horizontal distance of travel between centre of mass of the top of the
scar to end of deposit

Hg: Vertical distance corresponding to Lg
V: volume of the deposit

e u=f=tan¢$ = (Ls/Hg)

f = tan ¢ = (L/H)
¢, = Farbdschung
”~ Jaboyedoff & Labiouse (2001)

---------------------
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How far ? (Travel distances) ... Empirical

+ Travel distances for rock avalanches ;

hysique du Globe de Strasbourg,
arvatoire des Sciences de la Terre

< . R Couture, Com. Pers. (GSC)
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How far ? (Travel distances) ... Empirical

+ Travel distances and spreading for debris flows (at a risk
basin scale)
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Physique du Globe de Strasbourg,
servatoire des Sciences de la Terre

How far ? (Travel distances)

1. HOW? {whlch type of phenomena)

+ Empirical approaches
(based on previous
obervations in a given
study area, historical
databases) ;

- 3

+ Numerical approaches
(statistical models,
physically-based models,
etc.).

6. WHO? WHAT? {stakes)
I-!OW? (lmpact}
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How far ? (Travel distances)

Fig. 1. Modelling techniques for determining travel distance.

Travel distance analysis

e Physique du Globe de Strasbourg,
bservatoire des Sciences de la Terre

Empirical Dynamic
Limiting critetia Statistical
Rigid body Continutim mechanics
(sliding block) (deformable body)
Mass Energy Granular Hydraufic fé?ﬂ;
Velocity-dependent Velocity-independent Non- -
fiction Hiction Bagnoldian Bagnoldiar
”~ Fannin & Wise (2003)
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How far ? (Travel distances) ... Numerical for slow M.M.

Coupling a hydrological model to a displacement model
(transport and routing of material)

Calculation of the mechanical stresses within the material

Use of a rheological model (Bingham, Voelmy, etc)

Application: long-term kinematics of the Super-Sauze mudslide

rvatoire des Sciences de la Terre

hysique du Globe de Strasbourg,

‘1#956: pre=fail
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How far ? (Travel distances) ... Numerical for slow M.M.

Two parameters Bingham rheology
V=K- (T - TO)
Yield strength (resisting force T): Coulomb viscous-cohesive

T, =coh+h-y, -(l—ru)-cosa-tango'

v, =£7Wj-cosza
Va

Shear stress (driving force G+P): gravity and pressure terms
(derived as in Hungr, 1995; Hutter & Koch, 1991)

r=G+P G=-Wsina P=-W K
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Mass balance equation: o Toax oy

Numerical scheme (2 step fully explicit finite difference solution):
- Lax (explicit, finite central difference scheme) for the mudslide body

- Upwind (explicit, backward difference scheme) for the mudslide front & laterals

Malet (2005)

.

s
7

%
=

P (U): only for the calculation of the normal stress ( ///;///
ore pressures . Only 10r the Calculation or the normail Stress (pore pressure ratio /

b

R
“

o

.

FP7 ITN CHANGES — Meeting Poland, 23 September 2011



How far ? (Travel distances) ... Numerical for slow M.M.

"~ Period 1971-1982:

-V, =300,000 m3

e ,M.: - Rheology: ¢'=2kPa ; ¢' =23° n=10,000 kPa.s

e du Globe de Strasbourg,
e des Sciences de la Terre

Cursor

time: 1100
0
0
0

1982:

- Runout distance: D, = 653m ; D, = 681m
- Velocity: V,;.. = 0.04 — 0.08 m.day’
Malet (2005)
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How far ? (Travel distances) ... Numerical for fast M.M.

+ Travel distances for debris flows (at the catchment scale)

+ What is the minimal volume
of material (source area) to
reach the fan (stakes) ?

| Source area |

de Physique du Globe de Strasbourg,
Observatoire des Sciences de la Terre

+ Modeling of DF runout
according scenarios
(volume and rheology of the
source material)

spreading area
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How far ? (Travel distances) ... Numerical for fast M.M.

+ Travel distances for debris flows (at the catchment scale)

Calculation Start

é' .......................................................................................... *.................................;

Calculation of flow €

characteristics I unit weight  (KN.m3)
(V,H, X) i

Input parameters:

internal friction angle ¢ (°)
cohesion c (kPa)

dynamic viscosity 1 (kPa.s)

i Scouring parameters
New volume i
Vhew = V+ Vg i Hg: critical height of the debris flow
when scouring can start

Ve : veolume of scoured material in each cell
Vs can be calculated with the Rickenmann
formula, the linear progression, or the
section of erosion method.

Physique du Globe de Strasbourg,
pservatoire des Sciences de la Terre

1 timestep, 1 calculation cell

Output parameters:

New volume Vo = V

V : volume of the debris-flow in the cell
H : height of the debris flow in the cell
X : distance in the X direction

...............................................................................................................................

