
E. E. Alonso
Real Academia de Ingeniería

UniversitatPolitècnicade Catalunya, Barcelona, Spain

México DF, June 29th, 2011

INSTABILITY OF RETAINING STRUCTURES: FROM 
TAILINGS DYKES TO WATER DAMS

CAETS
Engineering Analysis and Management to Reduce Risks



GEOTECHNICAL ENGINEERING

1) Stability

2) Acceptabledeformations/ motions



FIRSTPARADIGM: Shear strength law by C.A. Coulomb
(Angoulême1736-Paris1806)

Charles AugustinCoulomb

Ingenieurdu Roi(Louis XIV)
Bourbon castleduringconstruction, 1771. Martinica Island

tanc= +t s j



SECOND PARADIGM. Effectivestress law. Karl von Terzaghi 
(Praga, 1883 - Winchester, 1963)

Terzaghi en 1926. (Casagrande, 1960)

All the measurable effects of a 
change of stress, such as 
compression, distortion and a 
change of shearing resistance are 
exclusivelydue to changes in the 
effective stresses , sΩ1, sΩ2 and sΩ3. 
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ÇCatastrophic landslide (270 M m3) on October 19613 when the reservoir level was 
close to maximum

VAIONT LANDSLIDE

ÇGigantic wave generated (220 m high)
ÇMore than 2000 casualties
ÇDam stood without breaking



(Gabriel Fernández, 1979)



Accumulated displacements of surface markers in the period 1960-1963 and its 
correlation with reservoir elevation. (After Nonveiller, 1987)

VAIONT LANDSLIDE



Two representative cross-section of the landslide

(Hendron and Patton, 1985)



(Gabriel Fernández, 1979)

The sliding surface



In general terms, the velocity of the landslide depends on the amount and 
duration of the lack of equilibrium between the resistant actions and 

destabilizing actions applied to the landslide body. 

ACCELERATION OF LANDSLIDES

Effect of slide 
displacement on safety



ÅLoss of the strength with the displacement induced in brittle materials

(mainly associated with first-time slides).

ÅLoss of the strength with the rate of displacement.

ÅGeneration of compressive pore water pressure on the sliding surface in 

undrainedor partially drained conditions (liquefaction).

ÅάDynamic fragmentationέ ƻŦ ǇŀǊǘƛŎƭŜǎ ŦƻǊƳŜŘ ōȅ ǎƘŜŀǊƛƴƎ 

ÅPore fluid pressure generation within the slip zone due to the movement of 

the slide due to thermal effects.  

Possible causes of acceleration



 

Saturated fragment of Opalinus clay before 
heating in the microwave oven of the laboratory. 

The fragment, highly fissured and partially 
broken after heating in the microwave 

oven. 

A cheap laboratory heating experiment

άOpalinus clayέΥ ǎƻŦǘ ŎƭŀȅŜȅ ǊƻŎƪ ƻŦ ƳŀǊƛƴŜ ƻǊƛƎƛƴ  ǿƛǘƘ ƭƻǿ ǇŜǊƳŜŀōƛƭƛǘȅ όмл-12 a 
10-13 m/s ) and low porosity (4%-12%). Clay minerals (40-80%) (illite, illite-

smectite, chlorite, kaolinite).



Before heating in the microwave oven After heating in the microwave oven

Heating a piece of 
porous stone

A thermal pulse having a nominal power of 1400 watts was 
applied during 40 seconds
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Thermo-hydro-mechanical coupling. Rapid landsliding

w

άLƴ ǎƛǘǳέ ŎƻƴŘƛǘƛƻƴǎRepresentative element of the sliding surface

Shear band
Water pressure generated in the 
shear band (local axis)



Dynamic analysis of Section 5 of Vaiont. Base case: k = 1·10-11 m/s; 2e = 5mm
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San Juan de GrijalvaLandslide, 
México (2007)

Alcántara-Ayala et al. (2008) 

50 million m3

1200 m long 

610 m wide

70 m deep

800 m run-out 

80 sec of movement

The impact of the slide against the water of the river 
generated a wave of 15-50 m high. 

A 80 m high and 1170 m wide dam was created.

Triggering causes: 

Intense precipitation.

Earthquake 5 days before

Rapid drawdown in the 
reservoir of Peñitasdam 14 
km downstream .

A channel was excavated in the natural dam. 

CASE HISTORIES OF LANDSLIDES IN RESERVOIRS



Qiankiangping Landslide, 
China (2003)

20 million m3

1200 m long 
1000 m wide
20 m deep
250 m run-out 

The impact of the slide against the water of the Yangtze river 
generated a wave 30 m high. 

Triggering causes: 

Heavy precipitation

Erosion by the river

Excavation of the toe for quarrying  

A channel was excavated in the natural dam 

Wang et al. (2004) 

Sliding zone:

A upper layer of black silt with calcite (wL = 30%; PI = 2) 

A lower strata of yellow clay (wL = 49%; PI = 40).


