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Factors whichinfluence or trigger mass movements,

| _ Slope

Fine sand
Steep slopes with loose

sediment are a major factor
in mass movement. The
steepest stable slope for ¥ Coarse sand
loose sediment varies with
particle size and shape. This
maximum stable slope angle
1s called the angle of repose.
Fil § U rth

16 Li

Weathered. rubbly (a) After

rock and soil constructionAntrOphOgeniC

activities

and natural

Construction on steep
slopes can put people at
isk from landslides

(b) Slide after prolonged rain

Angular pebbles|

The amount of water also influences the angle of

s Water:

_ Warer in some

pore spaces binds
particles

Dry sand

_Pore space

filled with air

__Water between

all particles
keeps them
apart and

allows them

11/05/2003

P

Photograph of a typical burned hillslope in southern California. Photograph by

Sue Cannon.



Precipitation induced landslides at basin scale

The problem isquSually solved in term of SF bi/ coUpIing an hdroloicél model
¥ with a geomechanical model -.

Rosso R, Rulli M.C. Vannucchi G., WRR 2006 §
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ROAD SURFACE

a;

surface
and ,--
Ditches

Increase ' Add new : ” i
Overland Subsurface Flow \ Channel to -. .

stream _ %
network

Channel NeTor‘k Ex‘rensuon I Q(t) = Qbase + Qquick
Without

Q ) _ road
Increase qunck dlschar'ge | AQquick — 0 rain _ |
cutroad

"

-u-

- {/*’

Increase and an‘rucupa‘rlon Vo|ume'|'r‘|C Clnd
of peak discharge / Tlmlng ‘Eff@CT

-
—
J——
L
-_—
-
-
o

Fpom Wemple, et al.
§ 1996)



a. Outsloped

b. Insloped

c. Crowned

Hp: Impervious Road Surface
Small roughness
Negligible vegetation transpiration and
intferception

Hydraulic Analogy: Road - Channel




Overland and Subsurface Flow
Interception




The intercepted discharge by
the road is routed downslope
trough the culvets

Culvert not connected
Culvert
connected to

Culvert connected ephemeral

to the actual
drainage Retwork

Ephemeral
Channel

“ % htl"\

VY, ppdingd® Deristhy




The presence
of ROADS
can modify

contributing

area at
selected
point




- Geomechanical Effects:

Geo-mechanic
Effect

Increase of
slope in Loss of
cutslope and il vegetation
fillslope areas

Load due
to
fillslope

Cut slope landslides Fillslope landslides
triggering triggering

Increase of shallow
landslides

Hydrologic
Effect

Increase of soil
water content in
downslope
culvert areas.

%
.

5. ; "% -
his ‘a‘prr flow are not

etaken i account in the
.prej t analysis

" i
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Hillslope Slides
iinfinite slope analysis)
#Cutslope Slides

(Stability maps)

Fillsldpe Slides

(Stability maps)
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Cutslope X

Cenler coordinaiey for

> H;po‘rh_ésis:'

Circular failure/surface
hillstope s:mpl&geome‘rry

Soil having friction-and cohesion
Soil homogeneous and |so‘rrop|c.p
Friction circle me‘rhod =
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BASIN PARTITIONIN

’ I
Channel:.mor enswnal Topogr‘aphlcelemen‘r starting’ a
The Jgne#f* nof 2 s‘reepes’r lines™ B

" The effect of pr‘eseﬁce of ROAD on basin
partitioning

¢ - "
“
i
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Saturated Hydraulic Conductivity:

Ks =Kee ™" dove f=— - =

Water Content:
S:(Zs_zi)'(es_edry) Id:(es_edry)'zi_ls
S, =(6;-6,,)z.-S I =1-1,

dry

Flux unsaturated -saturated:

Saturated . St = KS I_S
d
g, B Subsurface Flow:
Zy / -S4
L2 i sf =tan(er)-K.-e ™
e Mg - (@)-Ks
: “ saurated ~ Infiltration:
Saturated '
| . S
~o - lin=K, =
= \®m < R
Rock Rock Percolation in the cracked Rock:

bin = K, - At con K, =%Kf TK,

Rulli M.C., Rosso R., AWR 2007



Area of detal

H. J. Andrews
Experimental Forest

1 0 1 2
LB —

Kilometers

0 100 200
— —

Meters

- Location of roads, culverts, and

__j" mstrumen’ra’rlon are shown.

ek L oppge -

" Elevation 470 - 1050 m a.s..-
Areal L‘,“z - 4
Clay Soil z » 27
o Mﬁcr'opor'es in the soil y

=103+ 10> m/s

¥
[}
-

7" Mean Annual Precip. 2300 mm

™ e, —-'Eh.'-.
Mean rainfall Intensity 4'mm/h.