30

25

20

15

10

Flow height (m)

5
= R e = G O = e e N g T

~ Run-out distance (m) Remaitre (2006)
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How far ? (Travel distances) ... Numerical for fast M.M.

+ Travel distances for debris flows (at the catchment scale)

Solid material volume (m3) for (I) =0.50

Physique du Globe de Strasbourg,
servatoire des Sciences de la Terre
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- Remaitre (2006)
o

FP7 ITN CHANGES — Meeting Poland, 23 September 2011



How much ? (dynamic, impact...)

1. HOW? {whlch type of phenomena)

+ Empirical approaches
(based on previous
obervations in a given
study area, historical
databases) ;

Physique du Globe de Strasbourg,
servatoire des Sciences de la Terre

e

+ Numerical approaches
(statistical models,
physically-based models,
etc.).

6. WHO? WHAT? {stakes)
I-!OW? (lmpact}
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How much ? (dynamic, impact...) ... Empirical

Table 17.4. Equations for indirect determination of debris-flow velocities.

Equations Author Equation number
v = (gr.cos ® tana)"? Chow (1939) (17.4)
v = (29Ah)"> Chow (1959) (17.5)
v=(1.21gAh) Wigmosta (1983) (17.6)
v=(7S/Kp)H? Hungr et al. (1984) (17.7)
p=2.10"% 5§03 Rickenmann (1999) (17.8)
v=(S/Kpug)H*F Jordan (1994) (17.9)

v 1s debris-flow velocity. r is radius of curvature of the channel bend, & is the channel gradient, @ is the
superelevation gradient, Al is the runup height, g is the mass acceleration constant, p is the dynamic
viscosity of the debris flow, ppg is the Bingham viscosity, & is the channel slope, ~ is the unit weight, / is the
flow thickness, and K is a shape factor for various channel forms.

Physique du Globe de Strasbourg,
pservatoire des Sciences de la Terre

Table 17.5. Equations for indirect determination of debris-flow peak discharge, Q,.

Equation Author Equation number

0, = 0.135V"7% (bouldery debris flows) Mizuyama et al. (1992) (17.11)

0, = 0.0191"" (muddy debris flows) Mizuyama et al. (1992) (17.12)
0, = 0.0061"% (volcanic debris flows) Jitousono et al. (1996) (17.13)
0O, = 0.047%* (bouldery debris flows) Bovis and Jakob (1999) (17.14)
0, = 0.00311 (volcanic debris flows) Bovis and Jakob (1999) (17.15)

P

= 029317036 Costa (1988) (17.16)
0, =0.0161064 Costa (1988) (17.17)
0, =0.1108 Rickenmann (1999) (17.18)

I is debris-flow volume and V,, is the water volume behind the natural dam.

~ . Jakob (2005)
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How much ? (dynamic, impact...) ... Empirical

== Empirical relation limits proposed by Marchi and D'Agostino (2004)
= Regression relation of this study, V,,, = 7273 A%

== == Regression relation proposed by Takei (1984), V,,, = 13600 A%*'
- = == Regression relation proposed by Franzi and Bianco (2001), V,,, = 8959 A°®™*

de Physique du Globe de Strasbourg,
Dbservatoire des Sciences de la Terre
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Figure 4. Empirical relations between the catchment area and the volume of the debris outflow. The four data points collected during Typhoon T
are indicated as black solid squares. This figure is available in colour online at www.interscience.wiley.com/journal/espl

< . Dong et al. (2009)
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Observatoire des Sciences de la Terre

t de Physique du Globe de Strasbourg,

How much ? (dynamic, impact...) ... Empirical

Planimetric Area, B (m?)

107
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& Dataset B1+G+D (90 data): B=1712/3 e (b)
Specified “2/3 slope” regression model
10° 10 107 107 10 106 10¢ 107 107

Volume, V(m?)

Berti & Simoni (2007)
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How much ? (dynamic, impact...)

1. HOW? {whlch type of phenomena)

+ Empirical approaches
(based on previous
obervations in a given
study area, historical
databases) ;

Physique du Globe de Strasbourg,
servatoire des Sciences de la Terre

e

+ Numerical approaches
(process-based models,
etc.).

6. WHO? WHAT? {stakes)
I-!OW? (lmpact}
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How much ? (dynamic, impact...) ... Numerical
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Remaitre (2006)
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How much ? (dynamic, impact...) ... Numerical
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Remaitre (2006)
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How much ? (dynamic, impact...) ... Numerical

jue du Globe de Strasbourg,
dire des Sciences de la Terre

Remaitre (2006)
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How much ? (dynamic, impact...) ... Numerical

! Epaisseur des dépéts (simulation) (m)
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