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1. INTRODUCTION 

It is proposed to construct to construct a single storey warehouse on Horton Road, Poyle. The 

proposed construction footprint runs over made ground, underlain by soft Alluvium, Shepperton 

Gravel Member, then followed by London Clay. 

Due to the presence of made ground and soft alluvium, a direct construction of any type of 

structure without soil improvement or replacement will lead to unacceptable post construction 

settlements and deformations.  

The concerned structures are the pad/strip footings and ground bearing slabs of the entire 

Unit 100 covering a total area of around 7,150 m2. 

These structures are shown in red in the figure below. 

Figure 1 - Site layout with VSC treatment area in red 

 

The present document consists in a design report for ground improvement with the Vibro Stone 

Columns (VSC) technique. The aim of the VSC solution is to control the settlements and provide 

a higher bearing capacity by creating a composite material [VSC+soil]. 
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3. TECHNICAL 

3.1. Description of the ground improvement technique 

Vibro Stone Columns are formed by inserting a vibroprobe into the soils to compact and 

incorporate granular material into the ground and create vertical inclusions with high stiffness, 

shear strength and drainage characteristics. 

Under uniformly loaded structures such as embankments and slabs-on-grade, Vibro Stone 

Columns are installed on a regular grid spacing. Treatment by Vibro Stone Columns results in a 

reduction of the total and differential settlements. 

Vibro Stone Columns can also be installed as a group to support isolated loads (shallow pads) or 

directly under linear loadings such as strip footing or retaining walls. In this case, Vibro Stone 

Columns increase the bearing capacity of the soil while reducing the magnitude of settlement. 

 

3.2. Method of execution 

 

Figure 2 - VSC installation process 

 

The soil is penetrated to the required depth by the combined effects of vibroprobe weight and 

vibration (plus jetting action by air if free hanging). The in-situ soil is displaced sideways.  

The vibroprobe is then lifted out. Coarse gravel, crushed stone or slag is tipped into the hole in 

increments of typically 500 mm of the column bore. The vibroprobe is re-inserted and the stone 

infill is compacted under the weight and vibration of the vibroprobe. Radial forces produced by 

the vibroprobe force the stone infill material horizontally out against the in-situ soil. 

http://www.menard.co.uk/
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When the required degree of compaction has been reached, the vibroprobe is again removed. 

The filling / compacting cycle is repeated step by step up to the working platform level. Thus, a 

continuous column of dense granular material interlocking with the surrounding ground is formed 

through the treatment zone. 

Depending on the ground conditions, the stones can be inserted from the top of the platform (Top 

Feed) or from the bottom of the hole (Bottom Feed). The typical material used for the installation 

of Vibro Stone Columns is granular material (ballast, gravels) in the particle size range 10/40 for 

the bottom feed process and 20/75 for the top feed process. 

  

Figure 3 - VSC rig on site (Top Feed – left, Bottom Feed – right) 

 

3.3. Adaptation to the project 

3.3.1. Ground improvement principle 

The foreseen ground reinforcement system consists in installing vertical Vibro Stone Columns 

(VSC) beneath the foundations and ground bearing slab in order to create a composite material 

[soil+VSC] and therefore increase the bearing capacity of the soil and reduce long term 

settlements to within acceptable limits. 

3.3.2. Characteristics of the VSC solution 

The characteristics of the VSC for this project will be: 

Anticipated VSC 
diameter* [m] 

Young’s Modulus  
EY [MPa] 

Unit Weight γ 
[kN/m3] 

Friction Angle φ 
[°] 

0.40 50 20 38 

Table 1 - VSC characteristics 

 
*The diameter of the VSC depends on the properties of the surrounding soil and as such, over the length 
of the entire VSC, variable diameters could be created due to variable layers with different soil conditions.  

http://www.menard.co.uk/
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4. GROUND CONDITIONS 

Our design is based on the ground conditions described in the above site investigation report [2]. 

The ground conditions are homogeneous over the site. 

The typical soil profile is the following: 

 Made Ground 

 Soft Alluvium 

 Medium dense to dense Shepperton Gravel Member 

 Stiff London Clay below 

The calculations were carried out for the conservative soil profile detailed in the table below. All 

the values of the design parameters have been derived from correlations based on NSPT. 

 Top Bottom   NSPT pl EY   

 (mbgl) (mbgl)  (kN/m3) (MPa) (MPa) (MPa) (-) 

Made Ground (Loose sand) 0 0.8 18 10 0.50 6 0.33 

Alluvium 0.8 1.5 18 8 0.40 6 0.33 

Shepperton Gravel Member 1.5 3.5 18 30 1.50 60 0.33 

London Clay 3.5 - 18 10 0.67 30 0.33 

VSC Var 1.5 18 - - 50 0.33 

Table 2 - Soil profile and geotechnical parameters 

Notes: 

 The level ‘0’ corresponds to the working platform level, expected to be around  

+20.770 mAOD. 

 VSC will go through the made ground and soft Alluvium. As such, their depth is expected 

to be about 1 to 2m from the working platform level. 

 The symbols used in the table above are: γ = bulk unit weight, NSPT = SPT blow count,  

EY = Young’s modulus, pl = pressure limit, ν = Poisson’s ratio. 

 The ground water level was encountered at 1.5 mbgl during the site investigation. 

  

http://www.menard.co.uk/
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5. CALCULATIONS RESULTS 

5.1. Footings 

The calculations of the ground improvement beneath the footings are carried out using the Priebe 

method, considering a bearing pressure of 150 kPa, for each pad type. The results are 

summarized in the table below and the details of the calculations are presented in Appendix 1 for 

some selected cases. 

Pad 
Type 

Length Width 
SLS bearing 

pressure 

SLS vertical 
load 

No of 
VSC 

Settlement 

(-) (m) (m) (kPa) (kN) (-) (mm) 

A 2.0 2.0 150 600 2 8 

B 2.5 2.5 150 937.5 4 9 

C 3.8 5.2 150 2964 10 13 

D 3.6 3.6 150 1944 7 12 

E 3.9 3.9 150 2281.5 8 12 

F 2.9 2.9 150 1261.5 5 10 

G 4.5 4.5 150 3037.5 11 13 

H 3.6 3.6 150 1944 7 11 

J 4.0 4.0 150 2400 8 12 

K 1.0 1.0 150 150 1 5 

L 3.8 3.8 150 2166 8 11 

M 2.9 4.5 150 1957.5 7 12 

N 0.45 0.45 150 30.375 1 2 

X 3.6 4.0 150 2160 8 12 

Table 3 - Design results for pad footings 

 

Strip Type Width 
SLS bearing 

pressure 

SLS vertical 
load 

No of VSC Settlement 

(-) (m) (kPa) (kN/lm) (-) (mm) 

Dock 
Leveller 

1.5 100 150 1 every 2m 11 

Retaining 
Wall 

1.7 150 255 1 every 1.17m 13 

Table 4 - Design results for strip footings 
 

Conclusion: The settlements under the working loads remain acceptable (< 25 mm). 

 

 

 

http://www.menard.co.uk/


 

       

 
V29669 Design Report / Poyle, Horton Road  

Revision A Date: 13/02/2024  Contact: jake.taylor-rooney@menard.co.uk  
    
www.menard.co.uk 

 
 

Ground improvement by VSC 

9 / 12   

 

Page 9 sur 

5.2. Ground bearing slab 

Calculations of the ground improvement under the ground bearing slab are carried out using the 

Priebe method considering a UDL of 50 kPa. The results are summarized in the table below and 

the details of the calculations are presented in Appendix 2. 

Zone SLS UDL VSC Grid Settlement 

(-) (kPa) (m x m) (mm) 

- 50 3 x 3  16 

Table 5 - Calculation results for ground bearing slab 
 

Conclusion: The settlements under the working loads remain acceptable (< 25 mm). 

6. QUALITY CONTROL 

6.1. Monitoring and recording 

 Layout drawing showing the location of each VSC will be produced by Vibro Menard.  

 Calibration drilling(s) close to existing soil investigation borehole(s) to calibrate drilling 

parameters to each layer of the geotechnical profile and to define a “refusal” criteria will 

be done. 

 The work done is also recorded by a log of each columns showing the column reference 

number, penetration length, stone quantity and a note of any unusual circumstances 

encountered during the installation (depth of predrilling, refusals, etc.). This log will be 

recorded on our standard Daily Record Sheet and handed to the Engineer daily. 

 

6.2. Testing 

We propose to check the quality of our Vibro Stone Column work by Plate Load Tests as 

described below. We have included for 7 plate load tests on this project. 

Our standard Plate Load Test comprises a 0.6 m diameter plate which is positioned centrally over 

a compaction point on a layer of sand at a depth of approximately 0.6m below working surface. 

The load is applied centrally to the plate by a calibrated hydraulic jack. 

The plate is carefully bedded onto the compaction point by means of a small pre-load of 2.0 tones 

which is immediately released. The stage loading will then be applied in 2.0 tons increments up 

to 3 times the particular design bearing pressure calculated over the area of the plate or to a 

maximum of 11.0 tons whichever is the least. 

Deflections of the plate will be measured by dial gauges supported independently and remote 

from the test area. Unloading is carried out in a single stage and recovery recorded. The total 

duration of each test will not exceed 1 hour. 

In cohesive soils relatively high settlements of the plate may be recorded due to temporary 

increase in pore water pressure. Also, tests are not usually undertaken between stone columns. 

The results of tests in clay soils cannot be used as failure criteria for our work. 

http://www.menard.co.uk/
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7. CONCLUSION 

The design for ground improvement by Vibro Stone Columns (VSC) below the concerned 

structures (pad footings and ground bearing slabs of entire building) has been carried out 

using the Priebe method. The calculation results show that the VSC solution achieves acceptable 

residual settlement values under the footings and slabs (< 25 mm). 

The Vibro Stone Columns will be installed with a number of VSC varying from 1 to 11 below the 

pads. Beneath the slab, the VSC will be arranged according to a spacing of maximum 3 m x 

3 m. 

The VSC will be installed through the made ground and soft alluvium. As such, their depth is 

expected to be about 1 to 2 m from the Working Platform Level at 20.770 mAOD.  

http://www.menard.co.uk/
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APPENDIX 1: DETAILED CALCULATIONS BENEATH THE FOOTINGS 

  

http://www.menard.co.uk/


Project name:

Area of the rectangular footing: 2.90 m x 4.50 m Footing loaded at kN

Area of the footing = 13.05 m²

Diameter of the columns = 0.4 m to 0.4 m

Maximal stress within the columns =

Description of the footing
Type of footing: Rectangular
L 2.9 m Length of the footing d 1.2 m Embedment height

B 4.5 m Width of the footing Afooting 13.05 m² Area of the footing

Number of columns under the footing: 7

Description of the stone columns
A 1.86 m² Equivalent grid area of the columns γc 20 kN/m3 Unit weight of the gravel

hc 0.4 m Length of the columns φc 38 ° Friction angle of the gravel

Ec 50,000 kPa Young's modulus Kac 0.24 Coefficient of active earth pressure

νc 0.33 Poisson's coefficient K0c 0.38 Coefficient of  earth pressure at rest

Mc 75,000 kPa Oedometric modulus

hw 1.5 m Depth of Ground Water Table

Priebe considers: with K 0s  : coefficient of earth pressure at rest

z sup z inf E s ν s γ s M s Ø c τ p l * c φ s

(m) (m) (kPa) (-) (kN/m 3 ) (kPa) (m) (%) (kPa) (kPa) (°)
1 1.2 1.2 6,000 0.33 18 9,000 0.40 6.7% 400 0 30
2 1.2 1.3 6,000 0.33 18 9,000 0.40 6.7% 400 0 30
3 1.3 1.3 6,000 0.33 18 9,000 0.40 6.7% 400 0 30
4 1.3 1.4 6,000 0.33 18 9,000 0.40 6.7% 400 0 30
5 1.4 1.4 6,000 0.33 18 9,000 0.40 6.7% 400 0 30
6 1.4 1.4 6,000 0.33 18 9,000 0.40 6.7% 400 0 30
7 1.4 1.5 6,000 0.33 18 9,000 0.40 6.7% 400 0 30
8 1.5 1.5 6,000 0.33 18 9,000 0.40 6.7% 400 0 30
9 1.5 1.6 6,000 0.33 18 9,000 0.40 6.7% 400 0 30

10 1.6 1.6 6,000 0.33 18 9,000 0.40 6.7% 400 0 30

hlim 10.0 m Limit depth of model

z sup z inf E s ν s M s

(m) (m) (kPa) (-) (kPa)
11 1.6 3.5 60,000 0.33 90,000
12 3.5 10.0 30,000 0.33 45,000

Notations
z sup Depth of the top of the soil layer M s Oedometric modulus in the layer

z inf Depth of the bottom of the soil layer Ø c Stone Columns' diameter

E s Young's modulus in the layer τ Replacement ratio

ν s Poisson's coefficient p l * Limit pressure in the layer

γs Unit weight of the soil layer c Drained cohesion or undrained shear strength

φ s Drained friction angle or 0 in undrained conditions

Description of Stone Columns reinforcement

Description of natural soil surrounding the columns

Layer n°

Description of natural soil below the columns

STONE COLUMNS DESIGN FOR FOOTINGS

Poyle pad @150kPa
2.9m x 4.5m pad (M)

ΔQ = 1,957.5

DESIGN AS PER PRIEBE METHOD

Presentation of the model and main calculation results

1.2 cm

622.8 kPa

Total settlement =

Layer n°

hw

hc

Supporting soil

0

Soft soil

hlim

S
C

ΔQ = 1957.5 kN

z
Bedrock

D

K଴ୱ = 1
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ΔQ 1,958 kN Load applied at the footing base

Δq 150.0 kPa Pressure applied at the footing base

Priebe suggests to use the following settlement reduction ratio, corresponding to an incompressible gravel:

With: 

Values of the settlement reduction ratio, first step, are: 

z sup z inf f 0 (ν s ,τ) β 0 Δq s Δq c Stress in soil and columns is

(m) (m) (-) (-) (kPa) (kPa) assessed using the following formula:
1 1.2 1.2 1.55 1.3 114.7 637.8
2 1.2 1.3 1.55 1.3 114.7 637.8
3 1.3 1.3 1.55 1.3 114.7 637.8
4 1.3 1.4 1.55 1.3 114.7 637.8
5 1.4 1.4 1.55 1.3 114.7 637.8
6 1.4 1.4 1.55 1.3 114.7 637.8
7 1.4 1.5 1.55 1.3 114.7 637.8
8 1.5 1.5 1.55 1.3 114.7 637.8
9 1.5 1.6 1.55 1.3 114.7 637.8

10 1.6 1.6 1.55 1.3 114.7 637.8

Notations
Δq s Additional stress on the soil

Δq c Additional stress in the column

To take into account the fact that gravel is compressible, one should modify the replacement ratio value using the compressibility ratio column / soil.

Values of the settlement reduction ratio, second step, are: 

z sup z inf M c /M s Δ(1/τ) τ corrected β 1 Δq s Δq c

(m) (m) (-) (-) (%) (-) (kPa) (kPa)
1 1.2 1.2 8.3 0.58 6.5% 1.3 115.8 622.8
2 1.2 1.3 8.3 0.58 6.5% 1.3 115.8 622.8
3 1.3 1.3 8.3 0.58 6.5% 1.3 115.8 622.8
4 1.3 1.4 8.3 0.58 6.5% 1.3 115.8 622.8
5 1.4 1.4 8.3 0.58 6.5% 1.3 115.8 622.8
6 1.4 1.4 8.3 0.58 6.5% 1.3 115.8 622.8
7 1.4 1.5 8.3 0.58 6.5% 1.3 115.8 622.8
8 1.5 1.5 8.3 0.58 6.5% 1.3 115.8 622.8
9 1.5 1.6 8.3 0.58 6.5% 1.3 115.8 622.8

10 1.6 1.6 8.3 0.58 6.5% 1.3 115.8 622.8

Notations
Δ(1/τ) Increase of 1 / τ

τ corrected Modified value of replacement ratio

The stress distribution ratio is: 

z sup z inf n q c,0 Δq c q c Δq c,max q s,0 Δq s q s

(m) (m) (-) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa)

1 1.2 1.2 5.5 22.0 622.8 644.8 800.0 22.0 115.8 137.8
2 1.2 1.3 5.5 22.8 622.8 645.6 800.0 22.7 115.8 138.5
3 1.3 1.3 5.5 23.6 622.8 646.4 800.0 23.4 115.8 139.2
4 1.3 1.4 5.5 24.4 622.8 647.2 800.0 24.1 115.8 139.9
5 1.4 1.4 5.5 25.2 622.8 648.0 800.0 24.8 115.8 140.7
6 1.4 1.4 5.5 26.0 622.8 648.8 800.0 25.6 115.8 141.4
7 1.4 1.5 5.5 26.8 622.8 649.6 800.0 26.3 115.8 142.1
8 1.5 1.5 5.5 27.5 622.8 650.3 800.0 26.9 115.8 142.7
9 1.5 1.6 5.5 28.0 622.8 650.8 800.0 27.3 115.8 143.1

10 1.6 1.6 5.5 28.4 622.8 651.2 800.0 27.6 115.8 143.5

Notations
q c,0 Initial effective vertical stress in the column q s,0 Initial effective vertical stress in the soil

q c Final effective vertical stress in the column q s Final effective vertical stress in the soil

Δq c,max Limit value as per DTU 13-2 (Fs = 2)

Layer n°

OK

Checking against 
bulging failure

OK

OK

OK

OK

OK

OK

OK
OK

1.57

(-)

1.57
1.57
1.57

1.57

Loading description at SLS

UNIFORM LOADING

OK

Stress distribution per improved layer

Layer n°

1.57

1.57
1.57

f(ν s ,τ corrected )

1.57
1.57

Column are made of compressible material

Layer n°

Hypothesis: columns are not compressible

f νୱ, τ =
1 − νୱ

ଶ

1 − νୱ − 2νୱ
ଶ .

1 − 2νୱ 1 − τ

1 − 2νୱ + τ
β = 1 + τ

f vୱ, τ +
1
2

f vୱ, τ . Kୟౙ

− 1

β଴ =
Δq

Δqୱ

Δq = τ. Δqୡ + 1 − τ . Δqୱ

n =
Δqେ
Δqୱ

=
f vୱ, τୡ୭୰୰ୣୡ୲ୣୢ +

1
2

f vୱ, τୡ୭୰୰ୣୡ୲ୣୢ ȉ Kୟౙ
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To take into account the additional lateral constraint due the earth pressure at depth, the settlement reduction ratio is multiplied by a coefficient f d .

and with

The coefficient f d  is limited by following formula:

The settlement reduction ratio β 2  is limited by:

Values of the settlement reduction ratio, step 3, are:

z sup z inf f d f d,max f d β 2 β 2,max β 2

(m) (m) (-) (-) (-) (-) (-) (-)
1 1.2 1.2 1.1 1.5 1.1 1.4 1.5 1.4
2 1.2 1.3 1.1 1.5 1.1 1.4 1.5 1.4
3 1.3 1.3 1.1 1.5 1.1 1.4 1.5 1.4
4 1.3 1.4 1.1 1.5 1.1 1.4 1.5 1.4
5 1.4 1.4 1.1 1.5 1.1 1.4 1.5 1.4
6 1.4 1.4 1.1 1.5 1.1 1.4 1.5 1.4
7 1.4 1.5 1.1 1.5 1.1 1.4 1.5 1.4
8 1.5 1.5 1.1 1.5 1.1 1.4 1.5 1.4
9 1.5 1.6 1.1 1.5 1.1 1.4 1.5 1.4

10 1.6 1.6 1.1 1.5 1.1 1.4 1.5 1.4

Over the length of the columns

z sup z inf S na S a

(m) (m) (m) (m)
1 1.2 1.2 0.001 0.000
2 1.2 1.3 0.001 0.000
3 1.3 1.3 0.001 0.000
4 1.3 1.4 0.001 0.000
5 1.4 1.4 0.001 0.000
6 1.4 1.4 0.001 0.000
7 1.4 1.5 0.001 0.000
8 1.5 1.5 0.001 0.000 Notations
9 1.5 1.6 0.001 0.000 S na Settlement of soil without soil improvement

10 1.6 1.6 0.001 0.000 S a Settlement of soil with soil improvement

TOTAL 0.007 0.005

The total settlement in the soil w/o improvement under an uniform load is: 0.7 cm

The settlement decrease ratio under an uniform load is: 1.4

The total settlement of the improved soil under an uniform load is: 0.5 cm

Below the improved soil layers

z sup z inf S na

(m) (m) (m)
11 1.6 3.5 0.003
12 3.5 10.0 0.022

TOTAL 0.025

The settlement below the improved soil layers is: 2.5 cm

3.0 cm

Depth correction factor

Layer n°

Settlement distribution per layer

Layer n°

THE TOTAL SETTLEMENT OF THE SOIL UNDER AN UNIFORM LOAD IS

Layer n°

βଶ = fୢ. βଵ fୢ =
1

1 +
K଴ౙ −

qୱ,଴
qୡ,଴

K଴ౙ
.
qୡ,଴
Δqୡ

fୢ ≥ 1

fୢ ≤
Mୡ

Mୱ
.
Δqୱ
Δqୡ

βଶ,୫ୟ୶ = 1 + τ
Mୡ

Mୱ
− 1
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Over the length of the columns

This calculation is made by applying a new settlement reduction factor β s  to the settlement of the soil improved by stone columns.

Priebe has given a diagram of β s  values depending on the depth/diameter ratio z/Ø c  and number of Stone Columns n.

The number of columns below the footing is: 7

The settlement of a layer at a depth Z below the base of the footing is determined as the difference of the settlements calculated between the lower bound Z inf 

and the upper bound Z sup  of the concerned layer, with an average β s  calculated over the thickness of this layer:

z sup z inf Z sup Z inf Z sup /Ø c Z inf /Ø c (β s ) sup (β s ) inf S a,s

(m) (m) (m) (m) (-) (-) (-) (-) (m)
1 1.2 1.2 0.0 0.0 0.00 0.10 1.00 0.99 0.000
2 1.2 1.3 0.0 0.1 0.10 0.20 0.99 0.98 0.000
3 1.3 1.3 0.1 0.1 0.20 0.30 0.98 0.97 0.000
4 1.3 1.4 0.1 0.2 0.30 0.40 0.97 0.96 0.000
5 1.4 1.4 0.2 0.2 0.40 0.50 0.96 0.95 0.000
6 1.4 1.4 0.2 0.2 0.50 0.60 0.95 0.94 0.000
7 1.4 1.5 0.2 0.3 0.60 0.70 0.94 0.93 0.000
8 1.5 1.5 0.3 0.3 0.70 0.80 0.93 0.92 0.000
9 1.5 1.6 0.3 0.4 0.80 0.90 0.92 0.91 0.000

10 1.6 1.6 0.4 0.4 0.90 1.00 0.91 0.90 0.000
TOTAL 0.004

The total settlement of the improved soil under the footing is: 0.4 cm

Notations
Z sup Depth of the top of the soil layer from the foundation base (β s ) sup Settlement reduction factor at the level of z sup

Z inf Depth of the bottom of the soil layer from the foundation base (β s ) inf Settlement reduction factor at the level of z inf

S a,s Settlement of soil with soil improvement

Below the improved soil layers

z sup z inf S na,s

(m) (m) (m)
11 1.6 3.5 0.003
12 3.5 10.0 0.005

TOTAL 0.007

The settlement below the improved soil layers is: 0.7 cm

THE TOTAL SETTLEMENT OF THE SOIL BELOW THE FOOTING IS 1.2 cm

Layer n°

LOADING ON THE FOOTING

Layer n°

Settlement distribution

Sୟ,ୱ(z) =
Δq

Mୱβଶ
βୱ ୧୬୤. Z୧୬୤ − βୱ ୱ୳୮. Zୱ୳୮
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Project name:

Area of the rectangular footing: 1.00 m x 1.00 m Footing loaded at kN

Area of the footing = 1 m²

Diameter of the columns = 0.4 m to 0.4 m

Maximal stress within the columns =

Description of the footing
Type of footing: Rectangular
L 1 m Length of the footing d 1.1 m Embedment height

B 1 m Width of the footing Afooting 1 m² Area of the footing

Number of columns under the footing: 1

Description of the stone columns
A 1.00 m² Equivalent grid area of the columns γc 20 kN/m3 Unit weight of the gravel

hc 0.4 m Length of the columns φc 38 ° Friction angle of the gravel

Ec 50,000 kPa Young's modulus Kac 0.24 Coefficient of active earth pressure

νc 0.33 Poisson's coefficient K0c 0.38 Coefficient of  earth pressure at rest

Mc 75,000 kPa Oedometric modulus

hw 1.5 m Depth of Ground Water Table

Priebe considers: with K 0s  : coefficient of earth pressure at rest

z sup z inf E s ν s γ s M s Ø c τ p l * c φ s

(m) (m) (kPa) (-) (kN/m 3 ) (kPa) (m) (%) (kPa) (kPa) (°)
1 1.1 1.1 6,000 0.33 18 9,000 0.40 12.6% 400 0 30
2 1.1 1.2 6,000 0.33 18 9,000 0.40 12.6% 400 0 30
3 1.2 1.2 6,000 0.33 18 9,000 0.40 12.6% 400 0 30
4 1.2 1.3 6,000 0.33 18 9,000 0.40 12.6% 400 0 30
5 1.3 1.3 6,000 0.33 18 9,000 0.40 12.6% 400 0 30
6 1.3 1.3 6,000 0.33 18 9,000 0.40 12.6% 400 0 30
7 1.3 1.4 6,000 0.33 18 9,000 0.40 12.6% 400 0 30
8 1.4 1.4 6,000 0.33 18 9,000 0.40 12.6% 400 0 30
9 1.4 1.5 6,000 0.33 18 9,000 0.40 12.6% 400 0 30

10 1.5 1.5 6,000 0.33 18 9,000 0.40 12.6% 400 0 30

hlim 10.0 m Limit depth of model

z sup z inf E s ν s M s

(m) (m) (kPa) (-) (kPa)
11 1.5 3.5 60,000 0.33 90,000
12 3.5 10.0 30,000 0.33 45,000

Notations
z sup Depth of the top of the soil layer M s Oedometric modulus in the layer

z inf Depth of the bottom of the soil layer Ø c Stone Columns' diameter

E s Young's modulus in the layer τ Replacement ratio

ν s Poisson's coefficient p l * Limit pressure in the layer

γs Unit weight of the soil layer c Drained cohesion or undrained shear strength

φ s Drained friction angle or 0 in undrained conditions

STONE COLUMNS DESIGN FOR FOOTINGS

Poyle pad @150kPa
1.0m x 1.0m pad (K)

ΔQ = 150.0

DESIGN AS PER PRIEBE METHOD

Presentation of the model and main calculation results

0.5 cm

526.3 kPa

Total settlement =

Layer n°

Description of Stone Columns reinforcement

Description of natural soil surrounding the columns

Layer n°

Description of natural soil below the columns

hw

hc

Supporting soil

0

Soft soil

hlim

S
C

ΔQ = 150 kN

z
Bedrock

D

K଴ୱ = 1
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ΔQ 150 kN Load applied at the footing base

Δq 150.0 kPa Pressure applied at the footing base

Priebe suggests to use the following settlement reduction ratio, corresponding to an incompressible gravel:

With: 

Values of the settlement reduction ratio, first step, are: 

z sup z inf f 0 (ν s ,τ) β 0 Δq s Δq c Stress in soil and columns is

(m) (m) (-) (-) (kPa) (kPa) assessed using the following formula:
1 1.1 1.1 1.27 1.6 93.1 545.7
2 1.1 1.2 1.27 1.6 93.1 545.7
3 1.2 1.2 1.27 1.6 93.1 545.7
4 1.2 1.3 1.27 1.6 93.1 545.7
5 1.3 1.3 1.27 1.6 93.1 545.7
6 1.3 1.3 1.27 1.6 93.1 545.7
7 1.3 1.4 1.27 1.6 93.1 545.7
8 1.4 1.4 1.27 1.6 93.1 545.7
9 1.4 1.5 1.27 1.6 93.1 545.7

10 1.5 1.5 1.27 1.6 93.1 545.7

Notations
Δq s Additional stress on the soil

Δq c Additional stress in the column

To take into account the fact that gravel is compressible, one should modify the replacement ratio value using the compressibility ratio column / soil.

