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MODÉLISATION
ELASTIQUE ET ELASTOPLASTIQUE
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Deux versions 
- une version synthéCque pour donner le cadre
- une version détaillée pour expliquer plus en détail l’origine des modèles élastoplasCques



VERSION 1: VERSION TRES ABREGEE DU DOCUMENT
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VERSION TRES ABREGEE DU DOCUMENT
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VERSION TRES ABREGEE DU DOCUMENT

64



VERSION TRES ABREGEE DU DOCUMENT
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VERSION TRES ABREGEE DU DOCUMENT
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VERSION TRES ABREGEE DU DOCUMENT
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VERSION TRES ABREGEE DU DOCUMENT
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VERSION 2: VERSION DETAILLEE

(VOIR SUPPORT DE COURS SUMMER SCHOOL)
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MODÉLISATION
CRITÈRE DE HOEK & BROWN

70



• Critère de Hoek & Brown: pour le cas des contraintes
faibles ou modérées
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• Critère de Hoek & Brown: pour le cas des
contraintes faibles ou modérées
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• Critère de Hoek & Brown: pour le cas des contraintes
faibles ou modérées

• Plusieurs révisions de ce critère

• IntroducCon d’un nouvel indice indice de caractérisaCon du
massif rocheux GSI (différents du RMR)

• Il s’exprime, quelque soit sa formulaCon, en contraintes
effecCves principales.
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• Pour de forts confinements

Le critère de rupture est assimilé 
à une droite

• Pour des confinements faibles
à modérés

Le critère de rupture est supposé 
être parabolique (ou autre forme)
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• Critère de Hoek & Brown: pour le cas des
contraintes faibles ou modérées (détails par la suite)

Il est exprimé dans le plan des contraintes effectives principales

Avec
• Rc la résistance en compression simple de la roche saine (obtenue

pour s3 = 0) ;
• s : un paramètre définissant le degré de fissuraCon (1 pour un

échanCllon intact et 0 pour un matériau complètement
granulaire) ;

• m : un paramètre lié à la nature de la roche (noCon de cohésion,
typiquement de 0.1 à 5). 75



• Critère de Mohr-Coulomb: pour le cas de
contraintes élevées

Idem que celui des sols: c’est une droite dans le plan de Mohr

Dans le plan des contraintes principales

avec

Rque: ne prend pas en compte la forme incurvée observée expérimentalement
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Il s'écrit également sous la forme 

(défini ci-après)
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Le Geological Strength Index (GSI)
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Déformabilité du massif
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Le facteur dde sécurité peut être calculé à partir de la relation 
suivante :



Tutorial – supervised work 

A bridge is to be constructed across a steep sided gorge cut into a massive sandstone. In order 
to minimize the span a site has been chosen where one face of the  gorge forms a  convex 
'nose'. An examination of the rock mass at this location has revealed two highly persistent dis- 
continuities dipping in approximately the same direction as the main gorge face. Details of 
these discontinuities are given below. Although the rock mass appears to stable, there is some 
concern over the possibility of plane failure occurring on discontinuity A with the side faces of 
the 'nose' acting as lateral release surfaces. 

Discontinuity Dip JRC JCS (MPa) 

A 35 ° 10 5 
B 80° 5 5 

 The geometry of the slope is shown in the following Figure 1. 
The foundations for the bridge are to be placed 2 m behind the crest of the slope. It will impose 
a 0.2 MN/m vertical load and a 0.1MN/m horizontal load (direction same as dip direction of 
the slope face) on the rock mass. 
The site is in an earthquake zone and the maximum likely ground acceleration determined 
from previous earthquake events is 0.2g. 

Figure 1: problem definition for plane failure example showing representation of forces acting on the 
slope 

Determine the factor of safety against sliding for the following conditions: 
a) The natural slope with no foundation loading, no earthquake loading and no water in

the discontinuities
b) As (a) but after a period of prolonged rainfall.
c) As (b) but with the earthquake loading.
d) As (b) but with the foundation loading.
e) As (b) but with the foundation loading and the earthquake loading.

Assume reasonable values for any parameters not given. 
-------- 



• 

Solution 
The forces acting on the slope are also shown in the Figure 1. It has been assumed that during 
the period of prolonged and heavy rainfall discon-tinuity B is maintained full of water and that 
water drains freely along discontinuity A. A value of 30 ° is assumed for the basic angle of 
friction and 25 k N/m3 is assumed for the unit weight of the rock mass. 
A section perpendicular to the face and of unit width has been taken for the analysis (Figure 
1). The cross-sectional area of the sliding block is 27.5m2. This was determined  by drawing 
the cross-section  to scale 
on graph paper and counting squares. The self-weight of the sliding black is 25 x 1 x 27.5 = 687 
kN/m. 
Since a number of different force combinations are to be examined it is good practice to 
resolve all the forces parallel and perpendicular to the sliding surface (discontinuity A) and 
place the results in a table such as shown in Table 1. The calculations are shown in Figure 2. 
The parallel and perpendicular components can now be summed for the different 
combinations of forces under consideration (see Table 2). The normal stress acting on the 
failure surface is required  by  the Barton shear strength model. This may be calculated for the 
1 m wide section of slope under consideration by simply dividing the sum of the perpendicular 
components (S Z) by the length of the sliding surface (L) which is 9.8 min this example. The 
values of normal stress for each of the five cases considered are shown in Table 2. 
The factor of safety in each case has been calculated using 

 
Table 1: Resolution of forces 
  

Force Magnitude 
(kN/m) 

Parallel 
component 
(kN/m)  

Perpendicular 
component 
(kN/m) 

Self-weight of sliding block, W 687 +394 +563 
Pseudo static force representing 
the earthquake loading, aW 

137 +112 -79 

Force V from water in 
discontinuity B 

27 +25 - 11 

Uplift force U from water in 113 0 -113 

discontinuity A    
Vertical foundation loading, Pv 200 +115 + 164 
Horizontal foundation loading, Ph 100 +82 - 57 

 
  



 

 
 

 
 

  
para : parallel plane, perp : perpendicular plane 

Figure 2 : Resolution of forces acting on the slope parallel et perpendicular to the sliding 
surface. Earthquake force aW : 0.2x687 = 137 kN/m (a – 0.2 is given) 
 



 

 
Figure 2 : Continued 
 
The sensitivity of the factor of safety to water pressure in the discontinuities and external 
loads is clearly seen in Table 2. The dry slope with no external loads has a factor of safety of 
1.91. The effect of filling discontinuity B with water due to prolonged and heavy rainfall has 
resulted in the factor of safety dropping to 1.47. The slope is still safe, however. The 
combination of an earthquake event and heavy rainfall, however, results in slope failure. The 
construction of bridge results in a dangerously low factor of safety during heavy and prolonged 
rainfall and failure if an earthquake occurs at the same time. This result  would justify the need 
to carry out a more rigorous analysis of the slope using a boundary element or finite element 
approach. 
 
  



Table 2 : Calculation of factor of safety for cases (a) to (e) 
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