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1. INTRODUCTION
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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.

T i &

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+sail].
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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.

Ground improvement by VSC
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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.
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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 Young’s Modulus Unit Weight y Friction Angle ¢
diameter* [m] Ev [MPa] [KN/m3] [°]
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.
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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.

Ground improvement by VSC
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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 Nspr.

Top  Bottom Y Nspr pi Ey v
(mbgl) (mbgl)  (kN/m3) (MPa) (MPa) (MPa) ()

Made Ground (Loose sand) 0 0.8 18 10 0.50 6 0.33
Alluvium 0.8 15 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

VSsC Var 15 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: y = bulk unit weight, Nspt = SPT blow count,
Ev = Young’s modulus, p| = pressure limit, v = Poisson’s ratio.

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

Ground improvement by VSC
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'II'Dyi)de Length Width S;?eggﬁggg SLSI(;/ae(;tmal I:l/%(o:f 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

SLS bearing SLS vertical

Strip Type  Width No of VSC  Settlement

pressure load
@) (m) (kPa) (kN/Im) @) (mm)
Dock 15 100 150 1 every 2m 11
Leveller
Retaining
Wall 1.7 150 255 1levery 1.17m 13

Table 4 - Design results for strip footings

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

Ground improvement by VSC
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Zone SLS UDL VSC Grid Settlement
©) (kPa) (m x m) (mm)
- 50 3x3 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

® |ayout 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.
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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).

Ground improvement by VSC
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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
3m.

The VSC will be installed through the made ground and soft alluvium. As such, their depth is
expected to be about 1to 2 m from the Working Platform Level at 20.770 mAOD.
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APPENDIX 1: DETAILED CALCULATIONS BENEATH THE FOOTINGS
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STONE COLUMNS DESIGN FOR FOOTINGS

MmenARD

Project name: Poyle pad @150kPa
2.9m x 4.5m pad (M)
Area of the rectangular footing: 2.90m x4.50m Footing loaded at AQ=1,957.5 kN
DESIGN AS PER PRIEBE METHOD
Presentation of the model and main calculation results
AQ = 1957.5kN
A'D" Y J" 10
X mmm e hy, Area of the footing = 13.05 m?
- Diameter of the columns = 0.4 m to 0.4 m
hc Soft soil
Total settlement = 1.2cm
Njim Maximal stress within the columns = 622.8 kPa
Supporting soil
\ A I £
Bedrock
Description of Stone Columns reinforcement
Description of the footing
Type of footing: Rectangular
L 29 m Length of the footing d 12 m Embedment height
B 45 m Width of the footing Atooting 13.05 m? Area of the footing
Number of columns under the footing:
Description of the stone columns
A 1.86 m? Equivalent grid area of the columns Ye 20 kN/m® Unit weight of the gravel
hc 04 m Length of the columns (0N 38 ° Friction angle of the gravel
Ec 50,000 kPa Young's modulus Kac 0.24 Coefficient of active earth pressure
V¢ 0.33 Poisson's coefficient KOc 0.38 Coefficient of earth pressure at rest
M. 75,000 kPa Oedometric modulus
Description of natural soil surrounding the columns
hw 15 m Depth of Ground Water Table
Priebe considers: Kos =1 with K o5 : coefficient of earth pressure at rest
Layern° zsup Z jnf Es Vs Ys Ms ac T pl*
(m) (m) (kPa) ) (kN/m*) (kPa) (m) (%) (kPa)
1 1.2 1.2 6,000 0.33 18 9,000 0.40 6.7% 400
2 1.2 1.3 6,000 0.33 18 9,000 0.40 6.7% 400
3 1.3 1.3 6,000 0.33 18 9,000 0.40 6.7% 400
4 1.3 1.4 6,000 0.33 18 9,000 0.40 6.7% 400
5 1.4 1.4 6,000 0.33 18 9,000 0.40 6.7% 400
6 1.4 1.4 6,000 0.33 18 9,000 0.40 6.7% 400
7 1.4 15 6,000 0.33 18 9,000 0.40 6.7% 400
8 1.5 15 6,000 0.33 18 9,000 0.40 6.7% 400
9 1.5 1.6 6,000 0.33 18 9,000 0.40 6.7% 400
10 1.6 1.6 6,000 0.33 18 9,000 0.40 6.7% 400
Description of natural soil below the columns
Piim 10.0 m Limit depth of model
z z, E v M
Layer n° sup inf s s s
(m) (m) (kPa) ) (kPa)
1 1.6 3.5 60,000 0.33 90,000
12 3.5 10.0 30,000 0.33 45,000
Notations
Zgyp Depth of the top of the soil layer Mg Oedometric modulus in the layer
Zjnf Depth of the bottom of the soil layer (28 Stone Columns' diameter
E Young's modulus in the layer T Replacement ratio
Vs Poisson's coefficient P Limit pressure in the layer
Ys Unit weight of the soil layer

Page 1 of 4



Loading description at SLS

AQ 1,958 kN
Aq 150.0 kPa

Load applied at the footing base
Pressure applied at the footing base

UNIFORM LOADING

Hypothesis: columns are not compressible

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

1
f(vs, T) + 5 1-v2 (1-2v9H(1-71)
’ 2 ) _ s s
=l+1t\—0——"-7~=-1 With: f(ve, 1) = .
B f(vs, 0. Ky, s 1—vg—2vZ" 1-2vs+1
Values of the settlement reduction ratio, first step, are:
Layer n° Zsup Z g fo(vs,T) Bo Aq, Aq, 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 _ Aq
3 1.3 1.3 1.55 1.3 114.7 637.8 Bo = _Aq
4 1.3 1.4 1.55 1.3 114.7 637.8 s
5 14 1.4 1.55 1.3 114.7 637.8
6 14 1.4 1.55 1.3 114.7 637.8
7 1.4 15 1.55 13 114.7 637.8 Aq =t.Aqc + (1 —1).Aqs
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
Aq Additional stress on the soil
Aq. Additional stress in the column

Column are made of compressible material

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:

Layer n® Zsup Z inf M /M A(1/1) T corrected f(V 5T corrected) B4 Aq, Aq.
(m) (m) () () (%) () ) (kPa) __(kPa)
1 1.2 1.2 8.3 0.58 6.5% 1.57 1.3 115.8 622.8
2 1.2 1.3 8.3 0.58 6.5% 1.57 1.3 115.8 622.8
3 1.3 1.3 8.3 0.58 6.5% 1.57 1.3 115.8 622.8
4 1.3 1.4 8.3 0.58 6.5% 1.57 1.3 115.8 622.8
5 1.4 1.4 8.3 0.58 6.5% 1.57 1.3 115.8 622.8
6 1.4 1.4 8.3 0.58 6.5% 1.57 1.3 115.8 622.8
7 1.4 1.5 8.3 0.58 6.5% 1.57 1.3 115.8 622.8
8 1.5 1.5 8.3 0.58 6.5% 1.57 1.3 115.8 622.8
9 1.5 1.6 8.3 0.58 6.5% 1.57 1.3 115.8 622.8
10 1.6 1.6 8.3 0.58 6.5% 1.57 1.3 115.8 622.8
Notations
A(1/1) Increase of 1/1
T corrected Modified value of replacement ratio
Stress distribution per improved layer
f(vs, T )+ 1
The stress distribution ratio is: n= ﬂ = s “corrected 2
Aqs f(VSJTCOK‘I‘ECted) . Kac
Layer n° Zsup Zinf n 9co Aq. q. Aqcmx Checking against qso Aq, qs
(m) (m) () (kPa) (kPa) (kPa) (kPa) bulging failure (kPa)  (kPa)  (kPa)
1 1.2 1.2 5.5 22.0 622.8 644.8 800.0 OK 22.0 115.8 137.8
2 1.2 1.3 5.5 22.8 622.8 645.6 800.0 OK 22.7 115.8 138.5
3 1.3 1.3 5.5 23.6 622.8 646.4 800.0 OK 23.4 115.8 139.2
4 1.3 1.4 5.5 24.4 622.8 647.2 800.0 OK 241 115.8 139.9
5 1.4 1.4 5.5 25.2 622.8 648.0 800.0 OK 24.8 115.8 140.7
6 1.4 1.4 5.5 26.0 622.8 648.8 800.0 OK 25.6 115.8 141.4
7 14 1.5 5.5 26.8 622.8 649.6 800.0 OK 26.3 115.8 142.1
8 1.5 1.5 5.5 27.5 622.8 650.3 800.0 OK 26.9 115.8 142.7
9 1.5 1.6 5.5 28.0 622.8 650.8 800.0 OK 27.3 115.8 143.1
10 1.6 1.6 5.5 28.4 622.8 651.2 800.0 OK 27.6 115.8 143.5
Notations
Geo Initial effective vertical stress in the column Js0 Initial effective vertical stress in the soil
qc Final effective vertical stress in the column qs Final effective vertical stress in the soil
AQ ¢max Limit value as per DTU 13-2 (Fs = 2)
O
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Depth correction factor

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

1
= fy. fj=—+—— ith fq =1
B2 =f4.B1 and d oo with fq
14— Geo deo
Ko, "Aqe
- o ) M. Ags
The coefficient f 4 is limited by following formula: fd <—.—
M Aqc
o M
The settlement reduction ratio 8 , is limited by: Bz max = 1+t M— -1
s
Values of the settlement reduction ratio, step 3, are:
Layer n° Zsup Z jnf fq f g max fy B: B 2.max B2
(m) (m) (-) (-) (-) () () (-)
1 1.2 1.2 1.1 1.5 1.1 1.4 1.5 14
2 1.2 1.3 1.1 1.5 1.1 1.4 1.5 14
3 1.3 1.3 1.1 1.5 1.1 1.4 1.5 14
4 1.3 14 1.1 1.5 1.1 1.4 1.5 14
5 1.4 14 1.1 1.5 1.1 1.4 1.5 14
6 1.4 14 1.1 1.5 1.1 1.4 1.5 14
7 1.4 1.5 1.1 1.5 1.1 1.4 1.5 14
8 1.5 1.5 1.1 1.5 1.1 1.4 1.5 14
9 1.5 1.6 1.1 1.5 1.1 1.4 1.5 14
10 1.6 1.6 1.1 1.5 1.1 1.4 1.5 1.4
Settlement distribution per layer
Over the length of the columns
Layern° zsup Z inf sna Sa
(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 14 1.4 0.001 0.000
6 14 1.4 0.001 0.000
7 14 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 Sha Settlement of soil without soil improvement
10 1.6 1.6 0.001 0.000 Sa 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
Layern° zsup Zjnf sna
(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:

THE TOTAL SETTLEMENT OF THE SOIL UNDER AN UNIFORM LOAD IS

&) menAarD

25 cm

3.0 cm
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LOADING ON THE FOOTING

Settlement distribution

Over the length of the columns

This calculation is made by applying a new settlement reduction factor B s to the settlement of the soil improved by stone columns.
Priebe has given a diagram of B s values depending on the depth/diameter ratio z/@ . and number of Stone Columns n.

1
S RECTANGULAR FOOTING
0.9 |\ \ n=1600
n=1225
0.8
n=900
0.7 n=625
===n=400
0.6 —n=225
—=n=100
o 05 ——n=81
— =64
0.4 =49
—n=36
0.3 —=25
—n=16
0.2 ——n=9
— =4
0.1 —=1
0
0 5 10 15 20 25 30 35
Value of Z/Q,

40

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 ;,;
and the upper bound Z 5, of the concerned layer, with an average B, calculated over the thickness of this layer:

Aq

Sas(z) = m [(Bs)inf- Zinf — (Bs)sup- Zsup]

Layerne Z sup Zinf Zsup Zinf Zsup/ac Zinf/ac (ﬁs)sup (ﬁs)inf sa,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 14 0.1 0.2 0.30 0.40 0.97 0.96 0.000
5 1.4 14 0.2 0.2 0.40 0.50 0.96 0.95 0.000
6 1.4 14 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
Zsup Depth of the top of the soil layer from the foundation base (Bs)sup Settlement reduction factor at the level of z
Zinf Depth of the bottom of the soil layer from the foundation base (Bs)inr Settlement reduction factor at the level of z
Sas Settlement of soil with soil improvement
Below the improved soil layers
z z; S
Layern° sup inf nas
(m) (m) (m)
1" 1.6 3.5 0.003
12 3.5 10.0 0.005

The settlement below the improved soil layers is:

TOTAL 0.007

0.7 cm

THE TOTAL SETTLEMENT OF THE SOIL BELOW THE FOOTING IS

1.2 cm

@
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STONE COLUMNS DESIGN FOR FOOTINGS

MenARD

Project name: Poyle pad @150kPa
1.0m x 1.0m pad (K)
Area of the rectangular footing: 1.00m x 1.00 m Footing loaded at AQ=150.0 kN
DESIGN AS PER PRIEBE METHOD
Presentation of the model and main calculation results
AQ =150 kN
AL J" 10
Dy ... hy, Area of the footing = 1m?
- Diameter of the columns = 0.4 m to 0.4 m
hc Soft soil
Total settlement = 0.5cm
Njim Maximal stress within the columns = 526.3 kPa
Supporting soil
\ A I £
Bedrock
Description of Stone Columns reinforcement
Description of the footing
Type of footing: Rectangular
L 1m Length of the footing d 1.1 m Embedment height
B 1m Width of the footing Atooting 1 m? Area of the footing
Number of columns under the footing:
Description of the stone columns
A 1.00 m? Equivalent grid area of the columns Ye 20 kN/m® Unit weight of the gravel
hc 04 m Length of the columns (0N 38 ° Friction angle of the gravel
Ec 50,000 kPa Young's modulus Kac 0.24 Coefficient of active earth pressure
V¢ 0.33 Poisson's coefficient KOc 0.38 Coefficient of earth pressure at rest
M. 75,000 kPa Oedometric modulus
Description of natural soil surrounding the columns
hw 15 m Depth of Ground Water Table
Priebe considers: Kos =1 with K o5 : coefficient of earth pressure at rest
Layern° zsup Z jnf Es Vs Ys Ms ac T pl*
(m) (m) (kPa) ) (kN/m*) (kPa) (m) (%) (kPa)
1 1.1 11 6,000 0.33 18 9,000 0.40 12.6% 400
2 1.1 1.2 6,000 0.33 18 9,000 0.40 12.6% 400
3 1.2 1.2 6,000 0.33 18 9,000 0.40 12.6% 400
4 1.2 1.3 6,000 0.33 18 9,000 0.40 12.6% 400
5 1.3 1.3 6,000 0.33 18 9,000 0.40 12.6% 400
6 1.3 1.3 6,000 0.33 18 9,000 0.40 12.6% 400
7 1.3 1.4 6,000 0.33 18 9,000 0.40 12.6% 400
8 1.4 1.4 6,000 0.33 18 9,000 0.40 12.6% 400
9 1.4 15 6,000 0.33 18 9,000 0.40 12.6% 400
10 1.5 15 6,000 0.33 18 9,000 0.40 12.6% 400
Description of natural soil below the columns
Piim 10.0 m Limit depth of model
z z, E v M
Layer n° sup inf s s s
(m) (m) (kPa) ) (kPa)
1 15 3.5 60,000 0.33 90,000
12 3.5 10.0 30,000 0.33 45,000
Notations
Zgyp Depth of the top of the soil layer Mg Oedometric modulus in the layer
Zjnf Depth of the bottom of the soil layer (28 Stone Columns' diameter
E Young's modulus in the layer T Replacement ratio
Vs Poisson's coefficient P Limit pressure in the layer
Ys Unit weight of the soil layer
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Loading description at SLS

AQ 150 kN
Aq 150.0 kPa

Load applied at the footing base
Pressure applied at the footing base

UNIFORM LOADING

Hypothesis: columns are not compressible

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

1
f(vs, T) + 5 1-v2 (1-2v9H(1-71)
’ 2 ) _ s s
=l4+t|l0—77-1 With: f(vs, T) = .
B f(vs, 0. Ky, s 1—vg—2vZ" 1-2vs+1
Values of the settlement reduction ratio, first step, are:
Layer n° Zsup Z g fo(vs,T) Bo Aq, Aq, 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 _ Aq
3 1.2 1.2 1.27 1.6 93.1 545.7 Bo = _Aq
4 1.2 1.3 1.27 1.6 93.1 545.7 s
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 13 1.4 1.27 1.6 93.1 545.7 Aq =t.Aqc + (1 —1).Aqs
8 14 1.4 1.27 1.6 93.1 545.7
9 14 1.5 1.27 1.6 93.1 545.7
10 1.5 1.5 1.27 1.6 93.1 545.7
Notations
Aq Additional stress on the soil
Aq. Additional stress in the column

Column are made of compressible material

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:

Layer n® Zsup Z inf M /M A(1/1) T corrected f(V 5T corrected) B4 Aq, Aq.
(m) (m) () () (%) () ) (kPa) __(kPa)
1 11 1.1 8.3 0.58 1.7% 1.31 1.6 95.9 526.3
2 11 1.2 8.3 0.58 1.7% 1.31 1.6 95.9 526.3
3 1.2 1.2 8.3 0.58 1.7% 1.31 1.6 95.9 526.3
4 1.2 1.3 8.3 0.58 1.7% 1.31 1.6 95.9 526.3
5 1.3 1.3 8.3 0.58 1.7% 1.31 1.6 95.9 526.3
6 1.3 1.3 8.3 0.58 1.7% 1.31 1.6 95.9 526.3
7 1.3 1.4 8.3 0.58 1.7% 1.31 1.6 95.9 526.3
8 1.4 1.4 8.3 0.58 1.7% 1.31 1.6 95.9 526.3
9 1.4 1.5 8.3 0.58 1.7% 1.31 1.6 95.9 526.3
10 1.5 1.5 8.3 0.58 11.7% 1.31 1.6 95.9 526.3
Notations
A(1/1) Increase of 1/1
T corrected Modified value of replacement ratio
Stress distribution per improved layer
f(vs, T )+ 1
The stress distribution ratio is: n= ﬂ = s “corrected 2
Aqs f(VSJTcorrected) . Kac
Layer n° Zsup Zinf n 9co Aq. q. Aqcmx Checking against qso Aq, qs
(m) (m) () (kPa) (kPa) (kPa) (kPa) bulging failure (kPa)  (kPa)  (kPa)
1 1.1 1.1 5.8 20.2 526.3 546.5 800.0 OK 20.2 95.9 116.1
2 1.1 1.2 5.8 21.0 526.3 547.3 800.0 OK 20.9 95.9 116.8
3 1.2 1.2 5.8 21.8 526.3 548.1 800.0 OK 21.6 95.9 117.5
4 1.2 1.3 5.8 22.6 526.3 548.9 800.0 OK 22.3 95.9 118.2
5 1.3 1.3 5.8 234 526.3 549.7 800.0 OK 23.0 95.9 118.9
6 1.3 1.3 5.8 24.2 526.3 550.5 800.0 OK 23.8 95.9 119.7
7 1.3 1.4 5.8 25.0 526.3 551.3 800.0 OK 24.5 95.9 120.4
8 1.4 1.4 5.8 25.8 526.3 552.1 800.0 OK 25.2 95.9 1211
9 1.4 1.5 5.8 26.6 526.3 552.9 800.0 OK 25.9 95.9 121.8
10 1.5 1.5 5.8 27.4 526.3 553.7 800.0 OK 26.6 95.9 122.5
Notations
Geo Initial effective vertical stress in the column Js0 Initial effective vertical stress in the soil
qc Final effective vertical stress in the column qs Final effective vertical stress in the soil
AQ ¢max Limit value as per DTU 13-2 (Fs = 2)
O
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Depth correction factor

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

1
= fy. fj=—+—— ith fq =1
B2 =f4.B1 and d oo with fq
14— Geo deo
Ko, "Aqe
- o ) M. Ags
The coefficient f 4 is limited by following formula: fd < —.—
M Aqc
o M
The settlement reduction ratio 8 , is limited by: Bz max = 1+t M— -1
s
Values of the settlement reduction ratio, step 3, are:
Layer n° Zsup Z jnf fq f g max fy B: B 2.max B2
(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 14 1.1 1.5 1.1 1.7 1.9 1.7
8 1.4 14 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
Settlement distribution per layer
Over the length of the columns
Layern° zsup Z inf sna Sa
(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 14 1.4 0.001 0.000 Notations
9 1.4 15 0.001 0.000 Sha Settlement of soil without soil improvement
10 1.5 1.5 0.001 0.000 Sa 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
Layern° zsup Zjnf sna
(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:

THE TOTAL SETTLEMENT OF THE SOIL UNDER AN UNIFORM LOAD IS

&) menAarD

25 cm

29 cm
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LOADING ON THE FOOTING

Settlement distribution

Over the length of the columns

This calculation is made by applying a new settlement reduction factor B s to the settlement of the soil improved by stone columns.
Priebe has given a diagram of B s values depending on the depth/diameter ratio z/@ . and number of Stone Columns n.

1
S RECTANGULAR FOOTING
0.9 |\ \ n=1600
n=1225
0.8
n=900
0.7 n=625
===n=400
0.6 —n=225
—=n=100
o 05 ——n=81
— =64
0.4 =49
—n=36
0.3 —=25
—n=16
0.2 ——n=9
— =4
0.1 —=1
0
0 5 10 15 20 25 30 35
Value of Z/Q,

40

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 ;,;
and the upper bound Z 5, of the concerned layer, with an average B, calculated over the thickness of this layer:

Aq

Sas(z) = m [(Bs)inf- Zinf — (Bs)sup- Zsup]

Layerne Z sup Zinf Zsup Zinf Zsup/ac Zinf/ac (ﬁs)sup (ﬁs)inf sa,s
(m) (m) (m) (m) ) () () () (m)
1 11 1.1 0.0 0.0 0.00 0.10 1.00 0.99 0.000
2 11 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
Zsup Depth of the top of the soil layer from the foundation base (Bs)sup Settlement reduction factor at the level of z
Zinf Depth of the bottom of the soil layer from the foundation base (Bs)inr Settlement reduction factor at the level of z
Sas Settlement of soil with soil improvement
Below the improved soil layers
z z; S
Layern° sup inf nas
(m) (m) (m)
1" 1.5 3.5 0.001
12 3.5 10.0 0.000

The settlement below the improved soil layers is:

TOTAL 0.001

0.1 cm

THE TOTAL SETTLEMENT OF THE SOIL BELOW THE FOOTING IS

0.5 cm

o
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STONE COLUMNS DESIGN FOR FOOTINGS

MenARD

Project name: Poyle pad @150kPa
2.5m x 2.5m pad (B)
Area of the rectangular footing: 2.50m x2.50m Footing loaded at AQ =937.5 kN
DESIGN AS PER PRIEBE METHOD
Presentation of the model and main calculation results
AQ=937.5kN
A'D" Y J" 10
X mmm e hy, Area of the footing = 6.25 m?
- Diameter of the columns = 0.4 m to 0.4 m
hc Soft soil
Total settlement = 0.9cm
Njim Maximal stress within the columns = 598.4 kPa
Supporting soil
\ A I £
Bedrock
Description of Stone Columns reinforcement
Description of the footing
Type of footing: Rectangular
L 25 m Length of the footing d 1.1 m Embedment height
B 25 m Width of the footing Atooting 6.25 m? Area of the footing
Number of columns under the footing:
Description of the stone columns
A 1.56 m? Equivalent grid area of the columns Ye 20 kN/m® Unit weight of the gravel
hc 04 m Length of the columns (0N 38 ° Friction angle of the gravel
Ec 50,000 kPa Young's modulus Kac 0.24 Coefficient of active earth pressure
V¢ 0.33 Poisson's coefficient KOc 0.38 Coefficient of earth pressure at rest
M. 75,000 kPa Oedometric modulus
Description of natural soil surrounding the columns
hw 15 m Depth of Ground Water Table
Priebe considers: Kos =1 with K o5 : coefficient of earth pressure at rest
Layern° zsup Z jnf Es Vs Ys Ms ac T pl*
(m) (m) (kPa) ) (kN/m*) (kPa) (m) (%) (kPa)
1 1.1 11 6,000 0.33 18 9,000 0.40 8.0% 400
2 1.1 1.2 6,000 0.33 18 9,000 0.40 8.0% 400
3 1.2 1.2 6,000 0.33 18 9,000 0.40 8.0% 400
4 1.2 1.3 6,000 0.33 18 9,000 0.40 8.0% 400
5 1.3 1.3 6,000 0.33 18 9,000 0.40 8.0% 400
6 1.3 1.3 6,000 0.33 18 9,000 0.40 8.0% 400
7 1.3 1.4 6,000 0.33 18 9,000 0.40 8.0% 400
8 1.4 1.4 6,000 0.33 18 9,000 0.40 8.0% 400
9 1.4 15 6,000 0.33 18 9,000 0.40 8.0% 400
10 1.5 15 6,000 0.33 18 9,000 0.40 8.0% 400
Description of natural soil below the columns
Piim 10.0 m Limit depth of model
z z, E v M
Layer n° sup inf s s s
(m) (m) (kPa) ) (kPa)
1 15 3.5 60,000 0.33 90,000
12 3.5 10.0 30,000 0.33 45,000
Notations
Zgyp Depth of the top of the soil layer Mg Oedometric modulus in the layer
Zjnf Depth of the bottom of the soil layer (28 Stone Columns' diameter
E Young's modulus in the layer T Replacement ratio
Vs Poisson's coefficient P Limit pressure in the layer
Ys Unit weight of the soil layer
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Loading description at SLS