Values of the settlement reduction ratio, second step, are: 

z sup z inf M c /M s Δ(1/τ) τ corrected β 1 Δq s Δq c

(m) (m) (-) (-) (%) (-) (kPa) (kPa)
1 1.1 1.1 8.3 0.58 11.7% 1.6 95.9 526.3
2 1.1 1.2 8.3 0.58 11.7% 1.6 95.9 526.3
3 1.2 1.2 8.3 0.58 11.7% 1.6 95.9 526.3
4 1.2 1.3 8.3 0.58 11.7% 1.6 95.9 526.3
5 1.3 1.3 8.3 0.58 11.7% 1.6 95.9 526.3
6 1.3 1.3 8.3 0.58 11.7% 1.6 95.9 526.3
7 1.3 1.4 8.3 0.58 11.7% 1.6 95.9 526.3
8 1.4 1.4 8.3 0.58 11.7% 1.6 95.9 526.3
9 1.4 1.5 8.3 0.58 11.7% 1.6 95.9 526.3

10 1.5 1.5 8.3 0.58 11.7% 1.6 95.9 526.3

Notations
Δ(1/τ) Increase of 1 / τ

τ corrected Modified value of replacement ratio

The stress distribution ratio is: 

z sup z inf n q c,0 Δq c q c Δq c,max q s,0 Δq s q s

(m) (m) (-) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa)

1 1.1 1.1 5.8 20.2 526.3 546.5 800.0 20.2 95.9 116.1
2 1.1 1.2 5.8 21.0 526.3 547.3 800.0 20.9 95.9 116.8
3 1.2 1.2 5.8 21.8 526.3 548.1 800.0 21.6 95.9 117.5
4 1.2 1.3 5.8 22.6 526.3 548.9 800.0 22.3 95.9 118.2
5 1.3 1.3 5.8 23.4 526.3 549.7 800.0 23.0 95.9 118.9
6 1.3 1.3 5.8 24.2 526.3 550.5 800.0 23.8 95.9 119.7
7 1.3 1.4 5.8 25.0 526.3 551.3 800.0 24.5 95.9 120.4
8 1.4 1.4 5.8 25.8 526.3 552.1 800.0 25.2 95.9 121.1
9 1.4 1.5 5.8 26.6 526.3 552.9 800.0 25.9 95.9 121.8

10 1.5 1.5 5.8 27.4 526.3 553.7 800.0 26.6 95.9 122.5

Notations
q c,0 Initial effective vertical stress in the column q s,0 Initial effective vertical stress in the soil

q c Final effective vertical stress in the column q s Final effective vertical stress in the soil

Δq c,max Limit value as per DTU 13-2 (Fs = 2)

1.31

Column are made of compressible material

Layer n°

Hypothesis: columns are not compressible

Stress distribution per improved layer

Layer n°

1.31

1.31
1.31

f(ν s ,τ corrected )

1.31

OK
OK

1.31

(-)

1.31
1.31
1.31

1.31

Loading description at SLS

UNIFORM LOADING

OK

Checking against 
bulging failure

OK

OK

OK

OK

OK

OK

Layer n°

OK

f νୱ, τ =
1 − νୱ

ଶ

1 − νୱ − 2νୱ
ଶ .

1 − 2νୱ 1 − τ

1 − 2νୱ + τ
β = 1 + τ

f vୱ, τ +
1
2

f vୱ, τ . Kୟౙ

− 1

β଴ =
Δq

Δqୱ

Δq = τ. Δqୡ + 1 − τ . Δqୱ

n =
Δqେ
Δqୱ

=
f vୱ, τୡ୭୰୰ୣୡ୲ୣୢ +

1
2

f vୱ, τୡ୭୰୰ୣୡ୲ୣୢ ȉ Kୟౙ
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To take into account the additional lateral constraint due the earth pressure at depth, the settlement reduction ratio is multiplied by a coefficient f d .

and with

The coefficient f d  is limited by following formula:

The settlement reduction ratio β 2  is limited by:

Values of the settlement reduction ratio, step 3, are:

z sup z inf f d f d,max f d β 2 β 2,max β 2

(m) (m) (-) (-) (-) (-) (-) (-)
1 1.1 1.1 1.1 1.5 1.1 1.7 1.9 1.7
2 1.1 1.2 1.1 1.5 1.1 1.7 1.9 1.7
3 1.2 1.2 1.1 1.5 1.1 1.7 1.9 1.7
4 1.2 1.3 1.1 1.5 1.1 1.7 1.9 1.7
5 1.3 1.3 1.1 1.5 1.1 1.7 1.9 1.7
6 1.3 1.3 1.1 1.5 1.1 1.7 1.9 1.7
7 1.3 1.4 1.1 1.5 1.1 1.7 1.9 1.7
8 1.4 1.4 1.1 1.5 1.1 1.7 1.9 1.7
9 1.4 1.5 1.1 1.5 1.1 1.7 1.9 1.7

10 1.5 1.5 1.1 1.5 1.1 1.7 1.9 1.7

Over the length of the columns

z sup z inf S na S a

(m) (m) (m) (m)
1 1.1 1.1 0.001 0.000
2 1.1 1.2 0.001 0.000
3 1.2 1.2 0.001 0.000
4 1.2 1.3 0.001 0.000
5 1.3 1.3 0.001 0.000
6 1.3 1.3 0.001 0.000
7 1.3 1.4 0.001 0.000
8 1.4 1.4 0.001 0.000 Notations
9 1.4 1.5 0.001 0.000 S na Settlement of soil without soil improvement

10 1.5 1.5 0.001 0.000 S a Settlement of soil with soil improvement

TOTAL 0.007 0.004

The total settlement in the soil w/o improvement under an uniform load is: 0.7 cm

The settlement decrease ratio under an uniform load is: 1.7

The total settlement of the improved soil under an uniform load is: 0.4 cm

Below the improved soil layers

z sup z inf S na

(m) (m) (m)
11 1.5 3.5 0.003
12 3.5 10.0 0.022

TOTAL 0.025

The settlement below the improved soil layers is: 2.5 cm

2.9 cm

Layer n°

Settlement distribution per layer

Layer n°

THE TOTAL SETTLEMENT OF THE SOIL UNDER AN UNIFORM LOAD IS

Layer n°

Depth correction factor

βଶ = fୢ. βଵ fୢ =
1

1 +
K଴ౙ −

qୱ,଴
qୡ,଴

K଴ౙ
.
qୡ,଴
Δqୡ

fୢ ≥ 1

fୢ ≤
Mୡ

Mୱ
.
Δqୱ
Δqୡ

βଶ,୫ୟ୶ = 1 + τ
Mୡ

Mୱ
− 1
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Over the length of the columns

This calculation is made by applying a new settlement reduction factor β s  to the settlement of the soil improved by stone columns.

Priebe has given a diagram of β s  values depending on the depth/diameter ratio z/Ø c  and number of Stone Columns n.

The number of columns below the footing is: 1

The settlement of a layer at a depth Z below the base of the footing is determined as the difference of the settlements calculated between the lower bound Z inf 

and the upper bound Z sup  of the concerned layer, with an average β s  calculated over the thickness of this layer:

z sup z inf Z sup Z inf Z sup /Ø c Z inf /Ø c (β s ) sup (β s ) inf S a,s

(m) (m) (m) (m) (-) (-) (-) (-) (m)
1 1.1 1.1 0.0 0.0 0.00 0.10 1.00 0.99 0.000
2 1.1 1.2 0.0 0.1 0.10 0.20 0.99 0.97 0.000
3 1.2 1.2 0.1 0.1 0.20 0.30 0.97 0.96 0.000
4 1.2 1.3 0.1 0.2 0.30 0.40 0.96 0.94 0.000
5 1.3 1.3 0.2 0.2 0.40 0.50 0.94 0.93 0.000
6 1.3 1.3 0.2 0.2 0.50 0.60 0.93 0.91 0.000
7 1.3 1.4 0.2 0.3 0.60 0.70 0.91 0.90 0.000
8 1.4 1.4 0.3 0.3 0.70 0.80 0.90 0.88 0.000
9 1.4 1.5 0.3 0.4 0.80 0.90 0.88 0.87 0.000

10 1.5 1.5 0.4 0.4 0.90 1.00 0.87 0.86 0.000
TOTAL 0.003

The total settlement of the improved soil under the footing is: 0.3 cm

Notations
Z sup Depth of the top of the soil layer from the foundation base (β s ) sup Settlement reduction factor at the level of z sup

Z inf Depth of the bottom of the soil layer from the foundation base (β s ) inf Settlement reduction factor at the level of z inf

S a,s Settlement of soil with soil improvement

Below the improved soil layers

z sup z inf S na,s

(m) (m) (m)
11 1.5 3.5 0.001
12 3.5 10.0 0.000

TOTAL 0.001

The settlement below the improved soil layers is: 0.1 cm

THE TOTAL SETTLEMENT OF THE SOIL BELOW THE FOOTING IS 0.5 cm

Layer n°

LOADING ON THE FOOTING

Layer n°

Settlement distribution

Sୟ,ୱ(z) =
Δq

Mୱβଶ
βୱ ୧୬୤. Z୧୬୤ − βୱ ୱ୳୮. Zୱ୳୮
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Project name:

Area of the rectangular footing: 2.50 m x 2.50 m Footing loaded at kN

Area of the footing = 6.25 m²

Diameter of the columns = 0.4 m to 0.4 m

Maximal stress within the columns =

Description of the footing
Type of footing: Rectangular
L 2.5 m Length of the footing d 1.1 m Embedment height

B 2.5 m Width of the footing Afooting 6.25 m² Area of the footing

Number of columns under the footing: 4

Description of the stone columns
A 1.56 m² Equivalent grid area of the columns γc 20 kN/m3 Unit weight of the gravel

hc 0.4 m Length of the columns φc 38 ° Friction angle of the gravel

Ec 50,000 kPa Young's modulus Kac 0.24 Coefficient of active earth pressure

νc 0.33 Poisson's coefficient K0c 0.38 Coefficient of  earth pressure at rest

Mc 75,000 kPa Oedometric modulus

hw 1.5 m Depth of Ground Water Table

Priebe considers: with K 0s  : coefficient of earth pressure at rest

z sup z inf E s ν s γ s M s Ø c τ p l * c φ s

(m) (m) (kPa) (-) (kN/m 3 ) (kPa) (m) (%) (kPa) (kPa) (°)
1 1.1 1.1 6,000 0.33 18 9,000 0.40 8.0% 400 0 30
2 1.1 1.2 6,000 0.33 18 9,000 0.40 8.0% 400 0 30
3 1.2 1.2 6,000 0.33 18 9,000 0.40 8.0% 400 0 30
4 1.2 1.3 6,000 0.33 18 9,000 0.40 8.0% 400 0 30
5 1.3 1.3 6,000 0.33 18 9,000 0.40 8.0% 400 0 30
6 1.3 1.3 6,000 0.33 18 9,000 0.40 8.0% 400 0 30
7 1.3 1.4 6,000 0.33 18 9,000 0.40 8.0% 400 0 30
8 1.4 1.4 6,000 0.33 18 9,000 0.40 8.0% 400 0 30
9 1.4 1.5 6,000 0.33 18 9,000 0.40 8.0% 400 0 30

10 1.5 1.5 6,000 0.33 18 9,000 0.40 8.0% 400 0 30

hlim 10.0 m Limit depth of model

z sup z inf E s ν s M s

(m) (m) (kPa) (-) (kPa)
11 1.5 3.5 60,000 0.33 90,000
12 3.5 10.0 30,000 0.33 45,000

Notations
z sup Depth of the top of the soil layer M s Oedometric modulus in the layer

z inf Depth of the bottom of the soil layer Ø c Stone Columns' diameter

E s Young's modulus in the layer τ Replacement ratio

ν s Poisson's coefficient p l * Limit pressure in the layer

γs Unit weight of the soil layer c Drained cohesion or undrained shear strength

φ s Drained friction angle or 0 in undrained conditions

STONE COLUMNS DESIGN FOR FOOTINGS

Poyle pad @150kPa
2.5m x 2.5m pad (B)

ΔQ = 937.5

DESIGN AS PER PRIEBE METHOD

Presentation of the model and main calculation results

0.9 cm

598.4 kPa

Total settlement =

Layer n°

Description of Stone Columns reinforcement

Description of natural soil surrounding the columns

Layer n°

Description of natural soil below the columns

hw

hc

Supporting soil

0

Soft soil

hlim

S
C

ΔQ = 937.5 kN

z
Bedrock

D

K଴ୱ = 1
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ΔQ 938 kN Load applied at the footing base

Δq 150.0 kPa Pressure applied at the footing base

Priebe suggests to use the following settlement reduction ratio, corresponding to an incompressible gravel:

With: 

Values of the settlement reduction ratio, first step, are: 

z sup z inf f 0 (ν s ,τ) β 0 Δq s Δq c Stress in soil and columns is

(m) (m) (-) (-) (kPa) (kPa) assessed using the following formula:
1 1.1 1.1 1.48 1.4 109.3 614.8
2 1.1 1.2 1.48 1.4 109.3 614.8
3 1.2 1.2 1.48 1.4 109.3 614.8
4 1.2 1.3 1.48 1.4 109.3 614.8
5 1.3 1.3 1.48 1.4 109.3 614.8
6 1.3 1.3 1.48 1.4 109.3 614.8
7 1.3 1.4 1.48 1.4 109.3 614.8
8 1.4 1.4 1.48 1.4 109.3 614.8
9 1.4 1.5 1.48 1.4 109.3 614.8

10 1.5 1.5 1.48 1.4 109.3 614.8

Notations
Δq s Additional stress on the soil

Δq c Additional stress in the column

To take into account the fact that gravel is compressible, one should modify the replacement ratio value using the compressibility ratio column / soil.

Values of the settlement reduction ratio, second step, are: 

z sup z inf M c /M s Δ(1/τ) τ corrected β 1 Δq s Δq c

(m) (m) (-) (-) (%) (-) (kPa) (kPa)
1 1.1 1.1 8.3 0.58 7.7% 1.4 110.8 598.4
2 1.1 1.2 8.3 0.58 7.7% 1.4 110.8 598.4
3 1.2 1.2 8.3 0.58 7.7% 1.4 110.8 598.4
4 1.2 1.3 8.3 0.58 7.7% 1.4 110.8 598.4
5 1.3 1.3 8.3 0.58 7.7% 1.4 110.8 598.4
6 1.3 1.3 8.3 0.58 7.7% 1.4 110.8 598.4
7 1.3 1.4 8.3 0.58 7.7% 1.4 110.8 598.4
8 1.4 1.4 8.3 0.58 7.7% 1.4 110.8 598.4
9 1.4 1.5 8.3 0.58 7.7% 1.4 110.8 598.4

10 1.5 1.5 8.3 0.58 7.7% 1.4 110.8 598.4

Notations
Δ(1/τ) Increase of 1 / τ

τ corrected Modified value of replacement ratio

The stress distribution ratio is: 

z sup z inf n q c,0 Δq c q c Δq c,max q s,0 Δq s q s

(m) (m) (-) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa)

1 1.1 1.1 5.6 20.2 598.4 618.6 800.0 20.2 110.8 130.9
2 1.1 1.2 5.6 21.0 598.4 619.4 800.0 20.9 110.8 131.7
3 1.2 1.2 5.6 21.8 598.4 620.2 800.0 21.6 110.8 132.4
4 1.2 1.3 5.6 22.6 598.4 621.0 800.0 22.3 110.8 133.1
5 1.3 1.3 5.6 23.4 598.4 621.8 800.0 23.0 110.8 133.8
6 1.3 1.3 5.6 24.2 598.4 622.6 800.0 23.8 110.8 134.5
7 1.3 1.4 5.6 25.0 598.4 623.4 800.0 24.5 110.8 135.3
8 1.4 1.4 5.6 25.8 598.4 624.2 800.0 25.2 110.8 136.0
9 1.4 1.5 5.6 26.6 598.4 625.0 800.0 25.9 110.8 136.7

10 1.5 1.5 5.6 27.4 598.4 625.8 800.0 26.6 110.8 137.4

Notations
q c,0 Initial effective vertical stress in the column q s,0 Initial effective vertical stress in the soil

q c Final effective vertical stress in the column q s Final effective vertical stress in the soil

Δq c,max Limit value as per DTU 13-2 (Fs = 2)

1.50

Column are made of compressible material

Layer n°

Hypothesis: columns are not compressible

Stress distribution per improved layer

Layer n°

1.50

1.50
1.50

f(ν s ,τ corrected )

1.50

OK
OK

1.50

(-)

1.50
1.50
1.50

1.50

Loading description at SLS

UNIFORM LOADING

OK

Checking against 
bulging failure

OK

OK

OK

OK

OK

OK

Layer n°

OK

f νୱ, τ =
1 − νୱ

ଶ

1 − νୱ − 2νୱ
ଶ .

1 − 2νୱ 1 − τ

1 − 2νୱ + τ
β = 1 + τ

f vୱ, τ +
1
2

f vୱ, τ . Kୟౙ

− 1

β଴ =
Δq

Δqୱ

Δq = τ. Δqୡ + 1 − τ . Δqୱ

n =
Δqେ
Δqୱ

=
f vୱ, τୡ୭୰୰ୣୡ୲ୣୢ +

1
2

f vୱ, τୡ୭୰୰ୣୡ୲ୣୢ ȉ Kୟౙ
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To take into account the additional lateral constraint due the earth pressure at depth, the settlement reduction ratio is multiplied by a coefficient f d .

and with

The coefficient f d  is limited by following formula:

The settlement reduction ratio β 2  is limited by:

Values of the settlement reduction ratio, step 3, are:

z sup z inf f d f d,max f d β 2 β 2,max β 2

(m) (m) (-) (-) (-) (-) (-) (-)
1 1.1 1.1 1.1 1.5 1.1 1.4 1.6 1.4
2 1.1 1.2 1.1 1.5 1.1 1.4 1.6 1.4
3 1.2 1.2 1.1 1.5 1.1 1.4 1.6 1.4
4 1.2 1.3 1.1 1.5 1.1 1.4 1.6 1.4
5 1.3 1.3 1.1 1.5 1.1 1.4 1.6 1.4
6 1.3 1.3 1.1 1.5 1.1 1.4 1.6 1.4
7 1.3 1.4 1.1 1.5 1.1 1.4 1.6 1.4
8 1.4 1.4 1.1 1.5 1.1 1.5 1.6 1.5
9 1.4 1.5 1.1 1.5 1.1 1.5 1.6 1.5

10 1.5 1.5 1.1 1.5 1.1 1.5 1.6 1.5

Over the length of the columns

z sup z inf S na S a

(m) (m) (m) (m)
1 1.1 1.1 0.001 0.000
2 1.1 1.2 0.001 0.000
3 1.2 1.2 0.001 0.000
4 1.2 1.3 0.001 0.000
5 1.3 1.3 0.001 0.000
6 1.3 1.3 0.001 0.000
7 1.3 1.4 0.001 0.000
8 1.4 1.4 0.001 0.000 Notations
9 1.4 1.5 0.001 0.000 S na Settlement of soil without soil improvement

10 1.5 1.5 0.001 0.000 S a Settlement of soil with soil improvement

TOTAL 0.007 0.005

The total settlement in the soil w/o improvement under an uniform load is: 0.7 cm

The settlement decrease ratio under an uniform load is: 1.4

The total settlement of the improved soil under an uniform load is: 0.5 cm

Below the improved soil layers

z sup z inf S na

(m) (m) (m)
11 1.5 3.5 0.003
12 3.5 10.0 0.022

TOTAL 0.025

The settlement below the improved soil layers is: 2.5 cm

3.0 cm

Layer n°

Settlement distribution per layer

Layer n°

THE TOTAL SETTLEMENT OF THE SOIL UNDER AN UNIFORM LOAD IS

Layer n°

Depth correction factor

βଶ = fୢ. βଵ fୢ =
1

1 +
K଴ౙ −

qୱ,଴
qୡ,଴

K଴ౙ
.
qୡ,଴
Δqୡ

fୢ ≥ 1

fୢ ≤
Mୡ

Mୱ
.
Δqୱ
Δqୡ

βଶ,୫ୟ୶ = 1 + τ
Mୡ

Mୱ
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Over the length of the columns

This calculation is made by applying a new settlement reduction factor β s  to the settlement of the soil improved by stone columns.

Priebe has given a diagram of β s  values depending on the depth/diameter ratio z/Ø c  and number of Stone Columns n.

