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Major slope-nstability refated catastrophes of the 20th century

Kansu (China)

Gros Ventre (Wyoming)
Madison (Montana)
Valont (ftaly)

Aberfan (Wales)
Huascaran (Peru)

920 Loess flow
925 Rockslide
959 Rockslide
93 Rockslide

970 Complex

Nevado del Ruiz (Colombia)1985 Debris flow

Casitas (Nicaragua)
Venezuela
Swiss/Italian Alps

998 Debris flow
999 Complex
2000 Debris flow

1
1
1
1
1966 Debris-slide
1
1
1
1

200,000 killed
~4( killed
>100 killed
2,600 killea
144 Killed
25,000 killed
23,000 kiled
+2,000 killed
+20,000 killed
38 Killed

* Injury & loss of life
» Property damage &

communication problems
Social & economic disruption
Loss of productive land
Annual economic losses
— USA =2 billion US$
— Japan ~4 billion US$

* 1999 Venezuela debris tlows ~

50,000 dead
— 10 billion USS
—~ 10.2% of GDP

2000 Swiss & Italian landslhides
and debris flows ~ 8. 5 billion
USS
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plane Curved escarpment

(Slumps)
(Planar)

Translational landslide Rotational landslide
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Surface of rupture

Fractures
Scarp

Slump block
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Indications of an Impending
Slope Failure

Cracking or Tilt
of Hm“ Elemell:t?s

Cracking or Tilting of House Elements: soling at the Base of Slope:
5 sinags WTICh IBa




House with
sagging foundation
and cracked walls

Tilted
telephone
poles
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Resistance
force (Fg)

Fd>FR

Fq

Steep slope

Component of gravity parallel
to hillslope increases as the

slope angle increases.

Gravity holds
boulder against a
horizontal surface.

I

Total

gravity
(weight)

\J

Component of
gravity parallel
to hillslope

Gravity pulls
boulder down a
vertical surface
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S

A : Shear surface [m2];

W : Gravitational force [N];

WsinB/A : shear stress [KPa=kN/m2];
s = c + o tan ¢ : shear strength

¢ = normal stress=Wcos /A

¢ = cohesion (KPa)

¢ = angle of internal friction (degrees)

/R=cA+Woosftang

W sin p eSS Shear stress = Wsinp/A

Shear strength =cA+ W cos [} tan ¢

¥
o g
.

CWogm i st

Al T e Factor of Safety (F) = Shear strength =cA + W cos B tan ¢

Shear stress Wsinp/A
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Reinforcement

Soil nail
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Reinforcement

Anchors

Possible failure
surface
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Slope Failure

Repair Options
.
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Surface cover containing
CS5 sensor, wireless com-
munication and solar panel

Sensor Audible and

visual alarm

transmits AE to

[I[T,)) ......... @T,))

D. ?  $&)0

: =
_ E [‘i Slope ALARMS acoustic sensor

Steel waveguide

_Gravel backfill

. Deforming slope generates
acoustic emission from gravel

Slope ALARMS AE monitoring approach incorporating an active waveguide (Dixon et al. 2015)
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