AQ 938 kN
Aq 150.0 kPa

Load applied at the footing base
Pressure applied at the footing base

UNIFORM LOADING

Hypothesis: columns are not compressible

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

1
f(vs, T) + 5 1-v2 (1-2v9H(1-71)
’ 2 ) _ s s
=l+1t\—0——"-7~=-1 With: f(ve, 1) = .
B f(vs, 0. Ky, s 1—vg—2vZ" 1-2vs+1
Values of the settlement reduction ratio, first step, are:
Layer n° Zsup Z g fo(vs,T) Bo Aq, Aq, 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 _ Aq
3 1.2 1.2 1.48 1.4 109.3 614.8 Bo = _Aq
4 1.2 1.3 1.48 1.4 109.3 614.8 s
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 13 1.4 1.48 1.4 109.3 614.8 Aq =t.Aqc + (1 —1).Aqs
8 14 1.4 1.48 1.4 109.3 614.8
9 14 1.5 1.48 1.4 109.3 614.8
10 1.5 1.5 1.48 1.4 109.3 614.8
Notations
Aq Additional stress on the soil
Aq. Additional stress in the column

Column are made of compressible material

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:

Layer n® Zsup Z inf M /M A(1/1) T corrected f(V 5T corrected) B4 Aq, Aq.
(m) (m) () () (%) () ) (kPa) __(kPa)
1 11 1.1 8.3 0.58 7.7% 1.50 14 110.8 598.4
2 11 1.2 8.3 0.58 7.7% 1.50 1.4 110.8 598.4
3 1.2 1.2 8.3 0.58 7.7% 1.50 14 110.8 598.4
4 1.2 1.3 8.3 0.58 7.7% 1.50 14 110.8 598.4
5 1.3 1.3 8.3 0.58 7.7% 1.50 14 110.8 598.4
6 1.3 1.3 8.3 0.58 7.7% 1.50 14 110.8 598.4
7 1.3 1.4 8.3 0.58 7.7% 1.50 14 110.8 598.4
8 1.4 1.4 8.3 0.58 7.7% 1.50 14 110.8 598.4
9 1.4 1.5 8.3 0.58 7.7% 1.50 14 110.8 598.4
10 1.5 1.5 8.3 0.58 7.7% 1.50 1.4 110.8 598.4
Notations
A(1/1) Increase of 1/1
T corrected Modified value of replacement ratio
Stress distribution per improved layer
f(vs, T )+ 1
The stress distribution ratio is: n= ﬂ = s “corrected 2
Aqs f(VSJTCOK‘I‘ECted) . Kac
Layer n° Zsup Zinf n 9co Aq. q. Aqcmx Checking against qso Aq, qs
(m) (m) () (kPa) (kPa) (kPa) (kPa) bulging failure (kPa)  (kPa)  (kPa)
1 1.1 1.1 5.6 20.2 598.4 618.6 800.0 OK 20.2 110.8 130.9
2 1.1 1.2 5.6 21.0 598.4 619.4 800.0 OK 20.9 110.8 131.7
3 1.2 1.2 5.6 21.8 598.4 620.2 800.0 OK 21.6 110.8 132.4
4 1.2 1.3 5.6 22.6 598.4 621.0 800.0 OK 22.3 110.8 133.1
5 1.3 1.3 5.6 234 598.4 621.8 800.0 OK 23.0 110.8 133.8
6 1.3 1.3 5.6 24.2 598.4 622.6 800.0 OK 23.8 110.8 134.5
7 1.3 1.4 5.6 25.0 598.4 623.4 800.0 OK 24.5 110.8 135.3
8 1.4 1.4 5.6 25.8 598.4 624.2 800.0 OK 25.2 110.8 136.0
9 1.4 1.5 5.6 26.6 598.4 625.0 800.0 OK 25.9 110.8 136.7
10 1.5 1.5 5.6 27.4 598.4 625.8 800.0 OK 26.6 110.8 137.4
Notations
Geo Initial effective vertical stress in the column Js0 Initial effective vertical stress in the soil
qc Final effective vertical stress in the column qs Final effective vertical stress in the soil
AQ ¢max Limit value as per DTU 13-2 (Fs = 2)
O
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Depth correction factor

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

1
= fy. fj=—+—— ith fq =1
B2 =f4.B1 and d oo with fq
14— Geo deo
Ko, "Aqe
- o ) M. Ags
The coefficient f 4 is limited by following formula: fd < —.—
M Aqc
o M
The settlement reduction ratio 8 , is limited by: Bz max = 1+t M— -1
s
Values of the settlement reduction ratio, step 3, are:
Layer n° Zsup Z jnf fq f g max fy B: B 2.max B2
(m) (m) (-) (-) (-) () () (-)
1 1.1 1.1 1.1 1.5 1.1 1.4 1.6 14
2 1.1 1.2 1.1 1.5 1.1 1.4 1.6 14
3 1.2 1.2 1.1 1.5 1.1 1.4 1.6 14
4 1.2 1.3 1.1 1.5 1.1 1.4 1.6 14
5 1.3 1.3 1.1 1.5 1.1 1.4 1.6 14
6 1.3 1.3 1.1 1.5 1.1 1.4 1.6 14
7 1.3 14 1.1 1.5 1.1 1.4 1.6 14
8 1.4 14 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
Settlement distribution per layer
Over the length of the columns
Layern° zsup Z inf sna Sa
(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 14 1.4 0.001 0.000 Notations
9 1.4 15 0.001 0.000 Sha Settlement of soil without soil improvement
10 1.5 1.5 0.001 0.000 Sa 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
Layern° zsup Zjnf sna
(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:

THE TOTAL SETTLEMENT OF THE SOIL UNDER AN UNIFORM LOAD IS

&) menAarD

25 cm

3.0 cm
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LOADING ON THE FOOTING

Settlement distribution

Over the length of the columns

This calculation is made by applying a new settlement reduction factor B s to the settlement of the soil improved by stone columns.
Priebe has given a diagram of B s values depending on the depth/diameter ratio z/@ . and number of Stone Columns n.

1
S RECTANGULAR FOOTING
0.9 |\ \ n=1600
n=1225
0.8
n=900
0.7 n=625
===n=400
0.6 —n=225
—=n=100
o 05 ——n=81
— =64
0.4 =49
—n=36
0.3 —=25
—n=16
0.2 ——n=9
— =4
0.1 —=1
0
0 5 10 15 20 25 30 35
Value of Z/Q,

40

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 ;,;
and the upper bound Z 5, of the concerned layer, with an average B, calculated over the thickness of this layer:

Aq

Sas(z) = m [(Bs)inf- Zinf — (Bs)sup- Zsup]

Layerne Z sup Zinf Zsup Zinf Zsup/ac Zinf/ac (ﬁs)sup (ﬁs)inf sa,s
(m) (m) (m) (m) ) () () () (m)
1 11 1.1 0.0 0.0 0.00 0.10 1.00 0.99 0.000
2 11 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
Zsup Depth of the top of the soil layer from the foundation base (Bs)sup Settlement reduction factor at the level of z
Zinf Depth of the bottom of the soil layer from the foundation base (Bs)inr Settlement reduction factor at the level of z
Sas Settlement of soil with soil improvement
Below the improved soil layers
z z; S
Layern° sup inf nas
(m) (m) (m)
1" 1.5 3.5 0.002
12 3.5 10.0 0.003

The settlement below the improved soil layers is:

TOTAL 0.005

0.5 cm

THE TOTAL SETTLEMENT OF THE SOIL BELOW THE FOOTING IS

0.9 cm

o
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STONE COLUMNS DESIGN FOR FOOTINGS MenARD

Project name: Poyle pad @150kPa
2.9m x 2.9m pad (F)
Area of the rectangular footing: 2.90m x2.90m Footing loaded at AQ=1,261.5 kN

DESIGN AS PER PRIEBE METHOD

Presentation of the model and main calculation results

AQ =1261.5kN

|

A'D" Y X 10
X mmm e hy, Area of the footing = 8.41 m?
- Diameter of the columns = 0.4 m to 0.4 m
hc Soft soil
Total settlement = 1.0 cm
Njim Maximal stress within the columns = 608.8 kPa
Supporting soil
\ A .7
Bedrock
Description of Stone Columns reinforcement
Description of the footing
Type of footing: Rectangular
L 29 m Length of the footing d 1.1 m Embedment height
B 29 m Width of the footing Atooting 8.41 m? Area of the footing
Number of columns under the footing: 5

Description of the stone columns

A 1.68 m? Equivalent grid area of the columns Ye 20 kN/m® Unit weight of the gravel

he 0.4 m Length of the columns @c 38 ° Friction angle of the gravel

E 50,000 kPa Young's modulus Ka, 0.24 Coefficient of active earth pressure
Ve 0.33 Poisson’s coefficient Ko 0.38 Coefficient of earth pressure at rest
M. 75,000 kPa Oedometric modulus

Description of natural soil surrounding the columns

hw 15 m Depth of Ground Water Table
Priebe considers: Kos =1 with K o5 : coefficient of earth pressure at rest
Layern° zsup Z jnf Es Vs Ys Ms ac T pl*
(m) (m) (kPa) ) (kN/m*) (kPa) (m) (%) (kPa)
1 1.1 11 6,000 0.33 18 9,000 0.40 7.5% 400
2 1.1 1.2 6,000 0.33 18 9,000 0.40 7.5% 400
3 1.2 1.2 6,000 0.33 18 9,000 0.40 7.5% 400
4 1.2 1.3 6,000 0.33 18 9,000 0.40 7.5% 400
5 1.3 1.3 6,000 0.33 18 9,000 0.40 7.5% 400
6 1.3 1.3 6,000 0.33 18 9,000 0.40 7.5% 400
7 1.3 1.4 6,000 0.33 18 9,000 0.40 7.5% 400
8 1.4 1.4 6,000 0.33 18 9,000 0.40 7.5% 400
9 1.4 15 6,000 0.33 18 9,000 0.40 7.5% 400
10 1.5 15 6,000 0.33 18 9,000 0.40 7.5% 400

Description of natural soil below the columns

Piim 10.0 m Limit depth of model
Layerne Z sup Zinf Es Vs Ms
(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
Zgyp Depth of the top of the soil layer Mg Oedometric modulus in the layer
Zjnf Depth of the bottom of the soil layer (28 Stone Columns' diameter
E Young's modulus in the layer T Replacement ratio
Vs Poisson's coefficient P Limit pressure in the layer
Ys Unit weight of the soil layer
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Loading description at SLS

AQ 1,262 kN
Aq 150.0 kPa

Load applied at the footing base
Pressure applied at the footing base

UNIFORM LOADING

Hypothesis: columns are not compressible

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

1
Bt fvs, ) +5 i v ) = 1—v2 (1-2v9H(1-71)
= —_— ith: ) = .
f(vs, 0. Ky, s 1—vg—2vZ" 1-2vs+1
Values of the settlement reduction ratio, first step, are:
Layer n° Zsup Z g fo(vs,T) Bo Aq, Aq, 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 _ Aq
3 1.2 1.2 1.51 1.3 111.7 624.7 Bo = _Aq
4 1.2 1.3 1.51 1.3 111.7 624.7 s
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 13 1.4 1.51 13 111.7 624.7 Aq =t.Aqc + (1 —1).Aqs
8 14 1.4 1.51 1.3 111.7 624.7
9 14 1.5 1.51 1.3 111.7 624.7
10 1.5 1.5 1.51 1.3 111.7 624.7
Notations
Aq Additional stress on the soil
Aq. Additional stress in the column

Column are made of compressible material

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:

Layer n® Zsup Z inf M /M A(1/1) T corrected f(V 5T corrected) B4 Aq, Aq.
(m) (m) () () (%) () ) (kPa) __(kPa)
1 11 1.1 8.3 0.58 7.2% 1.53 1.3 113.0 608.8
2 11 1.2 8.3 0.58 7.2% 1.53 1.3 113.0 608.8
3 1.2 1.2 8.3 0.58 7.2% 1.53 1.3 113.0 608.8
4 1.2 1.3 8.3 0.58 7.2% 1.53 1.3 113.0 608.8
5 1.3 1.3 8.3 0.58 7.2% 1.53 1.3 113.0 608.8
6 1.3 1.3 8.3 0.58 7.2% 1.53 1.3 113.0 608.8
7 1.3 1.4 8.3 0.58 7.2% 1.53 1.3 113.0 608.8
8 1.4 1.4 8.3 0.58 7.2% 1.53 1.3 113.0 608.8
9 1.4 1.5 8.3 0.58 7.2% 1.53 1.3 113.0 608.8
10 1.5 1.5 8.3 0.58 7.2% 1.53 1.3 113.0 608.8
Notations
A(1/1) Increase of 1/1
T corrected Modified value of replacement ratio
Stress distribution per improved layer
f(vs, T )+ 1
The stress distribution ratio is: n= ﬂ = s “corrected 2
Aqs f(VSJTcorrected) . Kac
Layer n° Zsup Zinf n 9co Aq. q. Aqcmx Checking against qso Aq, qs
(m) (m) () (kPa) (kPa) (kPa) (kPa) bulging failure (kPa)  (kPa)  (kPa)
1 1.1 1.1 5.6 20.2 608.8 629.0 800.0 OK 20.2 113.0 133.1
2 1.1 1.2 5.6 21.0 608.8 629.8 800.0 OK 20.9 113.0 133.8
3 1.2 1.2 5.6 21.8 608.8 630.6 800.0 OK 21.6 113.0 134.6
4 1.2 1.3 5.6 22.6 608.8 631.4 800.0 OK 22.3 113.0 135.3
5 1.3 1.3 5.6 234 608.8 632.2 800.0 OK 23.0 113.0 136.0
6 1.3 1.3 5.6 24.2 608.8 633.0 800.0 OK 23.8 113.0 136.7
7 1.3 1.4 5.6 25.0 608.8 633.8 800.0 OK 24.5 113.0 137.4
8 1.4 1.4 5.6 25.8 608.8 634.6 800.0 OK 25.2 113.0 138.2
9 1.4 1.5 5.6 26.6 608.8 635.4 800.0 OK 25.9 113.0 138.9
10 1.5 1.5 5.6 27.4 608.8 636.2 800.0 OK 26.6 113.0 139.6
Notations
Geo Initial effective vertical stress in the column Js0 Initial effective vertical stress in the soil
qc Final effective vertical stress in the column qs Final effective vertical stress in the soil
AQ ¢max Limit value as per DTU 13-2 (Fs = 2)
O
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Depth correction factor

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

1
= fy. fj=—+—— ith fq =1
B2 =f4.B1 and d oo with fq
14— Geo deo
Ko, "Aqe
- o ) M. Ags
The coefficient f 4 is limited by following formula: fd < —.—
M Aqc
o M
The settlement reduction ratio 8 , is limited by: Bz max = 1+t M— -1
s
Values of the settlement reduction ratio, step 3, are:
Layer n° Zsup Z jnf fq f g max fy B: B 2.max B2
(m) (m) (-) (-) (-) () () (-)
1 1.1 1.1 1.1 1.5 1.1 1.4 1.5 14
2 1.1 1.2 1.1 1.5 1.1 1.4 1.5 14
3 1.2 1.2 1.1 1.5 1.1 1.4 1.5 14
4 1.2 1.3 1.1 1.5 1.1 1.4 1.5 14
5 1.3 1.3 1.1 1.5 1.1 1.4 1.5 14
6 1.3 1.3 1.1 1.5 1.1 1.4 1.5 14
7 1.3 14 1.1 1.5 1.1 1.4 1.5 14
8 1.4 14 1.1 1.5 1.1 1.4 1.5 14
9 1.4 1.5 1.1 1.5 1.1 1.4 1.5 14
10 1.5 1.5 1.1 1.5 1.1 1.4 1.5 1.4
Settlement distribution per layer
Over the length of the columns
Layern° zsup Z inf sna Sa
(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 14 1.4 0.001 0.000 Notations
9 1.4 15 0.001 0.000 Sha Settlement of soil without soil improvement
10 1.5 1.5 0.001 0.000 Sa 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
Layern° zsup Zjnf sna
(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:

THE TOTAL SETTLEMENT OF THE SOIL UNDER AN UNIFORM LOAD IS

&) menAarD

25 cm

3.0 cm
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LOADING ON THE FOOTING

Settlement distribution

Over the length of the columns

This calculation is made by applying a new settlement reduction factor B s to the settlement of the soil improved by stone columns.
Priebe has given a diagram of B s values depending on the depth/diameter ratio z/@ . and number of Stone Columns n.

1
S RECTANGULAR FOOTING
0.9 |\ \ n=1600
n=1225
0.8
n=900
0.7 n=625
===n=400
0.6 —n=225
—=n=100
o 05 ——n=81
— =64
0.4 =49
—n=36
0.3 —=25
—n=16
0.2 ——n=9
— =4
0.1 —=1
0
0 5 10 15 20 25 30 35
Value of Z/Q,

40

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 ;,;
and the upper bound Z 5, of the concerned layer, with an average B, calculated over the thickness of this layer:

Aq

Sas(z) = m [(Bs)inf- Zinf — (Bs)sup- Zsup]

Layerne Z sup Zinf Zsup Zinf Zsup/ac Zinf/ac (ﬁs)sup (ﬁs)inf sa,s
(m) (m) (m) (m) ) () () () (m)
1 11 1.1 0.0 0.0 0.00 0.10 1.00 0.99 0.000
2 11 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
Zsup Depth of the top of the soil layer from the foundation base (Bs)sup Settlement reduction factor at the level of z
Zinf Depth of the bottom of the soil layer from the foundation base (Bs)inr Settlement reduction factor at the level of z
Sas Settlement of soil with soil improvement
Below the improved soil layers
z z; S
Layern° sup inf nas
(m) (m) (m)
1" 1.5 3.5 0.002
12 3.5 10.0 0.003

The settlement below the improved soil layers is:

TOTAL 0.006

0.6 cm

THE TOTAL SETTLEMENT OF THE SOIL BELOW THE FOOTING IS

1.0 cm

@
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STONE COLUMNS DESIGN FOR FOOTINGS

MenARD

Project name: Poyle pad @150kPa
2.9m x 4.5m pad (M)
Area of the rectangular footing: 2.90m x4.50m Footing loaded at AQ=1,957.5 kN
DESIGN AS PER PRIEBE METHOD
Presentation of the model and main calculation results
AQ = 1957.5kN
A'D" Y J" 10
X mmm e hy, Area of the footing = 13.05 m?
- Diameter of the columns = 0.4 m to 0.4 m
hc Soft soil
Total settlement = 1.2cm
Njim Maximal stress within the columns = 622.8 kPa
Supporting soil
\ A I £
Bedrock
Description of Stone Columns reinforcement
Description of the footing
Type of footing: Rectangular
L 29 m Length of the footing d 12 m Embedment height
B 45 m Width of the footing Atooting 13.05 m? Area of the footing
Number of columns under the footing:
Description of the stone columns
A 1.86 m? Equivalent grid area of the columns Ye 20 kN/m® Unit weight of the gravel
hc 04 m Length of the columns (0N 38 ° Friction angle of the gravel
Ec 50,000 kPa Young's modulus Kac 0.24 Coefficient of active earth pressure
V¢ 0.33 Poisson's coefficient KOc 0.38 Coefficient of earth pressure at rest
M. 75,000 kPa Oedometric modulus
Description of natural soil surrounding the columns
hw 15 m Depth of Ground Water Table
Priebe considers: Kos =1 with K o5 : coefficient of earth pressure at rest
Layern° zsup Z jnf Es Vs Ys Ms ac T pl*
(m) (m) (kPa) ) (kN/m*) (kPa) (m) (%) (kPa)
1 1.2 1.2 6,000 0.33 18 9,000 0.40 6.7% 400
2 1.2 1.3 6,000 0.33 18 9,000 0.40 6.7% 400
3 1.3 1.3 6,000 0.33 18 9,000 0.40 6.7% 400
4 1.3 1.4 6,000 0.33 18 9,000 0.40 6.7% 400
5 1.4 1.4 6,000 0.33 18 9,000 0.40 6.7% 400
6 1.4 1.4 6,000 0.33 18 9,000 0.40 6.7% 400
7 1.4 15 6,000 0.33 18 9,000 0.40 6.7% 400
8 1.5 15 6,000 0.33 18 9,000 0.40 6.7% 400
9 1.5 1.6 6,000 0.33 18 9,000 0.40 6.7% 400
10 1.6 1.6 6,000 0.33 18 9,000 0.40 6.7% 400
Description of natural soil below the columns
Piim 10.0 m Limit depth of model
z z, E v M
Layer n° sup inf s s s
(m) (m) (kPa) ) (kPa)
1 1.6 3.5 60,000 0.33 90,000
12 3.5 10.0 30,000 0.33 45,000
Notations
Zgyp Depth of the top of the soil layer Mg Oedometric modulus in the layer
Zjnf Depth of the bottom of the soil layer (28 Stone Columns' diameter
E Young's modulus in the layer T Replacement ratio
Vs Poisson's coefficient P Limit pressure in the layer
Ys Unit weight of the soil layer
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Loading description at SLS

AQ 1,958 kN
Aq 150.0 kPa

Load applied at the footing base
Pressure applied at the footing base

UNIFORM LOADING

Hypothesis: columns are not compressible

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

1
f(vs, T) + 5 1-v2 (1-2v9H(1-71)
’ 2 ) _ s s
=l+1t\—0——"-7~=-1 With: f(ve, 1) = .
B f(vs, 0. Ky, s 1—vg—2vZ" 1-2vs+1
Values of the settlement reduction ratio, first step, are:
Layer n° Zsup Z g fo(vs,T) Bo Aq, Aq, 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 _ Aq
3 1.3 1.3 1.55 1.3 114.7 637.8 Bo = _Aq
4 1.3 1.4 1.55 1.3 114.7 637.8 s
5 14 1.4 1.55 1.3 114.7 637.8
6 14 1.4 1.55 1.3 114.7 637.8
7 1.4 15 1.55 13 114.7 637.8 Aq =t.Aqc + (1 —1).Aqs
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
Aq Additional stress on the soil
Aq. Additional stress in the column

Column are made of compressible material

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:

Layer n® Zsup Z inf M /M A(1/1) T corrected f(V 5T corrected) B4 Aq, Aq.
(m) (m) () () (%) () ) (kPa) __(kPa)
1 1.2 1.2 8.3 0.58 6.5% 1.57 1.3 115.8 622.8
2 1.2 1.3 8.3 0.58 6.5% 1.57 1.3 115.8 622.8
3 1.3 1.3 8.3 0.58 6.5% 1.57 1.3 115.8 622.8
4 1.3 1.4 8.3 0.58 6.5% 1.57 1.3 115.8 622.8
5 1.4 1.4 8.3 0.58 6.5% 1.57 1.3 115.8 622.8
6 1.4 1.4 8.3 0.58 6.5% 1.57 1.3 115.8 622.8
7 1.4 1.5 8.3 0.58 6.5% 1.57 1.3 115.8 622.8
8 1.5 1.5 8.3 0.58 6.5% 1.57 1.3 115.8 622.8
9 1.5 1.6 8.3 0.58 6.5% 1.57 1.3 115.8 622.8
10 1.6 1.6 8.3 0.58 6.5% 1.57 1.3 115.8 622.8
Notations
A(1/1) Increase of 1/1
T corrected Modified value of replacement ratio
Stress distribution per improved layer
f(vs, T )+ 1
The stress distribution ratio is: n= ﬂ = s “corrected 2
Aqs f(VSJTCOK‘I‘ECted) . Kac
Layer n° Zsup Zinf n 9co Aq. q. Aqcmx Checking against qso Aq, qs
(m) (m) () (kPa) (kPa) (kPa) (kPa) bulging failure (kPa)  (kPa)  (kPa)
1 1.2 1.2 5.5 22.0 622.8 644.8 800.0 OK 22.0 115.8 137.8
2 1.2 1.3 5.5 22.8 622.8 645.6 800.0 OK 22.7 115.8 138.5
3 1.3 1.3 5.5 23.6 622.8 646.4 800.0 OK 23.4 115.8 139.2
4 1.3 1.4 5.5 24.4 622.8 647.2 800.0 OK 241 115.8 139.9
5 1.4 1.4 5.5 25.2 622.8 648.0 800.0 OK 24.8 115.8 140.7
6 1.4 1.4 5.5 26.0 622.8 648.8 800.0 OK 25.6 115.8 141.4
7 14 1.5 5.5 26.8 622.8 649.6 800.0 OK 26.3 115.8 142.1
8 1.5 1.5 5.5 27.5 622.8 650.3 800.0 OK 26.9 115.8 142.7
9 1.5 1.6 5.5 28.0 622.8 650.8 800.0 OK 27.3 115.8 143.1
10 1.6 1.6 5.5 28.4 622.8 651.2 800.0 OK 27.6 115.8 143.5
Notations
Geo Initial effective vertical stress in the column Js0 Initial effective vertical stress in the soil
qc Final effective vertical stress in the column qs Final effective vertical stress in the soil
AQ ¢max Limit value as per DTU 13-2 (Fs = 2)
O
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Depth correction factor

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

1
= fy. fj=—+—— ith fq =1
B2 =f4.B1 and d oo with fq
14— Geo deo
Ko, "Aqe
- o ) M. Ags
The coefficient f 4 is limited by following formula: fd <—.—
M Aqc
o M
The settlement reduction ratio 8 , is limited by: Bz max = 1+t M— -1
s
Values of the settlement reduction ratio, step 3, are:
Layer n° Zsup Z jnf fq f g max fy B: B 2.max B2
(m) (m) (-) (-) (-) () () (-)
1 1.2 1.2 1.1 1.5 1.1 1.4 1.5 14
2 1.2 1.3 1.1 1.5 1.1 1.4 1.5 14
3 1.3 1.3 1.1 1.5 1.1 1.4 1.5 14
4 1.3 14 1.1 1.5 1.1 1.4 1.5 14
5 1.4 14 1.1 1.5 1.1 1.4 1.5 14
6 1.4 14 1.1 1.5 1.1 1.4 1.5 14
7 1.4 1.5 1.1 1.5 1.1 1.4 1.5 14
8 1.5 1.5 1.1 1.5 1.1 1.4 1.5 14
9 1.5 1.6 1.1 1.5 1.1 1.4 1.5 14
10 1.6 1.6 1.1 1.5 1.1 1.4 1.5 1.4
Settlement distribution per layer
Over the length of the columns
Layern° zsup Z inf sna Sa
(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 14 1.4 0.001 0.000
6 14 1.4 0.001 0.000
7 14 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 Sha Settlement of soil without soil improvement
10 1.6 1.6 0.001 0.000 Sa 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
Layern° zsup Zjnf sna
(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:

THE TOTAL SETTLEMENT OF THE SOIL UNDER AN UNIFORM LOAD IS

O
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25 cm

3.0 cm
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LOADING ON THE FOOTING

Settlement distribution

Over the length of the columns

This calculation is made by applying a new settlement reduction factor B s to the settlement of the soil improved by stone columns.
Priebe has given a diagram of B s values depending on the depth/diameter ratio z/@ . and number of Stone Columns n.

