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Volcanoedlank collapses

The 198Gsector collapse and debris avalanche
at Mount St.Helens triggeredhe recognition

of manysimilar debris avalanche deposits
worldwide (Siebert, 1984Ui and Glicken

1986; Siebert et al., 1987; Francis and Wells,
198§ Vallanceet al.,1995).

Since thenseveralstudies haveevealed that
many volcanoes are susceptible to failure
caused byexogenous or endogenous
processegMcGuire, 1996),
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Volcanoedlank collapse: causesandtriggers

Instability of a volcaniedifice maybe causedy many factors :

A direct magmatic intrusioninto the edifice Bezymiannytype activity,
Gorshkoy 1962 Day1996;Elsworthand Voight, 1996),

A deposition of voluminougpyroclastic deposits on steep slopes (McGuire,
1996),

A hydromagmaticprocesseszurisin 1998),

A phreatomagmaticactivity (Bandaitype activity, Moriya, 1980).

A faulting and tectonic settingsNicGuire,1996; Siebert1984

A Earthquake(Keefer,1984)

Gravitational failuresmay occur in response tprogressive weakening

of anedifice. Other triggering mechanismisicludephreatic explosions and
Hurricaneinduced rainfalltrigger (flank collapse at the Casita volcano in
Nicaragua in 1998heridanet al., 1999; Scott et al., 2005



Arecently developed techniquef analysis applied tstrato-volcanoedy
Borselli et al. (201%, offersnew insights for assessment of degree of
instability for flank collapse of volcaniedifices

The new technique combinethree methodologies

A 1) slope stability by limitadvanced equilibriumanalysis(ALEN) of multiple
sectors on the volcanasingSSAP 4.(5lope Stability Analysis Softwayre
Borselli2011) whichincludefluid internal overpressurer progressive
dissipation Borselliet al.2011), and rock mass strength criteriel¢eket al.
2002,2006) for local, stress state dependent, shear strength;

A 2)the analysis ofelative mass/volume deficit in the volcano structuye
made using the neWOLCANOFIT 2sbftware Borselliet al.20112;

A 3) Statistical analysis ofmajor flank debrisavalancheages in the last
10,000 BPRusingstochasticarithmetic methods(Vignes 1993, and
calculating the mean time of recurrence of them.

‘ Borsellca Cf ' y] O2fflLJASa YR ySég NBf | (i ABOiSe Staty Eniversitgl 3/00/8086, Boisd (D 2



Relative slope stability byadvanced
limit equilibrium method (ALEM)

OO

Limit equilibrium method
(LEM) Slope stability
analysis (Duncan 1996):
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A Generic shape random search
of minimum FS sliding surface
by Monte Carlo method

A Rock mass strength criterion
(Hoeket al. 2002,2006).

A Fluid pressure function (
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lithostatic equivélent ]
overpressure and dissipation L
fields Inside volcanic edifice)

(Borselliet al. 2011)
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b )

ear strength parameterization of main bodies of the stratovolcano lollowing the Hoek and Brown strength cnterion {Hoek et al, 2002).

v unsaturated unit s saturated unit ol uniaxial compressive strength GSI geological strength  m, lithological index D disturbance factor

weight weight of intact rock element index (adimensional) (adimensional)
(kN/m?) (kN/m’) (MPa) (adimensional)
Strato volcano main body ~ 24.5 250 50 40, (60)* 22 1.0
Hydrothermal altered body 24.0 245 40 30, (45)* 22 1.0
Dome and conduct 240 245 25 20, (30)* 22 1.0

“In parentheses the GSI value for scenario analysis Nos. 2, 3 and 4 (50% increase assumed with respect to GSI of scenario no. 1),
Characteristics of scenario analysis adopted for limit equilibrium analysis.

Scenario  Description Notes
no. 1

1 Geomechanical parameters as in Table 2 No seismic effect
2 Geomechanical parameters as in Table 2 with  No seismic effect
GSI increase of 50%

The same as scenario 2, but seismic coefficients Seismic effect by LEM
Kh=02; Kv=0.1 pseudostatic analysis
The same as scenario 2, but seismic coefficient  Seismic effect by LEM
Kh=025; Kv=0.125 pseudostatic analysis
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Fig. A.2. Example of volcanoid with constant negative curvature (Eq. (A.5)).

Z =a cosh 5

for ¥r=c and a, b,c=0.

z,—a

L=
1 +e7

with z;=a and z;,a,b,c=0.




