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Embankment construction by means of a
membrane foundation
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Motivation

@ Extension of infrastructural facilities in challenging areas

2 Foundation for stockpiles, dikes etc.
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Introduction 1HUESKER

Challenges
@ Soft solls @ Conseguences
= Low stiffness 2 Inacceptable deformations

and/or horizontal thrust on
adjacent constructions

= Insufficient stability

= Low permeability
= Low shear strength
= High degree of saturation
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Solutions
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Construction methodology adopted
to soil conditions

K

Load transfer SOI| confmement
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Soil confinement ©: HUESKER
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Temporary to

— secure stability during
earthquake/ liquefaction

Raft & Pile Foundation

Permanent to
— Secure stability
— Prevents soil extrusion
— Reduce lateral thrust

— Reduce lateral
deformation

— Cut-off depression
curve

Poungchompu, 2009

Harata et al., 2009
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System

Tensile stiff membrane

Wall element

Soft soil

Competent layer
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System behavior

@ Increase of horizontal pressure in s
subsoil due to embankment load
- outward movement of vertical
walls

=2 Activation of tensile forces in the Unloaded and undeformed
membrane - restricting outward
movement

© Further activation due to
settlement depression of
embankment

Loaded and deformed
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Investigation

o Total pressure cells (back wall)

= Porewater pressure cells (back wall)
o Total pressure cells (side wall)

A Total vertical pressure cells

td-b Displacement transducer

6.7 cm
6.7 cm
5.35 cm
50 cm + 40 cm
Centrifuge model set-up Numerical model
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Investigation

gear system

—storage drum

motor-l
steel bars

motor
1 funnel

threaded rod —— _—— membrane

membrane bearing on
axis of symmetry

———membrane connection

~————— modelwall

——— fixation of modelwall

acrylic glass z

In-flight refillable sand hopper

In-flight constructed embankment
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Results of physical analysis
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Results of physical analysis
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Time [hours|

Wall displacement at membrane connection [mm]

Wall deformation over time
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Results of numerical analysis

wall

T — —
Before consolidation
After consolidation

membrane

Height of wall [m]
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Wall deformation [mn]

Arching in embankment and rotational failure Wall deformation before and after
mechanism in subsoll consolidation
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Numerical simulation

i+

12.09.2019

Input parameters Tool Output
Soft soil Numerical Uy wall
Esws model Uy symetry
Puws Ao,
C Mmax
Embankment — . Metamodel — Fro
Es,Embankment :
PEmbankment Validation
Sheet pile wall
El Creating :
Membrane metamodel guueieeennst
J
Geometry Generating
Hcantitever parameter
Hembankment sets

Dominating
parameters

Soft soil
Es,WS

Sheet pile wall
El

Membrane
J

Geometry
HCantiIever
HEmbankment

global sensitivity analysis
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study
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Design
approach
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Numerical simulation — global sensitivity analysis
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Semi-analytical design approach

71 System separation in two coupled sub-systems
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Semi-analytical design approach

@ Determination of the system loadings and membrane forces

Influence of
_ Influence of soft soil
Loading/force geometry stiffness

Fi = Foas,i " Ageo,i " Ayi " AE,eq; " 4y

<
/ }\ Influence

Loading of base system  Influence bulk membrane
density tensile stiffness
embankment

Dr. Detert — Selfregulating membrane foundation




Self-regulating membrane foundation FIHUESKER

deen. Ingenieure. Innov

Semi-analytical design approach
Comparison numerical simulation and design approach
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System properties

&2 Easy to construct

&2 Can be loaded directly after construction

2 Reduction of lateral thrust

@ Cuts the depression curve off

2 Reduced footprint, if walls are extending above the ground level
&2 Can be completely rebuilt

@ Control of lateral deformation
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