1
S RECTANGULAR FOOTING
0.9 |\ \ n=1600
n=1225
0.8
n=900
0.7 n=625
===n=400
0.6 —n=225
—=n=100
o 05 ——n=81
— =64
0.4 =49
—n=36
0.3 —=25
—n=16
0.2 ——n=9
— =4
0.1 —=1
0
0 5 10 15 20 25 30 35
Value of Z/Q,

40

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 ;,;
and the upper bound Z 5, of the concerned layer, with an average B, calculated over the thickness of this layer:

Aq

Sas(z) = m [(Bs)inf- Zinf — (Bs)sup- Zsup]

Layerne Z sup Zinf Zsup Zinf Zsup/ac Zinf/ac (ﬁs)sup (ﬁs)inf sa,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 14 0.1 0.2 0.30 0.40 0.97 0.96 0.000
5 1.4 14 0.2 0.2 0.40 0.50 0.96 0.95 0.000
6 1.4 14 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
Zsup Depth of the top of the soil layer from the foundation base (Bs)sup Settlement reduction factor at the level of z
Zinf Depth of the bottom of the soil layer from the foundation base (Bs)inr Settlement reduction factor at the level of z
Sas Settlement of soil with soil improvement
Below the improved soil layers
z z; S
Layern° sup inf nas
(m) (m) (m)
1" 1.6 3.5 0.003
12 3.5 10.0 0.005

The settlement below the improved soil layers is:

TOTAL 0.007

0.7 cm

THE TOTAL SETTLEMENT OF THE SOIL BELOW THE FOOTING IS

1.2 cm

o
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STONE COLUMNS DESIGN FOR FOOTINGS

MenARD

Project name: Poyle pad @150kPa
2m x 2m pad
Area of the rectangular footing: 2.00m x2.00m Footing loaded at AQ =600.0 kN
DESIGN AS PER PRIEBE METHOD
Presentation of the model and main calculation results
AQ = 600 kN
AL J" 10
Dy hy Area of the footing = 4m?
- Diameter of the columns = 0.4 m to 0.4 m
hc Soft soil
Total settlement = 0.8 cm
Njim Maximal stress within the columns = 631.8 kPa
Supporting soil
\ A I £
Bedrock
Description of Stone Columns reinforcement
Description of the footing
Type of footing: Rectangular
L 2m Length of the footing d 1.1 m Embedment height
B 2m Width of the footing Atooting 4 m? Area of the footing
Number of columns under the footing:
Description of the stone columns
A 2.00 m? Equivalent grid area of the columns Ye 20 kN /m3 Unit weight of the gravel
hc 04 m Length of the columns (0N 38 ° Friction angle of the gravel
Ec 50,000 kPa Young's modulus Kac 0.24 Coefficient of active earth pressure
V¢ 0.33 Poisson's coefficient KOc 0.38 Coefficient of earth pressure at rest
M. 75,000 kPa Oedometric modulus
Description of natural soil surrounding the columns
hw 15 m Depth of Ground Water Table
Priebe considers: Kos =1 with K o5 : coefficient of earth pressure at rest
Layer n° Zsup Zjnf Es Vs Vs M 2. T P*
(m) (m) (kPa) ) (kN/m*) (kPa) (m) (%) (kPa)
1 1.1 11 6,000 0.33 18 9,000 0.40 6.3% 400
2 1.1 1.2 6,000 0.33 18 9,000 0.40 6.3% 400
3 1.2 1.2 6,000 0.33 18 9,000 0.40 6.3% 400
4 1.2 1.3 6,000 0.33 18 9,000 0.40 6.3% 400
5 1.3 1.3 6,000 0.33 18 9,000 0.40 6.3% 400
6 1.3 1.3 6,000 0.33 18 9,000 0.40 6.3% 400
7 1.3 1.4 6,000 0.33 18 9,000 0.40 6.3% 400
8 1.4 1.4 6,000 0.33 18 9,000 0.40 6.3% 400
9 1.4 15 6,000 0.33 18 9,000 0.40 6.3% 400
10 1.5 15 6,000 0.33 18 9,000 0.40 6.3% 400
Description of natural soil below the columns
Piim 10.0 m Limit depth of model
z z, E v M
Layer n° sup inf s s s
(m) (m) (kPa) ) (kPa)
1 15 3.5 60,000 0.33 90,000
12 3.5 10.0 30,000 0.33 45,000
Notations
Zgyp Depth of the top of the soil layer Mg Oedometric modulus in the layer
Zjnf Depth of the bottom of the soil layer (28 Stone Columns' diameter
E Young's modulus in the layer T Replacement ratio
Vs Poisson's coefficient P Limit pressure in the layer
Ys Unit weight of the soil layer
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Loading description at SLS

AQ 600 kN
Aq 150.0 kPa

Load applied at the footing base
Pressure applied at the footing base

UNIFORM LOADING

Hypothesis: columns are not compressible

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

1
Bt fvs, ) +5 i v ) = 1—v2 (1-2v9H(1-71)
= —_— ith: ) = .
f(vs, 0. Ky, s 1—vg—2vZ" 1-2vs+1
Values of the settlement reduction ratio, first step, are:
Layer n° Zsup Z g fo(vs,T) Bo Aq, Aq, 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 _ Aq
3 1.2 1.2 1.58 1.3 116.7 646.3 Bo = _Aq
4 1.2 1.3 1.58 1.3 116.7 646.3 s
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 13 1.4 1.58 13 116.7 646.3 Aq =t.Aqc + (1 —1).Aqs
8 14 1.4 1.58 1.3 116.7 646.3
9 14 1.5 1.58 1.3 116.7 646.3
10 1.5 1.5 1.58 1.3 116.7 646.3
Notations
Aq Additional stress on the soil
Aq. Additional stress in the column

Column are made of compressible material

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:

Layer n® Zsup Z inf M /M A(1/1) T corrected f(V 5T corrected) B4 Aq, Aq.
(m) (m) () () (%) () ) (kPa) __(kPa)
1 11 1.1 8.3 0.58 6.1% 1.59 1.3 17.7 631.8
2 11 1.2 8.3 0.58 6.1% 1.59 1.3 17.7 631.8
3 1.2 1.2 8.3 0.58 6.1% 1.59 1.3 17.7 631.8
4 1.2 1.3 8.3 0.58 6.1% 1.59 1.3 17.7 631.8
5 1.3 1.3 8.3 0.58 6.1% 1.59 1.3 17.7 631.8
6 1.3 1.3 8.3 0.58 6.1% 1.59 1.3 17.7 631.8
7 1.3 1.4 8.3 0.58 6.1% 1.59 1.3 17.7 631.8
8 1.4 1.4 8.3 0.58 6.1% 1.59 1.3 17.7 631.8
9 1.4 1.5 8.3 0.58 6.1% 1.59 1.3 17.7 631.8
10 1.5 1.5 8.3 0.58 6.1% 1.59 1.3 117.7 631.8
Notations
A(1/1) Increase of 1/1
T corrected Modified value of replacement ratio
Stress distribution per improved layer
f(vs, T )+ 1
The stress distribution ratio is: n= ﬂ = s “corrected 2
Aqs f(VSJTcorrected) . Kac
Layer n° Zsup Zinf n 9co Aq. q. Aqcmx Checking against qso Aq, qs
(m) (m) () (kPa) (kPa) (kPa) (kPa) bulging failure (kPa)  (kPa)  (kPa)
1 1.1 1.1 5.5 20.2 631.8 652.0 800.0 OK 20.2 177 137.9
2 1.1 1.2 5.5 21.0 631.8 652.8 800.0 OK 20.9 177 138.6
3 1.2 1.2 5.5 21.8 631.8 653.6 800.0 OK 21.6 177 139.3
4 1.2 1.3 5.5 22.6 631.8 654.4 800.0 OK 22.3 177 140.0
5 1.3 1.3 5.5 234 631.8 655.2 800.0 OK 23.0 177 140.7
6 1.3 1.3 5.5 24.2 631.8 656.0 800.0 OK 23.8 177 141.5
7 1.3 1.4 5.5 25.0 631.8 656.8 800.0 OK 24.5 177 142.2
8 1.4 1.4 5.5 25.8 631.8 657.6 800.0 OK 25.2 177 142.9
9 1.4 1.5 5.5 26.6 631.8 658.4 800.0 OK 25.9 177 143.6
10 1.5 1.5 5.5 27.4 631.8 659.2 800.0 OK 26.6 117.7 144.3
Notations
Geo Initial effective vertical stress in the column Js0 Initial effective vertical stress in the soil
qc Final effective vertical stress in the column qs Final effective vertical stress in the soil
AQ ¢max Limit value as per DTU 13-2 (Fs = 2)
O
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Depth correction factor

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

1
= fy. fj=—+—— ith fq =1
B2 =f4.B1 and d oo with fq
14— Geo deo
Ko, "Aqe
- o ) M. Ags
The coefficient f 4 is limited by following formula: fd < —.—
M Aqc
o M
The settlement reduction ratio 8 , is limited by: Bz max = 1+t M— -1
s
Values of the settlement reduction ratio, step 3, are:
Layer n° Zsup Z jnf fq f g max fy B: B 2.max B2
(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 14
5 1.3 1.3 1.1 1.6 1.1 1.4 1.5 14
6 1.3 1.3 1.1 1.6 1.1 1.4 1.5 14
7 1.3 14 1.1 1.6 1.1 1.4 1.5 14
8 1.4 14 1.1 1.6 1.1 1.4 1.5 14
9 1.4 1.5 1.1 1.6 1.1 1.4 1.5 14
10 1.5 1.5 1.1 1.6 1.1 1.4 1.5 1.4
Settlement distribution per layer
Over the length of the columns
Layern° zsup Z inf sna Sa
(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 14 1.4 0.001 0.000 Notations
9 1.4 15 0.001 0.000 Sha Settlement of soil without soil improvement
10 1.5 1.5 0.001 0.000 Sa 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
Layern° zsup Zjnf sna
(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:

THE TOTAL SETTLEMENT OF THE SOIL UNDER AN UNIFORM LOAD IS

O
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25 cm

3.0 cm
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LOADING ON THE FOOTING

Settlement distribution

Over the length of the columns

This calculation is made by applying a new settlement reduction factor B s to the settlement of the soil improved by stone columns.
Priebe has given a diagram of B s values depending on the depth/diameter ratio z/@ . and number of Stone Columns n.

1
S RECTANGULAR FOOTING
0.9 |\ \ n=1600
n=1225
0.8
n=900
0.7 n=625
===n=400
0.6 —n=225
—=n=100
o 05 ——n=81
— =64
0.4 =49
—n=36
0.3 —=25
—n=16
0.2 ——n=9
— =4
0.1 —=1
0
0 5 10 15 20 25 30 35
Value of Z/Q,

40

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 ;,;
and the upper bound Z 5, of the concerned layer, with an average B, calculated over the thickness of this layer:

Aq

Sas(z) = m [(Bs)inf- Zinf — (Bs)sup- Zsup]

Layerne Z sup Zinf Zsup Zinf Zsup/ac Zinf/ac (ﬁs)sup (ﬁs)inf sa,s
(m) (m) (m) (m) ) () () () (m)
1 11 1.1 0.0 0.0 0.00 0.10 1.00 0.99 0.000
2 11 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
Zsup Depth of the top of the soil layer from the foundation base (Bs)sup Settlement reduction factor at the level of z
Zinf Depth of the bottom of the soil layer from the foundation base (Bs)inr Settlement reduction factor at the level of z
Sas Settlement of soil with soil improvement
Below the improved soil layers
z z; S
Layern° sup inf nas
(m) (m) (m)
1" 1.5 3.5 0.002
12 3.5 10.0 0.002

The settlement below the improved soil layers is:

TOTAL 0.004

0.4 cm

THE TOTAL SETTLEMENT OF THE SOIL BELOW THE FOOTING IS

0.8 cm

@
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STONE COLUMNS DESIGN FOR FOOTINGS

MmenARD

Project name: Poyle pad @150kPa
3.6m x 3.6m pad (D)
Area of the rectangular footing: 3.60m x 3.60m Footing loaded at AQ =1,944.0 kN
DESIGN AS PER PRIEBE METHOD
Presentation of the model and main calculation results
AQ = 1944 kN
A'D" Y J" 10
X mmm e hy, Area of the footing = 12.96 m?
- Diameter of the columns = 0.4 m to 0.4 m
hc Soft soil
Total settlement = 1.2cm
Njim Maximal stress within the columns = 621.9 kPa
Supporting soil
\ A I £
Bedrock
Description of Stone Columns reinforcement
Description of the footing
Type of footing: Rectangular
L 36m Length of the footing d 1.1 m Embedment height
B 36m Width of the footing Atooting 12.96 m? Area of the footing
Number of columns under the footing:
Description of the stone columns
A 1.85 m? Equivalent grid area of the columns Ye 20 kN/m® Unit weight of the gravel
hc 04 m Length of the columns (0N 38 ° Friction angle of the gravel
Ec 50,000 kPa Young's modulus Kac 0.24 Coefficient of active earth pressure
V¢ 0.33 Poisson's coefficient KOc 0.38 Coefficient of earth pressure at rest
M. 75,000 kPa Oedometric modulus
Description of natural soil surrounding the columns
hw 15 m Depth of Ground Water Table
Priebe considers: Kos =1 with K o5 : coefficient of earth pressure at rest
Layern° zsup Z jnf Es Vs Ys Ms ac T pl*
(m) (m) (kPa) ) (kN/m*) (kPa) (m) (%) (kPa)
1 1.1 11 6,000 0.33 18 9,000 0.40 6.8% 400
2 1.1 1.2 6,000 0.33 18 9,000 0.40 6.8% 400
3 1.2 1.2 6,000 0.33 18 9,000 0.40 6.8% 400
4 1.2 1.3 6,000 0.33 18 9,000 0.40 6.8% 400
5 1.3 1.3 6,000 0.33 18 9,000 0.40 6.8% 400
6 1.3 1.3 6,000 0.33 18 9,000 0.40 6.8% 400
7 1.3 1.4 6,000 0.33 18 9,000 0.40 6.8% 400
8 1.4 1.4 6,000 0.33 18 9,000 0.40 6.8% 400
9 1.4 15 6,000 0.33 18 9,000 0.40 6.8% 400
10 1.5 15 6,000 0.33 18 9,000 0.40 6.8% 400
Description of natural soil below the columns
Piim 10.0 m Limit depth of model
z z, E v M
Layer n° sup inf s s s
(m) (m) (kPa) ) (kPa)
1 15 3.5 60,000 0.33 90,000
12 3.5 10.0 30,000 0.33 45,000
Notations
Zgyp Depth of the top of the soil layer Mg Oedometric modulus in the layer
Zjnf Depth of the bottom of the soil layer (28 Stone Columns' diameter
E Young's modulus in the layer T Replacement ratio
Vs Poisson's coefficient P Limit pressure in the layer
Ys Unit weight of the soil layer
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Loading description at SLS

AQ 1,944 kN
Aq 150.0 kPa

Load applied at the footing base
Pressure applied at the footing base

UNIFORM LOADING

Hypothesis: columns are not compressible

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

1
f(vs, T) + 5 1-v2 (1-2v9H(1-71)
’ 2 ) _ s s
=l+1t\—0——"-7~=-1 With: f(ve, 1) = .
B f(vs, 0. Ky, s 1—vg—2vZ" 1-2vs+1
Values of the settlement reduction ratio, first step, are:
Layer n° Zsup Z g fo(vs,T) Bo Aq, Aq, 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 _ Aq
3 1.2 1.2 1.55 1.3 114.5 636.9 Bo = _Aq
4 1.2 1.3 1.55 1.3 114.5 636.9 s
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 13 1.4 1.55 13 114.5 636.9 Aq =t.Aqc + (1 —1).Aqs
8 14 1.4 1.55 1.3 114.5 636.9
9 14 1.5 1.55 1.3 114.5 636.9
10 1.5 1.5 1.55 1.3 114.5 636.9
Notations
Aq Additional stress on the soil
Aq. Additional stress in the column

Column are made of compressible material

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:

Layer n® Zsup Z inf M /M A(1/1) T corrected f(V 5T corrected) B4 Aq, Aq.
(m) (m) () () (%) () ) (kPa) __(kPa)
1 11 1.1 8.3 0.58 6.5% 1.56 1.3 115.6 621.9
2 11 1.2 8.3 0.58 6.5% 1.56 1.3 115.6 621.9
3 1.2 1.2 8.3 0.58 6.5% 1.56 1.3 115.6 621.9
4 1.2 1.3 8.3 0.58 6.5% 1.56 1.3 115.6 621.9
5 1.3 1.3 8.3 0.58 6.5% 1.56 1.3 115.6 621.9
6 1.3 1.3 8.3 0.58 6.5% 1.56 1.3 115.6 621.9
7 1.3 1.4 8.3 0.58 6.5% 1.56 1.3 115.6 621.9
8 1.4 1.4 8.3 0.58 6.5% 1.56 1.3 115.6 621.9
9 1.4 1.5 8.3 0.58 6.5% 1.56 1.3 115.6 621.9
10 1.5 1.5 8.3 0.58 6.5% 1.56 1.3 115.6 621.9
Notations
A(1/1) Increase of 1/1
T corrected Modified value of replacement ratio
Stress distribution per improved layer
f(vs, T )+ 1
The stress distribution ratio is: n= ﬂ = s “corrected 2
Aqs f(VSJTCOK‘I‘ECted) . Kac
Layer n° Zsup Zinf n 9co Aq. q. Aqcmx Checking against qso Aq, qs
(m) (m) () (kPa) (kPa) (kPa) (kPa) bulging failure (kPa)  (kPa)  (kPa)
1 1.1 1.1 5.5 20.2 621.9 642.1 800.0 OK 20.2 115.6 135.8
2 1.1 1.2 5.5 21.0 621.9 642.9 800.0 OK 20.9 115.6 136.5
3 1.2 1.2 5.5 21.8 621.9 643.7 800.0 OK 21.6 115.6 137.2
4 1.2 1.3 5.5 22.6 621.9 644.5 800.0 OK 22.3 115.6 138.0
5 1.3 1.3 5.5 234 621.9 645.3 800.0 OK 23.0 115.6 138.7
6 1.3 1.3 5.5 24.2 621.9 646.1 800.0 OK 23.8 115.6 139.4
7 1.3 1.4 5.5 25.0 621.9 646.9 800.0 OK 24.5 115.6 140.1
8 1.4 1.4 5.5 25.8 621.9 647.7 800.0 OK 25.2 115.6 140.8
9 1.4 1.5 5.5 26.6 621.9 648.5 800.0 OK 25.9 115.6 141.6
10 1.5 1.5 5.5 27.4 621.9 649.3 800.0 OK 26.6 115.6 142.3
Notations
Geo Initial effective vertical stress in the column Js0 Initial effective vertical stress in the soil
qc Final effective vertical stress in the column qs Final effective vertical stress in the soil
AQ ¢max Limit value as per DTU 13-2 (Fs = 2)
O
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Depth correction factor

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

1
= fy. fj=—+—— ith fq =1
B2 =f4.B1 and d oo with fq
14— Geo deo
Ko, "Aqe
- o ) M. Ags
The coefficient f 4 is limited by following formula: fd < —.—
M Aqc
o M
The settlement reduction ratio 8 , is limited by: Bz max = 1+t M— -1
s
Values of the settlement reduction ratio, step 3, are:
Layer n° Zsup Z jnf fq f g max fy B: B 2.max B2
(m) (m) (-) (-) (-) () () (-)
1 1.1 1.1 1.1 1.5 1.1 1.4 1.5 14
2 1.1 1.2 1.1 1.5 1.1 1.4 1.5 14
3 1.2 1.2 1.1 1.5 1.1 1.4 1.5 14
4 1.2 1.3 1.1 1.5 1.1 1.4 1.5 14
5 1.3 1.3 1.1 1.5 1.1 1.4 1.5 14
6 1.3 1.3 1.1 1.5 1.1 1.4 1.5 14
7 1.3 14 1.1 1.5 1.1 1.4 1.5 14
8 1.4 14 1.1 1.5 1.1 1.4 1.5 14
9 1.4 1.5 1.1 1.5 1.1 1.4 1.5 14
10 1.5 1.5 1.1 1.5 1.1 1.4 1.5 1.4
Settlement distribution per layer
Over the length of the columns
Layern° zsup Z inf sna Sa
(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 14 1.4 0.001 0.000 Notations
9 1.4 15 0.001 0.000 Sha Settlement of soil without soil improvement
10 1.5 1.5 0.001 0.000 Sa 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
Layern° zsup Zjnf sna
(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:

THE TOTAL SETTLEMENT OF THE SOIL UNDER AN UNIFORM LOAD IS

&) menAarD

25 cm

3.0 cm

Page 3 of 4



LOADING ON THE FOOTING

Settlement distribution

Over the length of the columns

This calculation is made by applying a new settlement reduction factor B s to the settlement of the soil improved by stone columns.
Priebe has given a diagram of B s values depending on the depth/diameter ratio z/@ . and number of Stone Columns n.