The number of columns below the footing is: 4

The settlement of a layer at a depth Z below the base of the footing is determined as the difference of the settlements calculated between the lower bound Z inf 

and the upper bound Z sup  of the concerned layer, with an average β s  calculated over the thickness of this layer:

z sup z inf Z sup Z inf Z sup /Ø c Z inf /Ø c (β s ) sup (β s ) inf S a,s

(m) (m) (m) (m) (-) (-) (-) (-) (m)
1 1.1 1.1 0.0 0.0 0.00 0.10 1.00 0.99 0.000
2 1.1 1.2 0.0 0.1 0.10 0.20 0.99 0.98 0.000
3 1.2 1.2 0.1 0.1 0.20 0.30 0.98 0.97 0.000
4 1.2 1.3 0.1 0.2 0.30 0.40 0.97 0.95 0.000
5 1.3 1.3 0.2 0.2 0.40 0.50 0.95 0.94 0.000
6 1.3 1.3 0.2 0.2 0.50 0.60 0.94 0.93 0.000
7 1.3 1.4 0.2 0.3 0.60 0.70 0.93 0.92 0.000
8 1.4 1.4 0.3 0.3 0.70 0.80 0.92 0.91 0.000
9 1.4 1.5 0.3 0.4 0.80 0.90 0.91 0.90 0.000

10 1.5 1.5 0.4 0.4 0.90 1.00 0.90 0.89 0.000
TOTAL 0.004

The total settlement of the improved soil under the footing is: 0.4 cm

Notations
Z sup Depth of the top of the soil layer from the foundation base (β s ) sup Settlement reduction factor at the level of z sup

Z inf Depth of the bottom of the soil layer from the foundation base (β s ) inf Settlement reduction factor at the level of z inf

S a,s Settlement of soil with soil improvement

Below the improved soil layers

z sup z inf S na,s

(m) (m) (m)
11 1.5 3.5 0.002
12 3.5 10.0 0.003

TOTAL 0.005

The settlement below the improved soil layers is: 0.5 cm

THE TOTAL SETTLEMENT OF THE SOIL BELOW THE FOOTING IS 0.9 cm

Layer n°

LOADING ON THE FOOTING

Layer n°

Settlement distribution

Sୟ,ୱ(z) =
Δq

Mୱβଶ
βୱ ୧୬୤. Z୧୬୤ − βୱ ୱ୳୮. Zୱ୳୮
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Project name:

Area of the rectangular footing: 2.90 m x 2.90 m Footing loaded at kN

Area of the footing = 8.41 m²

Diameter of the columns = 0.4 m to 0.4 m

Maximal stress within the columns =

Description of the footing
Type of footing: Rectangular
L 2.9 m Length of the footing d 1.1 m Embedment height

B 2.9 m Width of the footing Afooting 8.41 m² Area of the footing

Number of columns under the footing: 5

Description of the stone columns
A 1.68 m² Equivalent grid area of the columns γc 20 kN/m3 Unit weight of the gravel

hc 0.4 m Length of the columns φc 38 ° Friction angle of the gravel

Ec 50,000 kPa Young's modulus Kac 0.24 Coefficient of active earth pressure

νc 0.33 Poisson's coefficient K0c 0.38 Coefficient of  earth pressure at rest

Mc 75,000 kPa Oedometric modulus

hw 1.5 m Depth of Ground Water Table

Priebe considers: with K 0s  : coefficient of earth pressure at rest

z sup z inf E s ν s γ s M s Ø c τ p l * c φ s

(m) (m) (kPa) (-) (kN/m 3 ) (kPa) (m) (%) (kPa) (kPa) (°)
1 1.1 1.1 6,000 0.33 18 9,000 0.40 7.5% 400 0 30
2 1.1 1.2 6,000 0.33 18 9,000 0.40 7.5% 400 0 30
3 1.2 1.2 6,000 0.33 18 9,000 0.40 7.5% 400 0 30
4 1.2 1.3 6,000 0.33 18 9,000 0.40 7.5% 400 0 30
5 1.3 1.3 6,000 0.33 18 9,000 0.40 7.5% 400 0 30
6 1.3 1.3 6,000 0.33 18 9,000 0.40 7.5% 400 0 30
7 1.3 1.4 6,000 0.33 18 9,000 0.40 7.5% 400 0 30
8 1.4 1.4 6,000 0.33 18 9,000 0.40 7.5% 400 0 30
9 1.4 1.5 6,000 0.33 18 9,000 0.40 7.5% 400 0 30

10 1.5 1.5 6,000 0.33 18 9,000 0.40 7.5% 400 0 30

hlim 10.0 m Limit depth of model

z sup z inf E s ν s M s

(m) (m) (kPa) (-) (kPa)
11 1.5 3.5 60,000 0.33 90,000
12 3.5 10.0 30,000 0.33 45,000

Notations
z sup Depth of the top of the soil layer M s Oedometric modulus in the layer

z inf Depth of the bottom of the soil layer Ø c Stone Columns' diameter

E s Young's modulus in the layer τ Replacement ratio

ν s Poisson's coefficient p l * Limit pressure in the layer

γs Unit weight of the soil layer c Drained cohesion or undrained shear strength

φ s Drained friction angle or 0 in undrained conditions

Description of Stone Columns reinforcement

Description of natural soil surrounding the columns

Layer n°

Description of natural soil below the columns

STONE COLUMNS DESIGN FOR FOOTINGS

Poyle pad @150kPa
2.9m x 2.9m pad (F)

ΔQ = 1,261.5

DESIGN AS PER PRIEBE METHOD

Presentation of the model and main calculation results

1.0 cm

608.8 kPa

Total settlement =

Layer n°

hw

hc

Supporting soil

0

Soft soil

hlim

S
C

ΔQ = 1261.5 kN

z
Bedrock

D

K଴ୱ = 1
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ΔQ 1,262 kN Load applied at the footing base

Δq 150.0 kPa Pressure applied at the footing base

Priebe suggests to use the following settlement reduction ratio, corresponding to an incompressible gravel:

With: 

Values of the settlement reduction ratio, first step, are: 

z sup z inf f 0 (ν s ,τ) β 0 Δq s Δq c Stress in soil and columns is

(m) (m) (-) (-) (kPa) (kPa) assessed using the following formula:
1 1.1 1.1 1.51 1.3 111.7 624.7
2 1.1 1.2 1.51 1.3 111.7 624.7
3 1.2 1.2 1.51 1.3 111.7 624.7
4 1.2 1.3 1.51 1.3 111.7 624.7
5 1.3 1.3 1.51 1.3 111.7 624.7
6 1.3 1.3 1.51 1.3 111.7 624.7
7 1.3 1.4 1.51 1.3 111.7 624.7
8 1.4 1.4 1.51 1.3 111.7 624.7
9 1.4 1.5 1.51 1.3 111.7 624.7

10 1.5 1.5 1.51 1.3 111.7 624.7

Notations
Δq s Additional stress on the soil

Δq c Additional stress in the column

To take into account the fact that gravel is compressible, one should modify the replacement ratio value using the compressibility ratio column / soil.

Values of the settlement reduction ratio, second step, are: 

z sup z inf M c /M s Δ(1/τ) τ corrected β 1 Δq s Δq c

(m) (m) (-) (-) (%) (-) (kPa) (kPa)
1 1.1 1.1 8.3 0.58 7.2% 1.3 113.0 608.8
2 1.1 1.2 8.3 0.58 7.2% 1.3 113.0 608.8
3 1.2 1.2 8.3 0.58 7.2% 1.3 113.0 608.8
4 1.2 1.3 8.3 0.58 7.2% 1.3 113.0 608.8
5 1.3 1.3 8.3 0.58 7.2% 1.3 113.0 608.8
6 1.3 1.3 8.3 0.58 7.2% 1.3 113.0 608.8
7 1.3 1.4 8.3 0.58 7.2% 1.3 113.0 608.8
8 1.4 1.4 8.3 0.58 7.2% 1.3 113.0 608.8
9 1.4 1.5 8.3 0.58 7.2% 1.3 113.0 608.8

10 1.5 1.5 8.3 0.58 7.2% 1.3 113.0 608.8

Notations
Δ(1/τ) Increase of 1 / τ

τ corrected Modified value of replacement ratio

The stress distribution ratio is: 

z sup z inf n q c,0 Δq c q c Δq c,max q s,0 Δq s q s

(m) (m) (-) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa)

1 1.1 1.1 5.6 20.2 608.8 629.0 800.0 20.2 113.0 133.1
2 1.1 1.2 5.6 21.0 608.8 629.8 800.0 20.9 113.0 133.8
3 1.2 1.2 5.6 21.8 608.8 630.6 800.0 21.6 113.0 134.6
4 1.2 1.3 5.6 22.6 608.8 631.4 800.0 22.3 113.0 135.3
5 1.3 1.3 5.6 23.4 608.8 632.2 800.0 23.0 113.0 136.0
6 1.3 1.3 5.6 24.2 608.8 633.0 800.0 23.8 113.0 136.7
7 1.3 1.4 5.6 25.0 608.8 633.8 800.0 24.5 113.0 137.4
8 1.4 1.4 5.6 25.8 608.8 634.6 800.0 25.2 113.0 138.2
9 1.4 1.5 5.6 26.6 608.8 635.4 800.0 25.9 113.0 138.9

10 1.5 1.5 5.6 27.4 608.8 636.2 800.0 26.6 113.0 139.6

Notations
q c,0 Initial effective vertical stress in the column q s,0 Initial effective vertical stress in the soil

q c Final effective vertical stress in the column q s Final effective vertical stress in the soil

Δq c,max Limit value as per DTU 13-2 (Fs = 2)

Layer n°

OK

Checking against 
bulging failure

OK

OK

OK

OK

OK

OK

OK
OK

1.53

(-)

1.53
1.53
1.53

1.53

Loading description at SLS

UNIFORM LOADING

OK

Stress distribution per improved layer

Layer n°

1.53

1.53
1.53

f(ν s ,τ corrected )

1.53
1.53

Column are made of compressible material

Layer n°

Hypothesis: columns are not compressible

f νୱ, τ =
1 − νୱ

ଶ

1 − νୱ − 2νୱ
ଶ .

1 − 2νୱ 1 − τ

1 − 2νୱ + τ
β = 1 + τ

f vୱ, τ +
1
2
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− 1

β଴ =
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To take into account the additional lateral constraint due the earth pressure at depth, the settlement reduction ratio is multiplied by a coefficient f d .

and with

The coefficient f d  is limited by following formula:

The settlement reduction ratio β 2  is limited by:

Values of the settlement reduction ratio, step 3, are:

z sup z inf f d f d,max f d β 2 β 2,max β 2

(m) (m) (-) (-) (-) (-) (-) (-)
1 1.1 1.1 1.1 1.5 1.1 1.4 1.5 1.4
2 1.1 1.2 1.1 1.5 1.1 1.4 1.5 1.4
3 1.2 1.2 1.1 1.5 1.1 1.4 1.5 1.4
4 1.2 1.3 1.1 1.5 1.1 1.4 1.5 1.4
5 1.3 1.3 1.1 1.5 1.1 1.4 1.5 1.4
6 1.3 1.3 1.1 1.5 1.1 1.4 1.5 1.4
7 1.3 1.4 1.1 1.5 1.1 1.4 1.5 1.4
8 1.4 1.4 1.1 1.5 1.1 1.4 1.5 1.4
9 1.4 1.5 1.1 1.5 1.1 1.4 1.5 1.4

10 1.5 1.5 1.1 1.5 1.1 1.4 1.5 1.4

Over the length of the columns

z sup z inf S na S a

(m) (m) (m) (m)
1 1.1 1.1 0.001 0.000
2 1.1 1.2 0.001 0.000
3 1.2 1.2 0.001 0.000
4 1.2 1.3 0.001 0.000
5 1.3 1.3 0.001 0.000
6 1.3 1.3 0.001 0.000
7 1.3 1.4 0.001 0.000
8 1.4 1.4 0.001 0.000 Notations
9 1.4 1.5 0.001 0.000 S na Settlement of soil without soil improvement

10 1.5 1.5 0.001 0.000 S a Settlement of soil with soil improvement

TOTAL 0.007 0.005

The total settlement in the soil w/o improvement under an uniform load is: 0.7 cm

The settlement decrease ratio under an uniform load is: 1.4

The total settlement of the improved soil under an uniform load is: 0.5 cm

Below the improved soil layers

z sup z inf S na

(m) (m) (m)
11 1.5 3.5 0.003
12 3.5 10.0 0.022

TOTAL 0.025

The settlement below the improved soil layers is: 2.5 cm

3.0 cm

Depth correction factor

Layer n°

Settlement distribution per layer

Layer n°

THE TOTAL SETTLEMENT OF THE SOIL UNDER AN UNIFORM LOAD IS

Layer n°

βଶ = fୢ. βଵ fୢ =
1

1 +
K଴ౙ −

qୱ,଴
qୡ,଴

K଴ౙ
.
qୡ,଴
Δqୡ

fୢ ≥ 1

fୢ ≤
Mୡ

Mୱ
.
Δqୱ
Δqୡ
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Over the length of the columns

This calculation is made by applying a new settlement reduction factor β s  to the settlement of the soil improved by stone columns.

Priebe has given a diagram of β s  values depending on the depth/diameter ratio z/Ø c  and number of Stone Columns n.

The number of columns below the footing is: 5

The settlement of a layer at a depth Z below the base of the footing is determined as the difference of the settlements calculated between the lower bound Z inf 

and the upper bound Z sup  of the concerned layer, with an average β s  calculated over the thickness of this layer:

z sup z inf Z sup Z inf Z sup /Ø c Z inf /Ø c (β s ) sup (β s ) inf S a,s

(m) (m) (m) (m) (-) (-) (-) (-) (m)
1 1.1 1.1 0.0 0.0 0.00 0.10 1.00 0.99 0.000
2 1.1 1.2 0.0 0.1 0.10 0.20 0.99 0.98 0.000
3 1.2 1.2 0.1 0.1 0.20 0.30 0.98 0.97 0.000
4 1.2 1.3 0.1 0.2 0.30 0.40 0.97 0.96 0.000
5 1.3 1.3 0.2 0.2 0.40 0.50 0.96 0.95 0.000
6 1.3 1.3 0.2 0.2 0.50 0.60 0.95 0.93 0.000
7 1.3 1.4 0.2 0.3 0.60 0.70 0.93 0.92 0.000
8 1.4 1.4 0.3 0.3 0.70 0.80 0.92 0.91 0.000
9 1.4 1.5 0.3 0.4 0.80 0.90 0.91 0.90 0.000

10 1.5 1.5 0.4 0.4 0.90 1.00 0.90 0.89 0.000
TOTAL 0.004

The total settlement of the improved soil under the footing is: 0.4 cm

Notations
Z sup Depth of the top of the soil layer from the foundation base (β s ) sup Settlement reduction factor at the level of z sup

Z inf Depth of the bottom of the soil layer from the foundation base (β s ) inf Settlement reduction factor at the level of z inf

S a,s Settlement of soil with soil improvement

Below the improved soil layers

z sup z inf S na,s

(m) (m) (m)
11 1.5 3.5 0.002
12 3.5 10.0 0.003

TOTAL 0.006

The settlement below the improved soil layers is: 0.6 cm

THE TOTAL SETTLEMENT OF THE SOIL BELOW THE FOOTING IS 1.0 cm

Layer n°

LOADING ON THE FOOTING

Layer n°

Settlement distribution

Sୟ,ୱ(z) =
Δq

Mୱβଶ
βୱ ୧୬୤. Z୧୬୤ − βୱ ୱ୳୮. Zୱ୳୮
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Project name:

Area of the rectangular footing: 2.90 m x 4.50 m Footing loaded at kN

Area of the footing = 13.05 m²

Diameter of the columns = 0.4 m to 0.4 m

Maximal stress within the columns =

Description of the footing
Type of footing: Rectangular
L 2.9 m Length of the footing d 1.2 m Embedment height

B 4.5 m Width of the footing Afooting 13.05 m² Area of the footing

Number of columns under the footing: 7

Description of the stone columns
A 1.86 m² Equivalent grid area of the columns γc 20 kN/m3 Unit weight of the gravel

hc 0.4 m Length of the columns φc 38 ° Friction angle of the gravel

Ec 50,000 kPa Young's modulus Kac 0.24 Coefficient of active earth pressure

νc 0.33 Poisson's coefficient K0c 0.38 Coefficient of  earth pressure at rest

Mc 75,000 kPa Oedometric modulus

hw 1.5 m Depth of Ground Water Table

Priebe considers: with K 0s  : coefficient of earth pressure at rest

z sup z inf E s ν s γ s M s Ø c τ p l * c φ s

(m) (m) (kPa) (-) (kN/m 3 ) (kPa) (m) (%) (kPa) (kPa) (°)
1 1.2 1.2 6,000 0.33 18 9,000 0.40 6.7% 400 0 30
2 1.2 1.3 6,000 0.33 18 9,000 0.40 6.7% 400 0 30
3 1.3 1.3 6,000 0.33 18 9,000 0.40 6.7% 400 0 30
4 1.3 1.4 6,000 0.33 18 9,000 0.40 6.7% 400 0 30
5 1.4 1.4 6,000 0.33 18 9,000 0.40 6.7% 400 0 30
6 1.4 1.4 6,000 0.33 18 9,000 0.40 6.7% 400 0 30
7 1.4 1.5 6,000 0.33 18 9,000 0.40 6.7% 400 0 30
8 1.5 1.5 6,000 0.33 18 9,000 0.40 6.7% 400 0 30
9 1.5 1.6 6,000 0.33 18 9,000 0.40 6.7% 400 0 30

10 1.6 1.6 6,000 0.33 18 9,000 0.40 6.7% 400 0 30

hlim 10.0 m Limit depth of model

z sup z inf E s ν s M s

(m) (m) (kPa) (-) (kPa)
11 1.6 3.5 60,000 0.33 90,000
12 3.5 10.0 30,000 0.33 45,000

Notations
z sup Depth of the top of the soil layer M s Oedometric modulus in the layer

z inf Depth of the bottom of the soil layer Ø c Stone Columns' diameter

E s Young's modulus in the layer τ Replacement ratio

ν s Poisson's coefficient p l * Limit pressure in the layer

γs Unit weight of the soil layer c Drained cohesion or undrained shear strength

φ s Drained friction angle or 0 in undrained conditions

Description of Stone Columns reinforcement

Description of natural soil surrounding the columns

Layer n°

Description of natural soil below the columns

STONE COLUMNS DESIGN FOR FOOTINGS

Poyle pad @150kPa
2.9m x 4.5m pad (M)

ΔQ = 1,957.5

DESIGN AS PER PRIEBE METHOD

Presentation of the model and main calculation results

1.2 cm

622.8 kPa

Total settlement =

Layer n°

hw

hc

Supporting soil

0

Soft soil

hlim

S
C

ΔQ = 1957.5 kN

z
Bedrock

D

K଴ୱ = 1
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ΔQ 1,958 kN Load applied at the footing base

Δq 150.0 kPa Pressure applied at the footing base

Priebe suggests to use the following settlement reduction ratio, corresponding to an incompressible gravel:

With: 

Values of the settlement reduction ratio, first step, are: 

z sup z inf f 0 (ν s ,τ) β 0 Δq s Δq c Stress in soil and columns is

(m) (m) (-) (-) (kPa) (kPa) assessed using the following formula:
1 1.2 1.2 1.55 1.3 114.7 637.8
2 1.2 1.3 1.55 1.3 114.7 637.8
3 1.3 1.3 1.55 1.3 114.7 637.8
4 1.3 1.4 1.55 1.3 114.7 637.8
5 1.4 1.4 1.55 1.3 114.7 637.8
6 1.4 1.4 1.55 1.3 114.7 637.8
7 1.4 1.5 1.55 1.3 114.7 637.8
8 1.5 1.5 1.55 1.3 114.7 637.8
9 1.5 1.6 1.55 1.3 114.7 637.8

10 1.6 1.6 1.55 1.3 114.7 637.8

Notations
Δq s Additional stress on the soil

Δq c Additional stress in the column

To take into account the fact that gravel is compressible, one should modify the replacement ratio value using the compressibility ratio column / soil.

Values of the settlement reduction ratio, second step, are: 

z sup z inf M c /M s Δ(1/τ) τ corrected β 1 Δq s Δq c

(m) (m) (-) (-) (%) (-) (kPa) (kPa)
1 1.2 1.2 8.3 0.58 6.5% 1.3 115.8 622.8
2 1.2 1.3 8.3 0.58 6.5% 1.3 115.8 622.8
3 1.3 1.3 8.3 0.58 6.5% 1.3 115.8 622.8
4 1.3 1.4 8.3 0.58 6.5% 1.3 115.8 622.8
5 1.4 1.4 8.3 0.58 6.5% 1.3 115.8 622.8
6 1.4 1.4 8.3 0.58 6.5% 1.3 115.8 622.8
7 1.4 1.5 8.3 0.58 6.5% 1.3 115.8 622.8
8 1.5 1.5 8.3 0.58 6.5% 1.3 115.8 622.8
9 1.5 1.6 8.3 0.58 6.5% 1.3 115.8 622.8

10 1.6 1.6 8.3 0.58 6.5% 1.3 115.8 622.8

Notations
Δ(1/τ) Increase of 1 / τ

τ corrected Modified value of replacement ratio

The stress distribution ratio is: 

z sup z inf n q c,0 Δq c q c Δq c,max q s,0 Δq s q s

(m) (m) (-) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa)

1 1.2 1.2 5.5 22.0 622.8 644.8 800.0 22.0 115.8 137.8
2 1.2 1.3 5.5 22.8 622.8 645.6 800.0 22.7 115.8 138.5
3 1.3 1.3 5.5 23.6 622.8 646.4 800.0 23.4 115.8 139.2
4 1.3 1.4 5.5 24.4 622.8 647.2 800.0 24.1 115.8 139.9
5 1.4 1.4 5.5 25.2 622.8 648.0 800.0 24.8 115.8 140.7
6 1.4 1.4 5.5 26.0 622.8 648.8 800.0 25.6 115.8 141.4
7 1.4 1.5 5.5 26.8 622.8 649.6 800.0 26.3 115.8 142.1
8 1.5 1.5 5.5 27.5 622.8 650.3 800.0 26.9 115.8 142.7
9 1.5 1.6 5.5 28.0 622.8 650.8 800.0 27.3 115.8 143.1

10 1.6 1.6 5.5 28.4 622.8 651.2 800.0 27.6 115.8 143.5

Notations
q c,0 Initial effective vertical stress in the column q s,0 Initial effective vertical stress in the soil

q c Final effective vertical stress in the column q s Final effective vertical stress in the soil

Δq c,max Limit value as per DTU 13-2 (Fs = 2)

Layer n°

OK

Checking against 
bulging failure

OK

OK

OK

OK

OK

OK

OK
OK

1.57

(-)

1.57
1.57
1.57

1.57

Loading description at SLS

UNIFORM LOADING

OK

Stress distribution per improved layer

Layer n°

1.57

1.57
1.57

f(ν s ,τ corrected )

1.57
1.57

Column are made of compressible material

Layer n°

Hypothesis: columns are not compressible

f νୱ, τ =
1 − νୱ

ଶ

1 − νୱ − 2νୱ
ଶ .

1 − 2νୱ 1 − τ

1 − 2νୱ + τ
β = 1 + τ

f vୱ, τ +
1
2

f vୱ, τ . Kୟౙ

− 1

β଴ =
Δq

Δqୱ

Δq = τ. Δqୡ + 1 − τ . Δqୱ

n =
Δqେ
Δqୱ

=
f vୱ, τୡ୭୰୰ୣୡ୲ୣୢ +

1
2

f vୱ, τୡ୭୰୰ୣୡ୲ୣୢ ȉ Kୟౙ
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To take into account the additional lateral constraint due the earth pressure at depth, the settlement reduction ratio is multiplied by a coefficient f d .

and with

The coefficient f d  is limited by following formula:

The settlement reduction ratio β 2  is limited by:

Values of the settlement reduction ratio, step 3, are:

z sup z inf f d f d,max f d β 2 β 2,max β 2

(m) (m) (-) (-) (-) (-) (-) (-)
1 1.2 1.2 1.1 1.5 1.1 1.4 1.5 1.4
2 1.2 1.3 1.1 1.5 1.1 1.4 1.5 1.4
3 1.3 1.3 1.1 1.5 1.1 1.4 1.5 1.4
4 1.3 1.4 1.1 1.5 1.1 1.4 1.5 1.4
5 1.4 1.4 1.1 1.5 1.1 1.4 1.5 1.4
6 1.4 1.4 1.1 1.5 1.1 1.4 1.5 1.4
7 1.4 1.5 1.1 1.5 1.1 1.4 1.5 1.4
8 1.5 1.5 1.1 1.5 1.1 1.4 1.5 1.4
9 1.5 1.6 1.1 1.5 1.1 1.4 1.5 1.4

10 1.6 1.6 1.1 1.5 1.1 1.4 1.5 1.4

Over the length of the columns

z sup z inf S na S a

(m) (m) (m) (m)
1 1.2 1.2 0.001 0.000
2 1.2 1.3 0.001 0.000
3 1.3 1.3 0.001 0.000
4 1.3 1.4 0.001 0.000
5 1.4 1.4 0.001 0.000
6 1.4 1.4 0.001 0.000
7 1.4 1.5 0.001 0.000
8 1.5 1.5 0.001 0.000 Notations
9 1.5 1.6 0.001 0.000 S na Settlement of soil without soil improvement

10 1.6 1.6 0.001 0.000 S a Settlement of soil with soil improvement

TOTAL 0.007 0.005

The total settlement in the soil w/o improvement under an uniform load is: 0.7 cm

The settlement decrease ratio under an uniform load is: 1.4

The total settlement of the improved soil under an uniform load is: 0.5 cm

Below the improved soil layers

z sup z inf S na

(m) (m) (m)
11 1.6 3.5 0.003
12 3.5 10.0 0.022

TOTAL 0.025

The settlement below the improved soil layers is: 2.5 cm

3.0 cm

Depth correction factor

Layer n°

Settlement distribution per layer

Layer n°

THE TOTAL SETTLEMENT OF THE SOIL UNDER AN UNIFORM LOAD IS

Layer n°

βଶ = fୢ. βଵ fୢ =
1

1 +
K଴ౙ −

qୱ,଴
qୡ,଴

K଴ౙ
.
qୡ,଴
Δqୡ

fୢ ≥ 1

fୢ ≤
Mୡ

Mୱ
.
Δqୱ
Δqୡ

βଶ,୫ୟ୶ = 1 + τ
Mୡ

Mୱ
− 1
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Over the length of the columns

This calculation is made by applying a new settlement reduction factor β s  to the settlement of the soil improved by stone columns.

Priebe has given a diagram of β s  values depending on the depth/diameter ratio z/Ø c  and number of Stone Columns n.

