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YIELDING (DUCTILE) RETAINING STRUCTURES

tied-back anchored steel
sheet pile (ASSP) walls

gravity/semi-gravity walls embedded (flexible) walls

(.|r.15ta.ntaneous) >é collapse
mobilisation of strength




QUAY WALLS
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QUAY WALLS

increased vessel size and draft

Cuba Port expansion




SEISMIC VULNERABILITY
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CONVENTIONAL SEISMIC DESIGN

simplified analyses

pseudo-static approach
equivalent seismic coefficient

not accessible

SSP solutions

advanced numerical analyses
FEM/FDM

time domain
advanced constitutive models




PERFORMANCE BASED SEISMIC DESIGN

demand < capacity

LIMIT STATE REQUIREMENT
serviceability (SLS) limit deformations
frequent/weak earthquakes stiffness/strength
ultimate (ULS) avoid brittle failure
rare/strong earthquakes ductility/strength
strength

[ permanent displacement

(seismic capacity) . _
(geotechnical design)

performance <
(seismic demand)

capacity/demand ratio structural elements
 (structural design)




PERFORMANCE BASED SEISMIC DESIGN

displacement based approach

force based approach
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PERFORMANCE BASED SEISMIC DESIGN

displacement based approach

force based approach

[,B(uadm) *Amax = ac}

critical acceleration, a,
full mobilisation of strength




NEWMARK’S APPROACH

rigid block

= tan
u {L‘ 4

ap(t) = gkp(t)




NEWMARK’S APPROACH

relative displacement u, = 0 knW
ap < a. absolute acceleration a = ay,
internal force T
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NEWMARK’S APPROACH

relative displacement u, # 0
absolute acceleration a; = a,
internal force T =T;m(a.)

[ Up = 1 U lap(t) — a.] dtﬂ

kW

Tlim '”I

a,(t) = a,
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NEWMARK’S APPROACH

1. How to compute a.? RGN
(what failure mechanism?) Tum—’l”I .

2. Maximum internal forces? @, ()
(really bounded by their critical values?) @

3. How to compute permanent displacements?
(rigid block assumption reasonable?)

ASSP wall
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strength hierarchy
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PLASTIC MECHANISMS
critical mechanism?

toe failure anchor failure
'

local failure




PLASTIC MECHANISMS critical acceleration

limit equilibrium (pseudo-static)
earth pressure distribution around the wall

internal forces

toe failure anchor failure global failure
(ky,TF) (ky,AF) (ky,GF)
critical mechanism k.=min{k, }
o Caputo G, Conti R, Viggiani GMB, Priim C. (2021) J Geotech Geoenviron. Eng 147(2): 04020154
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NUMERICAL ANALYSES
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NUMERICAL ANALYSES
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NUMERICAL ANALYSES
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NUMERICAL ANALYSES
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PARAMETRIC STUDY

soil :
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RESULTS
case A
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DISPLACEMENTS simplified dynamic methods

Non linear SDOF
(Callisto, 2019)

Generalised Newmark method

(Cattoni et al., 2019; Oliynyk et al., 2022) , ,
non-linearity accounted

Dynamic Limit Equilibrium for by pushover curve
(Caputo, 2021)

Caputo G, Conti R, Viggiani GMB (2023). Effects of Displacement Hardening on the Seismic Design of Anchored Walls.
/P J Geotech Geoenviron Eng ASCE. 04023112-1 oy
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CONCLUSIONS

a_crucial ingredient
structural design (maximum internal forces)
geotechnical design (displacements)

pseudo-static LE methods
failure mechanism and critical acceleration
maximum internal forces

maximum internal forces bounded by critical values
activation of ductile plastic mechanism = structural elements inherently safe

permanent displacements

rigid block assumption NOT applicable
other simple methods (SDOF, GN, DLE) exist
non linear behaviour (a(t)<a,)

complex kinematics
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