Meah Discharge 5*10:2 m3/

And ews’Expemm?an’ral Forest, Or'egon

Rainfall event

3-9 February
1996:

max rain 12 mm/h
Total rain 340mm

16 shallow
landslides:
8 hillslope
8 fillslope/cutslope

Rulli M.C., Rosso R., 2008




Good Model
eproduction

Upslope road: Downsloﬁ'é road:

landslides “klandslides
triggering is mainly 1 riggering is mcunly
due to the "~ “ddefo the

geometric effect. hydrologic effect.
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increase of the number of roads
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FIRE INDUCED SHALLOW LANDSLIDES
TRIGGERING

;

Vegetation cover destruction
canopy cover
roots at 10-20 cm of depth

H o|ale og‘ A
rFrocesses

Formation of a water repellent layer
& formation mechanism

- 5

‘ . & thickness
b, ~Irgcr'eased p position .
Ovef‘lmd ﬂOW, = duration soil type

temperature

sedlme"ﬂ‘l':\/ield vegetation cover
and shallow el 1 water content
landslides - - A P

susceptibility

Effects on soil properties

& increase in erodibility
& decrease in infiltration capacity
&, decrease of cohesion

L
I-"'I

Rulli M.C.,Bocchiola D., Rosso R., JoH 2006



THE EVENT OF 18 th OF JULY, 2005

o iaasllie Severe rainfall
event. About 40

mm of rainfall

dropped in less
thageB0 minutes

em2 catchment
sella) located
the

edmont, Italy « . e
M&j‘ar Features 5\:
Geology: granitic'gheiss; insthe &,
highest areaq, large with _,

exposed granitic formafions §
Climate: mediterranean |
Rain: mainly in May and WO V= == e
October (MAP is 1300 mm) N s
Vegetation: Chestnut ' . P
Hydrography: ephemeral
streams
Topografy: steep slopes,
elevation range 1600-250 a.s.l.

Jﬂﬂglv
g
AL VIRVE Y
W)k 77
il e
Nl s

vy

J'*_'

Rulli M.C.., Rosso R., GRL 2006 Vo

_1On 16 th March

= 12005 a severe

| forest fire
occurred in the
area of Rio
Casella burned
more than 70%
of the study

ol

In the period from the begi
the year 2000 to the day of
forest fire, 47 rainfall even
occurred having or r
greater than thet
triggering 1 Aas.

s BFy ¥ o
' ole"of forest fire
ing, mass movement should be
o aken in consideration.

—-18/07/2005 debris-flow

— 19-20/09/2000

— 28-29-30/09/2000
12-13-14-15/10/2000

— 14-15-16/11/2002

2000 3000 4000 5000

Time [minutes]
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To investigate the

influence of changes in

land cover and soil

characteristics, from

pre- to post-fire

conditions, on runoff
production and shallow
landslides triggering,

during a rainstorm

[
Historical
Rainfall
Records

eld Data

egeiad O d

e

Modeling and predicting
hydrological and
sedimentological

response of burned
areas

Deterministic

‘0

To provide a
deterministic

TRANSIENT/

model framework
for studying
shallow
landslides
susceptibility
in the
Simulation different
Runs *emPO(‘d
scenarios
POST
- PRE-
FIRE FIRE
Friction Angle [°] 42 42
Saturated Soil
Spec. Weight
[KN/m?] 215 215
Cohesion [KPa] 0 10
Apparent Cohesion
[Kpa] 0 0

