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A compound foundation system

� Stiff inclusions
� Pile caps

� Granular mattress

� Floor slab (occasionally)

� Reinforcement (occasionally)

… Pile supported earth platform

… Piled embankment
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The ASIRI project (2005- 2009)

2.4 M € state and industry funded research project
• Led by a non profit organization (IREX)

– With managing and scientific committees 

• Independent network of owners, consultants, 
contractors and academics 

• Civil and Urban Engineering Research label
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The ASIRI project (2005- 2009)

• 39 members subscribing 155 k€/year 
• 9 PhD in progress (4 with support of industrial partners) 



The ASIRI project (2005- 2009)
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Displacement pileDisplacement pile 

Non displacement pile

Saint Ouen experiment (2006)

• Floor slab foundation

7CNAM  PhD work J. Andromeda

Test unit Test unit

Test unit Test unit
Surface area ratio

aaaa = 2,2 %
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St Ouen experiment (2006)
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St Ouen experiment (2006)
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• Test unit 3D (Dp with slab)

St Ouen experiment (2006)

• Test unit 2D (Dp without slab)

• Test unit 4D (non Dp with slab)
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Displacement inclusion 
(CMC)

Non displacement 
inclusion

LCPC 

St Ouen experiment (2006)



St Ouen experiment (2006)

• Test units 2D et 3D (floor slab - displacement piles)
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Q 3

y4 y3

Q 3

aaaa = 2,2%



Chelles experiment (2007)
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• Piled embankment

Area ratio aaaa = 2,9 %



Chelles experiment (2007)

• Load transfer onto inclusions
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• Settlement at pile head elevation

Chelles experiment (2007)
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• Settlement at pile head elevation
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Chelles experiment (2007)

• Load transferred on pile head / pile settlement
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Chelles experiment (2007)

• Load transferred on pile head/ pile settlement
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Chelles experiment (2007)
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All ASIRI full scale experiments
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Chelles experiment (2007)

• Strain in geosynthetics from Geodetect® readings 
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Calibration chamber testing (scale1/5)

CERMES PhD work Anh Quan Dinh



Calibration chamber testing (scale1/5)
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• Stress controlled uniform loading
– Influence of the transfer layer  grain-

size distribution
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Inclusion Prototype Model

Diameter (m) 0.5 0.018

Spacing (m) 2.0 – 2.5 0.07 – 0.09

Length (m) 10 -15 0.36 – 0.54

Equivalent fill load (m) 5 - 10 0.18 – 0.36

Centrifuge testing (scale 1/28)
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• Behaviour of an elementary cell (acceleration 28 g)
– Load or displacement controlled loading

LCPC Nantes PhD work Gaelle Beaudouin

Area ratio 3 % to 5%
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Centrifuge testing (scale 1/28)

• Behaviour of an elementary cell (acceleration 28 g)
– Load or displacement controlled loading



Centrifuge testing (scale 1/28)
• Uniform loading (piled embankment)
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All physical models together
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Numerical modelling
• 3D continuum model

URGC/INSA Lyon

Reference model
• Parametrical study

– Geometry
– Constitutive model

• To simulate physical  tests
• To evaluate

– Analytical tools
– 2D axisymmetric models
– Biphasic models
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Reference case : piled embankment

5 m

5 m

2.5 m

URGC/INSA Lyon

g= 15 kN/m3
f = 30°y = 0 c’ = 0
E = 5 MPa � = 0.3Area ratio aaaa = 12 %
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5 m

5 m

URGC/INSA Lyon
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Reference case : piled embankment

Area ratio aaaa = 12 %
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URGC/INSA Lyon
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URGC/INSA Lyon

Floor slab
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Area ratio aaaa = 3 %
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3D discrete numerical modelling

3S-R UJF Grenoble (PhD work B. Chevallier)

• Clusters (2 connected 
elements)
– linear constitutive law of 

contact (normal, tangent) 
– adhesion (tensile strength)

• Micro-mechanical 
parameter  values adjusted 
to fit triaxial test results



• Trap-door  problem
– Plane strain conditions

2B

3S-R UJF Grenoble (PhD work B. Chevallier)

3D discrete numerical modelling

Physical model



2B

• Trap-door problem analogy
– Plane strain condition

3S-R UJF Grenoble (PhD work B. Chevallier)

3D discrete numerical modelling

3D discrete numerical  
model

Physical model



Displacement field in granular layer during loading - without concrete slab

3S-R UJF Grenoble (PhD work B. Chevallier)

aaaa = 2,2%
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Displacement field in granular layer during loading - with concrete slab

3S-R UJF Grenoble (PhD work B. Chevallier)

aaaa = 2,2%



3D discrete numerical modelling

• Floor slab contribution

hm = 0.5 m

hm = 0.5 m

2
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A simplified approach : the biphasic model
(Sudret, de Buhan, Hassen)

ENPC/LMSGC

• All interactions treated

– Specific factor a
• Boundary conditions

– Load fraction l



An analytical approach : Foxta (Taspie+)

““ PilePile”” domaindomain ““ SoilSoil”” domaindomain

Terrasol



�� ��
�� �� ��

��

��

�� �� �� �� ��

Interface conditionInterface condition
�� �������� �� �� �� �� 		

�
��
����������
������������
���	�
��
����������
������������
���	

““ PilePile”” domaindomain ““ SoilSoil”” domaindomain

An analytical approach : Foxta (Taspie+)



An analytical approach : Foxta (Taspie+)
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• Piled embankment • Floor slab
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Benchmark exercise (2009)
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• Floor slab (4D) : Taspie+ calculation

u = 139 mmu = 124 mm Q = 239 kN

Terrasol



Benchmark exercise (2009)

• Floor slab (4D) : Taspie+ calculation

46

Q 3

y4 y3

Q 3

Terrasol



Benchmark exercise (2008)
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u = 16 mm u = 37 mm Q = 267 kPa

Terrasol

• Piled embankment (3R) : Taspie+ calculation



Benchmark exercise (2009)

• Piled embankment (3R) : Taspie+ calculation
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Benchmark exercise (2009)

• Piled embankment (3R) : Taspie+ calculation
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ASIRI Recommendations (2009)

Summary
• Description and developments
• Mechanisms and behaviour 
• Conception and design
• Investigations and tests
• Construction 
• Specifications and controls
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www.irex-asiri.fr