1
S RECTANGULAR FOOTING
0.9 |\ \ n=1600
n=1225
0.8
n=900
0.7 n=625
===n=400
0.6 —n=225
—=n=100
o 05 ——n=81
— =64
0.4 =49
—n=36
0.3 —=25
—n=16
0.2 ——n=9
— =4
0.1 —=1
0
0 5 10 15 20 25 30 35
Value of Z/Q,

40

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 ;,;
and the upper bound Z 5, of the concerned layer, with an average B, calculated over the thickness of this layer:

Aq

Sas(z) = m [(Bs)inf- Zinf — (Bs)sup- Zsup]

Layerne Z sup Zinf Zsup Zinf Zsup/ac Zinf/ac (ﬁs)sup (ﬁs)inf sa,s
(m) (m) (m) (m) ) () () () (m)
1 11 1.1 0.0 0.0 0.00 0.10 1.00 0.99 0.000
2 11 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
Zsup Depth of the top of the soil layer from the foundation base (Bs)sup Settlement reduction factor at the level of z
Zinf Depth of the bottom of the soil layer from the foundation base (Bs)inr Settlement reduction factor at the level of z
Sas Settlement of soil with soil improvement
Below the improved soil layers
z z; S
Layern° sup inf nas
(m) (m) (m)
1" 1.5 3.5 0.003
12 3.5 10.0 0.005

The settlement below the improved soil layers is:

TOTAL 0.007

0.7 cm

THE TOTAL SETTLEMENT OF THE SOIL BELOW THE FOOTING IS

1.2 cm

@
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STONE COLUMNS DESIGN FOR FOOTINGS

MenARD

Project name: Poyle pad @150kPa
3.6m x 3.6m pad (H)
Area of the rectangular footing: 3.60m x 3.60m Footing loaded at AQ =1,944.0 kN
DESIGN AS PER PRIEBE METHOD
Presentation of the model and main calculation results
AQ = 1944 kN
A'D" Y J" 10
X mmm e hy, Area of the footing = 12.96 m?
- Diameter of the columns = 0.4 m to 0.4 m
hc Soft soil
Total settlement = 1.1cm
Njim Maximal stress within the columns = 621.9 kPa
Supporting soil
\ A I £
Bedrock
Description of Stone Columns reinforcement
Description of the footing
Type of footing: Rectangular
L 36m Length of the footing d 12 m Embedment height
B 36m Width of the footing Atooting 12.96 m? Area of the footing
Number of columns under the footing:
Description of the stone columns
A 1.85 m? Equivalent grid area of the columns Ye 20 kN/m® Unit weight of the gravel
hc 03 m Length of the columns (0N 38 ° Friction angle of the gravel
Ec 50,000 kPa Young's modulus Kac 0.24 Coefficient of active earth pressure
V¢ 0.33 Poisson's coefficient KOc 0.38 Coefficient of earth pressure at rest
M. 75,000 kPa Oedometric modulus
Description of natural soil surrounding the columns
hw 15 m Depth of Ground Water Table
Priebe considers: Kos =1 with K o5 : coefficient of earth pressure at rest
Layern° zsup Z jnf Es Vs Ys Ms ac T pl*
(m) (m) (kPa) ) (kN/m*) (kPa) (m) (%) (kPa)
1 1.2 1.2 6,000 0.33 18 9,000 0.40 6.8% 400
2 1.2 1.3 6,000 0.33 18 9,000 0.40 6.8% 400
3 1.3 1.3 6,000 0.33 18 9,000 0.40 6.8% 400
4 1.3 1.3 6,000 0.33 18 9,000 0.40 6.8% 400
5 1.3 1.4 6,000 0.33 18 9,000 0.40 6.8% 400
6 1.4 1.4 6,000 0.33 18 9,000 0.40 6.8% 400
7 1.4 1.4 6,000 0.33 18 9,000 0.40 6.8% 400
8 1.4 1.4 6,000 0.33 18 9,000 0.40 6.8% 400
9 1.4 15 6,000 0.33 18 9,000 0.40 6.8% 400
10 1.5 15 6,000 0.33 18 9,000 0.40 6.8% 400
Description of natural soil below the columns
Piim 10.0 m Limit depth of model
z z, E v M
Layer n° sup inf s s s
(m) (m) (kPa) ) (kPa)
1 15 3.5 60,000 0.33 90,000
12 3.5 10.0 30,000 0.33 45,000
Notations
Zgyp Depth of the top of the soil layer Mg Oedometric modulus in the layer
Zjnf Depth of the bottom of the soil layer (28 Stone Columns' diameter
E Young's modulus in the layer T Replacement ratio
Vs Poisson's coefficient P Limit pressure in the layer
Ys Unit weight of the soil layer
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Loading description at SLS

AQ 1,944 kN
Aq 150.0 kPa

Load applied at the footing base
Pressure applied at the footing base

UNIFORM LOADING

Hypothesis: columns are not compressible

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

1
f(vs, T) + 5 1-v2 (1-2v9H(1-71)
’ 2 ) _ s s
=l+1t\—0——"-7~=-1 With: f(ve, 1) = .
B f(vs, 0. Ky, s 1—vg—2vZ" 1-2vs+1
Values of the settlement reduction ratio, first step, are:
Layer n° Zsup Z g fo(vs,T) Bo Aq, Aq, 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 _ Aq
3 1.3 1.3 1.55 1.3 114.5 636.9 Bo = _Aq
4 1.3 1.3 1.55 1.3 114.5 636.9 s
5 1.3 1.4 1.55 1.3 114.5 636.9
6 14 1.4 1.55 1.3 114.5 636.9
7 1.4 1.4 1.55 13 114.5 636.9 Aq =t.Aqc + (1 —1).Aqs
8 14 1.4 1.55 1.3 114.5 636.9
9 14 1.5 1.55 1.3 114.5 636.9
10 1.5 1.5 1.55 1.3 114.5 636.9
Notations
Aq Additional stress on the soil
Aq. Additional stress in the column

Column are made of compressible material

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:

Layer n® Zsup Z inf M /M A(1/1) T corrected f(V 5T corrected) B4 Aq, Aq.
(m) (m) () () (%) () ) (kPa) __(kPa)
1 1.2 1.2 8.3 0.58 6.5% 1.56 1.3 115.6 621.9
2 1.2 1.3 8.3 0.58 6.5% 1.56 1.3 115.6 621.9
3 1.3 1.3 8.3 0.58 6.5% 1.56 1.3 115.6 621.9
4 1.3 1.3 8.3 0.58 6.5% 1.56 1.3 115.6 621.9
5 1.3 1.4 8.3 0.58 6.5% 1.56 1.3 115.6 621.9
6 1.4 1.4 8.3 0.58 6.5% 1.56 1.3 115.6 621.9
7 1.4 1.4 8.3 0.58 6.5% 1.56 1.3 115.6 621.9
8 1.4 1.4 8.3 0.58 6.5% 1.56 1.3 115.6 621.9
9 1.4 1.5 8.3 0.58 6.5% 1.56 1.3 115.6 621.9
10 1.5 1.5 8.3 0.58 6.5% 1.56 1.3 115.6 621.9
Notations
A(1/1) Increase of 1/1
T corrected Modified value of replacement ratio
Stress distribution per improved layer
f(vs, T )+ 1
The stress distribution ratio is: n= ﬂ = s “corrected 2
Aqs f(VSJTCOK‘I‘ECted) . Kac
Layer n° Zsup Zinf n 9co Aq. q. Aqcmx Checking against qso Aq, qs
(m) (m) () (kPa) (kPa) (kPa) (kPa) bulging failure (kPa)  (kPa)  (kPa)
1 1.2 1.2 5.5 21.9 621.9 643.8 800.0 OK 21.9 115.6 137.5
2 1.2 1.3 5.5 22,5 621.9 644.4 800.0 OK 22.4 115.6 138.1
3 1.3 1.3 5.5 231 621.9 645.0 800.0 OK 23.0 115.6 138.6
4 1.3 1.3 5.5 23.7 621.9 645.6 800.0 OK 23.5 115.6 139.1
5 1.3 1.4 5.5 24.3 621.9 646.2 800.0 OK 24.0 115.6 139.7
6 1.4 1.4 5.5 24.9 621.9 646.8 800.0 OK 24.6 115.6 140.2
7 14 1.4 5.5 25.5 621.9 647.4 800.0 OK 25.1 115.6 140.8
8 1.4 1.4 5.5 26.1 621.9 648.0 800.0 OK 257 115.6 141.3
9 1.4 1.5 5.5 26.7 621.9 648.6 800.0 OK 26.2 115.6 141.8
10 1.5 1.5 5.5 27.3 621.9 649.2 800.0 OK 26.7 115.6 142.4
Notations
Geo Initial effective vertical stress in the column Js0 Initial effective vertical stress in the soil
qc Final effective vertical stress in the column qs Final effective vertical stress in the soil
AQ ¢max Limit value as per DTU 13-2 (Fs = 2)
O
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Depth correction factor

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

1
= fy. fj=—+—— ith fq =1
B2 =f4.B1 and d oo with fq
14— Geo deo
Ko, "Aqe
- o ) M. Ags
The coefficient f 4 is limited by following formula: fd <—.—
M Aqc
o M
The settlement reduction ratio 8 , is limited by: Bz max = 1+t M— -1
s
Values of the settlement reduction ratio, step 3, are:
Layer n° Zsup Z jnf fq f g max fy B: B 2.max B2
(m) (m) (-) (-) (-) () () (-)
1 1.2 1.2 1.1 1.5 1.1 1.4 1.5 14
2 1.2 1.3 1.1 1.5 1.1 1.4 1.5 14
3 1.3 1.3 1.1 1.5 1.1 1.4 1.5 14
4 1.3 1.3 1.1 1.5 1.1 1.4 1.5 14
5 1.3 14 1.1 1.5 1.1 1.4 1.5 14
6 1.4 14 1.1 1.5 1.1 1.4 1.5 14
7 1.4 14 1.1 1.5 1.1 1.4 1.5 14
8 1.4 14 1.1 1.5 1.1 1.4 1.5 14
9 1.4 1.5 1.1 1.5 1.1 1.4 1.5 14
10 1.5 1.5 1.1 1.5 1.1 1.4 1.5 1.4
Settlement distribution per layer
Over the length of the columns
Layern° zsup Z inf sna Sa
(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 14 1.4 0.001 0.000
7 14 1.4 0.001 0.000
8 14 1.4 0.001 0.000 Notations
9 1.4 15 0.001 0.000 Sha Settlement of soil without soil improvement
10 1.5 1.5 0.001 0.000 Sa 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
Layern° zsup Zjnf sna
(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:

THE TOTAL SETTLEMENT OF THE SOIL UNDER AN UNIFORM LOAD IS

&) menAarD

25 cm

29 cm
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LOADING ON THE FOOTING

Settlement distribution

Over the length of the columns

This calculation is made by applying a new settlement reduction factor B s to the settlement of the soil improved by stone columns.
Priebe has given a diagram of B s values depending on the depth/diameter ratio z/@ . and number of Stone Columns n.

1
S RECTANGULAR FOOTING
0.9 |\ \ n=1600
n=1225
0.8
n=900
0.7 n=625
===n=400
0.6 —n=225
—=n=100
o 05 ——n=81
— =64
0.4 =49
—n=36
0.3 —=25
—n=16
0.2 ——n=9
— =4
0.1 —=1
0
0 5 10 15 20 25 30 35
Value of Z/Q,

40

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 ;,;
and the upper bound Z 5, of the concerned layer, with an average B, calculated over the thickness of this layer:

Aq

Sas(z) = m [(Bs)inf- Zinf — (Bs)sup- Zsup]

Layerne Z sup Zinf Zsup Zinf Zsup/ac Zinf/ac (ﬁs)sup (ﬁs)inf sa,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 14 0.1 0.2 0.30 0.38 0.97 0.96 0.000
6 1.4 14 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
Zsup Depth of the top of the soil layer from the foundation base (Bs)sup Settlement reduction factor at the level of z
Zinf Depth of the bottom of the soil layer from the foundation base (Bs)inr Settlement reduction factor at the level of z
Sas Settlement of soil with soil improvement
Below the improved soil layers
z z; S
Layern° sup inf nas
(m) (m) (m)
1" 1.5 3.5 0.003
12 3.5 10.0 0.005

The settlement below the improved soil layers is:

TOTAL 0.007

0.7 cm

THE TOTAL SETTLEMENT OF THE SOIL BELOW THE FOOTING IS

1.1 cm

@
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STONE COLUMNS DESIGN FOR FOOTINGS

MenARD

Project name: Poyle pad @150kPa
3.6m x 4.0m pad (X)
Area of the rectangular footing: 3.60m x4.00m Footing loaded at AQ=2,160.0 kN
DESIGN AS PER PRIEBE METHOD
Presentation of the model and main calculation results
AQ=2160 kN
A'D" Y J" 10
X mmm e hy, Area of the footing = 14.4 m?
- Diameter of the columns = 0.4 m to 0.4 m
hc Soft soil
Total settlement = 1.2cm
Njim Maximal stress within the columns = 618.1 kPa
Supporting soil
\ A I £
Bedrock
Description of Stone Columns reinforcement
Description of the footing
Type of footing: Rectangular
L 36m Length of the footing d 1.1 m Embedment height
B 4 m Width of the footing Atooting 14.4 m? Area of the footing
Number of columns under the footing:
Description of the stone columns
A 1.80 m? Equivalent grid area of the columns Ye 20 kN/m® Unit weight of the gravel
hc 04 m Length of the columns (0N 38 ° Friction angle of the gravel
Ec 50,000 kPa Young's modulus Kac 0.24 Coefficient of active earth pressure
V¢ 0.33 Poisson's coefficient KOc 0.38 Coefficient of earth pressure at rest
M. 75,000 kPa Oedometric modulus
Description of natural soil surrounding the columns
hw 15 m Depth of Ground Water Table
Priebe considers: Kos =1 with K o5 : coefficient of earth pressure at rest
Layern° zsup Z jnf Es Vs Ys Ms ac T pl*
(m) (m) (kPa) ) (kN/m*) (kPa) (m) (%) (kPa)
1 1.1 11 6,000 0.33 18 9,000 0.40 7.0% 400
2 1.1 1.2 6,000 0.33 18 9,000 0.40 7.0% 400
3 1.2 1.2 6,000 0.33 18 9,000 0.40 7.0% 400
4 1.2 1.3 6,000 0.33 18 9,000 0.40 7.0% 400
5 1.3 1.3 6,000 0.33 18 9,000 0.40 7.0% 400
6 1.3 1.3 6,000 0.33 18 9,000 0.40 7.0% 400
7 1.3 1.4 6,000 0.33 18 9,000 0.40 7.0% 400
8 1.4 1.4 6,000 0.33 18 9,000 0.40 7.0% 400
9 1.4 15 6,000 0.33 18 9,000 0.40 7.0% 400
10 1.5 15 6,000 0.33 18 9,000 0.40 7.0% 400
Description of natural soil below the columns
Piim 10.0 m Limit depth of model
z z, E v M
Layer n° sup inf s s s
(m) (m) (kPa) ) (kPa)
1 15 3.5 60,000 0.33 90,000
12 3.5 10.0 30,000 0.33 45,000
Notations
Zgyp Depth of the top of the soil layer Mg Oedometric modulus in the layer
Zjnf Depth of the bottom of the soil layer (28 Stone Columns' diameter
E Young's modulus in the layer T Replacement ratio
Vs Poisson's coefficient P Limit pressure in the layer
Ys Unit weight of the soil layer
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Loading description at SLS

AQ 2,160 kN
Aq 150.0 kPa

Load applied at the footing base
Pressure applied at the footing base

UNIFORM LOADING

Hypothesis: columns are not compressible

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

1
f(vs, T) + 5 1-v2 (1-2v9H(1-71)
’ 2 ) _ s s
=l+1t\—0——"-7~=-1 With: f(ve, 1) = .
B f(vs, 0. Ky, s 1—vg—2vZ" 1-2vs+1
Values of the settlement reduction ratio, first step, are:
Layer n° Zsup Z g fo(vs,T) Bo Aq, Aq, 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 _ Aq
3 1.2 1.2 1.54 1.3 113.7 633.4 Bo = _Aq
4 1.2 1.3 1.54 1.3 113.7 633.4 s
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 13 1.4 1.54 13 113.7 633.4 Aq =t.Aqc + (1 —1).Aqs
8 14 1.4 1.54 1.3 113.7 633.4
9 14 1.5 1.54 1.3 113.7 633.4
10 1.5 1.5 1.54 1.3 113.7 633.4
Notations
Aq Additional stress on the soil
Aq. Additional stress in the column

Column are made of compressible material

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:

Layer n® Zsup Z inf M /M A(1/1) T corrected f(V 5T corrected) B4 Aq, Aq.
(m) (m) () () (%) () ) (kPa) __(kPa)
1 11 1.1 8.3 0.58 6.7% 1.55 1.3 114.9 618.1
2 11 1.2 8.3 0.58 6.7% 1.55 1.3 114.9 618.1
3 1.2 1.2 8.3 0.58 6.7% 1.55 1.3 114.9 618.1
4 1.2 1.3 8.3 0.58 6.7% 1.55 1.3 114.9 618.1
5 1.3 1.3 8.3 0.58 6.7% 1.55 1.3 114.9 618.1
6 1.3 1.3 8.3 0.58 6.7% 1.55 1.3 114.9 618.1
7 1.3 1.4 8.3 0.58 6.7% 1.55 1.3 114.9 618.1
8 1.4 1.4 8.3 0.58 6.7% 1.55 1.3 114.9 618.1
9 1.4 1.5 8.3 0.58 6.7% 1.55 1.3 114.9 618.1
10 1.5 1.5 8.3 0.58 6.7% 1.55 1.3 114.9 618.1
Notations
A(1/1) Increase of 1/1
T corrected Modified value of replacement ratio
Stress distribution per improved layer
f(vs, T )+ 1
The stress distribution ratio is: n= ﬂ = s “corrected 2
Aqs f(VSJTcorrected) . Kac
Layer n° Zsup Zinf n 9co Aq. q. Aqcmx Checking against qso Aq, qs
(m) (m) () (kPa) (kPa) (kPa) (kPa) bulging failure (kPa)  (kPa)  (kPa)
1 1.1 1.1 5.6 20.2 618.1 638.3 800.0 OK 20.2 114.9 135.0
2 1.1 1.2 5.6 21.0 618.1 639.1 800.0 OK 20.9 114.9 135.7
3 1.2 1.2 5.6 21.8 618.1 639.9 800.0 OK 21.6 114.9 136.5
4 1.2 1.3 5.6 22.6 618.1 640.7 800.0 OK 22.3 114.9 137.2
5 1.3 1.3 5.6 234 618.1 641.5 800.0 OK 23.0 114.9 137.9
6 1.3 1.3 5.6 24.2 618.1 642.3 800.0 OK 23.8 114.9 138.6
7 1.3 1.4 5.6 25.0 618.1 643.1 800.0 OK 24.5 114.9 139.3
8 1.4 1.4 5.6 25.8 618.1 643.9 800.0 OK 25.2 114.9 140.1
9 1.4 1.5 5.6 26.6 618.1 644.7 800.0 OK 25.9 114.9 140.8
10 1.5 1.5 5.6 27.4 618.1 645.5 800.0 OK 26.6 114.9 141.5
Notations
Geo Initial effective vertical stress in the column Js0 Initial effective vertical stress in the soil
qc Final effective vertical stress in the column qs Final effective vertical stress in the soil
AQ ¢max Limit value as per DTU 13-2 (Fs = 2)
O
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Depth correction factor

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

1
= fy. fj=—+—— ith fq =1
B2 =f4.B1 and d oo with fq
14— Geo deo
Ko, "Aqe
- o ) M. Ags
The coefficient f 4 is limited by following formula: fd < —.—
M Aqc
o M
The settlement reduction ratio 8 , is limited by: Bz max = 1+t M— -1
s
Values of the settlement reduction ratio, step 3, are:
Layer n° Zsup Z jnf fq f g max fy B: B 2.max B2
(m) (m) (-) (-) (-) () () (-)
1 1.1 1.1 1.1 1.5 1.1 1.4 1.5 14
2 1.1 1.2 1.1 1.5 1.1 1.4 1.5 14
3 1.2 1.2 1.1 1.5 1.1 1.4 1.5 14
4 1.2 1.3 1.1 1.5 1.1 1.4 1.5 14
5 1.3 1.3 1.1 1.5 1.1 1.4 1.5 14
6 1.3 1.3 1.1 1.5 1.1 1.4 1.5 14
7 1.3 14 1.1 1.5 1.1 1.4 1.5 14
8 1.4 14 1.1 1.5 1.1 1.4 1.5 14
9 1.4 1.5 1.1 1.5 1.1 1.4 1.5 14
10 1.5 1.5 1.1 1.5 1.1 1.4 1.5 1.4
Settlement distribution per layer
Over the length of the columns
Layern° zsup Z inf sna Sa
(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 14 1.4 0.001 0.000 Notations
9 1.4 15 0.001 0.000 Sha Settlement of soil without soil improvement
10 1.5 1.5 0.001 0.000 Sa 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
Layern° zsup Zjnf sna
(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:

THE TOTAL SETTLEMENT OF THE SOIL UNDER AN UNIFORM LOAD IS

&) menAarD

25 cm

3.0 cm
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LOADING ON THE FOOTING

Settlement distribution

Over the length of the columns

This calculation is made by applying a new settlement reduction factor B s to the settlement of the soil improved by stone columns.
Priebe has given a diagram of B s values depending on the depth/diameter ratio z/@ . and number of Stone Columns n.

1
S RECTANGULAR FOOTING
0.9 |\ \ n=1600
n=1225
0.8
n=900
0.7 n=625
===n=400
0.6 —n=225
—=n=100
o 05 ——n=81
— =64
0.4 =49
—n=36
0.3 —=25
—n=16
0.2 ——n=9
— =4
0.1 —=1
0
0 5 10 15 20 25 30 35
Value of Z/Q,

40

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 ;,;
and the upper bound Z 5, of the concerned layer, with an average B, calculated over the thickness of this layer:

Aq

Sas(z) = m [(Bs)inf- Zinf — (Bs)sup- Zsup]

Layerne Z sup Zinf Zsup Zinf Zsup/ac Zinf/ac (ﬁs)sup (ﬁs)inf sa,s
(m) (m) (m) (m) ) () () () (m)
1 11 1.1 0.0 0.0 0.00 0.10 1.00 0.99 0.000
2 11 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
Zsup Depth of the top of the soil layer from the foundation base (Bs)sup Settlement reduction factor at the level of z
Zinf Depth of the bottom of the soil layer from the foundation base (Bs)inr Settlement reduction factor at the level of z
Sas Settlement of soil with soil improvement
Below the improved soil layers
z z; S
Layern° sup inf nas
(m) (m) (m)
1" 1.5 3.5 0.003
12 3.5 10.0 0.005

The settlement below the improved soil layers is:

TOTAL 0.008

0.8 cm

THE TOTAL SETTLEMENT OF THE SOIL BELOW THE FOOTING IS

1.2 cm

@
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STONE COLUMNS DESIGN FOR FOOTINGS

MenARD

Project name: Poyle pad @150kPa
3.8m x 3.8m pad (L)
Area of the rectangular footing: 3.80m x3.80m Footing loaded at AQ=2,166.0 kN
DESIGN AS PER PRIEBE METHOD
Presentation of the model and main calculation results
AQ=2166 kN
A'D" Y J" 10
X mmm e hy, Area of the footing = 14.44 m?
- Diameter of the columns = 0.4 m to 0.4 m
hc Soft soil
Total settlement = 1.1cm
Njim Maximal stress within the columns = 618.5 kPa
Supporting soil
\ A I £
Bedrock
Description of Stone Columns reinforcement
Description of the footing
Type of footing: Rectangular
L 38 m Length of the footing d 12 m Embedment height
B 38 m Width of the footing Atooting 14.44 m? Area of the footing
Number of columns under the footing:
Description of the stone columns
A 1.81 m? Equivalent grid area of the columns Ye 20 kN /m3 Unit weight of the gravel
hc 03 m Length of the columns (0N 38 ° Friction angle of the gravel
Ec 50,000 kPa Young's modulus Kac 0.24 Coefficient of active earth pressure
V¢ 0.33 Poisson's coefficient KOc 0.38 Coefficient of earth pressure at rest
M. 75,000 kPa Oedometric modulus
Description of natural soil surrounding the columns
hw 15 m Depth of Ground Water Table
Priebe considers: Kos =1 with K o5 : coefficient of earth pressure at rest
Layern° zsup Z jnf Es Vs Ys Ms ac T pl*
(m) (m) (kPa) ) (kN/m*) (kPa) (m) (%) (kPa)
1 1.2 1.2 6,000 0.33 18 9,000 0.40 7.0% 400
2 1.2 1.3 6,000 0.33 18 9,000 0.40 7.0% 400
3 1.3 1.3 6,000 0.33 18 9,000 0.40 7.0% 400
4 1.3 1.3 6,000 0.33 18 9,000 0.40 7.0% 400
5 1.3 1.4 6,000 0.33 18 9,000 0.40 7.0% 400
6 1.4 1.4 6,000 0.33 18 9,000 0.40 7.0% 400
7 1.4 1.4 6,000 0.33 18 9,000 0.40 7.0% 400
8 1.4 1.4 6,000 0.33 18 9,000 0.40 7.0% 400
9 1.4 15 6,000 0.33 18 9,000 0.40 7.0% 400
10 1.5 15 6,000 0.33 18 9,000 0.40 7.0% 400
Description of natural soil below the columns
Piim 10.0 m Limit depth of model
z z, E v M
Layer n° sup inf s s s
(m) (m) (kPa) ) (kPa)
1 15 3.5 60,000 0.33 90,000
12 3.5 10.0 30,000 0.33 45,000
Notations
Zgyp Depth of the top of the soil layer Mg Oedometric modulus in the layer
Zjnf Depth of the bottom of the soil layer (28 Stone Columns' diameter
E Young's modulus in the layer T Replacement ratio
Vs Poisson's coefficient P Limit pressure in the layer
Ys Unit weight of the soil layer
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Loading description at SLS

AQ 2,166 kN
Aq 150.0 kPa

Load applied at the footing base
Pressure applied at the footing base

UNIFORM LOADING

Hypothesis: columns are not compressible

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

1
f(vs, T) + 5 1-v2 (1-2v9H(1-71)
’ 2 ) _ s s
=l+1t\—0——"-7~=-1 With: f(ve, 1) = .
B f(vs, 0. Ky, s 1—vg—2vZ" 1-2vs+1
Values of the settlement reduction ratio, first step, are:
Layer n° Zsup Z g fo(vs,T) Bo Aq, Aq, 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 _ Aq
3 1.3 1.3 1.54 1.3 113.8 633.8 Bo = _Aq
4 1.3 1.3 1.54 1.3 113.8 633.8 s
5 1.3 1.4 1.54 1.3 113.8 633.8
6 14 1.4 1.54 1.3 113.8 633.8
7 1.4 1.4 1.54 13 113.8 633.8 Aq =t.Aqc + (1 —1).Aqs
8 14 1.4 1.54 1.3 113.8 633.8
9 14 1.5 1.54 1.3 113.8 633.8
10 1.5 1.5 1.54 1.3 113.8 633.8
Notations
Aq Additional stress on the soil
Aq. Additional stress in the column