The number of columns below the footing is: 7

The settlement of a layer at a depth Z below the base of the footing is determined as the difference of the settlements calculated between the lower bound Z inf 

and the upper bound Z sup  of the concerned layer, with an average β s  calculated over the thickness of this layer:

z sup z inf Z sup Z inf Z sup /Ø c Z inf /Ø c (β s ) sup (β s ) inf S a,s

(m) (m) (m) (m) (-) (-) (-) (-) (m)
1 1.2 1.2 0.0 0.0 0.00 0.10 1.00 0.99 0.000
2 1.2 1.3 0.0 0.1 0.10 0.20 0.99 0.98 0.000
3 1.3 1.3 0.1 0.1 0.20 0.30 0.98 0.97 0.000
4 1.3 1.4 0.1 0.2 0.30 0.40 0.97 0.96 0.000
5 1.4 1.4 0.2 0.2 0.40 0.50 0.96 0.95 0.000
6 1.4 1.4 0.2 0.2 0.50 0.60 0.95 0.94 0.000
7 1.4 1.5 0.2 0.3 0.60 0.70 0.94 0.93 0.000
8 1.5 1.5 0.3 0.3 0.70 0.80 0.93 0.92 0.000
9 1.5 1.6 0.3 0.4 0.80 0.90 0.92 0.91 0.000

10 1.6 1.6 0.4 0.4 0.90 1.00 0.91 0.90 0.000
TOTAL 0.004

The total settlement of the improved soil under the footing is: 0.4 cm

Notations
Z sup Depth of the top of the soil layer from the foundation base (β s ) sup Settlement reduction factor at the level of z sup

Z inf Depth of the bottom of the soil layer from the foundation base (β s ) inf Settlement reduction factor at the level of z inf

S a,s Settlement of soil with soil improvement

Below the improved soil layers

z sup z inf S na,s

(m) (m) (m)
11 1.6 3.5 0.003
12 3.5 10.0 0.005

TOTAL 0.007

The settlement below the improved soil layers is: 0.7 cm

THE TOTAL SETTLEMENT OF THE SOIL BELOW THE FOOTING IS 1.2 cm

Layer n°

LOADING ON THE FOOTING

Layer n°

Settlement distribution

Sୟ,ୱ(z) =
Δq

Mୱβଶ
βୱ ୧୬୤. Z୧୬୤ − βୱ ୱ୳୮. Zୱ୳୮
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Project name:

Area of the rectangular footing: 2.00 m x 2.00 m Footing loaded at kN

Area of the footing = 4 m²

Diameter of the columns = 0.4 m to 0.4 m

Maximal stress within the columns =

Description of the footing
Type of footing: Rectangular
L 2 m Length of the footing d 1.1 m Embedment height

B 2 m Width of the footing Afooting 4 m² Area of the footing

Number of columns under the footing: 2

Description of the stone columns
A 2.00 m² Equivalent grid area of the columns γc 20 kN/m3 Unit weight of the gravel

hc 0.4 m Length of the columns φc 38 ° Friction angle of the gravel

Ec 50,000 kPa Young's modulus Kac 0.24 Coefficient of active earth pressure

νc 0.33 Poisson's coefficient K0c 0.38 Coefficient of  earth pressure at rest

Mc 75,000 kPa Oedometric modulus

hw 1.5 m Depth of Ground Water Table

Priebe considers: with K 0s  : coefficient of earth pressure at rest

z sup z inf E s ν s γ s M s Ø c τ p l * c φ s

(m) (m) (kPa) (-) (kN/m 3 ) (kPa) (m) (%) (kPa) (kPa) (°)
1 1.1 1.1 6,000 0.33 18 9,000 0.40 6.3% 400 0 30
2 1.1 1.2 6,000 0.33 18 9,000 0.40 6.3% 400 0 30
3 1.2 1.2 6,000 0.33 18 9,000 0.40 6.3% 400 0 30
4 1.2 1.3 6,000 0.33 18 9,000 0.40 6.3% 400 0 30
5 1.3 1.3 6,000 0.33 18 9,000 0.40 6.3% 400 0 30
6 1.3 1.3 6,000 0.33 18 9,000 0.40 6.3% 400 0 30
7 1.3 1.4 6,000 0.33 18 9,000 0.40 6.3% 400 0 30
8 1.4 1.4 6,000 0.33 18 9,000 0.40 6.3% 400 0 30
9 1.4 1.5 6,000 0.33 18 9,000 0.40 6.3% 400 0 30

10 1.5 1.5 6,000 0.33 18 9,000 0.40 6.3% 400 0 30

hlim 10.0 m Limit depth of model

z sup z inf E s ν s M s

(m) (m) (kPa) (-) (kPa)
11 1.5 3.5 60,000 0.33 90,000
12 3.5 10.0 30,000 0.33 45,000

Notations
z sup Depth of the top of the soil layer M s Oedometric modulus in the layer

z inf Depth of the bottom of the soil layer Ø c Stone Columns' diameter

E s Young's modulus in the layer τ Replacement ratio

ν s Poisson's coefficient p l * Limit pressure in the layer

γs Unit weight of the soil layer c Drained cohesion or undrained shear strength

φ s Drained friction angle or 0 in undrained conditions

Description of Stone Columns reinforcement

Description of natural soil surrounding the columns

Layer n°

Description of natural soil below the columns

STONE COLUMNS DESIGN FOR FOOTINGS

Poyle pad @150kPa
2m x 2m pad

ΔQ = 600.0

DESIGN AS PER PRIEBE METHOD

Presentation of the model and main calculation results

0.8 cm

631.8 kPa

Total settlement =

Layer n°

hw

hc

Supporting soil

0

Soft soil

hlim

S
C

ΔQ = 600 kN

z
Bedrock

D

K଴ୱ = 1
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ΔQ 600 kN Load applied at the footing base

Δq 150.0 kPa Pressure applied at the footing base

Priebe suggests to use the following settlement reduction ratio, corresponding to an incompressible gravel:

With: 

Values of the settlement reduction ratio, first step, are: 

z sup z inf f 0 (ν s ,τ) β 0 Δq s Δq c Stress in soil and columns is

(m) (m) (-) (-) (kPa) (kPa) assessed using the following formula:
1 1.1 1.1 1.58 1.3 116.7 646.3
2 1.1 1.2 1.58 1.3 116.7 646.3
3 1.2 1.2 1.58 1.3 116.7 646.3
4 1.2 1.3 1.58 1.3 116.7 646.3
5 1.3 1.3 1.58 1.3 116.7 646.3
6 1.3 1.3 1.58 1.3 116.7 646.3
7 1.3 1.4 1.58 1.3 116.7 646.3
8 1.4 1.4 1.58 1.3 116.7 646.3
9 1.4 1.5 1.58 1.3 116.7 646.3

10 1.5 1.5 1.58 1.3 116.7 646.3

Notations
Δq s Additional stress on the soil

Δq c Additional stress in the column

To take into account the fact that gravel is compressible, one should modify the replacement ratio value using the compressibility ratio column / soil.

Values of the settlement reduction ratio, second step, are: 

z sup z inf M c /M s Δ(1/τ) τ corrected β 1 Δq s Δq c

(m) (m) (-) (-) (%) (-) (kPa) (kPa)
1 1.1 1.1 8.3 0.58 6.1% 1.3 117.7 631.8
2 1.1 1.2 8.3 0.58 6.1% 1.3 117.7 631.8
3 1.2 1.2 8.3 0.58 6.1% 1.3 117.7 631.8
4 1.2 1.3 8.3 0.58 6.1% 1.3 117.7 631.8
5 1.3 1.3 8.3 0.58 6.1% 1.3 117.7 631.8
6 1.3 1.3 8.3 0.58 6.1% 1.3 117.7 631.8
7 1.3 1.4 8.3 0.58 6.1% 1.3 117.7 631.8
8 1.4 1.4 8.3 0.58 6.1% 1.3 117.7 631.8
9 1.4 1.5 8.3 0.58 6.1% 1.3 117.7 631.8

10 1.5 1.5 8.3 0.58 6.1% 1.3 117.7 631.8

Notations
Δ(1/τ) Increase of 1 / τ

τ corrected Modified value of replacement ratio

The stress distribution ratio is: 

z sup z inf n q c,0 Δq c q c Δq c,max q s,0 Δq s q s

(m) (m) (-) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa)

1 1.1 1.1 5.5 20.2 631.8 652.0 800.0 20.2 117.7 137.9
2 1.1 1.2 5.5 21.0 631.8 652.8 800.0 20.9 117.7 138.6
3 1.2 1.2 5.5 21.8 631.8 653.6 800.0 21.6 117.7 139.3
4 1.2 1.3 5.5 22.6 631.8 654.4 800.0 22.3 117.7 140.0
5 1.3 1.3 5.5 23.4 631.8 655.2 800.0 23.0 117.7 140.7
6 1.3 1.3 5.5 24.2 631.8 656.0 800.0 23.8 117.7 141.5
7 1.3 1.4 5.5 25.0 631.8 656.8 800.0 24.5 117.7 142.2
8 1.4 1.4 5.5 25.8 631.8 657.6 800.0 25.2 117.7 142.9
9 1.4 1.5 5.5 26.6 631.8 658.4 800.0 25.9 117.7 143.6

10 1.5 1.5 5.5 27.4 631.8 659.2 800.0 26.6 117.7 144.3

Notations
q c,0 Initial effective vertical stress in the column q s,0 Initial effective vertical stress in the soil

q c Final effective vertical stress in the column q s Final effective vertical stress in the soil

Δq c,max Limit value as per DTU 13-2 (Fs = 2)

Layer n°

OK

Checking against 
bulging failure

OK

OK

OK

OK

OK

OK

OK
OK

1.59

(-)

1.59
1.59
1.59

1.59

Loading description at SLS

UNIFORM LOADING

OK

Stress distribution per improved layer

Layer n°

1.59

1.59
1.59

f(ν s ,τ corrected )

1.59
1.59

Column are made of compressible material

Layer n°

Hypothesis: columns are not compressible

f νୱ, τ =
1 − νୱ

ଶ

1 − νୱ − 2νୱ
ଶ .

1 − 2νୱ 1 − τ

1 − 2νୱ + τ
β = 1 + τ

f vୱ, τ +
1
2

f vୱ, τ . Kୟౙ

− 1

β଴ =
Δq

Δqୱ

Δq = τ. Δqୡ + 1 − τ . Δqୱ

n =
Δqେ
Δqୱ

=
f vୱ, τୡ୭୰୰ୣୡ୲ୣୢ +

1
2

f vୱ, τୡ୭୰୰ୣୡ୲ୣୢ ȉ Kୟౙ
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To take into account the additional lateral constraint due the earth pressure at depth, the settlement reduction ratio is multiplied by a coefficient f d .

and with

The coefficient f d  is limited by following formula:

The settlement reduction ratio β 2  is limited by:

Values of the settlement reduction ratio, step 3, are:

z sup z inf f d f d,max f d β 2 β 2,max β 2

(m) (m) (-) (-) (-) (-) (-) (-)
1 1.1 1.1 1.1 1.6 1.1 1.3 1.5 1.3
2 1.1 1.2 1.1 1.6 1.1 1.3 1.5 1.3
3 1.2 1.2 1.1 1.6 1.1 1.3 1.5 1.3
4 1.2 1.3 1.1 1.6 1.1 1.4 1.5 1.4
5 1.3 1.3 1.1 1.6 1.1 1.4 1.5 1.4
6 1.3 1.3 1.1 1.6 1.1 1.4 1.5 1.4
7 1.3 1.4 1.1 1.6 1.1 1.4 1.5 1.4
8 1.4 1.4 1.1 1.6 1.1 1.4 1.5 1.4
9 1.4 1.5 1.1 1.6 1.1 1.4 1.5 1.4

10 1.5 1.5 1.1 1.6 1.1 1.4 1.5 1.4

Over the length of the columns

z sup z inf S na S a

(m) (m) (m) (m)
1 1.1 1.1 0.001 0.000
2 1.1 1.2 0.001 0.000
3 1.2 1.2 0.001 0.000
4 1.2 1.3 0.001 0.000
5 1.3 1.3 0.001 0.000
6 1.3 1.3 0.001 0.000
7 1.3 1.4 0.001 0.000
8 1.4 1.4 0.001 0.000 Notations
9 1.4 1.5 0.001 0.000 S na Settlement of soil without soil improvement

10 1.5 1.5 0.001 0.000 S a Settlement of soil with soil improvement

TOTAL 0.007 0.005

The total settlement in the soil w/o improvement under an uniform load is: 0.7 cm

The settlement decrease ratio under an uniform load is: 1.4

The total settlement of the improved soil under an uniform load is: 0.5 cm

Below the improved soil layers

z sup z inf S na

(m) (m) (m)
11 1.5 3.5 0.003
12 3.5 10.0 0.022

TOTAL 0.025

The settlement below the improved soil layers is: 2.5 cm

3.0 cm

Depth correction factor

Layer n°

Settlement distribution per layer

Layer n°

THE TOTAL SETTLEMENT OF THE SOIL UNDER AN UNIFORM LOAD IS

Layer n°

βଶ = fୢ. βଵ fୢ =
1

1 +
K଴ౙ −

qୱ,଴
qୡ,଴

K଴ౙ
.
qୡ,଴
Δqୡ

fୢ ≥ 1

fୢ ≤
Mୡ

Mୱ
.
Δqୱ
Δqୡ

βଶ,୫ୟ୶ = 1 + τ
Mୡ

Mୱ
− 1
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Over the length of the columns

This calculation is made by applying a new settlement reduction factor β s  to the settlement of the soil improved by stone columns.

Priebe has given a diagram of β s  values depending on the depth/diameter ratio z/Ø c  and number of Stone Columns n.

The number of columns below the footing is: 2

The settlement of a layer at a depth Z below the base of the footing is determined as the difference of the settlements calculated between the lower bound Z inf 

and the upper bound Z sup  of the concerned layer, with an average β s  calculated over the thickness of this layer:

z sup z inf Z sup Z inf Z sup /Ø c Z inf /Ø c (β s ) sup (β s ) inf S a,s

(m) (m) (m) (m) (-) (-) (-) (-) (m)
1 1.1 1.1 0.0 0.0 0.00 0.10 1.00 0.99 0.000
2 1.1 1.2 0.0 0.1 0.10 0.20 0.99 0.97 0.000
3 1.2 1.2 0.1 0.1 0.20 0.30 0.97 0.96 0.000
4 1.2 1.3 0.1 0.2 0.30 0.40 0.96 0.95 0.000
5 1.3 1.3 0.2 0.2 0.40 0.50 0.95 0.93 0.000
6 1.3 1.3 0.2 0.2 0.50 0.60 0.93 0.92 0.000
7 1.3 1.4 0.2 0.3 0.60 0.70 0.92 0.91 0.000
8 1.4 1.4 0.3 0.3 0.70 0.80 0.91 0.89 0.000
9 1.4 1.5 0.3 0.4 0.80 0.90 0.89 0.88 0.000

10 1.5 1.5 0.4 0.4 0.90 1.00 0.88 0.87 0.000
TOTAL 0.004

The total settlement of the improved soil under the footing is: 0.4 cm

Notations
Z sup Depth of the top of the soil layer from the foundation base (β s ) sup Settlement reduction factor at the level of z sup

Z inf Depth of the bottom of the soil layer from the foundation base (β s ) inf Settlement reduction factor at the level of z inf

S a,s Settlement of soil with soil improvement

Below the improved soil layers

z sup z inf S na,s

(m) (m) (m)
11 1.5 3.5 0.002
12 3.5 10.0 0.002

TOTAL 0.004

The settlement below the improved soil layers is: 0.4 cm

THE TOTAL SETTLEMENT OF THE SOIL BELOW THE FOOTING IS 0.8 cm

Layer n°

LOADING ON THE FOOTING

Layer n°

Settlement distribution

Sୟ,ୱ(z) =
Δq

Mୱβଶ
βୱ ୧୬୤. Z୧୬୤ − βୱ ୱ୳୮. Zୱ୳୮
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Project name:

Area of the rectangular footing: 3.60 m x 3.60 m Footing loaded at kN

Area of the footing = 12.96 m²

Diameter of the columns = 0.4 m to 0.4 m

Maximal stress within the columns =

Description of the footing
Type of footing: Rectangular
L 3.6 m Length of the footing d 1.1 m Embedment height

B 3.6 m Width of the footing Afooting 12.96 m² Area of the footing

Number of columns under the footing: 7

Description of the stone columns
A 1.85 m² Equivalent grid area of the columns γc 20 kN/m3 Unit weight of the gravel

hc 0.4 m Length of the columns φc 38 ° Friction angle of the gravel

Ec 50,000 kPa Young's modulus Kac 0.24 Coefficient of active earth pressure

νc 0.33 Poisson's coefficient K0c 0.38 Coefficient of  earth pressure at rest

Mc 75,000 kPa Oedometric modulus

hw 1.5 m Depth of Ground Water Table

Priebe considers: with K 0s  : coefficient of earth pressure at rest

z sup z inf E s ν s γ s M s Ø c τ p l * c φ s

(m) (m) (kPa) (-) (kN/m 3 ) (kPa) (m) (%) (kPa) (kPa) (°)
1 1.1 1.1 6,000 0.33 18 9,000 0.40 6.8% 400 0 30
2 1.1 1.2 6,000 0.33 18 9,000 0.40 6.8% 400 0 30
3 1.2 1.2 6,000 0.33 18 9,000 0.40 6.8% 400 0 30
4 1.2 1.3 6,000 0.33 18 9,000 0.40 6.8% 400 0 30
5 1.3 1.3 6,000 0.33 18 9,000 0.40 6.8% 400 0 30
6 1.3 1.3 6,000 0.33 18 9,000 0.40 6.8% 400 0 30
7 1.3 1.4 6,000 0.33 18 9,000 0.40 6.8% 400 0 30
8 1.4 1.4 6,000 0.33 18 9,000 0.40 6.8% 400 0 30
9 1.4 1.5 6,000 0.33 18 9,000 0.40 6.8% 400 0 30

10 1.5 1.5 6,000 0.33 18 9,000 0.40 6.8% 400 0 30

hlim 10.0 m Limit depth of model

z sup z inf E s ν s M s

(m) (m) (kPa) (-) (kPa)
11 1.5 3.5 60,000 0.33 90,000
12 3.5 10.0 30,000 0.33 45,000

Notations
z sup Depth of the top of the soil layer M s Oedometric modulus in the layer

z inf Depth of the bottom of the soil layer Ø c Stone Columns' diameter

E s Young's modulus in the layer τ Replacement ratio

ν s Poisson's coefficient p l * Limit pressure in the layer

γs Unit weight of the soil layer c Drained cohesion or undrained shear strength

φ s Drained friction angle or 0 in undrained conditions

STONE COLUMNS DESIGN FOR FOOTINGS

Poyle pad @150kPa
3.6m x 3.6m pad (D)

ΔQ = 1,944.0

DESIGN AS PER PRIEBE METHOD

Presentation of the model and main calculation results

1.2 cm

621.9 kPa

Total settlement =

Layer n°

Description of Stone Columns reinforcement

Description of natural soil surrounding the columns

Layer n°

Description of natural soil below the columns

hw

hc

Supporting soil

0

Soft soil

hlim

S
C

ΔQ = 1944 kN

z
Bedrock

D

K଴ୱ = 1
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ΔQ 1,944 kN Load applied at the footing base

Δq 150.0 kPa Pressure applied at the footing base

Priebe suggests to use the following settlement reduction ratio, corresponding to an incompressible gravel:

With: 

Values of the settlement reduction ratio, first step, are: 

z sup z inf f 0 (ν s ,τ) β 0 Δq s Δq c Stress in soil and columns is

(m) (m) (-) (-) (kPa) (kPa) assessed using the following formula:
1 1.1 1.1 1.55 1.3 114.5 636.9
2 1.1 1.2 1.55 1.3 114.5 636.9
3 1.2 1.2 1.55 1.3 114.5 636.9
4 1.2 1.3 1.55 1.3 114.5 636.9
5 1.3 1.3 1.55 1.3 114.5 636.9
6 1.3 1.3 1.55 1.3 114.5 636.9
7 1.3 1.4 1.55 1.3 114.5 636.9
8 1.4 1.4 1.55 1.3 114.5 636.9
9 1.4 1.5 1.55 1.3 114.5 636.9

10 1.5 1.5 1.55 1.3 114.5 636.9

Notations
Δq s Additional stress on the soil

Δq c Additional stress in the column

To take into account the fact that gravel is compressible, one should modify the replacement ratio value using the compressibility ratio column / soil.

Values of the settlement reduction ratio, second step, are: 

z sup z inf M c /M s Δ(1/τ) τ corrected β 1 Δq s Δq c

(m) (m) (-) (-) (%) (-) (kPa) (kPa)
1 1.1 1.1 8.3 0.58 6.5% 1.3 115.6 621.9
2 1.1 1.2 8.3 0.58 6.5% 1.3 115.6 621.9
3 1.2 1.2 8.3 0.58 6.5% 1.3 115.6 621.9
4 1.2 1.3 8.3 0.58 6.5% 1.3 115.6 621.9
5 1.3 1.3 8.3 0.58 6.5% 1.3 115.6 621.9
6 1.3 1.3 8.3 0.58 6.5% 1.3 115.6 621.9
7 1.3 1.4 8.3 0.58 6.5% 1.3 115.6 621.9
8 1.4 1.4 8.3 0.58 6.5% 1.3 115.6 621.9
9 1.4 1.5 8.3 0.58 6.5% 1.3 115.6 621.9

10 1.5 1.5 8.3 0.58 6.5% 1.3 115.6 621.9

Notations
Δ(1/τ) Increase of 1 / τ

τ corrected Modified value of replacement ratio

The stress distribution ratio is: 

z sup z inf n q c,0 Δq c q c Δq c,max q s,0 Δq s q s

(m) (m) (-) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa)

1 1.1 1.1 5.5 20.2 621.9 642.1 800.0 20.2 115.6 135.8
2 1.1 1.2 5.5 21.0 621.9 642.9 800.0 20.9 115.6 136.5
3 1.2 1.2 5.5 21.8 621.9 643.7 800.0 21.6 115.6 137.2
4 1.2 1.3 5.5 22.6 621.9 644.5 800.0 22.3 115.6 138.0
5 1.3 1.3 5.5 23.4 621.9 645.3 800.0 23.0 115.6 138.7
6 1.3 1.3 5.5 24.2 621.9 646.1 800.0 23.8 115.6 139.4
7 1.3 1.4 5.5 25.0 621.9 646.9 800.0 24.5 115.6 140.1
8 1.4 1.4 5.5 25.8 621.9 647.7 800.0 25.2 115.6 140.8
9 1.4 1.5 5.5 26.6 621.9 648.5 800.0 25.9 115.6 141.6

10 1.5 1.5 5.5 27.4 621.9 649.3 800.0 26.6 115.6 142.3

Notations
q c,0 Initial effective vertical stress in the column q s,0 Initial effective vertical stress in the soil

q c Final effective vertical stress in the column q s Final effective vertical stress in the soil

Δq c,max Limit value as per DTU 13-2 (Fs = 2)

1.56

Column are made of compressible material

Layer n°

Hypothesis: columns are not compressible

Stress distribution per improved layer

Layer n°

1.56

1.56
1.56

f(ν s ,τ corrected )

1.56

OK
OK

1.56

(-)

1.56
1.56
1.56

1.56

Loading description at SLS

UNIFORM LOADING

OK

Checking against 
bulging failure

OK

OK

OK

OK

OK

OK

Layer n°

OK

f νୱ, τ =
1 − νୱ

ଶ

1 − νୱ − 2νୱ
ଶ .

1 − 2νୱ 1 − τ

1 − 2νୱ + τ
β = 1 + τ

f vୱ, τ +
1
2

f vୱ, τ . Kୟౙ

− 1

β଴ =
Δq

Δqୱ

Δq = τ. Δqୡ + 1 − τ . Δqୱ

n =
Δqେ
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=
f vୱ, τୡ୭୰୰ୣୡ୲ୣୢ +
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To take into account the additional lateral constraint due the earth pressure at depth, the settlement reduction ratio is multiplied by a coefficient f d .

and with

The coefficient f d  is limited by following formula:

The settlement reduction ratio β 2  is limited by:

Values of the settlement reduction ratio, step 3, are:

z sup z inf f d f d,max f d β 2 β 2,max β 2

(m) (m) (-) (-) (-) (-) (-) (-)
1 1.1 1.1 1.1 1.5 1.1 1.4 1.5 1.4
2 1.1 1.2 1.1 1.5 1.1 1.4 1.5 1.4
3 1.2 1.2 1.1 1.5 1.1 1.4 1.5 1.4
4 1.2 1.3 1.1 1.5 1.1 1.4 1.5 1.4
5 1.3 1.3 1.1 1.5 1.1 1.4 1.5 1.4
6 1.3 1.3 1.1 1.5 1.1 1.4 1.5 1.4
7 1.3 1.4 1.1 1.5 1.1 1.4 1.5 1.4
8 1.4 1.4 1.1 1.5 1.1 1.4 1.5 1.4
9 1.4 1.5 1.1 1.5 1.1 1.4 1.5 1.4

10 1.5 1.5 1.1 1.5 1.1 1.4 1.5 1.4

Over the length of the columns

z sup z inf S na S a

(m) (m) (m) (m)
1 1.1 1.1 0.001 0.000
2 1.1 1.2 0.001 0.000
3 1.2 1.2 0.001 0.000
4 1.2 1.3 0.001 0.000
5 1.3 1.3 0.001 0.000
6 1.3 1.3 0.001 0.000
7 1.3 1.4 0.001 0.000
8 1.4 1.4 0.001 0.000 Notations
9 1.4 1.5 0.001 0.000 S na Settlement of soil without soil improvement

10 1.5 1.5 0.001 0.000 S a Settlement of soil with soil improvement

TOTAL 0.007 0.005

The total settlement in the soil w/o improvement under an uniform load is: 0.7 cm

The settlement decrease ratio under an uniform load is: 1.4

The total settlement of the improved soil under an uniform load is: 0.5 cm

Below the improved soil layers

z sup z inf S na

(m) (m) (m)
11 1.5 3.5 0.003
12 3.5 10.0 0.022

TOTAL 0.025

The settlement below the improved soil layers is: 2.5 cm

3.0 cm

Layer n°

Settlement distribution per layer

Layer n°

THE TOTAL SETTLEMENT OF THE SOIL UNDER AN UNIFORM LOAD IS

Layer n°

Depth correction factor

βଶ = fୢ. βଵ fୢ =
1

1 +
K଴ౙ −

qୱ,଴
qୡ,଴

K଴ౙ
.
qୡ,଴
Δqୡ

fୢ ≥ 1

fୢ ≤
Mୡ

Mୱ
.
Δqୱ
Δqୡ

βଶ,୫ୟ୶ = 1 + τ
Mୡ

Mୱ
− 1
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Over the length of the columns

This calculation is made by applying a new settlement reduction factor β s  to the settlement of the soil improved by stone columns.

Priebe has given a diagram of β s  values depending on the depth/diameter ratio z/Ø c  and number of Stone Columns n.