16 MONTHS
SBM Parameters POST-FIRE| after the PRE-FIRE
forest fire
Soil depth upslope [m] 1 1.5 2.5
Soil depth downslope [m] 1.5 2 3
0.000001 /| 0.000001 / | 0.000001
Ks upslope [m/s] 0.00005 0.00007 / 0.00015
0.000001 /| 0.000001 / | 0.000001
Ks downslope [m/s] 0.00005 0.00007 / 0.00015
Multipling factor for horizontal
K [-] 1 1 1
Rate of decay in K with depth
[-] 0.3 0.3 0.3
Satured soil water content 6, [-
1 0.4 0.4 0.4
Residual soil water content @y
[-] 0.1 0.1 0.1
Initial satured store of the
bucket [%] 10 - 30 10 - 30 10 - 30
Initial soil water content -
upslope [-] 0.1 -0.2 0.1 -0.2 0.1 -0.2
Initial soil water content -
downslope [-] 0.1 -0.2 0.1 -0.2 0.1 -0.2
POST-FIRE | TRANSIENT/| PRE-FIRE
16 MONTHS
Manning coefficient - Slopes [s
m-1/3] 0.04/0.015( 0.04/0.025 | 0.04/0.04
Manning coefficient - Channels
- upslope [s m-1/3 ] 0.015 0.025 0.04
Manning coefficient - Channel -
downslope[ s m-1/3 ] 0.015 0.025 0.04
Critical Support Area [-] 50000 50000 50000
Channel Width Scaling Factor [-
] 0.26 0.26 0.26
Outlet Flow Width [m] 3.7 3.7 3.7
Time Step for the Kinematic
Wave [s] 60 60 60
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Anthropogenic and natural activ forest fires
can strongly influence the hydrologic response
landslides susceptibility of upland catchments!

For studying anthropogenic and natural activities influence on
shallow landslides triggering it is necessary correctly evaluate
the effects of these activities on the hydrological fluxes 5 e
(g_eper\atlon and direction). S *-'5"..-'_-

E-"Or sfgdxlngar]thmpogemc and natural activities mfluence on
g It IS necessary correctly select

= the g@mwaqsa\‘mod a
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pp*{l—exp(—:l 5)} JFE<-A In(l—pp’k}

: p*).
JFE>-A In[l—p}
«_ Tbsing
. a
e
=—-(1-S
A= (0=50)
w=h/z

_[Gs+e-S —w-(1+e-S,)] tang'

ES =
> [G,+e-S, +w-e-(1-S,)] tand

& = (p*/2)t



Precipitation threshold for slope instability

b (Gs+e'sf)'£l_:::H'] h l+e Thsing
T =siné 4 —‘exp(— +: il t]
a z e—e az
1+e—e-(1—S,)-(1— tan@lj r
(t)— | tan ¢
= [ 1+e Thsind j
1-exp| — t
e—eS, az

Temporal scale of hillslope evolution

p (t) = myxgt ™4

(G, +e-5,)-[1- @0 |
tan ¢’ h, 1+e Thbsiné tj

per = Peall) 1L

tan ¢'

1+e Tbsin@t
e—eS, az

= — mlet_(l_n)

1- exp[—



= 1
k= | a/b =50 m
E
a 100 - a/b =100 m
= ]
© ] a/b =200 m
©
o T = 500 yea
Tg =70 year:
7 Tg =15 year:
10 S T T T T T] T T T T
0.1 1 10 100
t [d]

200<Tr<500 years
100<Tr<200 years
60<Tr<100 years
50<Tr<60 years
40<Tr<50 years
30<Tr<40 years
20<Tr<30 years
10<Tr<20 years
5<Tr<10 years
D<Tr<5 years
Unc.Unstable

Unc.Stable

- Tr> 500 years

100<Tr<500 years

' 50<Tr<100 years

30<Tr<50 years

. 20<Tr<30 years

10<Tr<20 years

- 5<Tr<10 years

2<Tr<5 years
1<Tr<2 years
0<Tr<1 years
Unc.Unstable

Maps of Mettman Ridge catchment
showing shallow landsliding prone
areas in term of return period of
potential failure considering initial
condition of stable piezometric at the
depth of bedrock, h(0) =0 and

h(0) = 0.15, ¢ =45°, T = 65 m?/d,

ps = 1600 kg/m3 and G, = 2.60 .




	Factors which influence or trigger mass movement