Column are made of compressible material

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:

Layer n® Zsup Z inf M /M A(1/1) T corrected f(V 5T corrected) B4 Aq, Aq.
(m) (m) () () (%) () ) (kPa) __(kPa)
1 1.2 1.2 8.3 0.58 6.7% 1.55 1.3 114.9 618.5
2 1.2 1.3 8.3 0.58 6.7% 1.55 1.3 114.9 618.5
3 1.3 1.3 8.3 0.58 6.7% 1.55 1.3 114.9 618.5
4 1.3 1.3 8.3 0.58 6.7% 1.55 1.3 114.9 618.5
5 1.3 1.4 8.3 0.58 6.7% 1.55 1.3 114.9 618.5
6 1.4 1.4 8.3 0.58 6.7% 1.55 1.3 114.9 618.5
7 1.4 1.4 8.3 0.58 6.7% 1.55 1.3 114.9 618.5
8 1.4 1.4 8.3 0.58 6.7% 1.55 1.3 114.9 618.5
9 1.4 1.5 8.3 0.58 6.7% 1.55 1.3 114.9 618.5
10 1.5 1.5 8.3 0.58 6.7% 1.55 1.3 114.9 618.5
Notations
A(1/1) Increase of 1/1
T corrected Modified value of replacement ratio
Stress distribution per improved layer
f(vs, T )+ 1
The stress distribution ratio is: n= ﬂ = s “corrected 2
Aqs f(VSJTcorrected) . Kac
Layer n° Zsup Zinf n 9co Aq. q. Aqcmx Checking against qso Aq, qs
(m) (m) () (kPa) (kPa) (kPa) (kPa) bulging failure (kPa)  (kPa)  (kPa)
1 1.2 1.2 5.6 21.9 618.5 640.4 800.0 OK 21.9 114.9 136.8
2 1.2 1.3 5.6 22,5 618.5 641.0 800.0 OK 22.4 114.9 137.4
3 1.3 1.3 5.6 231 618.5 641.6 800.0 OK 23.0 114.9 137.9
4 1.3 1.3 5.6 23.7 618.5 642.2 800.0 OK 23.5 114.9 138.4
5 1.3 1.4 5.6 24.3 618.5 642.8 800.0 OK 24.0 114.9 139.0
6 1.4 1.4 5.6 24.9 618.5 643.4 800.0 OK 24.6 114.9 139.5
7 14 1.4 5.6 25.5 618.5 644.0 800.0 OK 25.1 114.9 140.1
8 1.4 1.4 5.6 26.1 618.5 644.6 800.0 OK 257 114.9 140.6
9 1.4 1.5 5.6 26.7 618.5 645.2 800.0 OK 26.2 114.9 141.1
10 1.5 1.5 5.6 27.3 618.5 645.8 800.0 OK 26.7 114.9 141.7
Notations
Geo Initial effective vertical stress in the column Js0 Initial effective vertical stress in the soil
qc Final effective vertical stress in the column qs Final effective vertical stress in the soil
AQ ¢max Limit value as per DTU 13-2 (Fs = 2)
O
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Depth correction factor

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

1
= fy. fj=—+—— ith fq =1
B2 =f4.B1 and d oo with fq
14— Geo deo
Ko, "Aqe
- o ) M. Ags
The coefficient f 4 is limited by following formula: fd <—.—
M Aqc
o M
The settlement reduction ratio 8 , is limited by: Bz max = 1+t M— -1
s
Values of the settlement reduction ratio, step 3, are:
Layer n° Zsup Z jnf fq f g max fy B: B 2.max B2
(m) (m) (-) (-) (-) () () (-)
1 1.2 1.2 1.1 1.5 1.1 1.4 1.5 14
2 1.2 1.3 1.1 1.5 1.1 1.4 1.5 14
3 1.3 1.3 1.1 1.5 1.1 1.4 1.5 14
4 1.3 1.3 1.1 1.5 1.1 1.4 1.5 14
5 1.3 14 1.1 1.5 1.1 1.4 1.5 14
6 1.4 14 1.1 1.5 1.1 1.4 1.5 14
7 1.4 14 1.1 1.5 1.1 1.4 1.5 14
8 1.4 14 1.1 1.5 1.1 1.4 1.5 14
9 1.4 1.5 1.1 1.5 1.1 1.4 1.5 14
10 1.5 1.5 1.1 1.5 1.1 1.4 1.5 1.4
Settlement distribution per layer
Over the length of the columns
Layern° zsup Z inf sna Sa
(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 14 1.4 0.001 0.000
7 14 1.4 0.001 0.000
8 14 1.4 0.001 0.000 Notations
9 1.4 15 0.001 0.000 Sha Settlement of soil without soil improvement
10 1.5 1.5 0.001 0.000 Sa 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
Layern° zsup Zjnf sna
(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:

THE TOTAL SETTLEMENT OF THE SOIL UNDER AN UNIFORM LOAD IS

&) menAarD

25 cm

29 cm
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LOADING ON THE FOOTING

Settlement distribution

Over the length of the columns

This calculation is made by applying a new settlement reduction factor B s to the settlement of the soil improved by stone columns.
Priebe has given a diagram of B s values depending on the depth/diameter ratio z/@ . and number of Stone Columns n.

1
S RECTANGULAR FOOTING
0.9 |\ \ n=1600
n=1225
0.8
n=900
0.7 n=625
===n=400
0.6 —n=225
—=n=100
o 05 ——n=81
— =64
0.4 =49
—n=36
0.3 —=25
—n=16
0.2 ——n=9
— =4
0.1 —=1
0
0 5 10 15 20 25 30 35
Value of Z/Q,

40

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 ;,;
and the upper bound Z 5, of the concerned layer, with an average B, calculated over the thickness of this layer:

Aq

Sas(z) = m [(Bs)inf- Zinf — (Bs)sup- Zsup]

Layerne Z sup Zinf Zsup Zinf Zsup/ac Zinf/ac (ﬁs)sup (ﬁs)inf sa,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 14 0.1 0.2 0.30 0.38 0.97 0.96 0.000
6 1.4 14 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
Zsup Depth of the top of the soil layer from the foundation base (Bs)sup Settlement reduction factor at the level of z
Zinf Depth of the bottom of the soil layer from the foundation base (Bs)inr Settlement reduction factor at the level of z
Sas Settlement of soil with soil improvement
Below the improved soil layers
z z; S
Layern° sup inf nas
(m) (m) (m)
1" 1.5 3.5 0.003
12 3.5 10.0 0.005

The settlement below the improved soil layers is:

TOTAL 0.008

0.8 cm

THE TOTAL SETTLEMENT OF THE SOIL BELOW THE FOOTING IS

1.1 cm

o
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STONE COLUMNS DESIGN FOR FOOTINGS

MenARD

Project name: Poyle pad @150kPa
4.4m x 4.4m pad (C)
Area of the rectangular footing: 3.80m x5.20m Footing loaded at AQ=2,964.0 kN
DESIGN AS PER PRIEBE METHOD
Presentation of the model and main calculation results
AQ =2964 kN
A'D" Y J" 10
X mmm e hy, Area of the footing = 19.76 m?
- Diameter of the columns = 0.4 m to 0.4 m
hc Soft soil
Total settlement = 1.3 cm
Njim Maximal stress within the columns = 630.3 kPa
Supporting soil
\ A I £
Bedrock
Description of Stone Columns reinforcement
Description of the footing
Type of footing: Rectangular
L 38 m Length of the footing d 1.1 m Embedment height
B 52 m Width of the footing Atooting 19.76 m? Area of the footing
Number of columns under the footing: 10
Description of the stone columns
A 1.98 m? Equivalent grid area of the columns Ye 20 kN/m® Unit weight of the gravel
hc 04 m Length of the columns (0N 38 ° Friction angle of the gravel
Ec 50,000 kPa Young's modulus Kac 0.24 Coefficient of active earth pressure
V¢ 0.33 Poisson's coefficient KOc 0.38 Coefficient of earth pressure at rest
M. 75,000 kPa Oedometric modulus
Description of natural soil surrounding the columns
hw 15 m Depth of Ground Water Table
Priebe considers: Kos =1 with K o5 : coefficient of earth pressure at rest
Layern° zsup Z jnf Es Vs Ys Ms ac T pl*
(m) (m) (kPa) ) (kN/m*) (kPa) (m) (%) (kPa)
1 1.1 11 6,000 0.33 18 9,000 0.40 6.4% 400
2 1.1 1.2 6,000 0.33 18 9,000 0.40 6.4% 400
3 1.2 1.2 6,000 0.33 18 9,000 0.40 6.4% 400
4 1.2 1.3 6,000 0.33 18 9,000 0.40 6.4% 400
5 1.3 1.3 6,000 0.33 18 9,000 0.40 6.4% 400
6 1.3 1.3 6,000 0.33 18 9,000 0.40 6.4% 400
7 1.3 1.4 6,000 0.33 18 9,000 0.40 6.4% 400
8 1.4 1.4 6,000 0.33 18 9,000 0.40 6.4% 400
9 1.4 15 6,000 0.33 18 9,000 0.40 6.4% 400
10 1.5 15 6,000 0.33 18 9,000 0.40 6.4% 400
Description of natural soil below the columns
Piim 10.0 m Limit depth of model
z z, E v M
Layer n° sup inf s s s
(m) (m) (kPa) ) (kPa)
1 15 3.5 60,000 0.33 90,000
12 3.5 10.0 30,000 0.33 45,000
Notations
Zgyp Depth of the top of the soil layer Mg Oedometric modulus in the layer
Zjnf Depth of the bottom of the soil layer (28 Stone Columns' diameter
E Young's modulus in the layer T Replacement ratio
Vs Poisson's coefficient P Limit pressure in the layer
Ys Unit weight of the soil layer
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Loading description at SLS

AQ 2,964 kN
Aq 150.0 kPa

Load applied at the footing base
Pressure applied at the footing base

UNIFORM LOADING

Hypothesis: columns are not compressible

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

1
f(vs, T) + 5 1-v2 (1-2v9H(1-71)
’ 2 ) _ s s
=l+1t\—0——"-7~=-1 With: f(ve, 1) = .
B f(vs, 0. Ky, s 1—vg—2vZ" 1-2vs+1
Values of the settlement reduction ratio, first step, are:
Layer n° Zsup Z g fo(vs,T) Bo Aq, Aq, 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 _ Aq
3 1.2 1.2 1.57 1.3 116.4 644.8 Bo = _Aq
4 1.2 1.3 1.57 1.3 116.4 644.8 s
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 13 1.4 1.57 13 116.4 644.8 Aq =t.Aqc + (1 —1).Aqs
8 14 1.4 1.57 1.3 116.4 644.8
9 14 1.5 1.57 1.3 116.4 644.8
10 1.5 1.5 1.57 1.3 116.4 644.8
Notations
Aq Additional stress on the soil
Aq. Additional stress in the column

Column are made of compressible material

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:

Layer n® Zsup Z inf M /M A(1/1) T corrected f(V 5T corrected) B4 Aq, Aq.
(m) (m) () () (%) () ) (kPa) __(kPa)
1 11 1.1 8.3 0.58 6.1% 1.59 1.3 117.4 630.3
2 11 1.2 8.3 0.58 6.1% 1.59 1.3 117.4 630.3
3 1.2 1.2 8.3 0.58 6.1% 1.59 1.3 117.4 630.3
4 1.2 1.3 8.3 0.58 6.1% 1.59 1.3 117.4 630.3
5 1.3 1.3 8.3 0.58 6.1% 1.59 1.3 117.4 630.3
6 1.3 1.3 8.3 0.58 6.1% 1.59 1.3 117.4 630.3
7 1.3 1.4 8.3 0.58 6.1% 1.59 1.3 117.4 630.3
8 1.4 1.4 8.3 0.58 6.1% 1.59 1.3 117.4 630.3
9 1.4 1.5 8.3 0.58 6.1% 1.59 1.3 117.4 630.3
10 1.5 1.5 8.3 0.58 6.1% 1.59 1.3 117.4 630.3
Notations
A(1/1) Increase of 1/1
T corrected Modified value of replacement ratio
Stress distribution per improved layer
f(vs, T )+ 1
The stress distribution ratio is: n= ﬂ = s “corrected 2
Aqs f(VSJTcorrected) . Kac
Layer n° Zsup Zinf n 9co Aq. q. Aqcmx Checking against qso Aq, qs
(m) (m) () (kPa) (kPa) (kPa) (kPa) bulging failure (kPa)  (kPa)  (kPa)
1 1.1 1.1 5.5 20.2 630.3 650.5 800.0 OK 20.2 117.4 137.5
2 1.1 1.2 5.5 21.0 630.3 651.3 800.0 OK 20.9 117.4 138.3
3 1.2 1.2 5.5 21.8 630.3 652.1 800.0 OK 21.6 117.4 139.0
4 1.2 1.3 5.5 22.6 630.3 652.9 800.0 OK 22.3 117.4 139.7
5 1.3 1.3 5.5 234 630.3 653.7 800.0 OK 23.0 117.4 140.4
6 1.3 1.3 5.5 24.2 630.3 654.5 800.0 OK 23.8 117.4 141.1
7 1.3 1.4 5.5 25.0 630.3 655.3 800.0 OK 24.5 117.4 141.9
8 1.4 1.4 5.5 25.8 630.3 656.1 800.0 OK 25.2 117.4 142.6
9 1.4 1.5 5.5 26.6 630.3 656.9 800.0 OK 25.9 117.4 143.3
10 1.5 1.5 5.5 27.4 630.3 657.7 800.0 OK 26.6 117.4 144.0
Notations
Geo Initial effective vertical stress in the column Js0 Initial effective vertical stress in the soil
qc Final effective vertical stress in the column qs Final effective vertical stress in the soil
AQ ¢max Limit value as per DTU 13-2 (Fs = 2)
O
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Depth correction factor

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

1
= fy. fj=—+—— ith fq =1
B2 =f4.B1 and d oo with fq
14— Geo deo
Ko, "Aqe
- o ) M. Ags
The coefficient f 4 is limited by following formula: fd < —.—
M Aqc
o M
The settlement reduction ratio 8 , is limited by: Bz max = 1+t M— -1
s
Values of the settlement reduction ratio, step 3, are:
Layer n° Zsup Z jnf fq f g max fy B: B 2.max B2
(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 14
4 1.2 1.3 1.1 1.6 1.1 1.4 1.5 14
5 1.3 1.3 1.1 1.6 1.1 1.4 1.5 14
6 1.3 1.3 1.1 1.6 1.1 1.4 1.5 14
7 1.3 14 1.1 1.6 1.1 1.4 1.5 14
8 1.4 14 1.1 1.6 1.1 1.4 1.5 14
9 1.4 1.5 1.1 1.6 1.1 1.4 1.5 14
10 1.5 1.5 1.1 1.6 1.1 1.4 1.5 1.4
Settlement distribution per layer
Over the length of the columns
Layern° zsup Z inf sna Sa
(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 14 1.4 0.001 0.000 Notations
9 1.4 15 0.001 0.000 Sha Settlement of soil without soil improvement
10 1.5 1.5 0.001 0.000 Sa 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
Layern° zsup Zjnf sna
(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:

THE TOTAL SETTLEMENT OF THE SOIL UNDER AN UNIFORM LOAD IS

&) menAarD

25 cm

3.0 cm
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LOADING ON THE FOOTING

Settlement distribution

Over the length of the columns

This calculation is made by applying a new settlement reduction factor B s to the settlement of the soil improved by stone columns.
Priebe has given a diagram of B s values depending on the depth/diameter ratio z/@ . and number of Stone Columns n.

1
S RECTANGULAR FOOTING
0.9 |\ \ n=1600
n=1225
0.8
n=900
0.7 n=625
===n=400
0.6 —n=225
—=n=100
o 05 ——n=81
— =64
0.4 =49
—n=36
0.3 —=25
—n=16
0.2 ——n=9
— =4
0.1 —=1
0
0 5 10 15 20 25 30 35
Value of Z/Q,

40

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 ;,;
and the upper bound Z 5, of the concerned layer, with an average B, calculated over the thickness of this layer:

Aq

Sas(z) = m [(Bs)inf- Zinf — (Bs)sup- Zsup]

Layerne Z sup Zinf Zsup Zinf Zsup/ac Zinf/ac (ﬁs)sup (ﬁs)inf sa,s
(m) (m) (m) (m) ) () () () (m)
1 11 1.1 0.0 0.0 0.00 0.10 1.00 0.99 0.000
2 11 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
Zsup Depth of the top of the soil layer from the foundation base (Bs)sup Settlement reduction factor at the level of z
Zinf Depth of the bottom of the soil layer from the foundation base (Bs)inr Settlement reduction factor at the level of z
Sas Settlement of soil with soil improvement
Below the improved soil layers
z z; S
Layern° sup inf nas
(m) (m) (m)
1" 1.5 3.5 0.003
12 3.5 10.0 0.006

The settlement below the improved soil layers is:

TOTAL 0.009

0.9 cm

THE TOTAL SETTLEMENT OF THE SOIL BELOW THE FOOTING IS

1.3 cm

o
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STONE COLUMNS DESIGN FOR FOOTINGS MmenARD

Project name: Poyle pad @150kPa
3.9m x 3.9m pad (E)
Area of the rectangular footing: 3.90m x3.90m Footing loaded at AQ=2,281.5 kN

DESIGN AS PER PRIEBE METHOD

Presentation of the model and main calculation results

AQ = 2281.5kN
A'D" Y J" 10
X mmm e hy, Area of the footing = 15.21 m?
- Diameter of the columns = 0.4 m to 0.4 m
hc Soft soil
Total settlement = 1.2cm
Njim Maximal stress within the columns = 625.3 kPa
Supporting soil
\ A .7
Bedrock
Description of Stone Columns reinforcement
Description of the footing
Type of footing: Rectangular
L 39m Length of the footing d 1.1 m Embedment height
B 39m Width of the footing Atooting 15.21 m? Area of the footing
Number of columns under the footing: 8

Description of the stone columns

A 1.90 m? Equivalent grid area of the columns Ye 20 kN/m® Unit weight of the gravel

he 0.4 m Length of the columns @c 38 ° Friction angle of the gravel

E 50,000 kPa Young's modulus Ka, 0.24 Coefficient of active earth pressure
Ve 0.33 Poisson’s coefficient Ko 0.38 Coefficient of earth pressure at rest
M. 75,000 kPa Oedometric modulus

Description of natural soil surrounding the columns

hw 15 m Depth of Ground Water Table
Priebe considers: Kos =1 with K o5 : coefficient of earth pressure at rest
Layern° zsup Z jnf Es Vs Ys Ms ac T pl*
(m) (m) (kPa) ) (kN/m*) (kPa) (m) (%) (kPa)
1 1.1 11 6,000 0.33 18 9,000 0.40 6.6% 400
2 1.1 1.2 6,000 0.33 18 9,000 0.40 6.6% 400
3 1.2 1.2 6,000 0.33 18 9,000 0.40 6.6% 400
4 1.2 1.3 6,000 0.33 18 9,000 0.40 6.6% 400
5 1.3 1.3 6,000 0.33 18 9,000 0.40 6.6% 400
6 1.3 1.3 6,000 0.33 18 9,000 0.40 6.6% 400
7 1.3 1.4 6,000 0.33 18 9,000 0.40 6.6% 400
8 1.4 1.4 6,000 0.33 18 9,000 0.40 6.6% 400
9 1.4 15 6,000 0.33 18 9,000 0.40 6.6% 400
10 1.5 15 6,000 0.33 18 9,000 0.40 6.6% 400

Description of natural soil below the columns

Piim 10.0 m Limit depth of model
Layerne Z sup Zinf Es Vs Ms
(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
Zgyp Depth of the top of the soil layer Mg Oedometric modulus in the layer
Zjnf Depth of the bottom of the soil layer (28 Stone Columns' diameter
E Young's modulus in the layer T Replacement ratio
Vs Poisson's coefficient P Limit pressure in the layer
Ys Unit weight of the soil layer
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Loading description at SLS

AQ 2,282 kN
Aq 150.0 kPa

Load applied at the footing base
Pressure applied at the footing base

UNIFORM LOADING

Hypothesis: columns are not compressible

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

1
f(vs, T) + 5 1-v2 (1-2v9H(1-71)
’ 2 ) _ s s
=l+1t\—0——"-7~=-1 With: f(ve, 1) = .
B f(vs, 0. Ky, s 1—vg—2vZ" 1-2vs+1
Values of the settlement reduction ratio, first step, are:
Layer n° Zsup Z g fo(vs,T) Bo Aq, Aq, 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 _ Aq
3 1.2 1.2 1.56 1.3 115.3 640.2 Bo = _Aq
4 1.2 1.3 1.56 1.3 115.3 640.2 s
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 13 1.4 1.56 13 115.3 640.2 Aq =t.Aqc + (1 —1).Aqs
8 14 1.4 1.56 1.3 115.3 640.2
9 14 1.5 1.56 1.3 115.3 640.2
10 1.5 1.5 1.56 1.3 115.3 640.2
Notations
Aq Additional stress on the soil
Aq. Additional stress in the column

Column are made of compressible material

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:

Layer n® Zsup Z inf M /M A(1/1) T corrected f(V 5T corrected) B4 Aq, Aq.
(m) (m) () () (%) () ) (kPa) __ (kPa)
1 11 1.1 8.3 0.58 6.4% 1.57 1.3 116.4 625.3
2 11 1.2 8.3 0.58 6.4% 1.57 1.3 116.4 625.3
3 1.2 1.2 8.3 0.58 6.4% 1.57 1.3 116.4 625.3
4 1.2 1.3 8.3 0.58 6.4% 1.57 1.3 116.4 625.3
5 1.3 1.3 8.3 0.58 6.4% 1.57 1.3 116.4 625.3
6 1.3 1.3 8.3 0.58 6.4% 1.57 1.3 116.4 625.3
7 1.3 1.4 8.3 0.58 6.4% 1.57 1.3 116.4 625.3
8 1.4 1.4 8.3 0.58 6.4% 1.57 1.3 116.4 625.3
9 1.4 1.5 8.3 0.58 6.4% 1.57 1.3 116.4 625.3
10 1.5 1.5 8.3 0.58 6.4% 1.57 1.3 116.4 625.3
Notations
A(1/1) Increase of 1/1
T corrected Modified value of replacement ratio
Stress distribution per improved layer
f(vs, T )+ 1
The stress distribution ratio is: n= ﬂ = s “corrected 2
Aqs f(VSJTCOK‘I‘ECted) . Kac
Layer n° Zsup Zinf n 9co Aq. q. Aqcmx Checking against qso Aq, qs
(m) (m) () (kPa) (kPa) (kPa) (kPa) bulging failure (kPa)  (kPa)  (kPa)
1 1.1 1.1 5.5 20.2 625.3 645.5 800.0 OK 20.2 116.4 136.5
2 1.1 1.2 5.5 21.0 625.3 646.3 800.0 OK 20.9 116.4 137.2
3 1.2 1.2 5.5 21.8 625.3 647.1 800.0 OK 21.6 116.4 138.0
4 1.2 1.3 5.5 22.6 625.3 647.9 800.0 OK 22.3 116.4 138.7
5 1.3 1.3 5.5 234 625.3 648.7 800.0 OK 23.0 116.4 139.4
6 1.3 1.3 5.5 24.2 625.3 649.5 800.0 OK 23.8 116.4 140.1
7 1.3 1.4 5.5 25.0 625.3 650.3 800.0 OK 24.5 116.4 140.8
8 1.4 1.4 5.5 25.8 625.3 651.1 800.0 OK 25.2 116.4 141.6
9 1.4 1.5 5.5 26.6 625.3 651.9 800.0 OK 25.9 116.4 142.3
10 1.5 1.5 5.5 27.4 625.3 652.7 800.0 OK 26.6 116.4 143.0
Notations
Geo Initial effective vertical stress in the column Js0 Initial effective vertical stress in the soil
qc Final effective vertical stress in the column qs Final effective vertical stress in the soil
AQ ¢max Limit value as per DTU 13-2 (Fs = 2)
O
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Depth correction factor

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

1
= fy. fj=—+—— ith fq =1
B2 =f4.B1 and d oo with fq
14— Geo deo
Ko, "Aqe
- o ) M. Ags
The coefficient f 4 is limited by following formula: fd < —.—
M Aqc
o M
The settlement reduction ratio 8 , is limited by: Bz max = 1+t M— -1
s
Values of the settlement reduction ratio, step 3, are:
Layer n° Zsup Z jnf fq f g max fy B: B 2.max B2
(m) (m) (-) (-) (-) () () (-)
1 1.1 1.1 1.1 1.6 1.1 1.4 1.5 14
2 1.1 1.2 1.1 1.6 1.1 1.4 1.5 14
3 1.2 1.2 1.1 1.6 1.1 1.4 1.5 14
4 1.2 1.3 1.1 1.6 1.1 1.4 1.5 14
5 1.3 1.3 1.1 1.6 1.1 1.4 1.5 14
6 1.3 1.3 1.1 1.6 1.1 1.4 1.5 14
7 1.3 14 1.1 1.6 1.1 1.4 1.5 14
8 1.4 14 1.1 1.6 1.1 1.4 1.5 14
9 1.4 1.5 1.1 1.6 1.1 1.4 1.5 14
10 1.5 1.5 1.1 1.6 1.1 1.4 1.5 1.4
Settlement distribution per layer
Over the length of the columns
Layern° zsup Z inf sna Sa
(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 14 1.4 0.001 0.000 Notations
9 1.4 15 0.001 0.000 Sha Settlement of soil without soil improvement
10 1.5 1.5 0.001 0.000 Sa 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
Layern° zsup Zjnf sna
(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:

THE TOTAL SETTLEMENT OF THE SOIL UNDER AN UNIFORM LOAD IS

O
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25 cm

3.0 cm
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LOADING ON THE FOOTING

Settlement distribution

Over the length of the columns

This calculation is made by applying a new settlement reduction factor B s to the settlement of the soil improved by stone columns.
Priebe has given a diagram of B s values depending on the depth/diameter ratio z/@ . and number of Stone Columns n.