The number of columns below the footing is: 7

The settlement of a layer at a depth Z below the base of the footing is determined as the difference of the settlements calculated between the lower bound Z inf 

and the upper bound Z sup  of the concerned layer, with an average β s  calculated over the thickness of this layer:

z sup z inf Z sup Z inf Z sup /Ø c Z inf /Ø c (β s ) sup (β s ) inf S a,s

(m) (m) (m) (m) (-) (-) (-) (-) (m)
1 1.1 1.1 0.0 0.0 0.00 0.10 1.00 0.99 0.000
2 1.1 1.2 0.0 0.1 0.10 0.20 0.99 0.98 0.000
3 1.2 1.2 0.1 0.1 0.20 0.30 0.98 0.97 0.000
4 1.2 1.3 0.1 0.2 0.30 0.40 0.97 0.96 0.000
5 1.3 1.3 0.2 0.2 0.40 0.50 0.96 0.95 0.000
6 1.3 1.3 0.2 0.2 0.50 0.60 0.95 0.94 0.000
7 1.3 1.4 0.2 0.3 0.60 0.70 0.94 0.93 0.000
8 1.4 1.4 0.3 0.3 0.70 0.80 0.93 0.92 0.000
9 1.4 1.5 0.3 0.4 0.80 0.90 0.92 0.91 0.000

10 1.5 1.5 0.4 0.4 0.90 1.00 0.91 0.90 0.000
TOTAL 0.004

The total settlement of the improved soil under the footing is: 0.4 cm

Notations
Z sup Depth of the top of the soil layer from the foundation base (β s ) sup Settlement reduction factor at the level of z sup

Z inf Depth of the bottom of the soil layer from the foundation base (β s ) inf Settlement reduction factor at the level of z inf

S a,s Settlement of soil with soil improvement

Below the improved soil layers

z sup z inf S na,s

(m) (m) (m)
11 1.5 3.5 0.003
12 3.5 10.0 0.005

TOTAL 0.007

The settlement below the improved soil layers is: 0.7 cm

THE TOTAL SETTLEMENT OF THE SOIL BELOW THE FOOTING IS 1.2 cm

Layer n°

LOADING ON THE FOOTING

Layer n°

Settlement distribution

Sୟ,ୱ(z) =
Δq
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Project name:

Area of the rectangular footing: 3.60 m x 3.60 m Footing loaded at kN

Area of the footing = 12.96 m²

Diameter of the columns = 0.4 m to 0.4 m

Maximal stress within the columns =

Description of the footing
Type of footing: Rectangular
L 3.6 m Length of the footing d 1.2 m Embedment height

B 3.6 m Width of the footing Afooting 12.96 m² Area of the footing

Number of columns under the footing: 7

Description of the stone columns
A 1.85 m² Equivalent grid area of the columns γc 20 kN/m3 Unit weight of the gravel

hc 0.3 m Length of the columns φc 38 ° Friction angle of the gravel

Ec 50,000 kPa Young's modulus Kac 0.24 Coefficient of active earth pressure

νc 0.33 Poisson's coefficient K0c 0.38 Coefficient of  earth pressure at rest

Mc 75,000 kPa Oedometric modulus

hw 1.5 m Depth of Ground Water Table

Priebe considers: with K 0s  : coefficient of earth pressure at rest

z sup z inf E s ν s γ s M s Ø c τ p l * c φ s

(m) (m) (kPa) (-) (kN/m 3 ) (kPa) (m) (%) (kPa) (kPa) (°)
1 1.2 1.2 6,000 0.33 18 9,000 0.40 6.8% 400 0 30
2 1.2 1.3 6,000 0.33 18 9,000 0.40 6.8% 400 0 30
3 1.3 1.3 6,000 0.33 18 9,000 0.40 6.8% 400 0 30
4 1.3 1.3 6,000 0.33 18 9,000 0.40 6.8% 400 0 30
5 1.3 1.4 6,000 0.33 18 9,000 0.40 6.8% 400 0 30
6 1.4 1.4 6,000 0.33 18 9,000 0.40 6.8% 400 0 30
7 1.4 1.4 6,000 0.33 18 9,000 0.40 6.8% 400 0 30
8 1.4 1.4 6,000 0.33 18 9,000 0.40 6.8% 400 0 30
9 1.4 1.5 6,000 0.33 18 9,000 0.40 6.8% 400 0 30

10 1.5 1.5 6,000 0.33 18 9,000 0.40 6.8% 400 0 30

hlim 10.0 m Limit depth of model

z sup z inf E s ν s M s

(m) (m) (kPa) (-) (kPa)
11 1.5 3.5 60,000 0.33 90,000
12 3.5 10.0 30,000 0.33 45,000

Notations
z sup Depth of the top of the soil layer M s Oedometric modulus in the layer

z inf Depth of the bottom of the soil layer Ø c Stone Columns' diameter

E s Young's modulus in the layer τ Replacement ratio

ν s Poisson's coefficient p l * Limit pressure in the layer

γs Unit weight of the soil layer c Drained cohesion or undrained shear strength

φ s Drained friction angle or 0 in undrained conditions

Description of Stone Columns reinforcement

Description of natural soil surrounding the columns

Layer n°

Description of natural soil below the columns

STONE COLUMNS DESIGN FOR FOOTINGS

Poyle pad @150kPa
3.6m x 3.6m pad (H)

ΔQ = 1,944.0

DESIGN AS PER PRIEBE METHOD

Presentation of the model and main calculation results

1.1 cm

621.9 kPa

Total settlement =

Layer n°

hw

hc

Supporting soil

0

Soft soil

hlim

S
C

ΔQ = 1944 kN

z
Bedrock

D

K଴ୱ = 1
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ΔQ 1,944 kN Load applied at the footing base

Δq 150.0 kPa Pressure applied at the footing base

Priebe suggests to use the following settlement reduction ratio, corresponding to an incompressible gravel:

With: 

Values of the settlement reduction ratio, first step, are: 

z sup z inf f 0 (ν s ,τ) β 0 Δq s Δq c Stress in soil and columns is

(m) (m) (-) (-) (kPa) (kPa) assessed using the following formula:
1 1.2 1.2 1.55 1.3 114.5 636.9
2 1.2 1.3 1.55 1.3 114.5 636.9
3 1.3 1.3 1.55 1.3 114.5 636.9
4 1.3 1.3 1.55 1.3 114.5 636.9
5 1.3 1.4 1.55 1.3 114.5 636.9
6 1.4 1.4 1.55 1.3 114.5 636.9
7 1.4 1.4 1.55 1.3 114.5 636.9
8 1.4 1.4 1.55 1.3 114.5 636.9
9 1.4 1.5 1.55 1.3 114.5 636.9

10 1.5 1.5 1.55 1.3 114.5 636.9

Notations
Δq s Additional stress on the soil

Δq c Additional stress in the column

To take into account the fact that gravel is compressible, one should modify the replacement ratio value using the compressibility ratio column / soil.

Values of the settlement reduction ratio, second step, are: 

z sup z inf M c /M s Δ(1/τ) τ corrected β 1 Δq s Δq c

(m) (m) (-) (-) (%) (-) (kPa) (kPa)
1 1.2 1.2 8.3 0.58 6.5% 1.3 115.6 621.9
2 1.2 1.3 8.3 0.58 6.5% 1.3 115.6 621.9
3 1.3 1.3 8.3 0.58 6.5% 1.3 115.6 621.9
4 1.3 1.3 8.3 0.58 6.5% 1.3 115.6 621.9
5 1.3 1.4 8.3 0.58 6.5% 1.3 115.6 621.9
6 1.4 1.4 8.3 0.58 6.5% 1.3 115.6 621.9
7 1.4 1.4 8.3 0.58 6.5% 1.3 115.6 621.9
8 1.4 1.4 8.3 0.58 6.5% 1.3 115.6 621.9
9 1.4 1.5 8.3 0.58 6.5% 1.3 115.6 621.9

10 1.5 1.5 8.3 0.58 6.5% 1.3 115.6 621.9

Notations
Δ(1/τ) Increase of 1 / τ

τ corrected Modified value of replacement ratio

The stress distribution ratio is: 

z sup z inf n q c,0 Δq c q c Δq c,max q s,0 Δq s q s

(m) (m) (-) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa)

1 1.2 1.2 5.5 21.9 621.9 643.8 800.0 21.9 115.6 137.5
2 1.2 1.3 5.5 22.5 621.9 644.4 800.0 22.4 115.6 138.1
3 1.3 1.3 5.5 23.1 621.9 645.0 800.0 23.0 115.6 138.6
4 1.3 1.3 5.5 23.7 621.9 645.6 800.0 23.5 115.6 139.1
5 1.3 1.4 5.5 24.3 621.9 646.2 800.0 24.0 115.6 139.7
6 1.4 1.4 5.5 24.9 621.9 646.8 800.0 24.6 115.6 140.2
7 1.4 1.4 5.5 25.5 621.9 647.4 800.0 25.1 115.6 140.8
8 1.4 1.4 5.5 26.1 621.9 648.0 800.0 25.7 115.6 141.3
9 1.4 1.5 5.5 26.7 621.9 648.6 800.0 26.2 115.6 141.8

10 1.5 1.5 5.5 27.3 621.9 649.2 800.0 26.7 115.6 142.4

Notations
q c,0 Initial effective vertical stress in the column q s,0 Initial effective vertical stress in the soil

q c Final effective vertical stress in the column q s Final effective vertical stress in the soil

Δq c,max Limit value as per DTU 13-2 (Fs = 2)

Layer n°

OK

Checking against 
bulging failure

OK

OK

OK

OK

OK

OK

OK
OK

1.56

(-)

1.56
1.56
1.56

1.56

Loading description at SLS

UNIFORM LOADING

OK

Stress distribution per improved layer

Layer n°

1.56

1.56
1.56

f(ν s ,τ corrected )

1.56
1.56

Column are made of compressible material

Layer n°

Hypothesis: columns are not compressible

f νୱ, τ =
1 − νୱ

ଶ

1 − νୱ − 2νୱ
ଶ .

1 − 2νୱ 1 − τ
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To take into account the additional lateral constraint due the earth pressure at depth, the settlement reduction ratio is multiplied by a coefficient f d .

and with

The coefficient f d  is limited by following formula:

The settlement reduction ratio β 2  is limited by:

Values of the settlement reduction ratio, step 3, are:

z sup z inf f d f d,max f d β 2 β 2,max β 2

(m) (m) (-) (-) (-) (-) (-) (-)
1 1.2 1.2 1.1 1.5 1.1 1.4 1.5 1.4
2 1.2 1.3 1.1 1.5 1.1 1.4 1.5 1.4
3 1.3 1.3 1.1 1.5 1.1 1.4 1.5 1.4
4 1.3 1.3 1.1 1.5 1.1 1.4 1.5 1.4
5 1.3 1.4 1.1 1.5 1.1 1.4 1.5 1.4
6 1.4 1.4 1.1 1.5 1.1 1.4 1.5 1.4
7 1.4 1.4 1.1 1.5 1.1 1.4 1.5 1.4
8 1.4 1.4 1.1 1.5 1.1 1.4 1.5 1.4
9 1.4 1.5 1.1 1.5 1.1 1.4 1.5 1.4

10 1.5 1.5 1.1 1.5 1.1 1.4 1.5 1.4

Over the length of the columns

z sup z inf S na S a

(m) (m) (m) (m)
1 1.2 1.2 0.001 0.000
2 1.2 1.3 0.001 0.000
3 1.3 1.3 0.001 0.000
4 1.3 1.3 0.000 0.000
5 1.3 1.4 0.001 0.000
6 1.4 1.4 0.001 0.000
7 1.4 1.4 0.001 0.000
8 1.4 1.4 0.001 0.000 Notations
9 1.4 1.5 0.001 0.000 S na Settlement of soil without soil improvement

10 1.5 1.5 0.001 0.000 S a Settlement of soil with soil improvement

TOTAL 0.005 0.004

The total settlement in the soil w/o improvement under an uniform load is: 0.5 cm

The settlement decrease ratio under an uniform load is: 1.4

The total settlement of the improved soil under an uniform load is: 0.4 cm

Below the improved soil layers

z sup z inf S na

(m) (m) (m)
11 1.5 3.5 0.003
12 3.5 10.0 0.022

TOTAL 0.025

The settlement below the improved soil layers is: 2.5 cm

2.9 cm

Depth correction factor

Layer n°

Settlement distribution per layer

Layer n°

THE TOTAL SETTLEMENT OF THE SOIL UNDER AN UNIFORM LOAD IS

Layer n°
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Over the length of the columns

This calculation is made by applying a new settlement reduction factor β s  to the settlement of the soil improved by stone columns.

Priebe has given a diagram of β s  values depending on the depth/diameter ratio z/Ø c  and number of Stone Columns n.

The number of columns below the footing is: 7

The settlement of a layer at a depth Z below the base of the footing is determined as the difference of the settlements calculated between the lower bound Z inf 

and the upper bound Z sup  of the concerned layer, with an average β s  calculated over the thickness of this layer:

z sup z inf Z sup Z inf Z sup /Ø c Z inf /Ø c (β s ) sup (β s ) inf S a,s

(m) (m) (m) (m) (-) (-) (-) (-) (m)
1 1.2 1.2 0.0 0.0 0.00 0.08 1.00 0.99 0.000
2 1.2 1.3 0.0 0.1 0.08 0.15 0.99 0.99 0.000
3 1.3 1.3 0.1 0.1 0.15 0.23 0.99 0.98 0.000
4 1.3 1.3 0.1 0.1 0.23 0.30 0.98 0.97 0.000
5 1.3 1.4 0.1 0.2 0.30 0.38 0.97 0.96 0.000
6 1.4 1.4 0.2 0.2 0.38 0.45 0.96 0.96 0.000
7 1.4 1.4 0.2 0.2 0.45 0.53 0.96 0.95 0.000
8 1.4 1.4 0.2 0.2 0.53 0.60 0.95 0.94 0.000
9 1.4 1.5 0.2 0.3 0.60 0.68 0.94 0.93 0.000

10 1.5 1.5 0.3 0.3 0.68 0.75 0.93 0.93 0.000
TOTAL 0.003

The total settlement of the improved soil under the footing is: 0.3 cm

Notations
Z sup Depth of the top of the soil layer from the foundation base (β s ) sup Settlement reduction factor at the level of z sup

Z inf Depth of the bottom of the soil layer from the foundation base (β s ) inf Settlement reduction factor at the level of z inf

S a,s Settlement of soil with soil improvement

Below the improved soil layers

z sup z inf S na,s

(m) (m) (m)
11 1.5 3.5 0.003
12 3.5 10.0 0.005

TOTAL 0.007

The settlement below the improved soil layers is: 0.7 cm

THE TOTAL SETTLEMENT OF THE SOIL BELOW THE FOOTING IS 1.1 cm

Layer n°

LOADING ON THE FOOTING

Layer n°

Settlement distribution

Sୟ,ୱ(z) =
Δq

Mୱβଶ
βୱ ୧୬୤. Z୧୬୤ − βୱ ୱ୳୮. Zୱ୳୮
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Project name:

Area of the rectangular footing: 3.60 m x 4.00 m Footing loaded at kN

Area of the footing = 14.4 m²

Diameter of the columns = 0.4 m to 0.4 m

Maximal stress within the columns =

Description of the footing
Type of footing: Rectangular
L 3.6 m Length of the footing d 1.1 m Embedment height

B 4 m Width of the footing Afooting 14.4 m² Area of the footing

Number of columns under the footing: 8

Description of the stone columns
A 1.80 m² Equivalent grid area of the columns γc 20 kN/m3 Unit weight of the gravel

hc 0.4 m Length of the columns φc 38 ° Friction angle of the gravel

Ec 50,000 kPa Young's modulus Kac 0.24 Coefficient of active earth pressure

νc 0.33 Poisson's coefficient K0c 0.38 Coefficient of  earth pressure at rest

Mc 75,000 kPa Oedometric modulus

hw 1.5 m Depth of Ground Water Table

Priebe considers: with K 0s  : coefficient of earth pressure at rest

z sup z inf E s ν s γ s M s Ø c τ p l * c φ s

(m) (m) (kPa) (-) (kN/m 3 ) (kPa) (m) (%) (kPa) (kPa) (°)
1 1.1 1.1 6,000 0.33 18 9,000 0.40 7.0% 400 0 30
2 1.1 1.2 6,000 0.33 18 9,000 0.40 7.0% 400 0 30
3 1.2 1.2 6,000 0.33 18 9,000 0.40 7.0% 400 0 30
4 1.2 1.3 6,000 0.33 18 9,000 0.40 7.0% 400 0 30
5 1.3 1.3 6,000 0.33 18 9,000 0.40 7.0% 400 0 30
6 1.3 1.3 6,000 0.33 18 9,000 0.40 7.0% 400 0 30
7 1.3 1.4 6,000 0.33 18 9,000 0.40 7.0% 400 0 30
8 1.4 1.4 6,000 0.33 18 9,000 0.40 7.0% 400 0 30
9 1.4 1.5 6,000 0.33 18 9,000 0.40 7.0% 400 0 30

10 1.5 1.5 6,000 0.33 18 9,000 0.40 7.0% 400 0 30

hlim 10.0 m Limit depth of model

z sup z inf E s ν s M s

(m) (m) (kPa) (-) (kPa)
11 1.5 3.5 60,000 0.33 90,000
12 3.5 10.0 30,000 0.33 45,000

Notations
z sup Depth of the top of the soil layer M s Oedometric modulus in the layer

z inf Depth of the bottom of the soil layer Ø c Stone Columns' diameter

E s Young's modulus in the layer τ Replacement ratio

ν s Poisson's coefficient p l * Limit pressure in the layer

γs Unit weight of the soil layer c Drained cohesion or undrained shear strength

φ s Drained friction angle or 0 in undrained conditions

STONE COLUMNS DESIGN FOR FOOTINGS

Poyle pad @150kPa
3.6m x 4.0m pad (X)

ΔQ = 2,160.0

DESIGN AS PER PRIEBE METHOD

Presentation of the model and main calculation results

1.2 cm

618.1 kPa

Total settlement =

Layer n°

Description of Stone Columns reinforcement

Description of natural soil surrounding the columns

Layer n°

Description of natural soil below the columns

hw

hc

Supporting soil

0

Soft soil

hlim

S
C

ΔQ = 2160 kN

z
Bedrock

D

K଴ୱ = 1
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ΔQ 2,160 kN Load applied at the footing base

Δq 150.0 kPa Pressure applied at the footing base

Priebe suggests to use the following settlement reduction ratio, corresponding to an incompressible gravel:

With: 

Values of the settlement reduction ratio, first step, are: 

z sup z inf f 0 (ν s ,τ) β 0 Δq s Δq c Stress in soil and columns is

(m) (m) (-) (-) (kPa) (kPa) assessed using the following formula:
1 1.1 1.1 1.54 1.3 113.7 633.4
2 1.1 1.2 1.54 1.3 113.7 633.4
3 1.2 1.2 1.54 1.3 113.7 633.4
4 1.2 1.3 1.54 1.3 113.7 633.4
5 1.3 1.3 1.54 1.3 113.7 633.4
6 1.3 1.3 1.54 1.3 113.7 633.4
7 1.3 1.4 1.54 1.3 113.7 633.4
8 1.4 1.4 1.54 1.3 113.7 633.4
9 1.4 1.5 1.54 1.3 113.7 633.4

10 1.5 1.5 1.54 1.3 113.7 633.4

Notations
Δq s Additional stress on the soil

Δq c Additional stress in the column

To take into account the fact that gravel is compressible, one should modify the replacement ratio value using the compressibility ratio column / soil.

Values of the settlement reduction ratio, second step, are: 

z sup z inf M c /M s Δ(1/τ) τ corrected β 1 Δq s Δq c

(m) (m) (-) (-) (%) (-) (kPa) (kPa)
1 1.1 1.1 8.3 0.58 6.7% 1.3 114.9 618.1
2 1.1 1.2 8.3 0.58 6.7% 1.3 114.9 618.1
3 1.2 1.2 8.3 0.58 6.7% 1.3 114.9 618.1
4 1.2 1.3 8.3 0.58 6.7% 1.3 114.9 618.1
5 1.3 1.3 8.3 0.58 6.7% 1.3 114.9 618.1
6 1.3 1.3 8.3 0.58 6.7% 1.3 114.9 618.1
7 1.3 1.4 8.3 0.58 6.7% 1.3 114.9 618.1
8 1.4 1.4 8.3 0.58 6.7% 1.3 114.9 618.1
9 1.4 1.5 8.3 0.58 6.7% 1.3 114.9 618.1

10 1.5 1.5 8.3 0.58 6.7% 1.3 114.9 618.1

Notations
Δ(1/τ) Increase of 1 / τ

τ corrected Modified value of replacement ratio

The stress distribution ratio is: 

z sup z inf n q c,0 Δq c q c Δq c,max q s,0 Δq s q s

(m) (m) (-) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa)

1 1.1 1.1 5.6 20.2 618.1 638.3 800.0 20.2 114.9 135.0
2 1.1 1.2 5.6 21.0 618.1 639.1 800.0 20.9 114.9 135.7
3 1.2 1.2 5.6 21.8 618.1 639.9 800.0 21.6 114.9 136.5
4 1.2 1.3 5.6 22.6 618.1 640.7 800.0 22.3 114.9 137.2
5 1.3 1.3 5.6 23.4 618.1 641.5 800.0 23.0 114.9 137.9
6 1.3 1.3 5.6 24.2 618.1 642.3 800.0 23.8 114.9 138.6
7 1.3 1.4 5.6 25.0 618.1 643.1 800.0 24.5 114.9 139.3
8 1.4 1.4 5.6 25.8 618.1 643.9 800.0 25.2 114.9 140.1
9 1.4 1.5 5.6 26.6 618.1 644.7 800.0 25.9 114.9 140.8

10 1.5 1.5 5.6 27.4 618.1 645.5 800.0 26.6 114.9 141.5

Notations
q c,0 Initial effective vertical stress in the column q s,0 Initial effective vertical stress in the soil

q c Final effective vertical stress in the column q s Final effective vertical stress in the soil

Δq c,max Limit value as per DTU 13-2 (Fs = 2)

1.55

Column are made of compressible material

Layer n°

Hypothesis: columns are not compressible

Stress distribution per improved layer

Layer n°

1.55

1.55
1.55

f(ν s ,τ corrected )

1.55

OK
OK

1.55

(-)

1.55
1.55
1.55

1.55

Loading description at SLS

UNIFORM LOADING

OK

Checking against 
bulging failure

OK

OK

OK

OK

OK

OK

Layer n°

OK

f νୱ, τ =
1 − νୱ

ଶ

1 − νୱ − 2νୱ
ଶ .

1 − 2νୱ 1 − τ

1 − 2νୱ + τ
β = 1 + τ

f vୱ, τ +
1
2

f vୱ, τ . Kୟౙ

− 1

β଴ =
Δq

Δqୱ

Δq = τ. Δqୡ + 1 − τ . Δqୱ

n =
Δqେ
Δqୱ

=
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1
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To take into account the additional lateral constraint due the earth pressure at depth, the settlement reduction ratio is multiplied by a coefficient f d .

and with

The coefficient f d  is limited by following formula:

The settlement reduction ratio β 2  is limited by:

Values of the settlement reduction ratio, step 3, are:

z sup z inf f d f d,max f d β 2 β 2,max β 2

(m) (m) (-) (-) (-) (-) (-) (-)
1 1.1 1.1 1.1 1.5 1.1 1.4 1.5 1.4
2 1.1 1.2 1.1 1.5 1.1 1.4 1.5 1.4
3 1.2 1.2 1.1 1.5 1.1 1.4 1.5 1.4
4 1.2 1.3 1.1 1.5 1.1 1.4 1.5 1.4
5 1.3 1.3 1.1 1.5 1.1 1.4 1.5 1.4
6 1.3 1.3 1.1 1.5 1.1 1.4 1.5 1.4
7 1.3 1.4 1.1 1.5 1.1 1.4 1.5 1.4
8 1.4 1.4 1.1 1.5 1.1 1.4 1.5 1.4
9 1.4 1.5 1.1 1.5 1.1 1.4 1.5 1.4

10 1.5 1.5 1.1 1.5 1.1 1.4 1.5 1.4

Over the length of the columns

z sup z inf S na S a

(m) (m) (m) (m)
1 1.1 1.1 0.001 0.000
2 1.1 1.2 0.001 0.000
3 1.2 1.2 0.001 0.000
4 1.2 1.3 0.001 0.000
5 1.3 1.3 0.001 0.000
6 1.3 1.3 0.001 0.000
7 1.3 1.4 0.001 0.000
8 1.4 1.4 0.001 0.000 Notations
9 1.4 1.5 0.001 0.000 S na Settlement of soil without soil improvement

10 1.5 1.5 0.001 0.000 S a Settlement of soil with soil improvement

TOTAL 0.007 0.005

The total settlement in the soil w/o improvement under an uniform load is: 0.7 cm

The settlement decrease ratio under an uniform load is: 1.4

The total settlement of the improved soil under an uniform load is: 0.5 cm

Below the improved soil layers

z sup z inf S na

(m) (m) (m)
11 1.5 3.5 0.003
12 3.5 10.0 0.022

TOTAL 0.025

The settlement below the improved soil layers is: 2.5 cm

3.0 cm

Layer n°

Settlement distribution per layer

Layer n°

THE TOTAL SETTLEMENT OF THE SOIL UNDER AN UNIFORM LOAD IS

Layer n°

Depth correction factor

βଶ = fୢ. βଵ fୢ =
1

1 +
K଴ౙ −

qୱ,଴
qୡ,଴

K଴ౙ
.
qୡ,଴
Δqୡ

fୢ ≥ 1

fୢ ≤
Mୡ

Mୱ
.
Δqୱ
Δqୡ

βଶ,୫ୟ୶ = 1 + τ
Mୡ

Mୱ
− 1
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Over the length of the columns

This calculation is made by applying a new settlement reduction factor β s  to the settlement of the soil improved by stone columns.

Priebe has given a diagram of β s  values depending on the depth/diameter ratio z/Ø c  and number of Stone Columns n.

