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principles included in the Essai

relevance in the seismic
design of earth retaining
structures
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• equilibrium
dans le cas d’équilibre…

• strength compatibility
les deux parties de ce pilier soient unies 

dans cette section, par une cohésion donnée

stability of a masonry column

• optimisation
… ce qui aura lieu lorsque on déterminera P, tel 

qu’il soit un minimum…
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equilibrium, strength, and optimisation

→ derive forces under working load conditions

analysis of retaining walls

(…) la méthode est absolument la même.
(…) pour avoir la pression d’une surface de 
terre contre un plan vertical, il faut trouver 
parmi toutes les surfaces (…) celle qui (…) 
exigerait, pour son équilibre, d’être soutenue 
par une force horizontale qui fut un maximum
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simplified analysis of a cantilevered retaining wall
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seismic design of earth retaining structures

• final (permanent) displacement
• internal forces in structural members
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embedded 
cantilevered wall
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transition to a plastic
mechanism

kH γ kH γ
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capacity curve

1.5 - 2 %
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plastic mechanism – limit equilibrium
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comparison with results of dynamic analyses
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L. CALLISTO
scavi sostenuti da paratie -

azioni sismiche
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dynamic analyses yield permanent displacements
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A

B

increase of mean effective stress → volumetric deformability

causes for permanent displacement
• activation of soil strength
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macro-element predictions
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base motion

macro-element

macro-element predictions
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centrifuge test (Conti et al. 2012)
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capacity curve
kC = 0.267
sF = 0.01α = 0.88
β = 2

centrifuge test (Conti et al. 2012)
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gravity walls
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after a first activation…
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soil-str. interaction model
macro-element
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conclusions

• soil strength relevant to the actual behaviour of retaining
structures

• system capacity essential to develop macro-models for 
prediction of displacement and internal forces

• ability to predict capacity

• pre-failure response essential, but related to capacity

• we owe to the Essai
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