1
S RECTANGULAR FOOTING
0.9 |\ \ n=1600
n=1225
0.8
n=900
0.7 n=625
===n=400
0.6 —n=225
—=n=100
o 05 ——n=81
— =64
0.4 =49
—n=36
0.3 —=25
—n=16
0.2 ——n=9
— =4
0.1 —=1
0
0 5 10 15 20 25 30 35
Value of Z/Q,

40

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 ;,;
and the upper bound Z 5, of the concerned layer, with an average B, calculated over the thickness of this layer:

Aq

Sas(z) = m [(Bs)inf- Zinf — (Bs)sup- Zsup]

Layerne Z sup Zinf Zsup Zinf Zsup/ac Zinf/ac (ﬁs)sup (ﬁs)inf sa,s
(m) (m) (m) (m) ) () () () (m)
1 11 1.1 0.0 0.0 0.00 0.10 1.00 0.99 0.000
2 11 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
Zsup Depth of the top of the soil layer from the foundation base (Bs)sup Settlement reduction factor at the level of z
Zinf Depth of the bottom of the soil layer from the foundation base (Bs)inr Settlement reduction factor at the level of z
Sas Settlement of soil with soil improvement
Below the improved soil layers
z z; S
Layern° sup inf nas
(m) (m) (m)
1" 1.5 3.5 0.003
12 3.5 10.0 0.005

The settlement below the improved soil layers is:

TOTAL 0.008

0.8 cm

THE TOTAL SETTLEMENT OF THE SOIL BELOW THE FOOTING IS

1.2 cm

o
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STONE COLUMNS DESIGN FOR FOOTINGS

MenARD

Project name: Poyle pad @150kPa
4.5m x 4.5m pad (G)
Area of the rectangular footing: 4.50m x4.50m Footing loaded at AQ =3,037.5 kN
DESIGN AS PER PRIEBE METHOD
Presentation of the model and main calculation results
AQ = 3037.5kN
A'D" Y J" 10
X mmm e hy, Area of the footing = 20.25 m?
- Diameter of the columns = 0.4 m to 0.4 m
hc Soft soil
Total settlement = 1.3 cm
Njim Maximal stress within the columns = 621.1 kPa
Supporting soil
\ A I £
Bedrock
Description of Stone Columns reinforcement
Description of the footing
Type of footing: Rectangular
L 45 m Length of the footing d 12 m Embedment height
B 45 m Width of the footing Atooting 20.25 m? Area of the footing
Number of columns under the footing: 1
Description of the stone columns
A 1.84 m? Equivalent grid area of the columns Ye 20 kN /m3 Unit weight of the gravel
hc 03 m Length of the columns (0N 38 ° Friction angle of the gravel
Ec 50,000 kPa Young's modulus Kac 0.24 Coefficient of active earth pressure
V¢ 0.33 Poisson's coefficient KOc 0.38 Coefficient of earth pressure at rest
M. 75,000 kPa Oedometric modulus
Description of natural soil surrounding the columns
hw 15 m Depth of Ground Water Table
Priebe considers: Kos =1 with K o5 : coefficient of earth pressure at rest
Layern° zsup Z jnf Es Vs Ys Ms ac T pl*
(m) (m) (kPa) ) (kN/m*) (kPa) (m) (%) (kPa)
1 1.2 1.2 6,000 0.33 18 9,000 0.40 6.8% 400
2 1.2 1.3 6,000 0.33 18 9,000 0.40 6.8% 400
3 1.3 1.3 6,000 0.33 18 9,000 0.40 6.8% 400
4 1.3 1.3 6,000 0.33 18 9,000 0.40 6.8% 400
5 1.3 1.4 6,000 0.33 18 9,000 0.40 6.8% 400
6 1.4 1.4 6,000 0.33 18 9,000 0.40 6.8% 400
7 1.4 1.4 6,000 0.33 18 9,000 0.40 6.8% 400
8 1.4 1.4 6,000 0.33 18 9,000 0.40 6.8% 400
9 1.4 15 6,000 0.33 18 9,000 0.40 6.8% 400
10 1.5 15 6,000 0.33 18 9,000 0.40 6.8% 400
Description of natural soil below the columns
Piim 10.0 m Limit depth of model
z z, E v M
Layer n° sup inf s s s
(m) (m) (kPa) ) (kPa)
1 15 3.5 60,000 0.33 90,000
12 3.5 10.0 30,000 0.33 45,000
Notations
Zgyp Depth of the top of the soil layer Mg Oedometric modulus in the layer
Zjnf Depth of the bottom of the soil layer (28 Stone Columns' diameter
E Young's modulus in the layer T Replacement ratio
Vs Poisson's coefficient P Limit pressure in the layer
Ys Unit weight of the soil layer
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Loading description at SLS

AQ 3,038 kN Load applied at the footing base
Aq 150.0 kPa Pressure applied at the footing base

UNIFORM LOADING

Hypothesis: columns are not compressible

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

1
f(ve, 1) +5 1-vZ  (1-2v9)(1-1)
P AL B i oo 1) = : (-2
B=1+t f(vs, T)- Ka, 1 i (Ve D) 1—vg—2vZ" 1-2vs+1

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

Layern® Zoyp Zns fo(vs,T) Bo Aq, Aq. 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 Aq
3 1.3 1.3 1.55 1.3 114.4 636.2 Bo = H
4 1.3 1.3 1.55 1.3 114.4 636.2 s
5 1.3 1.4 1.55 1.3 114.4 636.2
6 14 1.4 1.55 1.3 114.4 636.2
7 1.4 1.4 1.55 13 114.4 636.2 Aq =t.Aqc + (1 —1).Aqs
8 14 1.4 1.55 1.3 114.4 636.2
9 14 1.5 1.55 1.3 114.4 636.2
10 1.5 1.5 1.55 1.3 114.4 636.2

Notations

Aq Additional stress on the soil

Aq. Additional stress in the column

Column are made of compressible material

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:

Layer n® Zsup Z inf M /M A(1/1) T corrected f(V 5T corrected) B4 Aq, Aq.
(m) (m) () () (%) () ) (kPa) __(kPa)
1 1.2 1.2 8.3 0.58 6.6% 1.56 1.3 1156.5 621.1
2 1.2 1.3 8.3 0.58 6.6% 1.56 1.3 1156.5 621.1
3 1.3 1.3 8.3 0.58 6.6% 1.56 1.3 1156.5 621.1
4 1.3 1.3 8.3 0.58 6.6% 1.56 1.3 1156.5 621.1
5 1.3 1.4 8.3 0.58 6.6% 1.56 1.3 1156.5 621.1
6 1.4 1.4 8.3 0.58 6.6% 1.56 1.3 1156.5 621.1
7 1.4 1.4 8.3 0.58 6.6% 1.56 1.3 1156.5 621.1
8 1.4 1.4 8.3 0.58 6.6% 1.56 1.3 1156.5 621.1
9 1.4 1.5 8.3 0.58 6.6% 1.56 1.3 1156.5 621.1
10 1.5 1.5 8.3 0.58 6.6% 1.56 1.3 115.5 621.1
Notations
A(1/1) Increase of 1/1
T corrected Modified value of replacement ratio
Stress distribution per improved layer
f(vs, T )+ 1
The stress distribution ratio is: n= ﬂ = s “corrected 2
Aqs f(VSJTcorrected) . Kac
Layer n° Zsup Zinf n 9co Aq. q. Aqcmx Checking against qso Aq, qs
(m) (m) () (kPa) (kPa) (kPa) (kPa) bulging failure (kPa)  (kPa)  (kPa)
1 1.2 1.2 5.6 21.9 621.1 643.0 800.0 OK 21.9 116.5 137.4
2 1.2 1.3 5.6 22,5 621.1 643.6 800.0 OK 22.4 115.5 137.9
3 1.3 1.3 5.6 231 621.1 644.2 800.0 OK 23.0 115.5 138.4
4 1.3 1.3 5.6 23.7 621.1 644.8 800.0 OK 23.5 115.5 139.0
5 1.3 1.4 5.6 24.3 621.1 645.4 800.0 OK 24.0 115.5 139.5
6 1.4 1.4 5.6 24.9 621.1 646.0 800.0 OK 24.6 115.5 140.1
7 14 1.4 5.6 25.5 621.1 646.6 800.0 OK 25.1 115.5 140.6
8 1.4 1.4 5.6 26.1 621.1 647.2 800.0 OK 257 115.5 141.1
9 1.4 1.5 5.6 26.7 621.1 647.8 800.0 OK 26.2 115.5 141.7
10 1.5 1.5 5.6 27.3 621.1 648.4 800.0 OK 26.7 115.5 142.2
Notations
Geo Initial effective vertical stress in the column Js0 Initial effective vertical stress in the soil
qc Final effective vertical stress in the column qs Final effective vertical stress in the soil
AQ ¢max Limit value as per DTU 13-2 (Fs = 2)
O
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Depth correction factor

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

1
= fy. fj=—+—— ith fq =1
B2 =f4.B1 and d oo with fq
14— Geo deo
Ko, "Aqe
- o ) M. Ags
The coefficient f 4 is limited by following formula: fd <—.—
M Aqc
o M
The settlement reduction ratio 8 , is limited by: Bz max = 1+t M— -1
s
Values of the settlement reduction ratio, step 3, are:
Layer n° Zsup Z jnf fq f g max fy B: B 2.max B2
(m) (m) (-) (-) (-) () () (-)
1 1.2 1.2 1.1 1.5 1.1 1.4 1.5 14
2 1.2 1.3 1.1 1.5 1.1 1.4 1.5 14
3 1.3 1.3 1.1 1.5 1.1 1.4 1.5 14
4 1.3 1.3 1.1 1.5 1.1 1.4 1.5 14
5 1.3 14 1.1 1.5 1.1 1.4 1.5 14
6 1.4 14 1.1 1.5 1.1 1.4 1.5 14
7 1.4 14 1.1 1.5 1.1 1.4 1.5 14
8 1.4 14 1.1 1.5 1.1 1.4 1.5 14
9 1.4 1.5 1.1 1.5 1.1 1.4 1.5 14
10 1.5 1.5 1.1 1.5 1.1 1.4 1.5 1.4
Settlement distribution per layer
Over the length of the columns
Layern° zsup Z inf sna Sa
(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 14 1.4 0.001 0.000
7 14 1.4 0.001 0.000
8 14 1.4 0.001 0.000 Notations
9 1.4 15 0.001 0.000 Sha Settlement of soil without soil improvement
10 1.5 1.5 0.001 0.000 Sa 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
Layern° zsup Zjnf sna
(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:

THE TOTAL SETTLEMENT OF THE SOIL UNDER AN UNIFORM LOAD IS

O
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25 cm

29 cm
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LOADING ON THE FOOTING

Settlement distribution

Over the length of the columns

This calculation is made by applying a new settlement reduction factor B s to the settlement of the soil improved by stone columns.
Priebe has given a diagram of B s values depending on the depth/diameter ratio z/@ . and number of Stone Columns n.

1
S RECTANGULAR FOOTING
0.9 |\ \ n=1600
n=1225
0.8
n=900
0.7 n=625
===n=400
0.6 —n=225
—=n=100
o 05 ——n=81
— =64
0.4 =49
—n=36
0.3 —=25
—n=16
0.2 ——n=9
— =4
0.1 —=1
0
0 5 10 15 20 25 30 35
Value of Z/Q,

40

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 ;,;
and the upper bound Z 5, of the concerned layer, with an average B, calculated over the thickness of this layer:

Aq

Sas(z) = m [(Bs)inf- Zinf — (Bs)sup- Zsup]

Layerne Z sup Zinf Zsup Zinf Zsup/ac Zinf/ac (ﬁs)sup (ﬁs)inf sa,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 14 0.1 0.2 0.30 0.38 0.97 0.97 0.000
6 1.4 14 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
Zsup Depth of the top of the soil layer from the foundation base (Bs)sup Settlement reduction factor at the level of z
Zinf Depth of the bottom of the soil layer from the foundation base (Bs)inr Settlement reduction factor at the level of z
Sas Settlement of soil with soil improvement
Below the improved soil layers
z z; S
Layern° sup inf nas
(m) (m) (m)
1" 1.5 3.5 0.003
12 3.5 10.0 0.006

The settlement below the improved soil layers is:

TOTAL 0.009

0.9 cm

THE TOTAL SETTLEMENT OF THE SOIL BELOW THE FOOTING IS

1.3 cm
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STONE COLUMNS DESIGN FOR FOOTINGS menARD

Project name: Poyle pad @150kPa
4.4m x 4.4m pad (C)
Area of the rectangular footing: 4.00m x4.00m Footing loaded at AQ =2,400.0 kN

DESIGN AS PER PRIEBE METHOD

Presentation of the model and main calculation results

AQ = 2400 kN
A'D" Y J" 10
X mmm e hy, Area of the footing = 16 m?
- Diameter of the columns = 0.4 m to 0.4 m
hc Soft soil
Total settlement = 1.2cm
Njim Maximal stress within the columns = 631.8 kPa
Supporting soil
\ A .7
Bedrock
Description of Stone Columns reinforcement
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 Atooting 16 m? Area of the footing
Number of columns under the footing: 8

Description of the stone columns

A 2.00 m? Equivalent grid area of the columns Ye 20 kN/m® Unit weight of the gravel

he 03 m Length of the columns Pc 38 ° Friction angle of the gravel

E. 50,000 kPa Young's modulus Ka, 0.24 Coefficient of active earth pressure
Ve 0.33 Poisson's coefficient Koo 0.38 Coefficient of earth pressure at rest
M. 75,000 kPa Oedometric modulus

Description of natural soil surrounding the columns

hw 15 m Depth of Ground Water Table
Priebe considers: Kos =1 with K o5 : coefficient of earth pressure at rest
Layern° zsup Z jnf Es Vs Ys Ms ac T pl*
(m) (m) (kPa) ) (kN/m*) (kPa) (m) (%) (kPa)
1 1.2 1.2 6,000 0.33 18 9,000 0.40 6.3% 400
2 1.2 1.3 6,000 0.33 18 9,000 0.40 6.3% 400
3 1.3 1.3 6,000 0.33 18 9,000 0.40 6.3% 400
4 1.3 1.3 6,000 0.33 18 9,000 0.40 6.3% 400
5 1.3 1.4 6,000 0.33 18 9,000 0.40 6.3% 400
6 1.4 1.4 6,000 0.33 18 9,000 0.40 6.3% 400
7 1.4 1.4 6,000 0.33 18 9,000 0.40 6.3% 400
8 1.4 1.4 6,000 0.33 18 9,000 0.40 6.3% 400
9 1.4 15 6,000 0.33 18 9,000 0.40 6.3% 400
10 1.5 15 6,000 0.33 18 9,000 0.40 6.3% 400

Description of natural soil below the columns

Piim 10.0 m Limit depth of model
Layerne Z sup Zinf Es Vs Ms
(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
Zgyp Depth of the top of the soil layer Mg Oedometric modulus in the layer
Zjnf Depth of the bottom of the soil layer (28 Stone Columns' diameter
E Young's modulus in the layer T Replacement ratio
Vs Poisson's coefficient P Limit pressure in the layer
Ys Unit weight of the soil layer
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Loading description at SLS

AQ 2,400 kN
Aq 150.0 kPa

Load applied at the footing base
Pressure applied at the footing base

UNIFORM LOADING

Hypothesis: columns are not compressible

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

1
f(vs, T) + 5 1-v2 (1-2v9H(1-71)
’ 2 ) _ s s
=l+1t\—0——"-7~=-1 With: f(ve, 1) = .
B f(vs, 0. Ky, s 1—vg—2vZ" 1-2vs+1
Values of the settlement reduction ratio, first step, are:
Layer n° Zsup Z g fo(vs,T) Bo Aq, Aq, 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 _ Aq
3 1.3 1.3 1.58 1.3 116.7 646.3 Bo = _Aq
4 1.3 1.3 1.58 1.3 116.7 646.3 s
5 1.3 1.4 1.58 1.3 116.7 646.3
6 14 1.4 1.58 1.3 116.7 646.3
7 1.4 1.4 1.58 13 116.7 646.3 Aq =t.Aqc + (1 —1).Aqs
8 14 1.4 1.58 1.3 116.7 646.3
9 14 1.5 1.58 1.3 116.7 646.3
10 1.5 1.5 1.58 1.3 116.7 646.3
Notations
Aq Additional stress on the soil
Aq. Additional stress in the column

Column are made of compressible material

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:

Layer n® Zsup Z inf M /M A(1/1) T corrected f(V 5T corrected) B4 Aq, Aq.
(m) (m) () () (%) () ) (kPa) __(kPa)
1 1.2 1.2 8.3 0.58 6.1% 1.59 1.3 17.7 631.8
2 1.2 1.3 8.3 0.58 6.1% 1.59 1.3 17.7 631.8
3 1.3 1.3 8.3 0.58 6.1% 1.59 1.3 17.7 631.8
4 1.3 1.3 8.3 0.58 6.1% 1.59 1.3 17.7 631.8
5 1.3 1.4 8.3 0.58 6.1% 1.59 1.3 17.7 631.8
6 1.4 1.4 8.3 0.58 6.1% 1.59 1.3 17.7 631.8
7 1.4 1.4 8.3 0.58 6.1% 1.59 1.3 17.7 631.8
8 1.4 1.4 8.3 0.58 6.1% 1.59 1.3 17.7 631.8
9 1.4 1.5 8.3 0.58 6.1% 1.59 1.3 17.7 631.8
10 1.5 1.5 8.3 0.58 6.1% 1.59 1.3 117.7 631.8
Notations
A(1/1) Increase of 1/1
T corrected Modified value of replacement ratio
Stress distribution per improved layer
f(vs, T )+ 1
The stress distribution ratio is: n= ﬂ = s “corrected 2
Aqs f(VSJTcorrected) . Kac
Layer n° Zsup Zinf n 9co Aq. q. Aqcmx Checking against qso Aq, qs
(m) (m) () (kPa) (kPa) (kPa) (kPa) bulging failure (kPa)  (kPa)  (kPa)
1 1.2 1.2 5.5 21.9 631.8 653.7 800.0 OK 21.9 177 139.6
2 1.2 1.3 5.5 22,5 631.8 654.3 800.0 OK 22.4 177 140.1
3 1.3 1.3 5.5 231 631.8 654.9 800.0 OK 23.0 177 140.6
4 1.3 1.3 5.5 23.7 631.8 655.5 800.0 OK 23.5 177 141.2
5 1.3 1.4 5.5 24.3 631.8 656.1 800.0 OK 24.0 177 141.7
6 1.4 1.4 5.5 24.9 631.8 656.7 800.0 OK 24.6 177 142.3
7 14 1.4 5.5 25.5 631.8 657.3 800.0 OK 25.1 177 142.8
8 1.4 1.4 5.5 26.1 631.8 657.9 800.0 OK 257 177 143.3
9 1.4 1.5 5.5 26.7 631.8 658.5 800.0 OK 26.2 177 143.9
10 1.5 1.5 5.5 27.3 631.8 659.1 800.0 OK 26.7 117.7 144.4
Notations
Geo Initial effective vertical stress in the column Js0 Initial effective vertical stress in the soil
qc Final effective vertical stress in the column qs Final effective vertical stress in the soil
AQ ¢max Limit value as per DTU 13-2 (Fs = 2)
O
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Depth correction factor

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

1
= fy. fj=—+—— ith fq =1
B2 =f4.B1 and d oo with fq
14— Geo deo
Ko, "Aqe
- o ) M. Ags
The coefficient f 4 is limited by following formula: fd <—.—
M Aqc
o M
The settlement reduction ratio 8 , is limited by: Bz max = 1+t M— -1
s
Values of the settlement reduction ratio, step 3, are:
Layer n° Zsup Z jnf fq f g max fy B: B 2.max B2
(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 14
3 1.3 1.3 1.1 1.6 1.1 1.4 1.5 14
4 1.3 1.3 1.1 1.6 1.1 1.4 1.5 14
5 1.3 14 1.1 1.6 1.1 1.4 1.5 14
6 1.4 14 1.1 1.6 1.1 1.4 1.5 14
7 1.4 14 1.1 1.6 1.1 1.4 1.5 14
8 1.4 14 1.1 1.6 1.1 1.4 1.5 14
9 1.4 1.5 1.1 1.6 1.1 1.4 1.5 14
10 1.5 1.5 1.1 1.6 1.1 1.4 1.5 1.4
Settlement distribution per layer
Over the length of the columns
Layern° zsup Z inf sna Sa
(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 14 1.4 0.001 0.000
7 14 1.4 0.001 0.000
8 14 1.4 0.001 0.000 Notations
9 1.4 15 0.001 0.000 Sha Settlement of soil without soil improvement
10 1.5 1.5 0.001 0.000 Sa 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
Layern° zsup Zjnf sna
(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:

THE TOTAL SETTLEMENT OF THE SOIL UNDER AN UNIFORM LOAD IS

O
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25 cm

29 cm
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LOADING ON THE FOOTING

Settlement distribution

Over the length of the columns

This calculation is made by applying a new settlement reduction factor B s to the settlement of the soil improved by stone columns.
Priebe has given a diagram of B s values depending on the depth/diameter ratio z/@ . and number of Stone Columns n.

1
S RECTANGULAR FOOTING
0.9 |\ \ n=1600
n=1225
0.8
n=900
0.7 n=625
===n=400
0.6 —n=225
—=n=100
o 05 ——n=81
— =64
0.4 =49
—n=36
0.3 —=25
—n=16
0.2 ——n=9
— =4
0.1 —=1
0
0 5 10 15 20 25 30 35
Value of Z/Q,

40

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 ;,;
and the upper bound Z 5, of the concerned layer, with an average B, calculated over the thickness of this layer:

Aq

Sas(z) = m [(Bs)inf- Zinf — (Bs)sup- Zsup]

Layerne Z sup Zinf Zsup Zinf Zsup/ac Zinf/ac (ﬁs)sup (ﬁs)inf sa,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 14 0.1 0.2 0.30 0.38 0.97 0.96 0.000
6 1.4 14 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
Zsup Depth of the top of the soil layer from the foundation base (Bs)sup Settlement reduction factor at the level of z
Zinf Depth of the bottom of the soil layer from the foundation base (Bs)inr Settlement reduction factor at the level of z
Sas Settlement of soil with soil improvement
Below the improved soil layers
z z; S
Layern° sup inf nas
(m) (m) (m)
1" 1.5 3.5 0.003
12 3.5 10.0 0.005

The settlement below the improved soil layers is:

TOTAL 0.008

0.8 cm

THE TOTAL SETTLEMENT OF THE SOIL BELOW THE FOOTING IS

1.2 cm

@
9 menARD

Page 4 of 4



@ MEenARD

Ground improvement by VSC
12/12

APPENDIX 2: DETAILED CALCULATIONS BENEATH THE SLABS

V29669 Design Report / Poyle, Horton Road
Revision A Date: 13/02/2024

www.menard.co.uk

Contact: jake.taylor-rooney@menard.co.uk

@ mMenARD

ooooo

ooooo

-----

-----

-----

.....