The number of columns below the footing is: 8

The settlement of a layer at a depth Z below the base of the footing is determined as the difference of the settlements calculated between the lower bound Z inf 

and the upper bound Z sup  of the concerned layer, with an average β s  calculated over the thickness of this layer:

z sup z inf Z sup Z inf Z sup /Ø c Z inf /Ø c (β s ) sup (β s ) inf S a,s

(m) (m) (m) (m) (-) (-) (-) (-) (m)
1 1.1 1.1 0.0 0.0 0.00 0.10 1.00 0.99 0.000
2 1.1 1.2 0.0 0.1 0.10 0.20 0.99 0.98 0.000
3 1.2 1.2 0.1 0.1 0.20 0.30 0.98 0.97 0.000
4 1.2 1.3 0.1 0.2 0.30 0.40 0.97 0.96 0.000
5 1.3 1.3 0.2 0.2 0.40 0.50 0.96 0.95 0.000
6 1.3 1.3 0.2 0.2 0.50 0.60 0.95 0.94 0.000
7 1.3 1.4 0.2 0.3 0.60 0.70 0.94 0.93 0.000
8 1.4 1.4 0.3 0.3 0.70 0.80 0.93 0.92 0.000
9 1.4 1.5 0.3 0.4 0.80 0.90 0.92 0.91 0.000

10 1.5 1.5 0.4 0.4 0.90 1.00 0.91 0.91 0.000
TOTAL 0.004

The total settlement of the improved soil under the footing is: 0.4 cm

Notations
Z sup Depth of the top of the soil layer from the foundation base (β s ) sup Settlement reduction factor at the level of z sup

Z inf Depth of the bottom of the soil layer from the foundation base (β s ) inf Settlement reduction factor at the level of z inf

S a,s Settlement of soil with soil improvement

Below the improved soil layers

z sup z inf S na,s

(m) (m) (m)
11 1.5 3.5 0.003
12 3.5 10.0 0.005

TOTAL 0.008

The settlement below the improved soil layers is: 0.8 cm

THE TOTAL SETTLEMENT OF THE SOIL BELOW THE FOOTING IS 1.2 cm

Layer n°

LOADING ON THE FOOTING

Layer n°

Settlement distribution

Sୟ,ୱ(z) =
Δq

Mୱβଶ
βୱ ୧୬୤. Z୧୬୤ − βୱ ୱ୳୮. Zୱ୳୮
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Project name:

Area of the rectangular footing: 3.80 m x 3.80 m Footing loaded at kN

Area of the footing = 14.44 m²

Diameter of the columns = 0.4 m to 0.4 m

Maximal stress within the columns =

Description of the footing
Type of footing: Rectangular
L 3.8 m Length of the footing d 1.2 m Embedment height

B 3.8 m Width of the footing Afooting 14.44 m² Area of the footing

Number of columns under the footing: 8

Description of the stone columns
A 1.81 m² Equivalent grid area of the columns γc 20 kN/m3 Unit weight of the gravel

hc 0.3 m Length of the columns φc 38 ° Friction angle of the gravel

Ec 50,000 kPa Young's modulus Kac 0.24 Coefficient of active earth pressure

νc 0.33 Poisson's coefficient K0c 0.38 Coefficient of  earth pressure at rest

Mc 75,000 kPa Oedometric modulus

hw 1.5 m Depth of Ground Water Table

Priebe considers: with K 0s  : coefficient of earth pressure at rest

z sup z inf E s ν s γ s M s Ø c τ p l * c φ s

(m) (m) (kPa) (-) (kN/m 3 ) (kPa) (m) (%) (kPa) (kPa) (°)
1 1.2 1.2 6,000 0.33 18 9,000 0.40 7.0% 400 0 30
2 1.2 1.3 6,000 0.33 18 9,000 0.40 7.0% 400 0 30
3 1.3 1.3 6,000 0.33 18 9,000 0.40 7.0% 400 0 30
4 1.3 1.3 6,000 0.33 18 9,000 0.40 7.0% 400 0 30
5 1.3 1.4 6,000 0.33 18 9,000 0.40 7.0% 400 0 30
6 1.4 1.4 6,000 0.33 18 9,000 0.40 7.0% 400 0 30
7 1.4 1.4 6,000 0.33 18 9,000 0.40 7.0% 400 0 30
8 1.4 1.4 6,000 0.33 18 9,000 0.40 7.0% 400 0 30
9 1.4 1.5 6,000 0.33 18 9,000 0.40 7.0% 400 0 30

10 1.5 1.5 6,000 0.33 18 9,000 0.40 7.0% 400 0 30

hlim 10.0 m Limit depth of model

z sup z inf E s ν s M s

(m) (m) (kPa) (-) (kPa)
11 1.5 3.5 60,000 0.33 90,000
12 3.5 10.0 30,000 0.33 45,000

Notations
z sup Depth of the top of the soil layer M s Oedometric modulus in the layer

z inf Depth of the bottom of the soil layer Ø c Stone Columns' diameter

E s Young's modulus in the layer τ Replacement ratio

ν s Poisson's coefficient p l * Limit pressure in the layer

γs Unit weight of the soil layer c Drained cohesion or undrained shear strength

φ s Drained friction angle or 0 in undrained conditions

Description of Stone Columns reinforcement

Description of natural soil surrounding the columns

Layer n°

Description of natural soil below the columns

STONE COLUMNS DESIGN FOR FOOTINGS

Poyle pad @150kPa
3.8m x 3.8m pad (L)

ΔQ = 2,166.0

DESIGN AS PER PRIEBE METHOD

Presentation of the model and main calculation results

1.1 cm

618.5 kPa

Total settlement =

Layer n°

hw

hc

Supporting soil

0

Soft soil

hlim

S
C

ΔQ = 2166 kN

z
Bedrock

D

K଴ୱ = 1
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ΔQ 2,166 kN Load applied at the footing base

Δq 150.0 kPa Pressure applied at the footing base

Priebe suggests to use the following settlement reduction ratio, corresponding to an incompressible gravel:

With: 

Values of the settlement reduction ratio, first step, are: 

z sup z inf f 0 (ν s ,τ) β 0 Δq s Δq c Stress in soil and columns is

(m) (m) (-) (-) (kPa) (kPa) assessed using the following formula:
1 1.2 1.2 1.54 1.3 113.8 633.8
2 1.2 1.3 1.54 1.3 113.8 633.8
3 1.3 1.3 1.54 1.3 113.8 633.8
4 1.3 1.3 1.54 1.3 113.8 633.8
5 1.3 1.4 1.54 1.3 113.8 633.8
6 1.4 1.4 1.54 1.3 113.8 633.8
7 1.4 1.4 1.54 1.3 113.8 633.8
8 1.4 1.4 1.54 1.3 113.8 633.8
9 1.4 1.5 1.54 1.3 113.8 633.8

10 1.5 1.5 1.54 1.3 113.8 633.8

Notations
Δq s Additional stress on the soil

Δq c Additional stress in the column

To take into account the fact that gravel is compressible, one should modify the replacement ratio value using the compressibility ratio column / soil.

Values of the settlement reduction ratio, second step, are: 

z sup z inf M c /M s Δ(1/τ) τ corrected β 1 Δq s Δq c

(m) (m) (-) (-) (%) (-) (kPa) (kPa)
1 1.2 1.2 8.3 0.58 6.7% 1.3 114.9 618.5
2 1.2 1.3 8.3 0.58 6.7% 1.3 114.9 618.5
3 1.3 1.3 8.3 0.58 6.7% 1.3 114.9 618.5
4 1.3 1.3 8.3 0.58 6.7% 1.3 114.9 618.5
5 1.3 1.4 8.3 0.58 6.7% 1.3 114.9 618.5
6 1.4 1.4 8.3 0.58 6.7% 1.3 114.9 618.5
7 1.4 1.4 8.3 0.58 6.7% 1.3 114.9 618.5
8 1.4 1.4 8.3 0.58 6.7% 1.3 114.9 618.5
9 1.4 1.5 8.3 0.58 6.7% 1.3 114.9 618.5

10 1.5 1.5 8.3 0.58 6.7% 1.3 114.9 618.5

Notations
Δ(1/τ) Increase of 1 / τ

τ corrected Modified value of replacement ratio

The stress distribution ratio is: 

z sup z inf n q c,0 Δq c q c Δq c,max q s,0 Δq s q s

(m) (m) (-) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa)

1 1.2 1.2 5.6 21.9 618.5 640.4 800.0 21.9 114.9 136.8
2 1.2 1.3 5.6 22.5 618.5 641.0 800.0 22.4 114.9 137.4
3 1.3 1.3 5.6 23.1 618.5 641.6 800.0 23.0 114.9 137.9
4 1.3 1.3 5.6 23.7 618.5 642.2 800.0 23.5 114.9 138.4
5 1.3 1.4 5.6 24.3 618.5 642.8 800.0 24.0 114.9 139.0
6 1.4 1.4 5.6 24.9 618.5 643.4 800.0 24.6 114.9 139.5
7 1.4 1.4 5.6 25.5 618.5 644.0 800.0 25.1 114.9 140.1
8 1.4 1.4 5.6 26.1 618.5 644.6 800.0 25.7 114.9 140.6
9 1.4 1.5 5.6 26.7 618.5 645.2 800.0 26.2 114.9 141.1

10 1.5 1.5 5.6 27.3 618.5 645.8 800.0 26.7 114.9 141.7

Notations
q c,0 Initial effective vertical stress in the column q s,0 Initial effective vertical stress in the soil

q c Final effective vertical stress in the column q s Final effective vertical stress in the soil

Δq c,max Limit value as per DTU 13-2 (Fs = 2)

Layer n°

OK

Checking against 
bulging failure

OK

OK

OK

OK

OK

OK

OK
OK

1.55

(-)

1.55
1.55
1.55

1.55

Loading description at SLS

UNIFORM LOADING

OK

Stress distribution per improved layer

Layer n°

1.55

1.55
1.55

f(ν s ,τ corrected )

1.55
1.55

Column are made of compressible material

Layer n°

Hypothesis: columns are not compressible

f νୱ, τ =
1 − νୱ

ଶ

1 − νୱ − 2νୱ
ଶ .

1 − 2νୱ 1 − τ

1 − 2νୱ + τ
β = 1 + τ

f vୱ, τ +
1
2

f vୱ, τ . Kୟౙ

− 1

β଴ =
Δq

Δqୱ

Δq = τ. Δqୡ + 1 − τ . Δqୱ

n =
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Δqୱ

=
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1
2
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To take into account the additional lateral constraint due the earth pressure at depth, the settlement reduction ratio is multiplied by a coefficient f d .

and with

The coefficient f d  is limited by following formula:

The settlement reduction ratio β 2  is limited by:

Values of the settlement reduction ratio, step 3, are:

z sup z inf f d f d,max f d β 2 β 2,max β 2

(m) (m) (-) (-) (-) (-) (-) (-)
1 1.2 1.2 1.1 1.5 1.1 1.4 1.5 1.4
2 1.2 1.3 1.1 1.5 1.1 1.4 1.5 1.4
3 1.3 1.3 1.1 1.5 1.1 1.4 1.5 1.4
4 1.3 1.3 1.1 1.5 1.1 1.4 1.5 1.4
5 1.3 1.4 1.1 1.5 1.1 1.4 1.5 1.4
6 1.4 1.4 1.1 1.5 1.1 1.4 1.5 1.4
7 1.4 1.4 1.1 1.5 1.1 1.4 1.5 1.4
8 1.4 1.4 1.1 1.5 1.1 1.4 1.5 1.4
9 1.4 1.5 1.1 1.5 1.1 1.4 1.5 1.4

10 1.5 1.5 1.1 1.5 1.1 1.4 1.5 1.4

Over the length of the columns

z sup z inf S na S a

(m) (m) (m) (m)
1 1.2 1.2 0.001 0.000
2 1.2 1.3 0.001 0.000
3 1.3 1.3 0.001 0.000
4 1.3 1.3 0.000 0.000
5 1.3 1.4 0.001 0.000
6 1.4 1.4 0.001 0.000
7 1.4 1.4 0.001 0.000
8 1.4 1.4 0.001 0.000 Notations
9 1.4 1.5 0.001 0.000 S na Settlement of soil without soil improvement

10 1.5 1.5 0.001 0.000 S a Settlement of soil with soil improvement

TOTAL 0.005 0.004

The total settlement in the soil w/o improvement under an uniform load is: 0.5 cm

The settlement decrease ratio under an uniform load is: 1.4

The total settlement of the improved soil under an uniform load is: 0.4 cm

Below the improved soil layers

z sup z inf S na

(m) (m) (m)
11 1.5 3.5 0.003
12 3.5 10.0 0.022

TOTAL 0.025

The settlement below the improved soil layers is: 2.5 cm

2.9 cm

Depth correction factor

Layer n°

Settlement distribution per layer

Layer n°

THE TOTAL SETTLEMENT OF THE SOIL UNDER AN UNIFORM LOAD IS

Layer n°

βଶ = fୢ. βଵ fୢ =
1

1 +
K଴ౙ −

qୱ,଴
qୡ,଴

K଴ౙ
.
qୡ,଴
Δqୡ

fୢ ≥ 1

fୢ ≤
Mୡ

Mୱ
.
Δqୱ
Δqୡ

βଶ,୫ୟ୶ = 1 + τ
Mୡ

Mୱ
− 1
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Over the length of the columns

This calculation is made by applying a new settlement reduction factor β s  to the settlement of the soil improved by stone columns.

Priebe has given a diagram of β s  values depending on the depth/diameter ratio z/Ø c  and number of Stone Columns n.

The number of columns below the footing is: 8

The settlement of a layer at a depth Z below the base of the footing is determined as the difference of the settlements calculated between the lower bound Z inf 

and the upper bound Z sup  of the concerned layer, with an average β s  calculated over the thickness of this layer:

z sup z inf Z sup Z inf Z sup /Ø c Z inf /Ø c (β s ) sup (β s ) inf S a,s

(m) (m) (m) (m) (-) (-) (-) (-) (m)
1 1.2 1.2 0.0 0.0 0.00 0.08 1.00 0.99 0.000
2 1.2 1.3 0.0 0.1 0.08 0.15 0.99 0.99 0.000
3 1.3 1.3 0.1 0.1 0.15 0.23 0.99 0.98 0.000
4 1.3 1.3 0.1 0.1 0.23 0.30 0.98 0.97 0.000
5 1.3 1.4 0.1 0.2 0.30 0.38 0.97 0.96 0.000
6 1.4 1.4 0.2 0.2 0.38 0.45 0.96 0.96 0.000
7 1.4 1.4 0.2 0.2 0.45 0.53 0.96 0.95 0.000
8 1.4 1.4 0.2 0.2 0.53 0.60 0.95 0.94 0.000
9 1.4 1.5 0.2 0.3 0.60 0.68 0.94 0.94 0.000

10 1.5 1.5 0.3 0.3 0.68 0.75 0.94 0.93 0.000
TOTAL 0.003

The total settlement of the improved soil under the footing is: 0.3 cm

Notations
Z sup Depth of the top of the soil layer from the foundation base (β s ) sup Settlement reduction factor at the level of z sup

Z inf Depth of the bottom of the soil layer from the foundation base (β s ) inf Settlement reduction factor at the level of z inf

S a,s Settlement of soil with soil improvement

Below the improved soil layers

z sup z inf S na,s

(m) (m) (m)
11 1.5 3.5 0.003
12 3.5 10.0 0.005

TOTAL 0.008

The settlement below the improved soil layers is: 0.8 cm

THE TOTAL SETTLEMENT OF THE SOIL BELOW THE FOOTING IS 1.1 cm

Layer n°

LOADING ON THE FOOTING

Layer n°

Settlement distribution

Sୟ,ୱ(z) =
Δq

Mୱβଶ
βୱ ୧୬୤. Z୧୬୤ − βୱ ୱ୳୮. Zୱ୳୮
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Project name:

Area of the rectangular footing: 3.80 m x 5.20 m Footing loaded at kN

Area of the footing = 19.76 m²

Diameter of the columns = 0.4 m to 0.4 m

Maximal stress within the columns =

Description of the footing
Type of footing: Rectangular
L 3.8 m Length of the footing d 1.1 m Embedment height

B 5.2 m Width of the footing Afooting 19.76 m² Area of the footing

Number of columns under the footing: 10

Description of the stone columns
A 1.98 m² Equivalent grid area of the columns γc 20 kN/m3 Unit weight of the gravel

hc 0.4 m Length of the columns φc 38 ° Friction angle of the gravel

Ec 50,000 kPa Young's modulus Kac 0.24 Coefficient of active earth pressure

νc 0.33 Poisson's coefficient K0c 0.38 Coefficient of  earth pressure at rest

Mc 75,000 kPa Oedometric modulus

hw 1.5 m Depth of Ground Water Table

Priebe considers: with K 0s  : coefficient of earth pressure at rest

z sup z inf E s ν s γ s M s Ø c τ p l * c φ s

(m) (m) (kPa) (-) (kN/m 3 ) (kPa) (m) (%) (kPa) (kPa) (°)
1 1.1 1.1 6,000 0.33 18 9,000 0.40 6.4% 400 0 30
2 1.1 1.2 6,000 0.33 18 9,000 0.40 6.4% 400 0 30
3 1.2 1.2 6,000 0.33 18 9,000 0.40 6.4% 400 0 30
4 1.2 1.3 6,000 0.33 18 9,000 0.40 6.4% 400 0 30
5 1.3 1.3 6,000 0.33 18 9,000 0.40 6.4% 400 0 30
6 1.3 1.3 6,000 0.33 18 9,000 0.40 6.4% 400 0 30
7 1.3 1.4 6,000 0.33 18 9,000 0.40 6.4% 400 0 30
8 1.4 1.4 6,000 0.33 18 9,000 0.40 6.4% 400 0 30
9 1.4 1.5 6,000 0.33 18 9,000 0.40 6.4% 400 0 30

10 1.5 1.5 6,000 0.33 18 9,000 0.40 6.4% 400 0 30

hlim 10.0 m Limit depth of model

z sup z inf E s ν s M s

(m) (m) (kPa) (-) (kPa)
11 1.5 3.5 60,000 0.33 90,000
12 3.5 10.0 30,000 0.33 45,000

Notations
z sup Depth of the top of the soil layer M s Oedometric modulus in the layer

z inf Depth of the bottom of the soil layer Ø c Stone Columns' diameter

E s Young's modulus in the layer τ Replacement ratio

ν s Poisson's coefficient p l * Limit pressure in the layer

γs Unit weight of the soil layer c Drained cohesion or undrained shear strength

φ s Drained friction angle or 0 in undrained conditions

STONE COLUMNS DESIGN FOR FOOTINGS

Poyle pad @150kPa
4.4m x 4.4m pad (C)

ΔQ = 2,964.0

DESIGN AS PER PRIEBE METHOD

Presentation of the model and main calculation results

1.3 cm

630.3 kPa

Total settlement =

Layer n°

Description of Stone Columns reinforcement

Description of natural soil surrounding the columns

Layer n°

Description of natural soil below the columns

hw

hc

Supporting soil

0

Soft soil

hlim

S
C

ΔQ = 2964 kN

z
Bedrock

D

K଴ୱ = 1
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ΔQ 2,964 kN Load applied at the footing base

Δq 150.0 kPa Pressure applied at the footing base

Priebe suggests to use the following settlement reduction ratio, corresponding to an incompressible gravel:

With: 

Values of the settlement reduction ratio, first step, are: 

z sup z inf f 0 (ν s ,τ) β 0 Δq s Δq c Stress in soil and columns is

(m) (m) (-) (-) (kPa) (kPa) assessed using the following formula:
1 1.1 1.1 1.57 1.3 116.4 644.8
2 1.1 1.2 1.57 1.3 116.4 644.8
3 1.2 1.2 1.57 1.3 116.4 644.8
4 1.2 1.3 1.57 1.3 116.4 644.8
5 1.3 1.3 1.57 1.3 116.4 644.8
6 1.3 1.3 1.57 1.3 116.4 644.8
7 1.3 1.4 1.57 1.3 116.4 644.8
8 1.4 1.4 1.57 1.3 116.4 644.8
9 1.4 1.5 1.57 1.3 116.4 644.8

10 1.5 1.5 1.57 1.3 116.4 644.8

Notations
Δq s Additional stress on the soil

Δq c Additional stress in the column

To take into account the fact that gravel is compressible, one should modify the replacement ratio value using the compressibility ratio column / soil.

Values of the settlement reduction ratio, second step, are: 

z sup z inf M c /M s Δ(1/τ) τ corrected β 1 Δq s Δq c

(m) (m) (-) (-) (%) (-) (kPa) (kPa)
1 1.1 1.1 8.3 0.58 6.1% 1.3 117.4 630.3
2 1.1 1.2 8.3 0.58 6.1% 1.3 117.4 630.3
3 1.2 1.2 8.3 0.58 6.1% 1.3 117.4 630.3
4 1.2 1.3 8.3 0.58 6.1% 1.3 117.4 630.3
5 1.3 1.3 8.3 0.58 6.1% 1.3 117.4 630.3
6 1.3 1.3 8.3 0.58 6.1% 1.3 117.4 630.3
7 1.3 1.4 8.3 0.58 6.1% 1.3 117.4 630.3
8 1.4 1.4 8.3 0.58 6.1% 1.3 117.4 630.3
9 1.4 1.5 8.3 0.58 6.1% 1.3 117.4 630.3

10 1.5 1.5 8.3 0.58 6.1% 1.3 117.4 630.3

Notations
Δ(1/τ) Increase of 1 / τ

τ corrected Modified value of replacement ratio

The stress distribution ratio is: 

z sup z inf n q c,0 Δq c q c Δq c,max q s,0 Δq s q s

(m) (m) (-) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa)

1 1.1 1.1 5.5 20.2 630.3 650.5 800.0 20.2 117.4 137.5
2 1.1 1.2 5.5 21.0 630.3 651.3 800.0 20.9 117.4 138.3
3 1.2 1.2 5.5 21.8 630.3 652.1 800.0 21.6 117.4 139.0
4 1.2 1.3 5.5 22.6 630.3 652.9 800.0 22.3 117.4 139.7
5 1.3 1.3 5.5 23.4 630.3 653.7 800.0 23.0 117.4 140.4
6 1.3 1.3 5.5 24.2 630.3 654.5 800.0 23.8 117.4 141.1
7 1.3 1.4 5.5 25.0 630.3 655.3 800.0 24.5 117.4 141.9
8 1.4 1.4 5.5 25.8 630.3 656.1 800.0 25.2 117.4 142.6
9 1.4 1.5 5.5 26.6 630.3 656.9 800.0 25.9 117.4 143.3

10 1.5 1.5 5.5 27.4 630.3 657.7 800.0 26.6 117.4 144.0

Notations
q c,0 Initial effective vertical stress in the column q s,0 Initial effective vertical stress in the soil

q c Final effective vertical stress in the column q s Final effective vertical stress in the soil

Δq c,max Limit value as per DTU 13-2 (Fs = 2)

1.59

Column are made of compressible material

Layer n°

Hypothesis: columns are not compressible

Stress distribution per improved layer

Layer n°

1.59

1.59
1.59

f(ν s ,τ corrected )

1.59

OK
OK

1.59

(-)

1.59
1.59
1.59

1.59

Loading description at SLS

UNIFORM LOADING

OK

Checking against 
bulging failure

OK

OK

OK

OK

OK

OK

Layer n°

OK

f νୱ, τ =
1 − νୱ

ଶ

1 − νୱ − 2νୱ
ଶ .

1 − 2νୱ 1 − τ

1 − 2νୱ + τ
β = 1 + τ

f vୱ, τ +
1
2

f vୱ, τ . Kୟౙ

− 1

β଴ =
Δq

Δqୱ

Δq = τ. Δqୡ + 1 − τ . Δqୱ

n =
Δqେ
Δqୱ

=
f vୱ, τୡ୭୰୰ୣୡ୲ୣୢ +

1
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To take into account the additional lateral constraint due the earth pressure at depth, the settlement reduction ratio is multiplied by a coefficient f d .

and with

The coefficient f d  is limited by following formula:

The settlement reduction ratio β 2  is limited by:

Values of the settlement reduction ratio, step 3, are:

z sup z inf f d f d,max f d β 2 β 2,max β 2

(m) (m) (-) (-) (-) (-) (-) (-)
1 1.1 1.1 1.1 1.6 1.1 1.3 1.5 1.3
2 1.1 1.2 1.1 1.6 1.1 1.3 1.5 1.3
3 1.2 1.2 1.1 1.6 1.1 1.4 1.5 1.4
4 1.2 1.3 1.1 1.6 1.1 1.4 1.5 1.4
5 1.3 1.3 1.1 1.6 1.1 1.4 1.5 1.4
6 1.3 1.3 1.1 1.6 1.1 1.4 1.5 1.4
7 1.3 1.4 1.1 1.6 1.1 1.4 1.5 1.4
8 1.4 1.4 1.1 1.6 1.1 1.4 1.5 1.4
9 1.4 1.5 1.1 1.6 1.1 1.4 1.5 1.4

10 1.5 1.5 1.1 1.6 1.1 1.4 1.5 1.4

Over the length of the columns

z sup z inf S na S a

(m) (m) (m) (m)
1 1.1 1.1 0.001 0.000
2 1.1 1.2 0.001 0.000
3 1.2 1.2 0.001 0.000
4 1.2 1.3 0.001 0.000
5 1.3 1.3 0.001 0.000
6 1.3 1.3 0.001 0.000
7 1.3 1.4 0.001 0.000
8 1.4 1.4 0.001 0.000 Notations
9 1.4 1.5 0.001 0.000 S na Settlement of soil without soil improvement

10 1.5 1.5 0.001 0.000 S a Settlement of soil with soil improvement

TOTAL 0.007 0.005

The total settlement in the soil w/o improvement under an uniform load is: 0.7 cm

The settlement decrease ratio under an uniform load is: 1.4

The total settlement of the improved soil under an uniform load is: 0.5 cm

Below the improved soil layers

z sup z inf S na

(m) (m) (m)
11 1.5 3.5 0.003
12 3.5 10.0 0.022

TOTAL 0.025

The settlement below the improved soil layers is: 2.5 cm

3.0 cm

Layer n°

Settlement distribution per layer

Layer n°

THE TOTAL SETTLEMENT OF THE SOIL UNDER AN UNIFORM LOAD IS

Layer n°

Depth correction factor

βଶ = fୢ. βଵ fୢ =
1

1 +
K଴ౙ −

qୱ,଴
qୡ,଴

K଴ౙ
.
qୡ,଴
Δqୡ

fୢ ≥ 1

fୢ ≤
Mୡ

Mୱ
.
Δqୱ
Δqୡ
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Over the length of the columns

This calculation is made by applying a new settlement reduction factor β s  to the settlement of the soil improved by stone columns.

Priebe has given a diagram of β s  values depending on the depth/diameter ratio z/Ø c  and number of Stone Columns n.

