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2Lecturer: A. Zaheri7/1/2021



Title and Content Layout

Stone Columns Modelling 

Verification (Numerical Modelling Plaxis 2D)

Physical Modelling (3D Modelling)
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STONE COLUMNS MODELLING - 1

An illustration of a model as simplifications of reality



Stone Columns Modelling 

Real

Geometry

of the

Problem
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Stone Columns Modelling (simplifications of reality) 
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Stone Columns Modelling (1- Unit cell ) 

Simplification of the unit cell to 
axial symmetry conditions

 de = 1.05-1.13 s for triangular and square 
grids, respectively

Unit cell :Only one column and its 
corresponding surrounding
soil are studied
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Stone Columns Modelling (1- Unit cell ) 

Unit cell applications:

Usage of great number of columns, 

uniformly distributed in a wide area 

under a uniform loading (e.g., in the 

central part of an embankment on soft 

ground improved with stone columns)
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Stone Columns Modelling (1- Unit cell ) 

Unit cell applications:

 Analytical solution

 Consolidation Analysis 

 Final Settlement 
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Stone Columns Modelling (2- Longitudinal Gravel 
Trenches) 

Longitudinal Gravel 

Trenches applications :

 2D Plain Strain 

 Stability 

 Final Settlement 

 Consolidation Analysis
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Stone Columns Modelling (2- Longitudinal Gravel 
Trenches) 

Longitudinal Gravel 

Trenches limitations :

 Different confinement and 

seepage conditions for 

columns in axial symmetry 

and plain strain conditions 
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Stone Columns Modelling (3- Homogenization) 

Homogenization :

• Replacing the stone columns 
and the soft soil by an 
equivalent homogeneous soil 

with improved properties.

 This model simplifies 
enormously the geometry of 
the problem
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Stone Columns Modelling (4- Gravel Rings) 

Gravel Rings applications :

 2D Axial Symmetry   

 Circular Embankments

 Circular storage tanks

the gravel ring surrounds the same 

area as that of the square formed by the 

8 columns:  
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Stone Columns Modelling (5-Three-Dimensional Slice of 
Columns) 

Three-Dimensional Slice of 

Columns applications :

Consolidation

Deformations

Stability 

 valid for both encased and 

non-encased columns
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Stone Columns Modelling (Suitability of Simplified 
geometrical models) 
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Stone Columns Modelling (6-Isolated Column) 

Isolated Column: field or 

laboratory tests e.g. Plate load Test

• Area replacement is defined as 

ration between area of column 

and footing 

• For ar=100% is not a realistic 

situation because it is more 

efficient to increase the loaded 

area (ar << 100%)
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Stone Columns Modelling (6-Isolated Column) 

Isolated Column applications :

Bearing Capacity of Stone

 Equation 1 gives 20-50 tons 

for each stone column

 Equation (1) is valid for 

ar=100%

max 20v uc  (1)
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Stone Columns Modelling (Critical Column length) 

Critical Column length: for 

columns longer than the critical 

length, the settlement reduction or 

the bearing capacity of the footing 

does not notably change or improve.

 when the bearing capacity is 

defined in terms of a critical 

settlement, the effect of extra 

columns outside the footing is 

only marginal. 
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Stone Columns Modelling (Column Installation Effects) 

• Installation effects is less 
significance, the main improvement 
is caused by the inclusion of gravel 

 Column installation, especially by 
vibro-displacement, also leads to an 
increase in the horizontal stresses.

 The increase in effective mean 
stress leads, in turn to an increase 
in the soft soil stiffness 

 The remolding caused by column 
installation also alters the 
permeability of the soft soil in the 
vicinity of Column.

 Another related problem is column 
clogging
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Stone Columns Modelling (Properties of the Columns) 
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Stone Columns Modelling (Properties of the Columns) 
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NUMERICAL MODELLING PLAXIS 2D - 2

Verification
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Numerical Modelling (Input 2d modelling) 

• it was assumed that the raft 

is rigid and both the stone 

column and soft clay 

undergo the same amount 

of settlement
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Numerical Modelling (2d technique modelling) 

Plain Strain Model :

Square Pattern 
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Numerical Modelling (Material properties) 
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Numerical Modelling (Mesh and Boundary Condition) 
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Numerical Modelling (Column Installation Effects) 

• Column installation may be 
considered altering the at-rest 
earth pressure coefficient of the 
natural soft soil. Published values 
vary between 0.4 and 2.5, with 
average values slightly above 1.

• if the numerical model does not 
consider a stress-dependent 
constitutive model for the soft 
soil, its stiffness should be 
increased correspondingly. 

 The increase in effective mean 
stress leads, in turn to an 
increase in the soft soil stiffness. 
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Numerical Modelling (Column Installation Effects) 

• Variation of at-rest 

earth pressure with 

Columns Spacing 
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Numerical Modelling (Verification) 

Verification:

 Area replacement 20 %

 Stone Column Diameter 1 m

 Stone Spacing 2.1 m 

 K0 before installation 0.606 

and after installation 1.1 
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Numerical Modelling (Settlement ratio) 

 stone column improves the 
ground mainly due to the 
higher stiffness of the columns 
compared to the soil. 

 stone column decreases largely 
settlement even if the insertion 
of stone columns into weak 
soils be considered just a 
replacement operation without 
any effect on surrounding soft 
soil. 
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Numerical Modelling (Failure mechanism) 
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PHYSICAL  MODELLING 

3D modelling
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Physical Modelling (3D Modelling) 
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Physical Modelling (3D Modelling) 
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Physical Modelling (3D Modelling) 
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Physical Modelling (3D Modelling) 
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Physical Modelling (3D Modelling) 
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