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

STONE COLUMNS DESIGN FOR SLAB-ON-GRADE AND SPREAD LOADS

@ MenARD

Project name: Poyle
50 kPa grid 3 x 3
Stone Columns’ grid area: 9 m? Load: Aq = 50.0 kPa
DESIGN AS PER PRIEBE METHOD
Presentation of the model and main calculation results
Aqg =50 kPa
r o I ol oA [ o 33 ) sy "
o A 5 o ihw Area of the SC grid = 9m
hc " " - " & Diameter of the columns = 0.4m to 04m

" ) | " "

il S s

A E 5 ) i Total settlement = 1.6 cm

Piim il 2 o o
- Maximal stress within the columns = 249.8 kPa
Supporting soil
y_ _-Xz
Bedrock
Description of Stone Columns

he 1.5 m Column's depth
Grid dimensions
A 9 m? Grid's area
D 3.00 m Distance Centre to Centre - square grid

Description of the material in the columns

E. 50,000 kPa Young's modulus @c 38 ° Friction angle
V¢ 0.33 Poisson's coefficient Ka, 0.24 Coefficient of active earth pressure
M, 75,000 kPa Oedometric modulus Koc 0.38 Coefficient of earth pressure at rest
Ye 20 kN/m® Unit weight of compacted gravel
Description of natural soil surrounding the columns
hy 15 m Depth of Ground Water Table
Priebe considers: Kos =1 with K o5 : coefficient of earth pressure at rest
Layern° zsllp Z jnf Es Vs Ys Ms ac Ac T pl*
(m) (m) (kPa) ) (kN/m°®) (kPa) (m) (m’?) (%) (kPa)
1 0.0 0.2 6,000 0.33 18 8,890 0.40 0.13 1.4% 500
2 0.2 0.3 6,000 0.33 18 8,890 0.40 0.13 1.4% 500
3 0.3 0.5 6,000 0.33 18 8,890 0.40 0.13 1.4% 500
4 0.5 0.6 6,000 0.33 18 8,890 0.40 0.13 1.4% 500
5 0.6 0.8 6,000 0.33 18 8,890 0.40 0.13 1.4% 500
6 0.8 0.9 6,000 0.33 18 8,890 0.40 0.13 1.4% 400
7 0.9 1.1 6,000 0.33 18 8,890 0.40 0.13 1.4% 400
8 1.1 1.2 6,000 0.33 18 8,890 0.40 0.13 1.4% 400
9 1.2 14 6,000 0.33 18 8,890  0.40 0.13 1.4% 400
10 1.4 1.5 6,000 0.33 18 8,890 0.40 0.13 1.4% 400
Description of natural soil below the columns
Piim 10.0 m Limit depth of model
Layer n° Zsup Zjnf Es Vs Ms
(m) (m) (kPa) () (kPa)
11 1.5 3.5 60,000 0.33 88,899
12 35 10.0 30,000 0.33 44,449
Notations
Zsup Depth of the top of the layer D, Column's diameter
Zjnf depth of the bottom of the layer A Column's area
E, Young's modulus in the layer T Replacement ratio
Vs Poisson's coefficient p* Limit pressure in the layer
Ys Unit weight of the soil
Mg Oedometric modulus in the layer

Loading description

Aq 50 kPa Uniform spread load



Hypothesis: columns are not compressible

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

1
fvs, D) +5 fvo D) — vg? 1-2v) -(1-1)
=14+ 1|l—-2=r-1 With : Vs, T) = .
B f(vs, D) - Ka, 1— vg—2.v? 1-2vs+1
Values of the settlement reduction ratio, first step, are:
Layer n° Zsup Zinf fo(vs,T) Bo Aq, Aq, Stress in soil and columns is
(m) (m) () (-) (kPa) (kPa) assessed using the following formula:
1 0.0 0.2 1.87 1.1 471 251.3
2 0.2 0.3 1.87 1.1 471 251.3 Aq
3 0.3 0.5 1.87 1.1 47.1 251.3 Bo = 2
4 0.5 0.6 1.87 1.1 471 251.3 ds
5 0.6 0.8 1.87 1.1 471 251.3
6 0.8 0.9 1.87 1.1 471 251.3
7 0.9 1.1 1.87 1.1 47.1 251.3 Aq = T.Aqc + (1 — 7). Aqgs
8 1.1 1.2 1.87 1.1 471 251.3
9 1.2 1.4 1.87 1.1 471 251.3
10 1.4 1.5 1.87 1.1 471 251.3
Notations
Aq s Additional stress on the soil
Aq Additional stress in the column

Column are made of compressible material

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:

Layer n° Z sup Zjnf m c /Ms 4(1/7) T corrected f(Vs ;T correcred) ﬁ 1 Aq s Aq c
(m) (m) () (-) (%) (-) () (kPa)  (kPa)
1 0.0 0.2 8.4 0.57 1.4% 1.87 1.1 47.2 249.8
2 0.2 0.3 8.4 0.57 1.4% 1.87 1.1 47.2 249.8
3 0.3 0.5 8.4 0.57 1.4% 1.87 1.1 47.2 249.8
4 0.5 0.6 8.4 0.57 1.4% 1.87 1.1 47.2 249.8
5 0.6 0.8 8.4 0.57 1.4% 1.87 1.1 47.2 249.8
6 0.8 0.9 8.4 0.57 1.4% 1.87 1.1 47.2 249.8
7 0.9 1.1 8.4 0.57 1.4% 1.87 1.1 47.2 249.8
8 1.1 1.2 8.4 0.57 1.4% 1.87 1.1 47.2 249.8
9 1.2 1.4 8.4 0.57 1.4% 1.87 1.1 47.2 249.8
10 1.4 1.5 8.4 0.57 1.4% 1.87 1.1 47.2 249.8
Notations
A(1/1) Increase of 1/ 1
T corrected Modified value of replacement ratio
Stress distribution per improved layer
1
Aqc f(vs, Teorrected) + 7
The stress distribution ratio is: n=-—=
Aqs (Vs Teorrected) * Ka,
Layer n° Zsup Zinf n 9co Aq. 9.  AQ.max Checking against qso Aq, qs
(m) (m) (-) (kPa) (kPa) (kPa) (kPa) bulging failure (kPa) (kPa) (kPa)
1 0.0 0.2 53 1.6 249.8 251.4 800.0 OK 1.4 47.2 48.6
2 0.2 0.3 5.3 4.8 249.8 254.6 800.0 OK 4.3 47.2 51.5
3 0.3 0.5 53 8.0 249.8 257.8 800.0 OK 7.2 47.2 54.4
4 0.5 0.6 5.3 11.2 249.8 261.0 800.0 OK 10.1 47.2 57.3
5 0.6 0.8 53 14.4 249.8 264.2 800.0 OK 13.0 47.2 60.1
6 0.8 0.9 5.3 17.4 249.8 267.2 800.0 OK 15.7 47.2 62.8
7 0.9 1.1 53 20.2 249.8 270.0 800.0 OK 18.2 47.2 65.4
8 1.1 1.2 5.3 23.0 249.8 272.8 800.0 OK 20.7 47.2 67.9
9 1.2 1.4 53 25.8 249.8 275.6 800.0 OK 23.2 47.2 70.4
10 1.4 1.5 5.3 28.6 249.8 278.4 800.0 OK 25.7 47.2 72.9
Notations
Qco Initial effective vertical stress in the column Jso Initial effective vertical stress in the soil
qc Final effective vertical stress in the column qs Final effective vertical stress in the soil
AQ ¢ max Limit value as per DTU 13-2 (Fs = 2)
@ MEeNnARD
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Depth factor

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

1 with fg =1
Br=faq - Bs and fq = q
s,0
KOC -
1+ 9co  9co
Koc Aqc
. o ) ) M. Aqgs
The coefficient f 4 is limited by following formula: fg <—-
M; Aqc
M,
The settlement reduction ratio B , is limited by: [}2 max = 1+ t. M_ -1
s
Values of the settlement reduction ratio, step 3, are:
Layer n° Zsup Z inf fy f o, max fq B2 B 2max B2
(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
Settlement distribution per layer
Over the length of the columns
Layern° zsup Zjnf sna sa
(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 Sha 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, 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: il
Total settlement of the improved soil: 0.8 cm
Below the improved soil layers
Layern° zsup Zjnf sna
(m) (m) (m)
11 1.5 35 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

Page 3 of 3



Ref Ne: VM/FORM/4024

Issue Date: 08/01/18

Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
L T T N L P9le | Contract Numben | 6726 |
[\Hlogizoay | bay: [woens |

Date: Week Ending: mm

Rig No: Operator: Lo OB vl Supervisor: L*G’-](UZP

Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
Reference (m) Used (T) (amps / bar) obstructions, delays, variation of stone consumption)

‘
‘
‘
‘
s
‘
‘
‘
‘
‘
‘
‘
‘
‘
‘
‘
‘
‘
‘
‘
‘
‘
‘
‘

‘
§

w24 [30F ‘
Running Total h‘) 56 [0(3,2 %
Pre - Auger used on site for above date: YES NO'} Chargeable Standing Time: l _l

(

This is a true record of work carried out,

Vibro Menard Name: Z@E_ &lﬁm Signature: éza.g
Client Name: 4% Signature: %

Prepared By Reviewed By




VIBRO

Business Management System

Ref Ne: VM/FORM/4024

MenARD Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: \ of | Contract Name: rPo\-[ L Contract Number: | 672&
Date: | |} [0y [zo2y Day: | LoEQNS Week Ending: |14 (u(aq
Rig No: | AT T™M\% Operator: [L0- LB L=l supervisor: | L-(arn7
No Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
’ Reference (m) Used (T) | (amps / bar) obstructions, delays, variation of stone consumption)

1 LTy \-
2 Led i-Z
3 T =2
4 Yol o
5 200 =2
6 20| bee
7 3o )2
8 %, -2
9 g 1T
10 39 'z
11 822 [ -t
12 34% =L
13 349 -2
14 JSE 1-Z
15 Y15 =2
16 Loy -2
17 L2s -z
18 213 Jus
19 3L -2
20 iy 2
21 234 -z
22 243 -2
23 25| -7
24 gy | |2
25 2%2 1L
26 2¥5 -2
27 27973 -2
28 215 -2
29 2F Y% 1 ¢
30

Totals 29 34§

Running Total f{)é% |OCiZ‘€§
Pre - Auger used on site for above date: Y@} Chargeable Standing Time: |

This is a true record of work carried out.

Vibro Menard Name: Z(:‘?Z &IE.TEZ_

Client Name:

4o,

Signature: 7%:6&
Signature: %/—\

Issue

Page(sf

Revision Description

Prepared By

Reviewed By

02

01

Current

David Rickson

Marc Evans




—

Business Management System

Ref Ne: VM/FORM/4024

VIBRO
MenARD Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: i of Contract Name: PO\} e Contract Number: | (F 2{
Date: ||© /oq f'LC)'Lk.f Day: /GESOQ'Y Week Ending: | |9 /Cq Jou
RigNo: | AT Tm 3 Operator: [(x iAW Z. Supervisor: (L. - (azzadl
- Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
' Reference (m) Used (T) | (amps / bar) obstructions, delays, variation of stone consumption)
1 ol [O0°¥%
2 toly 0%
3 icvZ 6 <
4 10173 (5301
5 oy 0K
6 ici¥ C¥
7 iole C-¥
8 ie\t o %
9 1o(% 0¥«
10 ety o%
11 oo 0%
12 =X8 o ¥
13 (o2t 0
14 o273 0%
15 1036 |0 %
16 103+ | o-%
17 (03% 0%
18 (349 o'y
19 o4O 0-%
20 o4 Ry
21 042 |ox
22 (cu3 |o%
23 ic4y o %
24 louS |[O§
25 loub [0-%
26 1% Cc¥
27 loy% 68
28 lou4 o8
29 lese o%
30 oS! _log
Totals 320 PN
Running Total | %§% S %91-6
Pre - Auger used on site for above date: ( YESB NO Chargeable Standing Time: |

This is a true record of work carried out.

Vibro Menard

Name: Z &@7&

Client Name: {/% Cﬂ%

Signature: K‘:é_h—;‘%
Signature: %

Issue

Page(s)

Revision Description

Prepared By

Reviewed By

02

01

Current

David Rickson

Marc Evans




Business Management System

Ref Ne: VM/FORM/4024

m\gﬁign Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: f?_ of Contract Name: Po\ﬂ LE Contract Number: _E, 726
pate: | 1 fo4 [2004 Day: | A TLES 0AY Week Ending: | {4 fou J2¢
RigNo: | AGT Tim 1 Operator: | L3 - o QG Supervisor: |/ - GQ&Z'\/L
No Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
' Reference (m) Used (T) | (amps [/ bar) obstructions, delays, variation of stone consumption)
1 \105Z c¥%
2 1053 o
3 icsY o
4 (o585 |OX
5 joSE 0-%
6 (es# 0%
7 (0S¥ |O°%
8 1059 0¥
9 \S7H -0
10 \S % o
11 163 1-0
12 6% | i-©
13 6§ \-o
14 (3L |-o
15 133 =)
16 1T+ 3 -
17 |3¥ -G
18 | &) -6
19 | 5 2 &
20 %3 (b
21 is? |- &
22 k-2’3 ()
23 {59 -&
24 i%1 V&
25 9% (-6
26 a4 (-&
27 2c0 (&
28 230 &
29 223 (&
30 23% &
Totals % O 3?— e g
Running Total c‘ | Y C“'[_c"'
Pre - Auger used on site for above date: YES / NO Chaz&eable Standing Time: I

This is a true record of work carried out.

Vibro Menard Name: [ CM"{&

Signature: é‘:@\

Client Name: CQW Signature: é%/’_
Issue Page(s) Revision Description Prepared By Reviewed By
02 01 Current David Rickson Marc Evans




Business Management System

Ref Ne: VM/FORM/4024

m\ggggn Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: 3 of Contract Name: Pg ViLE Contract Number: é:?'lé
Date: |6 foy [2024 Day: L TuesSod Yy Week Ending: | [§ /q,/zl,p
RigNo: | AT Tm \= Operator: [Lo- LA ol Supervisor: |[ - GaRzeR/
NG Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
’ Reference (m) Used (T) | (amps / bar) obstructions, delays, variation of stone consumption)
1 239 A
2 246 \-&
3 20 &
+ 261 VG
5 230 (N2
6 27\ [l¢
7 21L | -6
8 Z35 l-&
9 21C %
10 23 % (-6
11 239 [
12 280 L-C
13 2.9) -G
14 Eﬁ
15 | g
16 255
17 e
18| 3
19 L8y 0%
20 216 L-©
21 31S (-
22 R3L [(-o
23 235 - &
24 ot {-O
25 33 L-©
26 263 i-o
27 323 [-©
28 34§ (o
29 3% i<
30 33Y 1 -©
Totals 2 & 2L . b
Running Total Ci 4 \ q bl L

Pre - Auger used on site for above date:

YES / NO

Chargeable Standing Time:

This is a true record of work carried out.

Vibro Menard Name: ZEE/GI 2L

Signatu%’%” -

Client Name: Signature: ,é
/('Xag; c‘,oﬁ[? =
Issue Page(s) Revision Description Prepared By Reviewed By
02 01 Current David Rickson Marc Evans




g . Ref Ne: VM/FORM/4024
il Business Management System
SNARD Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
sheet No: L of & Contract Name: Po\] = Contract Number:
Date: || (o [c /‘2_07_1_., Day: 43:’5()&1 Week Ending:
Rig No: A&I EITEES Operator: |{(A): LN AwWCEST Supervisor:
No Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
’ Reference (m) Used (T) | (amps / bar) obstructions, delays, variation of stone consumption)
1 W6 \ e
2 a3 o
3 Lo+ o
4 209 i-o
5 30 4 I-o
6 3i0 (o
7 21 -6
8 203 (-
g 212 i-o
10 C4r Y (-0
11 225§ ()
12 239 i©
13 24 6 o
14 240 i-o
15 Sal vo
16 34} (-O
17 342 (N
18 Lo® \-©
19 TA% -0
20 o\ |-o
21 39 -0
22 Gl [
3 2%% i-0
24 2549 |-o
25 290 -0
6 226 -6
)7 327 (-0
)8 2TEHS (o
9 35t |(-©
30 35S o
tals 3O 4
ng Total q?l Clal I é

\uger used on site for above date:

YES / NO

Chargeable Standing Time:

, a true record of work carried out.

Menard Name: ZCE CJ‘“ZI@L

Signature: Z‘:é%

Name: M CD/% Signature: V%_/‘
Issue Page(s) Revision Description Prepared By Reviewed By
02 01 Current David Rickson Marc Evans

1 L LT ey

il



VIBRO

Business Management System

Ref Ne: VM/FORM/4024

menARD Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: 7— of F Contract Name: %\f (= Contract Number: 6 F6
pate: | |6 /oq‘- [2y Day: [ weESOA Y Week Ending: | [{ /o%[w
RigNo: | AR L T 13 Operator: | [ A0 ke Supervisor: | L. aq_.&&.
No. Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
Reference (m) Used (T) | (amps / bar) obstructions, delays, variation of stone consumption)
1 16 L%
2 156 -4
3 e T Iy
4 et |4
5 1+0 U4
6 LY |-
7 (F [
8
.
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
Totals v q4-5
Running Total [ ]34 [Og?;’l.

Pre - Auger used on site for above date:

YES / NO

Chargeable Standing Time:

This is a true record of work carried out.

Vibro Menard Name: /dﬁ @ffL

Client Name: M W

Signature: Z%‘é)
Signature: /

Issue

Page(s)

Revision Description

Prepared By

Reviewed By

02

01

Current

David Rickson

Marc Evans




©

Business Management System

Ref Ne: VM/FORM/4024

VIBRO
MenARD Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: | of Contract Name: PO jyLe Contract Number: | GF#2L
Date: 15/09 /102,q Day: [Mo~>D0nN Week Ending: || /eq.,i’..q
RigNo: |ART T \3 Operator: |() - ALl Supervisor: |f .((ar7el
No Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
’ Reference (m) Used (T) | (amps / bar) obstructions, delays, variation of stone consumption)

1 ¥3% 0%

2 34 o

3 835 o

4 354 O X

5 860 o -%

6 Fe | ° ¥

7 I5 |\ o T

8 ¥5Z O -F

9 53 o-%

10 4ot %

11 Yo% 0-6

12 qo9 0-&

13 q30 o -5

14 G\ =4

15 932 o6

16 Ase 0B

17 a f- © 6

18 sy 0

19 %3 0-6

20 sl o-6

21 A%s © L

22 oo (o 1

23 ico’d | Q8

24 oSG e G

25 829 e-C

26 %30 o-c

27 83 SL4

28 B32 o4

29 BSh o

30 §st+ o &

Totals 20 PLO
Running Total 6 SS é’l}{b S
Pre - Auger used on site for above date: @ES" NO Chargeable Standing Time: |

This is a true record of work carried out.

Vibro Menard Name: Z@r &Qr‘cﬁ

Client Name:

Signature: 2 5 ES e S
Signature: /Z“/f_—_d

Issue

Page(s)

Revision Description

Prepared By

Reviewed By

02

01

Current

David Rickson

Marc Evans




©

Business Management System

Ref Ne: VM/FORM/4024

VIBRO
MenARD Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: | "2 of Contract Name: PO\{ e Contract Number: | &F26
Date: tslgq. /-m“ Day: | Moy Week Ending: |9 ’DLJ-IZ,L,
RigNo: | AR T —T™M\3 Operator: | (A - LADABLLCIL supervisor: |[-(aex®.
No Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
’ Reference {m) Used (T) | (amps [ bar) obstructions, delays, variation of stone consumption)

1 BSE o=
2 BFY OB
3 8+ o.%
4 ¥FO @S
5 ¥a% o-%
6 TS 1 O-%
7 [03 o %
8 “o4 0¥
9 Qos OB
10 Soe c 3
11 Q26 0-2
12 q2? o-¥
13 q% 0%
14 229 0%
15 As5) 0%
16 9482 08
17 “4s3 0%
18 qsy o %
19 ass 6¥
20 AIE oy
21 A9 R
22 a30 0%
23 G| o
24 as2 O%
25 loot O'F
26 ¥36 o-¥
27 %37 O%
28 3% o%
29 §39 © %
30 S Lo o ¥

Totals 30 2%

Running Total 6 "65 éc‘q_. S
Pre - Auger used on site for above date: ( YESY NO Chargeable Standing Time: |

This is a true record of work carried out.

Vibro Menard Name: [EE' Qﬂd&
Ualf coffy

Client Name:

7
Signature: A &_.
Signature: _4/%"/—'

Issue

Page(s)

Revision Description

Prepared By

Reviewed By

02

01

Current

David Rickson

Marc Evans




©

Business Management System

Ref Ne: VM/FORM/4024

VIBRO
menARD Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: | 3 of Contract Name: Po\[ LE Contract Number: | (b F2L
Date: lg{oq /‘2.;32,;;_—. Day: | Mo DAY Week Ending: || /04/2021.,'
Rig No: | ART T3 Operator: [ (A - oA ULl Supervisor: L-szﬁ[_
No Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
' Reference (m) Used (T) | (amps / bar) obstructions, delays, variation of stone consumption)

1 Tl o6
2 FWT |66
3 HeT oL
4 %S 66
5 et 06
6 ®ey G-
7 Bt |06
8 FES ©-6
9 8Ke 06
10 -3 1 4 66
11 0o ©-7
12 AN 0 4%
13 AL o 7
14 9413 o ¥
15 433 o-L
6934 |0
17 435 0 F
18 A436 oL
19 4s4 oL
20 60 o7
21 6 o L
22 462 o
3 956 |o -+
24 4871 |o- %
25 98% o+
26 989 o F
27 100 o-1
28 Aol 6-F
29 QLly o F
0449 |oF

Totals B0 20

Running Total —"} \S q»\u. .S
Pre - Auger used on site for above date: ﬁEé}/ NO Chargeable Standing Time: I

This is a true record of work carried out.

Vibro Menard Name: lﬂ;&ﬂm

Client Name: %(ﬁ/éé CO{%

Signature: 2

LN

e Y

Signature: /é//_

Issue

Page(s)

Revision Desc

ription

Prepared By

Reviewed By

02

01

Current

David Rickson

Marc Evans




©

Business Management System

Ref Ne: VM/FORM/4024

VIBRO
menARD Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: | [y of Contract Name: | PoyjLé& Contract Number: |f, 2 &
Date: IS'{cq, /;2_:3 24 Day: | Moce0ay Week Ending: | |4 (Ou Ilq
Rig No: | ABT TM I Operator: | (= - LoALLL Supervisor: |/ -(iazz@.
No Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
’ Reference (m) Used (T) | (amps / bar) obstructions, delays, variation of stone consumption)
1 B |06
2 Fet oG
3 T O
4 64 [
5 1 (-6
6 ¥TFY lo-C
7 [ o6
8 =y s
9 T8 |0-G
10 ¥A o6
11 o2 o 6
12 Al ©0-6
13 [ o 6
14 E Y% 6
15 ais oG
16 Qe °© 6
17 9.3 -6
18 A% [o-6
v 919 |o-6
20 aQ20 o6
21 92, o6
22 q12 oG
23 925 o &
24 F00 -6
25 i 7Y c-¢
26 437 e-G
27 A3y c- 6
28 934 o6
29 A L0 c b
30 =Y 0 -&
Totals 20 | ¥
Running Total -} \-}£ 2225
=\
Pre - Auger used on site for above date: (YEQ) NO Chargeable Standing Time: [

This is a true record of work carried out.

Vibro Menard Name: ZEF QE:?'CL

1
Signature: A m

Client Name: /(/(dé{ (/ OW Signature: /%/’
Issue Page(s) Revision Description Prepared By Reviewed By
02 01 Current David Rickson Marc Evans




Business Management System

Ref Ne: VM/FORM/4024

m\ggign Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: S of Contract Name: R}\ILE‘ Contract Number: 63}-2_6
Date: {5 [ou /ZQ'Lq, Day: | MowdNBY Week Ending: |(9 ,t.,./?_j.r
RigNo: |[4ST T3 Operator: | (N~ supervisor: | L ~CACz&
No Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
: Reference (m) Used (T) | (amps / bar) obstructions, delays, variation of stone consumption)
1 97  |o%
2 Aus O 1
3 ALl o3
4 [auws  [og
5 Aut |01
6 At e
7 qe¥¢ o3
8 G50 |o ¢
9 465 0-1
10 A6y |[O%
11 qes o-F
2 966 |07F
13 aet o-F
14 ey |0 F
15 A |0-%
16 Q30 |[o%
17 K| o4
18 Qe o-F
19 1313 |03
20 Q3 | o7
21 9415 o ¥
22 436 o-7
23 ar¥* o+
24 qao o 7
25 A | of
% 492 [o%
27 93 0%
28 994 |07
29 aas ot
30 AL o3
Totals =20 2 \
Running Total '-? 45 '?- S3°S
Pre - Auger used on site for above date: (YES%NO Chargeable Standing Time: |
~

This is a true record of work carried out.

Vibro Menard Name: ZC’E’_ Czﬂ‘f-ﬂ

Client Name: ﬂi{cf/% CG’W

Signature: [\ M

Signature: \/c/ S :

<

Issue

Page(s)

Revision Description

Prepared By

Reviewed By

02

01

Current

David Rickson

Marc Evans




Business Management System

Ref Ne: VM/FORM/4024

VIBRO
menARrRD Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: G of ¥ Contract Name: Po\{ LE Contract Number: G s *ZC_,
Date: foq /ZOQ-LF pay: | Mo MOAY Week Ending: | {9 /L’! /7_}{'
Rig No: |ART M3 Operator: |0 - (a3l supervisor: |[..(42T&
ko Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
: Reference (m) Used (T) | (amps / bar) obstructions, delays, variation of stone consumption)
1 QAa+ 06
2 q QI‘{ o (7
3633 o6
4 lococo G b
5 160 | 06
6 1A\ 66
7 oo s (ol
8 ico 9 o b
9 E2S 1-C
10 [ 2.0
11 150 2.0
12 sy |z-®©
13 lsS 2-©
14 136 2O
15 lac 2.0
16 219 e %
17 220 L-Ss
18 23S %
19 260 L%
20 26| i€
21 as 1%
22 19 b =%
23 224 L%
24 236 |-
25 237 -5
26 261 \ %
27 265 (-3
28 266 |
29 263 \ s
30 264 \ -
Totals 20 Gy g
Running Total S’OS F44-3
Pre - Auger used on site for above date: G?S?h NO Chargeable Standing Time: ]

This is a true record of work carried out.