The number of columns below the footing is: 10

The settlement of a layer at a depth Z below the base of the footing is determined as the difference of the settlements calculated between the lower bound Z inf 

and the upper bound Z sup  of the concerned layer, with an average β s  calculated over the thickness of this layer:

z sup z inf Z sup Z inf Z sup /Ø c Z inf /Ø c (β s ) sup (β s ) inf S a,s

(m) (m) (m) (m) (-) (-) (-) (-) (m)
1 1.1 1.1 0.0 0.0 0.00 0.10 1.00 0.99 0.000
2 1.1 1.2 0.0 0.1 0.10 0.20 0.99 0.98 0.000
3 1.2 1.2 0.1 0.1 0.20 0.30 0.98 0.97 0.000
4 1.2 1.3 0.1 0.2 0.30 0.40 0.97 0.96 0.000
5 1.3 1.3 0.2 0.2 0.40 0.50 0.96 0.96 0.000
6 1.3 1.3 0.2 0.2 0.50 0.60 0.96 0.95 0.000
7 1.3 1.4 0.2 0.3 0.60 0.70 0.95 0.94 0.000
8 1.4 1.4 0.3 0.3 0.70 0.80 0.94 0.93 0.000
9 1.4 1.5 0.3 0.4 0.80 0.90 0.93 0.92 0.000

10 1.5 1.5 0.4 0.4 0.90 1.00 0.92 0.91 0.000
TOTAL 0.004

The total settlement of the improved soil under the footing is: 0.4 cm

Notations
Z sup Depth of the top of the soil layer from the foundation base (β s ) sup Settlement reduction factor at the level of z sup

Z inf Depth of the bottom of the soil layer from the foundation base (β s ) inf Settlement reduction factor at the level of z inf

S a,s Settlement of soil with soil improvement

Below the improved soil layers

z sup z inf S na,s

(m) (m) (m)
11 1.5 3.5 0.003
12 3.5 10.0 0.006

TOTAL 0.009

The settlement below the improved soil layers is: 0.9 cm

THE TOTAL SETTLEMENT OF THE SOIL BELOW THE FOOTING IS 1.3 cm

Layer n°

LOADING ON THE FOOTING

Layer n°

Settlement distribution

Sୟ,ୱ(z) =
Δq

Mୱβଶ
βୱ ୧୬୤. Z୧୬୤ − βୱ ୱ୳୮. Zୱ୳୮
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Project name:

Area of the rectangular footing: 3.90 m x 3.90 m Footing loaded at kN

Area of the footing = 15.21 m²

Diameter of the columns = 0.4 m to 0.4 m

Maximal stress within the columns =

Description of the footing
Type of footing: Rectangular
L 3.9 m Length of the footing d 1.1 m Embedment height

B 3.9 m Width of the footing Afooting 15.21 m² Area of the footing

Number of columns under the footing: 8

Description of the stone columns
A 1.90 m² Equivalent grid area of the columns γc 20 kN/m3 Unit weight of the gravel

hc 0.4 m Length of the columns φc 38 ° Friction angle of the gravel

Ec 50,000 kPa Young's modulus Kac 0.24 Coefficient of active earth pressure

νc 0.33 Poisson's coefficient K0c 0.38 Coefficient of  earth pressure at rest

Mc 75,000 kPa Oedometric modulus

hw 1.5 m Depth of Ground Water Table

Priebe considers: with K 0s  : coefficient of earth pressure at rest

z sup z inf E s ν s γ s M s Ø c τ p l * c φ s

(m) (m) (kPa) (-) (kN/m 3 ) (kPa) (m) (%) (kPa) (kPa) (°)
1 1.1 1.1 6,000 0.33 18 9,000 0.40 6.6% 400 0 30
2 1.1 1.2 6,000 0.33 18 9,000 0.40 6.6% 400 0 30
3 1.2 1.2 6,000 0.33 18 9,000 0.40 6.6% 400 0 30
4 1.2 1.3 6,000 0.33 18 9,000 0.40 6.6% 400 0 30
5 1.3 1.3 6,000 0.33 18 9,000 0.40 6.6% 400 0 30
6 1.3 1.3 6,000 0.33 18 9,000 0.40 6.6% 400 0 30
7 1.3 1.4 6,000 0.33 18 9,000 0.40 6.6% 400 0 30
8 1.4 1.4 6,000 0.33 18 9,000 0.40 6.6% 400 0 30
9 1.4 1.5 6,000 0.33 18 9,000 0.40 6.6% 400 0 30

10 1.5 1.5 6,000 0.33 18 9,000 0.40 6.6% 400 0 30

hlim 10.0 m Limit depth of model

z sup z inf E s ν s M s

(m) (m) (kPa) (-) (kPa)
11 1.5 3.5 60,000 0.33 90,000
12 3.5 10.0 30,000 0.33 45,000

Notations
z sup Depth of the top of the soil layer M s Oedometric modulus in the layer

z inf Depth of the bottom of the soil layer Ø c Stone Columns' diameter

E s Young's modulus in the layer τ Replacement ratio

ν s Poisson's coefficient p l * Limit pressure in the layer

γs Unit weight of the soil layer c Drained cohesion or undrained shear strength

φ s Drained friction angle or 0 in undrained conditions

STONE COLUMNS DESIGN FOR FOOTINGS

Poyle pad @150kPa
3.9m x 3.9m pad (E)

ΔQ = 2,281.5

DESIGN AS PER PRIEBE METHOD

Presentation of the model and main calculation results

1.2 cm

625.3 kPa

Total settlement =

Layer n°

Description of Stone Columns reinforcement

Description of natural soil surrounding the columns

Layer n°

Description of natural soil below the columns

hw

hc

Supporting soil

0

Soft soil

hlim

S
C

ΔQ = 2281.5 kN

z
Bedrock

D

K଴ୱ = 1
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ΔQ 2,282 kN Load applied at the footing base

Δq 150.0 kPa Pressure applied at the footing base

Priebe suggests to use the following settlement reduction ratio, corresponding to an incompressible gravel:

With: 

Values of the settlement reduction ratio, first step, are: 

z sup z inf f 0 (ν s ,τ) β 0 Δq s Δq c Stress in soil and columns is

(m) (m) (-) (-) (kPa) (kPa) assessed using the following formula:
1 1.1 1.1 1.56 1.3 115.3 640.2
2 1.1 1.2 1.56 1.3 115.3 640.2
3 1.2 1.2 1.56 1.3 115.3 640.2
4 1.2 1.3 1.56 1.3 115.3 640.2
5 1.3 1.3 1.56 1.3 115.3 640.2
6 1.3 1.3 1.56 1.3 115.3 640.2
7 1.3 1.4 1.56 1.3 115.3 640.2
8 1.4 1.4 1.56 1.3 115.3 640.2
9 1.4 1.5 1.56 1.3 115.3 640.2

10 1.5 1.5 1.56 1.3 115.3 640.2

Notations
Δq s Additional stress on the soil

Δq c Additional stress in the column

To take into account the fact that gravel is compressible, one should modify the replacement ratio value using the compressibility ratio column / soil.

Values of the settlement reduction ratio, second step, are: 

z sup z inf M c /M s Δ(1/τ) τ corrected β 1 Δq s Δq c

(m) (m) (-) (-) (%) (-) (kPa) (kPa)
1 1.1 1.1 8.3 0.58 6.4% 1.3 116.4 625.3
2 1.1 1.2 8.3 0.58 6.4% 1.3 116.4 625.3
3 1.2 1.2 8.3 0.58 6.4% 1.3 116.4 625.3
4 1.2 1.3 8.3 0.58 6.4% 1.3 116.4 625.3
5 1.3 1.3 8.3 0.58 6.4% 1.3 116.4 625.3
6 1.3 1.3 8.3 0.58 6.4% 1.3 116.4 625.3
7 1.3 1.4 8.3 0.58 6.4% 1.3 116.4 625.3
8 1.4 1.4 8.3 0.58 6.4% 1.3 116.4 625.3
9 1.4 1.5 8.3 0.58 6.4% 1.3 116.4 625.3

10 1.5 1.5 8.3 0.58 6.4% 1.3 116.4 625.3

Notations
Δ(1/τ) Increase of 1 / τ

τ corrected Modified value of replacement ratio

The stress distribution ratio is: 

z sup z inf n q c,0 Δq c q c Δq c,max q s,0 Δq s q s

(m) (m) (-) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa)

1 1.1 1.1 5.5 20.2 625.3 645.5 800.0 20.2 116.4 136.5
2 1.1 1.2 5.5 21.0 625.3 646.3 800.0 20.9 116.4 137.2
3 1.2 1.2 5.5 21.8 625.3 647.1 800.0 21.6 116.4 138.0
4 1.2 1.3 5.5 22.6 625.3 647.9 800.0 22.3 116.4 138.7
5 1.3 1.3 5.5 23.4 625.3 648.7 800.0 23.0 116.4 139.4
6 1.3 1.3 5.5 24.2 625.3 649.5 800.0 23.8 116.4 140.1
7 1.3 1.4 5.5 25.0 625.3 650.3 800.0 24.5 116.4 140.8
8 1.4 1.4 5.5 25.8 625.3 651.1 800.0 25.2 116.4 141.6
9 1.4 1.5 5.5 26.6 625.3 651.9 800.0 25.9 116.4 142.3

10 1.5 1.5 5.5 27.4 625.3 652.7 800.0 26.6 116.4 143.0

Notations
q c,0 Initial effective vertical stress in the column q s,0 Initial effective vertical stress in the soil

q c Final effective vertical stress in the column q s Final effective vertical stress in the soil

Δq c,max Limit value as per DTU 13-2 (Fs = 2)

1.57

Column are made of compressible material

Layer n°

Hypothesis: columns are not compressible

Stress distribution per improved layer

Layer n°
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UNIFORM LOADING

OK

Checking against 
bulging failure

OK

OK

OK

OK

OK

OK

Layer n°

OK

f νୱ, τ =
1 − νୱ

ଶ

1 − νୱ − 2νୱ
ଶ .

1 − 2νୱ 1 − τ

1 − 2νୱ + τ
β = 1 + τ

f vୱ, τ +
1
2

f vୱ, τ . Kୟౙ

− 1

β଴ =
Δq

Δqୱ

Δq = τ. Δqୡ + 1 − τ . Δqୱ

n =
Δqେ
Δqୱ

=
f vୱ, τୡ୭୰୰ୣୡ୲ୣୢ +

1
2

f vୱ, τୡ୭୰୰ୣୡ୲ୣୢ ȉ Kୟౙ

Page 2 of 4



To take into account the additional lateral constraint due the earth pressure at depth, the settlement reduction ratio is multiplied by a coefficient f d .

and with

The coefficient f d  is limited by following formula:

The settlement reduction ratio β 2  is limited by:

Values of the settlement reduction ratio, step 3, are:

z sup z inf f d f d,max f d β 2 β 2,max β 2

(m) (m) (-) (-) (-) (-) (-) (-)
1 1.1 1.1 1.1 1.6 1.1 1.4 1.5 1.4
2 1.1 1.2 1.1 1.6 1.1 1.4 1.5 1.4
3 1.2 1.2 1.1 1.6 1.1 1.4 1.5 1.4
4 1.2 1.3 1.1 1.6 1.1 1.4 1.5 1.4
5 1.3 1.3 1.1 1.6 1.1 1.4 1.5 1.4
6 1.3 1.3 1.1 1.6 1.1 1.4 1.5 1.4
7 1.3 1.4 1.1 1.6 1.1 1.4 1.5 1.4
8 1.4 1.4 1.1 1.6 1.1 1.4 1.5 1.4
9 1.4 1.5 1.1 1.6 1.1 1.4 1.5 1.4

10 1.5 1.5 1.1 1.6 1.1 1.4 1.5 1.4

Over the length of the columns

z sup z inf S na S a

(m) (m) (m) (m)
1 1.1 1.1 0.001 0.000
2 1.1 1.2 0.001 0.000
3 1.2 1.2 0.001 0.000
4 1.2 1.3 0.001 0.000
5 1.3 1.3 0.001 0.000
6 1.3 1.3 0.001 0.000
7 1.3 1.4 0.001 0.000
8 1.4 1.4 0.001 0.000 Notations
9 1.4 1.5 0.001 0.000 S na Settlement of soil without soil improvement

10 1.5 1.5 0.001 0.000 S a Settlement of soil with soil improvement

TOTAL 0.007 0.005

The total settlement in the soil w/o improvement under an uniform load is: 0.7 cm

The settlement decrease ratio under an uniform load is: 1.4

The total settlement of the improved soil under an uniform load is: 0.5 cm

Below the improved soil layers

z sup z inf S na

(m) (m) (m)
11 1.5 3.5 0.003
12 3.5 10.0 0.022

TOTAL 0.025

The settlement below the improved soil layers is: 2.5 cm

3.0 cm

Layer n°

Settlement distribution per layer

Layer n°

THE TOTAL SETTLEMENT OF THE SOIL UNDER AN UNIFORM LOAD IS

Layer n°

Depth correction factor
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Over the length of the columns

This calculation is made by applying a new settlement reduction factor β s  to the settlement of the soil improved by stone columns.

Priebe has given a diagram of β s  values depending on the depth/diameter ratio z/Ø c  and number of Stone Columns n.

The number of columns below the footing is: 8

The settlement of a layer at a depth Z below the base of the footing is determined as the difference of the settlements calculated between the lower bound Z inf 

and the upper bound Z sup  of the concerned layer, with an average β s  calculated over the thickness of this layer:

z sup z inf Z sup Z inf Z sup /Ø c Z inf /Ø c (β s ) sup (β s ) inf S a,s

(m) (m) (m) (m) (-) (-) (-) (-) (m)
1 1.1 1.1 0.0 0.0 0.00 0.10 1.00 0.99 0.000
2 1.1 1.2 0.0 0.1 0.10 0.20 0.99 0.98 0.000
3 1.2 1.2 0.1 0.1 0.20 0.30 0.98 0.97 0.000
4 1.2 1.3 0.1 0.2 0.30 0.40 0.97 0.96 0.000
5 1.3 1.3 0.2 0.2 0.40 0.50 0.96 0.95 0.000
6 1.3 1.3 0.2 0.2 0.50 0.60 0.95 0.94 0.000
7 1.3 1.4 0.2 0.3 0.60 0.70 0.94 0.93 0.000
8 1.4 1.4 0.3 0.3 0.70 0.80 0.93 0.92 0.000
9 1.4 1.5 0.3 0.4 0.80 0.90 0.92 0.91 0.000

10 1.5 1.5 0.4 0.4 0.90 1.00 0.91 0.91 0.000
TOTAL 0.004

The total settlement of the improved soil under the footing is: 0.4 cm

Notations
Z sup Depth of the top of the soil layer from the foundation base (β s ) sup Settlement reduction factor at the level of z sup

Z inf Depth of the bottom of the soil layer from the foundation base (β s ) inf Settlement reduction factor at the level of z inf

S a,s Settlement of soil with soil improvement

Below the improved soil layers

z sup z inf S na,s

(m) (m) (m)
11 1.5 3.5 0.003
12 3.5 10.0 0.005

TOTAL 0.008

The settlement below the improved soil layers is: 0.8 cm

THE TOTAL SETTLEMENT OF THE SOIL BELOW THE FOOTING IS 1.2 cm

Layer n°

LOADING ON THE FOOTING

Layer n°

Settlement distribution

Sୟ,ୱ(z) =
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Project name:

Area of the rectangular footing: 4.50 m x 4.50 m Footing loaded at kN

Area of the footing = 20.25 m²

Diameter of the columns = 0.4 m to 0.4 m

Maximal stress within the columns =

Description of the footing
Type of footing: Rectangular
L 4.5 m Length of the footing d 1.2 m Embedment height

B 4.5 m Width of the footing Afooting 20.25 m² Area of the footing

Number of columns under the footing: 11

Description of the stone columns
A 1.84 m² Equivalent grid area of the columns γc 20 kN/m3 Unit weight of the gravel

hc 0.3 m Length of the columns φc 38 ° Friction angle of the gravel

Ec 50,000 kPa Young's modulus Kac 0.24 Coefficient of active earth pressure

νc 0.33 Poisson's coefficient K0c 0.38 Coefficient of  earth pressure at rest

Mc 75,000 kPa Oedometric modulus

hw 1.5 m Depth of Ground Water Table

Priebe considers: with K 0s  : coefficient of earth pressure at rest

z sup z inf E s ν s γ s M s Ø c τ p l * c φ s

(m) (m) (kPa) (-) (kN/m 3 ) (kPa) (m) (%) (kPa) (kPa) (°)
1 1.2 1.2 6,000 0.33 18 9,000 0.40 6.8% 400 0 30
2 1.2 1.3 6,000 0.33 18 9,000 0.40 6.8% 400 0 30
3 1.3 1.3 6,000 0.33 18 9,000 0.40 6.8% 400 0 30
4 1.3 1.3 6,000 0.33 18 9,000 0.40 6.8% 400 0 30
5 1.3 1.4 6,000 0.33 18 9,000 0.40 6.8% 400 0 30
6 1.4 1.4 6,000 0.33 18 9,000 0.40 6.8% 400 0 30
7 1.4 1.4 6,000 0.33 18 9,000 0.40 6.8% 400 0 30
8 1.4 1.4 6,000 0.33 18 9,000 0.40 6.8% 400 0 30
9 1.4 1.5 6,000 0.33 18 9,000 0.40 6.8% 400 0 30

10 1.5 1.5 6,000 0.33 18 9,000 0.40 6.8% 400 0 30

hlim 10.0 m Limit depth of model

z sup z inf E s ν s M s

(m) (m) (kPa) (-) (kPa)
11 1.5 3.5 60,000 0.33 90,000
12 3.5 10.0 30,000 0.33 45,000

Notations
z sup Depth of the top of the soil layer M s Oedometric modulus in the layer

z inf Depth of the bottom of the soil layer Ø c Stone Columns' diameter

E s Young's modulus in the layer τ Replacement ratio

ν s Poisson's coefficient p l * Limit pressure in the layer

γs Unit weight of the soil layer c Drained cohesion or undrained shear strength

φ s Drained friction angle or 0 in undrained conditions

STONE COLUMNS DESIGN FOR FOOTINGS

Poyle pad @150kPa
4.5m x 4.5m pad (G)

ΔQ = 3,037.5

DESIGN AS PER PRIEBE METHOD

Presentation of the model and main calculation results

1.3 cm

621.1 kPa

Total settlement =

Layer n°

Description of Stone Columns reinforcement

Description of natural soil surrounding the columns

Layer n°

Description of natural soil below the columns

hw

hc

Supporting soil

0

Soft soil

hlim

S
C

ΔQ = 3037.5 kN

z
Bedrock

D

K଴ୱ = 1
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ΔQ 3,038 kN Load applied at the footing base

Δq 150.0 kPa Pressure applied at the footing base

Priebe suggests to use the following settlement reduction ratio, corresponding to an incompressible gravel:

With: 

Values of the settlement reduction ratio, first step, are: 

z sup z inf f 0 (ν s ,τ) β 0 Δq s Δq c Stress in soil and columns is

(m) (m) (-) (-) (kPa) (kPa) assessed using the following formula:
1 1.2 1.2 1.55 1.3 114.4 636.2
2 1.2 1.3 1.55 1.3 114.4 636.2
3 1.3 1.3 1.55 1.3 114.4 636.2
4 1.3 1.3 1.55 1.3 114.4 636.2
5 1.3 1.4 1.55 1.3 114.4 636.2
6 1.4 1.4 1.55 1.3 114.4 636.2
7 1.4 1.4 1.55 1.3 114.4 636.2
8 1.4 1.4 1.55 1.3 114.4 636.2
9 1.4 1.5 1.55 1.3 114.4 636.2

10 1.5 1.5 1.55 1.3 114.4 636.2

Notations
Δq s Additional stress on the soil

Δq c Additional stress in the column

To take into account the fact that gravel is compressible, one should modify the replacement ratio value using the compressibility ratio column / soil.

Values of the settlement reduction ratio, second step, are: 

z sup z inf M c /M s Δ(1/τ) τ corrected β 1 Δq s Δq c

(m) (m) (-) (-) (%) (-) (kPa) (kPa)
1 1.2 1.2 8.3 0.58 6.6% 1.3 115.5 621.1
2 1.2 1.3 8.3 0.58 6.6% 1.3 115.5 621.1
3 1.3 1.3 8.3 0.58 6.6% 1.3 115.5 621.1
4 1.3 1.3 8.3 0.58 6.6% 1.3 115.5 621.1
5 1.3 1.4 8.3 0.58 6.6% 1.3 115.5 621.1
6 1.4 1.4 8.3 0.58 6.6% 1.3 115.5 621.1
7 1.4 1.4 8.3 0.58 6.6% 1.3 115.5 621.1
8 1.4 1.4 8.3 0.58 6.6% 1.3 115.5 621.1
9 1.4 1.5 8.3 0.58 6.6% 1.3 115.5 621.1

10 1.5 1.5 8.3 0.58 6.6% 1.3 115.5 621.1

Notations
Δ(1/τ) Increase of 1 / τ

τ corrected Modified value of replacement ratio

The stress distribution ratio is: 

z sup z inf n q c,0 Δq c q c Δq c,max q s,0 Δq s q s

(m) (m) (-) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa)

1 1.2 1.2 5.6 21.9 621.1 643.0 800.0 21.9 115.5 137.4
2 1.2 1.3 5.6 22.5 621.1 643.6 800.0 22.4 115.5 137.9
3 1.3 1.3 5.6 23.1 621.1 644.2 800.0 23.0 115.5 138.4
4 1.3 1.3 5.6 23.7 621.1 644.8 800.0 23.5 115.5 139.0
5 1.3 1.4 5.6 24.3 621.1 645.4 800.0 24.0 115.5 139.5
6 1.4 1.4 5.6 24.9 621.1 646.0 800.0 24.6 115.5 140.1
7 1.4 1.4 5.6 25.5 621.1 646.6 800.0 25.1 115.5 140.6
8 1.4 1.4 5.6 26.1 621.1 647.2 800.0 25.7 115.5 141.1
9 1.4 1.5 5.6 26.7 621.1 647.8 800.0 26.2 115.5 141.7

10 1.5 1.5 5.6 27.3 621.1 648.4 800.0 26.7 115.5 142.2

Notations
q c,0 Initial effective vertical stress in the column q s,0 Initial effective vertical stress in the soil

q c Final effective vertical stress in the column q s Final effective vertical stress in the soil

Δq c,max Limit value as per DTU 13-2 (Fs = 2)

1.56

Column are made of compressible material

Layer n°

Hypothesis: columns are not compressible

Stress distribution per improved layer

Layer n°

1.56

1.56
1.56

f(ν s ,τ corrected )

1.56
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OK

1.56

(-)

1.56
1.56
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1.56

Loading description at SLS

UNIFORM LOADING
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To take into account the additional lateral constraint due the earth pressure at depth, the settlement reduction ratio is multiplied by a coefficient f d .

and with

The coefficient f d  is limited by following formula:

The settlement reduction ratio β 2  is limited by:

Values of the settlement reduction ratio, step 3, are:

z sup z inf f d f d,max f d β 2 β 2,max β 2

(m) (m) (-) (-) (-) (-) (-) (-)
1 1.2 1.2 1.1 1.5 1.1 1.4 1.5 1.4
2 1.2 1.3 1.1 1.5 1.1 1.4 1.5 1.4
3 1.3 1.3 1.1 1.5 1.1 1.4 1.5 1.4
4 1.3 1.3 1.1 1.5 1.1 1.4 1.5 1.4
5 1.3 1.4 1.1 1.5 1.1 1.4 1.5 1.4
6 1.4 1.4 1.1 1.5 1.1 1.4 1.5 1.4
7 1.4 1.4 1.1 1.5 1.1 1.4 1.5 1.4
8 1.4 1.4 1.1 1.5 1.1 1.4 1.5 1.4
9 1.4 1.5 1.1 1.5 1.1 1.4 1.5 1.4

10 1.5 1.5 1.1 1.5 1.1 1.4 1.5 1.4

Over the length of the columns

z sup z inf S na S a

(m) (m) (m) (m)
1 1.2 1.2 0.001 0.000
2 1.2 1.3 0.001 0.000
3 1.3 1.3 0.001 0.000
4 1.3 1.3 0.000 0.000
5 1.3 1.4 0.001 0.000
6 1.4 1.4 0.001 0.000
7 1.4 1.4 0.001 0.000
8 1.4 1.4 0.001 0.000 Notations
9 1.4 1.5 0.001 0.000 S na Settlement of soil without soil improvement

10 1.5 1.5 0.001 0.000 S a Settlement of soil with soil improvement

TOTAL 0.005 0.004

The total settlement in the soil w/o improvement under an uniform load is: 0.5 cm

The settlement decrease ratio under an uniform load is: 1.4

The total settlement of the improved soil under an uniform load is: 0.4 cm

Below the improved soil layers

z sup z inf S na

(m) (m) (m)
11 1.5 3.5 0.003
12 3.5 10.0 0.022

TOTAL 0.025

The settlement below the improved soil layers is: 2.5 cm

2.9 cm

Layer n°

Settlement distribution per layer

Layer n°

THE TOTAL SETTLEMENT OF THE SOIL UNDER AN UNIFORM LOAD IS

Layer n°

Depth correction factor
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Over the length of the columns

This calculation is made by applying a new settlement reduction factor β s  to the settlement of the soil improved by stone columns.

Priebe has given a diagram of β s  values depending on the depth/diameter ratio z/Ø c  and number of Stone Columns n.

The number of columns below the footing is: 11

The settlement of a layer at a depth Z below the base of the footing is determined as the difference of the settlements calculated between the lower bound Z inf 

and the upper bound Z sup  of the concerned layer, with an average β s  calculated over the thickness of this layer:

z sup z inf Z sup Z inf Z sup /Ø c Z inf /Ø c (β s ) sup (β s ) inf S a,s

(m) (m) (m) (m) (-) (-) (-) (-) (m)
1 1.2 1.2 0.0 0.0 0.00 0.08 1.00 0.99 0.000
2 1.2 1.3 0.0 0.1 0.08 0.15 0.99 0.99 0.000
3 1.3 1.3 0.1 0.1 0.15 0.23 0.99 0.98 0.000
4 1.3 1.3 0.1 0.1 0.23 0.30 0.98 0.97 0.000
5 1.3 1.4 0.1 0.2 0.30 0.38 0.97 0.97 0.000
6 1.4 1.4 0.2 0.2 0.38 0.45 0.97 0.96 0.000
7 1.4 1.4 0.2 0.2 0.45 0.53 0.96 0.96 0.000
8 1.4 1.4 0.2 0.2 0.53 0.60 0.96 0.95 0.000
9 1.4 1.5 0.2 0.3 0.60 0.68 0.95 0.94 0.000

10 1.5 1.5 0.3 0.3 0.68 0.75 0.94 0.94 0.000
TOTAL 0.003

The total settlement of the improved soil under the footing is: 0.3 cm

Notations
Z sup Depth of the top of the soil layer from the foundation base (β s ) sup Settlement reduction factor at the level of z sup

Z inf Depth of the bottom of the soil layer from the foundation base (β s ) inf Settlement reduction factor at the level of z inf

S a,s Settlement of soil with soil improvement

Below the improved soil layers

z sup z inf S na,s

(m) (m) (m)
11 1.5 3.5 0.003
12 3.5 10.0 0.006

TOTAL 0.009

The settlement below the improved soil layers is: 0.9 cm

THE TOTAL SETTLEMENT OF THE SOIL BELOW THE FOOTING IS 1.3 cm

Layer n°

LOADING ON THE FOOTING

Layer n°

Settlement distribution
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Project name:

Area of the rectangular footing: 4.00 m x 4.00 m Footing loaded at kN

Area of the footing = 16 m²

Diameter of the columns = 0.4 m to 0.4 m

Maximal stress within the columns =

Description of the footing
Type of footing: Rectangular
L 4 m Length of the footing d 1.2 m Embedment height

B 4 m Width of the footing Afooting 16 m² Area of the footing

Number of columns under the footing: 8

Description of the stone columns
A 2.00 m² Equivalent grid area of the columns γc 20 kN/m3 Unit weight of the gravel

hc 0.3 m Length of the columns φc 38 ° Friction angle of the gravel

Ec 50,000 kPa Young's modulus Kac 0.24 Coefficient of active earth pressure

νc 0.33 Poisson's coefficient K0c 0.38 Coefficient of  earth pressure at rest

Mc 75,000 kPa Oedometric modulus

hw 1.5 m Depth of Ground Water Table

Priebe considers: with K 0s  : coefficient of earth pressure at rest

z sup z inf E s ν s γ s M s Ø c τ p l * c φ s

(m) (m) (kPa) (-) (kN/m 3 ) (kPa) (m) (%) (kPa) (kPa) (°)
1 1.2 1.2 6,000 0.33 18 9,000 0.40 6.3% 400 0 30
2 1.2 1.3 6,000 0.33 18 9,000 0.40 6.3% 400 0 30
3 1.3 1.3 6,000 0.33 18 9,000 0.40 6.3% 400 0 30
4 1.3 1.3 6,000 0.33 18 9,000 0.40 6.3% 400 0 30
5 1.3 1.4 6,000 0.33 18 9,000 0.40 6.3% 400 0 30
6 1.4 1.4 6,000 0.33 18 9,000 0.40 6.3% 400 0 30
7 1.4 1.4 6,000 0.33 18 9,000 0.40 6.3% 400 0 30
8 1.4 1.4 6,000 0.33 18 9,000 0.40 6.3% 400 0 30
9 1.4 1.5 6,000 0.33 18 9,000 0.40 6.3% 400 0 30

10 1.5 1.5 6,000 0.33 18 9,000 0.40 6.3% 400 0 30

hlim 10.0 m Limit depth of model

z sup z inf E s ν s M s

(m) (m) (kPa) (-) (kPa)
11 1.5 3.5 60,000 0.33 90,000
12 3.5 10.0 30,000 0.33 45,000

Notations
z sup Depth of the top of the soil layer M s Oedometric modulus in the layer

z inf Depth of the bottom of the soil layer Ø c Stone Columns' diameter

E s Young's modulus in the layer τ Replacement ratio

ν s Poisson's coefficient p l * Limit pressure in the layer

γs Unit weight of the soil layer c Drained cohesion or undrained shear strength

φ s Drained friction angle or 0 in undrained conditions

STONE COLUMNS DESIGN FOR FOOTINGS

Poyle pad @150kPa
4.4m x 4.4m pad (C)

ΔQ = 2,400.0

DESIGN AS PER PRIEBE METHOD

Presentation of the model and main calculation results

1.2 cm

631.8 kPa

Total settlement =

Layer n°

Description of Stone Columns reinforcement

Description of natural soil surrounding the columns

Layer n°

Description of natural soil below the columns

hw

hc

Supporting soil

0

Soft soil

hlim

S
C

ΔQ = 2400 kN

z
Bedrock

D

K଴ୱ = 1
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ΔQ 2,400 kN Load applied at the footing base

Δq 150.0 kPa Pressure applied at the footing base

Priebe suggests to use the following settlement reduction ratio, corresponding to an incompressible gravel:

With: 

Values of the settlement reduction ratio, first step, are: 

z sup z inf f 0 (ν s ,τ) β 0 Δq s Δq c Stress in soil and columns is

(m) (m) (-) (-) (kPa) (kPa) assessed using the following formula:
1 1.2 1.2 1.58 1.3 116.7 646.3
2 1.2 1.3 1.58 1.3 116.7 646.3
3 1.3 1.3 1.58 1.3 116.7 646.3
4 1.3 1.3 1.58 1.3 116.7 646.3
5 1.3 1.4 1.58 1.3 116.7 646.3
6 1.4 1.4 1.58 1.3 116.7 646.3
7 1.4 1.4 1.58 1.3 116.7 646.3
8 1.4 1.4 1.58 1.3 116.7 646.3
9 1.4 1.5 1.58 1.3 116.7 646.3

10 1.5 1.5 1.58 1.3 116.7 646.3

Notations
Δq s Additional stress on the soil

Δq c Additional stress in the column

To take into account the fact that gravel is compressible, one should modify the replacement ratio value using the compressibility ratio column / soil.

Values of the settlement reduction ratio, second step, are: 

z sup z inf M c /M s Δ(1/τ) τ corrected β 1 Δq s Δq c

(m) (m) (-) (-) (%) (-) (kPa) (kPa)
1 1.2 1.2 8.3 0.58 6.1% 1.3 117.7 631.8
2 1.2 1.3 8.3 0.58 6.1% 1.3 117.7 631.8
3 1.3 1.3 8.3 0.58 6.1% 1.3 117.7 631.8
4 1.3 1.3 8.3 0.58 6.1% 1.3 117.7 631.8
5 1.3 1.4 8.3 0.58 6.1% 1.3 117.7 631.8
6 1.4 1.4 8.3 0.58 6.1% 1.3 117.7 631.8
7 1.4 1.4 8.3 0.58 6.1% 1.3 117.7 631.8
8 1.4 1.4 8.3 0.58 6.1% 1.3 117.7 631.8
9 1.4 1.5 8.3 0.58 6.1% 1.3 117.7 631.8

10 1.5 1.5 8.3 0.58 6.1% 1.3 117.7 631.8

Notations
Δ(1/τ) Increase of 1 / τ

τ corrected Modified value of replacement ratio

The stress distribution ratio is: 

z sup z inf n q c,0 Δq c q c Δq c,max q s,0 Δq s q s

(m) (m) (-) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa)

1 1.2 1.2 5.5 21.9 631.8 653.7 800.0 21.9 117.7 139.6
2 1.2 1.3 5.5 22.5 631.8 654.3 800.0 22.4 117.7 140.1
3 1.3 1.3 5.5 23.1 631.8 654.9 800.0 23.0 117.7 140.6
4 1.3 1.3 5.5 23.7 631.8 655.5 800.0 23.5 117.7 141.2
5 1.3 1.4 5.5 24.3 631.8 656.1 800.0 24.0 117.7 141.7
6 1.4 1.4 5.5 24.9 631.8 656.7 800.0 24.6 117.7 142.3
7 1.4 1.4 5.5 25.5 631.8 657.3 800.0 25.1 117.7 142.8
8 1.4 1.4 5.5 26.1 631.8 657.9 800.0 25.7 117.7 143.3
9 1.4 1.5 5.5 26.7 631.8 658.5 800.0 26.2 117.7 143.9

10 1.5 1.5 5.5 27.3 631.8 659.1 800.0 26.7 117.7 144.4

Notations
q c,0 Initial effective vertical stress in the column q s,0 Initial effective vertical stress in the soil

q c Final effective vertical stress in the column q s Final effective vertical stress in the soil

Δq c,max Limit value as per DTU 13-2 (Fs = 2)

1.59

Column are made of compressible material

Layer n°

Hypothesis: columns are not compressible

Stress distribution per improved layer

Layer n°

1.59

1.59
1.59

f(ν s ,τ corrected )

1.59

OK
OK

1.59

(-)

1.59
1.59
1.59

1.59

Loading description at SLS

UNIFORM LOADING

OK

Checking against 
bulging failure

OK

OK

OK

OK

OK

OK

Layer n°

OK

f νୱ, τ =
1 − νୱ

ଶ

1 − νୱ − 2νୱ
ଶ .

1 − 2νୱ 1 − τ

1 − 2νୱ + τ
β = 1 + τ

f vୱ, τ +
1
2

f vୱ, τ . Kୟౙ

− 1

β଴ =
Δq

Δqୱ

Δq = τ. Δqୡ + 1 − τ . Δqୱ

n =
Δqେ
Δqୱ

=
f vୱ, τୡ୭୰୰ୣୡ୲ୣୢ +

1
2

f vୱ, τୡ୭୰୰ୣୡ୲ୣୢ ȉ Kୟౙ
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To take into account the additional lateral constraint due the earth pressure at depth, the settlement reduction ratio is multiplied by a coefficient f d .

and with

The coefficient f d  is limited by following formula:

The settlement reduction ratio β 2  is limited by:

Values of the settlement reduction ratio, step 3, are:

z sup z inf f d f d,max f d β 2 β 2,max β 2

(m) (m) (-) (-) (-) (-) (-) (-)
1 1.2 1.2 1.1 1.6 1.1 1.3 1.5 1.3
2 1.2 1.3 1.1 1.6 1.1 1.4 1.5 1.4
3 1.3 1.3 1.1 1.6 1.1 1.4 1.5 1.4
4 1.3 1.3 1.1 1.6 1.1 1.4 1.5 1.4
5 1.3 1.4 1.1 1.6 1.1 1.4 1.5 1.4
6 1.4 1.4 1.1 1.6 1.1 1.4 1.5 1.4
7 1.4 1.4 1.1 1.6 1.1 1.4 1.5 1.4
8 1.4 1.4 1.1 1.6 1.1 1.4 1.5 1.4
9 1.4 1.5 1.1 1.6 1.1 1.4 1.5 1.4

10 1.5 1.5 1.1 1.6 1.1 1.4 1.5 1.4

Over the length of the columns

z sup z inf S na S a

(m) (m) (m) (m)
1 1.2 1.2 0.001 0.000
2 1.2 1.3 0.001 0.000
3 1.3 1.3 0.001 0.000
4 1.3 1.3 0.000 0.000
5 1.3 1.4 0.001 0.000
6 1.4 1.4 0.001 0.000
7 1.4 1.4 0.001 0.000
8 1.4 1.4 0.001 0.000 Notations
9 1.4 1.5 0.001 0.000 S na Settlement of soil without soil improvement

10 1.5 1.5 0.001 0.000 S a Settlement of soil with soil improvement

TOTAL 0.005 0.004

The total settlement in the soil w/o improvement under an uniform load is: 0.5 cm

The settlement decrease ratio under an uniform load is: 1.4

The total settlement of the improved soil under an uniform load is: 0.4 cm

Below the improved soil layers

z sup z inf S na

(m) (m) (m)
11 1.5 3.5 0.003
12 3.5 10.0 0.022

TOTAL 0.025

The settlement below the improved soil layers is: 2.5 cm

2.9 cm

Layer n°

Settlement distribution per layer

Layer n°

THE TOTAL SETTLEMENT OF THE SOIL UNDER AN UNIFORM LOAD IS

Layer n°

Depth correction factor

βଶ = fୢ. βଵ fୢ =
1

1 +
K଴ౙ −

qୱ,଴
qୡ,଴

K଴ౙ
.
qୡ,଴
Δqୡ

fୢ ≥ 1

fୢ ≤
Mୡ

Mୱ
.
Δqୱ
Δqୡ

βଶ,୫ୟ୶ = 1 + τ
Mୡ

Mୱ
− 1
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Over the length of the columns

This calculation is made by applying a new settlement reduction factor β s  to the settlement of the soil improved by stone columns.

Priebe has given a diagram of β s  values depending on the depth/diameter ratio z/Ø c  and number of Stone Columns n.

The number of columns below the footing is: 8

The settlement of a layer at a depth Z below the base of the footing is determined as the difference of the settlements calculated between the lower bound Z inf 

and the upper bound Z sup  of the concerned layer, with an average β s  calculated over the thickness of this layer:

z sup z inf Z sup Z inf Z sup /Ø c Z inf /Ø c (β s ) sup (β s ) inf S a,s

(m) (m) (m) (m) (-) (-) (-) (-) (m)
1 1.2 1.2 0.0 0.0 0.00 0.08 1.00 0.99 0.000
2 1.2 1.3 0.0 0.1 0.08 0.15 0.99 0.99 0.000
3 1.3 1.3 0.1 0.1 0.15 0.23 0.99 0.98 0.000
4 1.3 1.3 0.1 0.1 0.23 0.30 0.98 0.97 0.000
5 1.3 1.4 0.1 0.2 0.30 0.38 0.97 0.96 0.000
6 1.4 1.4 0.2 0.2 0.38 0.45 0.96 0.96 0.000
7 1.4 1.4 0.2 0.2 0.45 0.53 0.96 0.95 0.000
8 1.4 1.4 0.2 0.2 0.53 0.60 0.95 0.94 0.000
9 1.4 1.5 0.2 0.3 0.60 0.68 0.94 0.94 0.000

10 1.5 1.5 0.3 0.3 0.68 0.75 0.94 0.93 0.000
TOTAL 0.003

The total settlement of the improved soil under the footing is: 0.3 cm

Notations
Z sup Depth of the top of the soil layer from the foundation base (β s ) sup Settlement reduction factor at the level of z sup

Z inf Depth of the bottom of the soil layer from the foundation base (β s ) inf Settlement reduction factor at the level of z inf

S a,s Settlement of soil with soil improvement

Below the improved soil layers

z sup z inf S na,s

(m) (m) (m)
11 1.5 3.5 0.003
12 3.5 10.0 0.005

TOTAL 0.008

The settlement below the improved soil layers is: 0.8 cm

THE TOTAL SETTLEMENT OF THE SOIL BELOW THE FOOTING IS 1.2 cm

Layer n°

LOADING ON THE FOOTING

Layer n°

Settlement distribution

Sୟ,ୱ(z) =
Δq

Mୱβଶ
βୱ ୧୬୤. Z୧୬୤ − βୱ ୱ୳୮. Zୱ୳୮
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Project name:

Stone Columns' grid area: 9 m² Load:

Area of the SC grid = 9 m²

Diameter of the columns = 0.4 m to 0.4 m

Total settlement = 1.6 cm

Maximal stress within the columns =

hc 1.5 m Column's depth

Grid dimensions
A 9 m² Grid's area

D 3.00 m Distance Centre to Centre - square grid

Description of the material in the columns
Ec 50,000 kPa Young's modulus φc 38 ° Friction angle

νc 0.33 Poisson's coefficient Kac 0.24 Coefficient of active earth pressure

Mc 75,000 kPa Oedometric modulus K0c 0.38 Coefficient of  earth pressure at rest

γc 20 kN/m3 Unit weight of compacted gravel

hw 1.5 m Depth of Ground Water Table

Priebe considers: with K 0s : coefficient of earth pressure at rest

z sup z inf E s ν s γ s M s Ø c A c τ p l * c φ s

(m) (m) (kPa) (-) (kN/m 3 ) (kPa) (m) (m²) (%) (kPa) (kPa) (°)
1 0.0 0.2 6,000 0.33 18 8,890 0.40 0.13 1.4% 500 0 30
2 0.2 0.3 6,000 0.33 18 8,890 0.40 0.13 1.4% 500 0 30
3 0.3 0.5 6,000 0.33 18 8,890 0.40 0.13 1.4% 500 0 30
4 0.5 0.6 6,000 0.33 18 8,890 0.40 0.13 1.4% 500 0 30
5 0.6 0.8 6,000 0.33 18 8,890 0.40 0.13 1.4% 500 0 30
6 0.8 0.9 6,000 0.33 18 8,890 0.40 0.13 1.4% 400 0 30
7 0.9 1.1 6,000 0.33 18 8,890 0.40 0.13 1.4% 400 0 30
8 1.1 1.2 6,000 0.33 18 8,890 0.40 0.13 1.4% 400 0 30
9 1.2 1.4 6,000 0.33 18 8,890 0.40 0.13 1.4% 400 0 30
10 1.4 1.5 6,000 0.33 18 8,890 0.40 0.13 1.4% 400 0 30

hlim 10.0 m Limit depth of model

z sup z inf E s ν s M s

(m) (m) (kPa) (-) (kPa)
11 1.5 3.5 60,000 0.33 88,899
12 3.5 10.0 30,000 0.33 44,449

Notations
z sup Depth of the top of the layer Ø c Column's diameter

z inf depth of the bottom of the layer A c Column's area

E s Young's modulus in the layer τ Replacement ratio

ν s Poisson's coefficient p l * Limit pressure in the layer

γs Unit weight of the soil c Drained cohesion or undrained shear strength

M s Oedometric modulus in the layer φ s Drained friction angle or 0 in undrained conditions

Δq 50 kPa Uniform spread load

Δq = 50.0 kPa

249.8 kPa

DESIGN AS PER PRIEBE METHOD

Poyle
50 kPa grid 3 x 3

STONE COLUMNS DESIGN FOR SLAB-ON-GRADE AND SPREAD LOADS

Description of Stone Columns

Presentation of the model and main calculation results

Description of natural soil surrounding the columns

Description of natural soil below the columns

Layer n°

Loading description

Layer n°

hw
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s
o
i
l
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Priebe suggests to use the following settlement reduction ratio, corresponding to an incompressible gravel:

With : 

Values of the settlement reduction ratio, first step, are: 

z sup z inf f 0 (ν s ,τ) β 0 Δq s Δq c Stress in soil and columns is
(m) (m) (-) (-) (kPa) (kPa) assessed using the following formula:

1 0.0 0.2 1.87 1.1 47.1 251.3
2 0.2 0.3 1.87 1.1 47.1 251.3
3 0.3 0.5 1.87 1.1 47.1 251.3
4 0.5 0.6 1.87 1.1 47.1 251.3
5 0.6 0.8 1.87 1.1 47.1 251.3
6 0.8 0.9 1.87 1.1 47.1 251.3
7 0.9 1.1 1.87 1.1 47.1 251.3
8 1.1 1.2 1.87 1.1 47.1 251.3
9 1.2 1.4 1.87 1.1 47.1 251.3
10 1.4 1.5 1.87 1.1 47.1 251.3

Notations
Δq s Additional stress on the soil

Δq c Additional stress in the column

To take into account the fact that gravel is compressible, one should modify the replacement ratio value using the compressibility ratio column / soil.

Values of the settlement reduction ratio, second step, are: 

z sup z inf M c /M s Δ(1/τ) τ corrected β 1 Δq s Δq c

(m) (m) (-) (-) (%) (-) (kPa) (kPa)
1 0.0 0.2 8.4 0.57 1.4% 1.1 47.2 249.8
2 0.2 0.3 8.4 0.57 1.4% 1.1 47.2 249.8
3 0.3 0.5 8.4 0.57 1.4% 1.1 47.2 249.8
4 0.5 0.6 8.4 0.57 1.4% 1.1 47.2 249.8
5 0.6 0.8 8.4 0.57 1.4% 1.1 47.2 249.8
6 0.8 0.9 8.4 0.57 1.4% 1.1 47.2 249.8
7 0.9 1.1 8.4 0.57 1.4% 1.1 47.2 249.8
8 1.1 1.2 8.4 0.57 1.4% 1.1 47.2 249.8
9 1.2 1.4 8.4 0.57 1.4% 1.1 47.2 249.8
10 1.4 1.5 8.4 0.57 1.4% 1.1 47.2 249.8

Notations
Δ(1/τ) Increase of 1 /   τ

τ corrected Modified value of replacement ratio

The stress distribution ratio is: 

z sup z inf n q c,0 Δq c q c Δq c,max q s,0 Δq s q s

(m) (m) (-) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa)

1 0.0 0.2 5.3 1.6 249.8 251.4 800.0 1.4 47.2 48.6
2 0.2 0.3 5.3 4.8 249.8 254.6 800.0 4.3 47.2 51.5
3 0.3 0.5 5.3 8.0 249.8 257.8 800.0 7.2 47.2 54.4
4 0.5 0.6 5.3 11.2 249.8 261.0 800.0 10.1 47.2 57.3
5 0.6 0.8 5.3 14.4 249.8 264.2 800.0 13.0 47.2 60.1
6 0.8 0.9 5.3 17.4 249.8 267.2 800.0 15.7 47.2 62.8
7 0.9 1.1 5.3 20.2 249.8 270.0 800.0 18.2 47.2 65.4
8 1.1 1.2 5.3 23.0 249.8 272.8 800.0 20.7 47.2 67.9
9 1.2 1.4 5.3 25.8 249.8 275.6 800.0 23.2 47.2 70.4
10 1.4 1.5 5.3 28.6 249.8 278.4 800.0 25.7 47.2 72.9

Notations
q c,0 Initial effective vertical stress in the column q s,0 Initial effective vertical stress in the soil

q c Final effective vertical stress in the column q s Final effective vertical stress in the soil

Δq c,max Limit value as per DTU 13-2 (Fs = 2)

1.87

1.87
1.87
1.87

Layer n°

Hypothesis: columns are not compressible

Column are made of compressible material

f(ν s ,τ corrected )

(-)

Layer n°

OK

OK
OK

1.87
1.87

1.87
1.87

Checking against 
bulging failure

OK

1.87

1.87

Stress distribution per improved layer

OK
OK
OK
OK

OK

Layer n°

OK

n =
Δqେ

Δqୱ
=

f vୱ, τୡ୭୰୰ୣୡ୲ୣୢ +
1
2

f vୱ, τୡ୭୰୰ୣୡ୲ୣୢ ȉ Kୟౙ

f vୱ, τ =
1 −  vୱ

ଶ 

1 −  vୱ − 2. vୱ
ଶ

 ȉ  
1 − 2. vୱ  ȉ 1 −  τ

1 −  2. vୱ + τ
  β = 1 +  τ.

f vୱ, τ +
1
2

f vୱ, τ ȉ Kୟౙ

− 1

β଴ =  
∆q

∆q௦
 

Δq = τ. Δqେ + 1 − τ . Δqୱ
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To take into account the additional lateral constraint due the earth pressure at depth, the settlement reduction ratio is multiplied by a coefficient f d .

with
and

The coefficient f d  is limited by following formula:

The settlement reduction ratio β 2  is limited by:

Values of the settlement reduction ratio, step 3, are:

z sup z inf f d f d,max f d β 2 β 2,max β 2

(m) (m) (-) (-) (-) (-) (-) (-)
1 0.0 0.2 1.0 1.6 1.0 1.1 1.1 1.1
2 0.2 0.3 1.0 1.6 1.0 1.1 1.1 1.1
3 0.3 0.5 1.0 1.6 1.0 1.1 1.1 1.1
4 0.5 0.6 1.1 1.6 1.1 1.1 1.1 1.1
5 0.6 0.8 1.1 1.6 1.1 1.1 1.1 1.1
6 0.8 0.9 1.1 1.6 1.1 1.2 1.1 1.1
7 0.9 1.1 1.1 1.6 1.1 1.2 1.1 1.1
8 1.1 1.2 1.1 1.6 1.1 1.2 1.1 1.1
9 1.2 1.4 1.2 1.6 1.2 1.2 1.1 1.1
10 1.4 1.5 1.2 1.6 1.2 1.3 1.1 1.1

Over the length of the columns

z sup z inf S na S a

(m) (m) (m) (m)
1 0.0 0.2 0.001 0.001
2 0.2 0.3 0.001 0.001
3 0.3 0.5 0.001 0.001
4 0.5 0.6 0.001 0.001
5 0.6 0.8 0.001 0.001
6 0.8 0.9 0.001 0.001 Notations
7 0.9 1.1 0.001 0.001 S na Settlement of soil without soil

8 1.1 1.2 0.001 0.001 improvement

9 1.2 1.4 0.001 0.001 S a Settlement of soil with soil

10 1.4 1.5 0.001 0.001 improvement

TOTAL 0.008 0.008

Total settlement in the soil w/o improvement: 0.8 cm

The settlement decrease ratio is: 1.1

Total settlement of the improved soil: 0.8 cm

Below the improved soil layers

z sup z inf S na

(m) (m) (m)
11 1.5 3.5 0.001
12 3.5 10.0 0.007

TOTAL 0.008

Settlement below the improved soil layers: 0.8 cm

TOTAL SETTLEMENT OF THE SOIL 1.6 cm

Layer n°

Layer n°

Settlement distribution per layer

Layer n°

Depth factor

βଶ =  fୢ  ȉ  βଵ

fୢ  ≥ 1
fୢ =

1

1 +
K଴ୡ −  

qୱ,଴

qୡ,଴
 

K଴ୡ
ȉ

qୡ,଴

Δqେ
 

fୢ  ≤
Mୡ

Mୱ
ȉ

∆qୱ

∆qୡ

βଶ,୫ୟ୶ = 1 +  τ .
Mୡ

Mୱ
− 1  
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4. As Built Drawings

N/A



5. Testing & Commissioning Results and
Certificates

N/A



6. Operation

N/A



7. Maintenance Procedures and Planned
Maintenance

N/A



8. Spares Information

N/A



9. Guarantees and Warranties

N/A



10. Replacement Strategy

N/A



11. Demolition Decommissioning or Disposal

N/A
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