Vibro Menard Name: ZE:E C;]—P_:ZE_

Client Name:

e Caf[ﬁ

Signature: Z .&5%_\
Signature: Jé%//—_,

Issue

Page(s)

Revision Description

Prepared By

Reviewed By

02

01

Current

David Rickson

Marc Evans




Business Management System

Ref No: VM/FORM/4024

m‘gﬁ:gn Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: | 3 of ¥ Contract Name: ?O\! Le Contract Number: | EF2E
Date: 15 [y f2024 Day: | Mow308 Y Week Ending: |(9 foy /25
Rig No: | BT TM\3 Operator: |0 LI LR Supervisor: |/ .Caezg
No Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
’ Reference (m) Used (T) | (amps / bar) obstructions, delays, variation of stone consumption)
1 233 [\-%
2 23 Y 1-%
3 192 V%
4 9% V¥
5 Lay L~ ®
6 21 - %
7 2\ 4 &
8 236 | |«
9 25% 1 &
10 2s5S \ - &
11 i\ {4
12 [2\2 &
13 2249 LY
14 252 [ 3
15 253 -9
16 AC 9 i-\
17 L0 |
18 22% \-1
19 2As0 -
20 25\ -
21 207 {2
22 20% (A
23 2273 \-Z
24 248 \-L
25 2449 et
26 05 i- 2
27 206 i-L
28 226 -
29 2l 1"
30 247 ks
Totals 20 Lo'§
Running Total %SS %39 e S
Pre - Auger used on site for above date: @5 NO Chargeable Standing Time: I

This is a true record of work carried out.

Vibro Menard Name: ZE'E" CZ;;U&_

/%éf wW

Client Name:

Signature: Z Z 5&? S =
Signature: V'

Issue

Page(s) v

Revision Description

Prepared By

Reviewed By

02

01

Current

David Rickson

Marc Evans




Business Management System

Ref Ne: VM/FORM/4024

VIBRO
menARD Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: 5 of ¥ Contract Name: APO\J Les Contract Number: 63}2 L
Date: |iS foq. [199_:_-,, Day: MD MNOAY Week Ending: | {G foq lz,q
RigNo: | R T T (13 Operator: | (O - LW AL AL Supervisor: | L- CA R
No Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
’ Reference (m) Used (T) | (amps / bar) obstructions, delays, variation of stone consumption)
1 ey |\
2 2% V-5
3 264 1-%
4 1036 | V-G
5 o33 o
6 fe32 %
7 1ogi oY
8 lo3c g
9 lo29 C
10 Lelg 0%
11 oLt o¥
12 icze &%
13 o2y o %
14 Loy c %
15 2o LY
16 20 % -4
17 229 -4
18 2y 4y |
19 245 - &
20 20\ -2
21 202 1-2
22 22 =2
23 2L -2
24 2y -2
25
26
27
28
29
30
Totals 2 L Y
Running Total %m ‘-62'/}‘ <
Pre - Auger used on site for above date: @ NO Chargeable Standing Time: |

This is a true record of work carried out.

Vibro Menard Name: Z& CA(ZI[&

Ul

Signature: Z_%%

Client Name; CO%’ Signature: %
Issue Page(s) Revision Description Prepared By Reviewed By
02 01 Current David Rickson Marc Evans




VIBRO

Business Management System

Ref Ne: VM/FORM/4024

MenARD Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: } of Contract Name: qu LE Contract Number: 6\724
Date: |\2- /oq [‘2,(..5. Day: [££2)3DAN Week Ending: ll/bq /—z‘_,'
Rig No: | A& T M3 Operator: | LD yA&A L+l Supervisor: L.('%—L(_
kio Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
' Reference (m) Used (T) | (amps / bar) obstructions, delays, variation of stone consumption)
1 1WA (o
2 B3 o<
3 G 0 'Y
4+ [%i1s  |oxw
5 15% 0¥
6 787 |o-%
7 F9¢ o %
8 |31 |ow
9 F6 | 0%
10 762 | o¥%
11 #35 |09
12 ey |o°¥
13 738 |e¥
14 7139 |ox
15 FGo =1
16 Zis &%
17 7Fié o %
18 [y |oy
19 |6%F |o%
20 6EY o '%
21 €89 oF
22 &90 0%
23 663 © %
24 66 og
25 665 | ow
26 666 o
27 63% 0¥
8 |39 |og
29 650 2
30 bul oy
Totals 20 2L
Running Total 53 8 5@0
Pre - Auger used o;-sge for above date: YES / NO Chargeable Standing Time: ]

This is a true record of work carried out.

Vibro Menard Name: Zc—_‘E’ G‘m

é&é% ¢ %%Z'

Client Name:

Signature: Zz:é%
Signature: _/ék/b/—

Issue

Page(s)

Revision Description

Prepared By

Reviewed By

02

01

Current

David Rickson

Marc Evans




Business Management System

Ref Ne: VM/FORM/4024

VIBRO
MmenARD Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: Z of Contract Name: Po\[ = Contract Number: 63—1@
Date: | |2 /Dq /Z.DZ..\-& Day: FO_\QQ\[ Week Ending: | yZ /oq. Iz,g.
Rig No: | ABT 7M1 Operator: | (5. Lo ALl supervisor: |- C4e AL,
tig Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
’ Reference (m) Used (T) | (amps / bar) obstructions, delays, variation of stone consumption)
1 ©l32 c-¥
2 Y™ oK
3 6ls Q%
4 591 0%
5 S9L  |e-%
6 9% oY
7 |se4 o
8 ses oY
9 566 |o%
10 S67 ¥
11 S6g &%
12 539 o'%
13 sS4 o %
14 Su | oY
15 S42L o8
16 S 3 0§
17 St SB
18 ST Oy
19 =1k-1 o
0 k4| |o&
21 492 |o%
22 435 |o'€
23 4L#e 07K
24 53 ||-©
25 a4 |voO
26 s Lo
27 5L | |-o
28 uSZE |'©
29 u“e | O
30 el | ) D
Totals 20 215 A
Running Total 566 S%5 - %
Pre - Auger used on;te for above date: YES / NO Chargeable Standing Time: l

This is a true record of work carried out.

Vibro Menard Name: Aﬁf C:ag_:(g&

Client Name: /éﬁﬁ,éé fé/%}'ﬁb

Signature: Fb%/

Signature: L/Z/;/__——————

Issue

Page(s)

Revision Description

Prepared By

Reviewed By

02

01

Current

David Rickson

Marc Evans




VIBRO

Business Management System

Ref Ne: VM/FORM/4024

MEenARD Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
SheetNo: | 3 of Contract Name: | PoyLe Contract Number: | 67 2L
Date: | 12 /0q /'2.0'2_4 Day: .K(L\Qg\f Week Ending: fz,/ozt./?_q_
RigNo: | ART M3 Operator: | (L3 LD A LASL supervisor: |} - (ja z 7
N Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
’ Reference (m) Used (T) | (amps / bar) obstructions, delays, variation of stone consumption)
1 z25 V-3
2 26 \ -2
3 28 -3
4 29 3
5 20 -3
6 33 9
7 2 & 1-3
8 { i 4
9 Z - %
10 3 V&
11 1L Lt
12 {3 -4
13 20 [
14 21 |- &
15 29 -G
16 {o i
17 1S 1
8 426 |1-o
19 - \Z
20 [ 1=
21 11 -2
22 | & 2
23 L2231 |\-©
2 3 (2
25 & VAR
26 19 1=z
27 K3 11
28 L2 [\ ©
29 & \- L
30 13 VL
Totals 30 A3+
Running Total Sa\a 623 \

Pre - Auger used on site for above date:

Chargeable Standing Time:

This is a true record of work carried out.

Vibro Menard Name: Z&E’ &@70&
Client Name: /édé/ sy
|74

&

Signature: d,.% %7‘4
Signature: %

Issue

Page(s)

Revision Description

Prepared By

Reviewed By

02

ol

Current

David Rickson

Marc Evans




=
. Ref Ne: VM/FORM/4024
VIBRG Business Management System
menARD Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
L Page: 1 of 1
Sheet No: Li of Contract Name: Poﬂ,e Contract Number: 67-2_(,
Date: |12 /cpq. )2,:_\.7_,;_‘. Day: | FR1OAN) Week Ending: |} z{og‘ [2_5:
Rig No: | AST T3 Operator: | A ALWIL Supervisor:
i Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
: Reference (m) Used (T) | (amps / bar) obstructions, delays, variation of stone consumption)
1 (&) Vro
2 Klx \- &
3 A i)
4 Ly 1-L
5 432 |I-©
6 433 |\-o
/ 43k -0
8 L3S e
9 L36 i-o
10 [ 43F | (-©
11 L35 =
12 w39 o
13 G4y 3 (=)
14 Litele (-©
15 LS 1o
16 ]S l-o
17 Leud (-o
18 Le% [1-&
19 LeuS \-o
20 LSe i-©
21 [4s3 | 1D
22 5% -©
23 LS9 L-©
24 [ L-o
25 Lol {-O
26 Le2 |-©
27 Lue3 |-o
28
29
30
Totals 215 2}
Running Total 62_ E 650- S’ il
Pre - Auger used on site for above date: (YES‘/\_\IO Chargeable Standing Time: l
~—

This is a true record of work carried out.

Vibro Menard Name: Z&? GiQ:C? Signature: ﬁ%
Client Name: " Signature: Z—23
Al oy G

Issue Page(%) Revision Description Prepared By Reviewed By W

02 01 Current David Rickson Marc Evans




Business Management System

Ref Ne: VM/FORM/4024

VIBRO
MenARD Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
3
Sheet No: | of Q‘_“) Contract Name: Po'\[ LG Contract Number: | 6 126
pate: [\\ oy [Loo & Day: | AHUULSOAY Week Ending: iz/ou [24
RigNo: | ART TM\3 Operator: | (O LOALGSR Supervisor: | [ . Car A2
N6 Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
’ Reference (m) Used (T) | (amps [ bar) obstructions, delays, variation of stone consumption)

1 Yot (=281

2 Lk o%

3 L A o s

4 L 3o o %

5 G (o k-1

6 L1Z Cx

7 Ltz |ow

8 Lt S '

9 usy | o%

10 LG sY% ¥

11 LsS |o%

12 L4 %6 (o2 1

13 L%t | 0%

14 L5 oY

15 L4 [

16 Lac o ¥

17 S50% o 5

18 <o o

19 Sle oS5

20 S\ o

21 512 o ]

22 S\3 O %

23 Sy a9

24 514 0¥

25 533 o

26 =34 |o-%

27 S35 o ¥

28 536 |O%

29 S3% o ¥

30 S3% o¥

Totals 20 2 G
Running Total | "3 64 gqcl . S,

Pre - Auger used on site for above date:

( YES?NO

Chargeable Standing Time:

This is a true record of work carried out.

Vibro Menard Name: ZGE G}WL&

Client Name: /%{% (:ﬁ?@

Signature:m?
Signature: W‘

Issue

Page(s)

Revision Description

Prepared By

Reviewed By

02

01

Current

David Rickson

Marc Evans




. Ref Ne: VM/FORM/4024
Business Management System

VIBRO
Issue: 02

menARD
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: 2. of C, Contract Name: PD\i LE Contract Number: | GF2.(
Date: | }) qu, /,2,0_?_,:_;, Day: TAusHay Week Ending: 1?_/(_\.-,‘. [z_;_,,
RigNo: | ABT TM\3 Operator: | (\y- LAVLLCEC supervisor: | /.(ARw€
No Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
' Reference (m) Used (T) | (amps / bar) obstructions, delays, variation of stone consumption)

1 %1 SR
2 559 S - B
3 Sec [©-%
4 Se\ (Y
5 Sb2 o B
6 63 |© %
7 SE% o 5
8 S5%¥S ®© 5
9 S% o S5
10 $%1 & =
11 $8% o R
2 |sg9 |0 %
13 S4a0 C-F
14 ot | © T
15 661 S5
16 Go% iy -1
17 o C-Ss
18 [Z]]e) o=
19 Gii o <5
20 Gl2 -1
21 63 o %
22 632 o5
23 633 o %
24 634 o %
25 638 o
26 E3 | o%
27 -2 F o E
28 656 5
29 651 |0
30 6ss 1 o%

Totals 320 24

Running Total 3 q tq_ L\-lz S'
Pre - Auger used on site for above date: @ NO Chargeable Standing Time: |

This is a true record of work carried out.

Vibro Menard Name: Z%- aflm Signature: M
Client Name: ’é(ﬂ% C 6[/ Signature: //J/%
o / LR /y——-—

Issue Page(g) Revision Description Prepared By Reviewed By

02 01 Current David Rickson Marc Evans




Business Management System

Ref Ne: VM/FORM/4024

VIBRO
mMenARD Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: 3 of ép Contract Name: PO\I LE Contract Number: | G326
Date: || {c.q, [2024 Day: /mu%DiQ‘f Week Ending: | {2 /c,q,/z,q,
Rig No: %I T | 3 Operator: | (LA - WO UL Supervisor: L~C4L1:Ji
No Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
’ Reference (m) Used (T) | (amps / bar) obstructions, delays, variation of stone consumption)

1 6sa  |o%
2 6o |©o°%
3 G\ OB
4 6L o %
5 e$C |o%
6 Z3>4 © %
7 el (o R4
8 6%3 |low
9 ESY o T
10 €3S o %
11 s o

12 107 o-B%
13 FOE L R 7
15 o |o-5
16 “Fil o=
17 312 o %
18 Fi3 =

19 FAY o %
20 331 o5
21 132 o %
22 T53 (v B4
23 7349 cCK
24 135S 0 -

25 736 o%
26 1321 C <
27 354 o ¥
28 FS55 0¥
29 56 I 1
30 #5857 1o-%

Totals 26 y 1

Running Total | [} Lé_ Gut 'S

Pre - Auger used on site for above date:

-
GYES NO

Chargeable Standing Time: |

This is a true record of work carried out.

]
Vibro Menard Name: /&E C;IETL?\

Client Name: /((M{Z ( W

Signature: A ‘&ﬁ

>

Signature: %

Issue

Page(s)

Revision Description

Prepared By Reviewed By

02

01

Current

David Rickson Marc Evans




Business Management System

Ref Ne: VM/FORM/4024

m\‘gﬁ?\gn Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: L of ,6 Contract Name: Po\’u'f—; Contract Number: | ; F26
Date: | | foq /20’.’..(.@ Day: /.P{ue,sm\,' Week Ending: Iz,/gq. IZH
Rig No: | A&T T™\J Operator: | (O - LALUEL supervisor: | /. CaeREL
No Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
’ Reference (m) Used (T) | (amps/ bar) obstructions, delays, variation of stone consumption)

1 |35% [O%
2 S o %
3 F60 0%
4 F5) o g
5 [792 lo-&
6 353 o ¥
I 5% o'y
8 ?%S |0
9 F G O Y

10 F¥YtT |o-w

11 |ges |6%

12 sol 0%

13 ¥od 0 %
14 g0¥ o'¥
15 goa o ¥
16 %o 0%
17 PN ©'Y
18 b\ Lo

19 T el
20 e 1-©
21 lu T &
22 Y ()
23 so |- ©
24 vs VO
25 339 © "§o

26 TS0 S %
27 |22 i-Z
28 123 -2
29 12%¥ -2
30 129 2

Totals '3 o 2, q

Running Total Ll‘ Sq_ u:"b“ S
Pre - Auger used on site for above date: @ NO Chargeable Standing Time: |

This is a true record of work carried out.

Vibro Menard Name: é G‘ZZR

Client Name:

/%é (i 0&[7

Signature: z %
Signature: _/é///»—-"’*“—

Issue

Palfe(s)

Revision Description

Prepared By

Reviewed By

02

01

Current

David Rickson

Marc Evans




) Ref Ne: VM/FORM/4024
VIBRO Business Management System
MenARD Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: e of 6 Contract Name: Po NLE Contract Number: 6?26
Date: |14 faq. I?_o'z,qu Day: /muq_s()n\/ Week Ending: l?./oq'. /u.,
RigNo: | AT TMLD Operator: | LD - LAl Supervisor: |[ -Gaz;z&
NG Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
’ Reference (m) Used (T) (amps / bar) obstructions, delays, variation of stone consumption)

1 EREE
2 i35 2
3 136 2
4 Jov o ¥
5 Fes 0%
6 ieq
7 it & N
8 13 -2
9 (A e 1+

10 1S -2

11 (1965 i-z

12 Iy v\

13 629 o ¥

14 | 636 |63

15 =9 vz

16 406 i-Z

17 as  |\-2

18 96¢ -2

19 Y1 -2

20 103 |

21 10 & -2

22 St 0B

23 Ss1 0%

2 |34 |13

25 3s e

26 i i | ]

27 %o )3

28 A -3

29 L  Ee

30 DS \ -3

Totals 5 o 3‘-\ 3

Running Total L]—‘r{q 0% -%
Pre - Auger used on site for above date: (‘;IE_?DNO Chargeable Standing Time: I

This is a true record of work carried out.

Vibro Menard Name: écf CACZ&

Client Name:

!
Signature: A-%Q

Signature:

Issue

Page(s)

Revision Description

Prepared By

Reviewed By

02

01

Current

David Rickson

Marc Evans




VIBRO

Business Management System

Ref Ne: VM/FORM/4024

menARD Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: G of &5 Contract Name: Po N = Contract Number: | 6 F#2 L
Date: ||\ fcf-{- {'-zp?.q- Day: )ﬁ-&u%b.gq Week Ending: IL/DZ-l./Z, L
RigNo: | AT Tw12 Operator: | (A) - LADALC =K Ssupervisor: |/ -(C4td
No Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
' Reference (m) Used (T) | (amps / bar) ohstructions, delays, variation of stone consumption)
1 S06 (ST -1
2 S61 O ¥
3 UweL | 6%
4 F142) o ¥
5 4SS |o-%
6 U2 o ¥
7 L3 o¥®
8 4st | %
9 25 Iy
10 2L (C3
11 23 1Y
12 =i |- <
13 <X |G
14 26 ) - &%
15 55 |-
16 27  |Iw
17 Lo oy
18 (o) T 3
19 (e -2
20 55 1°2
21 56 (-2
22 &S -2
23 6 -2
24 14 -2
25
26
27
28
29
30
Totals ll.]. 131
Running Total 5'08 55&7
Pre - Auger used on site for above date: @' NO Chaﬁge_able Standing Time: I

This is a true record of work carried out.

Vibro Menard Name: [@’CAL‘D&

Client Name: /{(ﬂf% CO(%/

Signature: M
Signature: ‘/{%”

Issue

Page(s)

Revision Description

Prepared By

Reviewed By

02

01

Current

David Rickson

Marc Evans




VIBRO

Business Management System

Ref Ne: VM/FORM/4024

menARD Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: | of 3 Contract Name: PD'\{ (Ve Contract Number: 6?—2,6
Date: |10/ 04 {2024, Day: | LOE ONESDAN Week Ending: [Z{cq. {24
RigNo: | ABT T\ Operator: | L LD A L=l Supervisor: |[-Caendl.
No Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
' Reference (m) Used (T) | (amps / bar) obstructions, delays, variation of stone consumption)

1 1oo“ |-O
2 213 -0
3 21y %0
4 23% Q-G
5 25% 2o
6 2549 2O
7 icow S
8 156 20
9 281 26

10 231 2, C

11 215 2o

12 216 2.
13 11 ‘o
14 F91 i-o
15 199 =)
16 155 i35
17 o =)

18 66 's

19 6% Ty

20 6 V-5

21 1+S (Y

22 F 20

23 z 7 20

24 LTS 2.

25 76 20

26 S Y 26

27 73 2.

28 3% 26

29 B 20

30 59 \ o

Totals 0 54 g

Running Total | 29 6 329 .
Pre - Auger used on site for above date: @NO Chargeable Standing Time:

This is a true record of work carried out.

Vibro Menard Name: [.EE CA?.?U‘:\

Client Name: ;C(_,c% B Oﬁf@/a(

st &—41 N
ignature: 7 \\

Signature: %

Issue

Page(s)

Revision Description

Prepared By

Reviewed By

02

01

Current

David Rickson

Marc Evans




Ref Ne: VM/FORM/4024

YIBRO Business Management System .
MenARrRD Issue: 02

Issue Date: 08/01/18

Daily Record Sheet — Vibro Stone Columns

Page: 1 of 1
Sheet No: 2. of 3 Contract Name: Po\; = Contract Number: | (726
Date: | lO /oq- /?-D'LH- Day: | LoSDRESDAN Week Ending: iZ./oL} {z,q‘
RigNo: | ART TAA13 Operator: | LD - WAWOA gL Supervisor: |[.- CACRL
No Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
’ Reference (m) Used (T) | (amps / bar) obstructions, delays, variation of stone consumption)
1 S2 | =
2 5% \-o
3 50 \-O
4 Jug va
5 L3 LR
6 Gs | S
7 e3 -2
8 b ite
9 G \-o
10 Gy o
11 6L [RXe)
12 5O g
13 S i
14 2% S
15 Gy R S
16 co =%
17 '? oy i-2
18 (N 12
19 sS4 -2
20 L i
21 329 1-Z
22 LS Vo7
23 | b2
24 + 2 e -
25 G\ (e
26 oo (S
27 los -G
28 AK (4
29 T3 19
30 2 b
Totals 330 34-4%
Running Total ?_,1_'6 3cy--3
Pre - Auger used on site for above date: ﬁ; NO Chargeable Standing Time: |
jp—

This is a true record of work carried out.

Vibro Menard Name: L@_ Gﬂl?_'[& Signature: %

Client Name: A%/L_’_ Signature:%{_?%j _

Issue Page(s) Revision Description Prepared By Reviewed By

02 01 Current David Rickson Marc Evans




Business Management System

Ref Ne: VM/FORM/4024

VIBRO
menARD Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: D of 3 Contract Name: | Poyi= Contract Number: | ©72.L
Date: | (o foy (2024 Day: | OEDMESDAY Week Ending: |12 fou [ 24
Rig No: | AAT T3 Operator: | L0 - WAL e Supervisor: | L-(Cae7A
No Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
' Reference (m) Used (T) | (amps / bar) obstructions, delays, variation of stone consumption)
1 Lo\ gy
2 1 LG (e
3 123 (&
4 12\ |G
5 131 I &
6 139 I G
U 1271 14
8 V3 |G
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
Totals % -
Running Total 354 315 -8

Pre - Auger used on site for above date:

@NO

Chargeable Standing Time:

This is a true record of work carried out.

Vibro Menard Name: ZLE 6427‘&

Signature:

Signature: /{i/W

Client Name: /6{%% 00%
Issue Page(s) Revision Description Prepared By Reviewed By
02 01 Current David Rickson Marc Evans




Business Management System

Ref Ne: VM/FORM/4024

VIBRO _
mMenARD Issue: 02
. Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: \ of § Contract Name: Qo\[u._:_ Contract Number: |&F2 (5
pate: | 04 [ou [2026 Day: | Uies DAY Week Ending: [) 2 /oy /24
RigNo: | ART T (3 Operator: | (30 UOALLC Supervisor: |/ - CAe7 L.
N Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
o Reference (m) Used (T) | (amps / bar) obstructions, delays, variation of stone consumption)
1 S+ {0
2 S42. L. ©
3 535 [ =
4 St -
5 S1S (o
6 549 S [
7 596 | Lo
8 59% hi=
9 S49% - S
10 599 LS
e Lo
12 Ol e
13 614 L-O
14 610 (=]
15 (27X {-©
16 GLL Lo
17 GL3 O
18 624 1O
19 $2s Lo
20 5 2L, )
21 Gy \‘o
22 4SS Lo
23 Gl Lo
24 Gut (e
25 6w (e
26 ed¥f | (o
27 656 e
28 65| (o
29 ESL (e
30 6£S3 \ O
Totals 20 Z0
Running Total \ ‘_‘_ g l() | S‘
Pre - Auger used on site for above date: s / NO Chargeable Standing Time: |
This is a true record of work carried out.
Vibro Menard Name: ZI:ECMZ?:;?LL Signature: Z%{
Client Name: Signature: /_
/{Qéé % ‘%;%
Issue Page(s) Revision Description Prepared By Reviewed By
02 01 Current David Rickson Marc Evans




VIBRO

Business Management System

Ref Ne: VM/FORM/4024

MenARD Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: 2 of ‘5. Contract Name: ()0'\] w= Contract Number: 6 J2.6€
Date: | O /(::q. [0 Day: 1L eS0D4Y Week Ending: \1/cq {254
RigNo: | ARYT T™mM\'2 Operator: | (0 U ALl Supervisor: || (A0 7l
i Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
: Reference (m) Used (T) | (amps / bar) obstructions, delays, variation of stone consumption)
1 @69 (o
2 610 o
3 63\ )
4 e )
5 613 [-O
6 1% )
7 615 [-O
8 616 [
9 613 Lo
10 61 1O
11 &c93 )
2|69 | Lo
13 6aS Lo
14 696 e
15 &9 )
16 69% o
17 a4 (O
18 F OO 'O
19 Fo\ (o
20 Foz [+
21 FALES [ &
22 F 2L 1~0
23 F2.7. (O
24 723 | O
25 F24 e
26 F25 O
27 726 LG
28 F24 e
29 428 O
30 29 L O
Totals 2a 20
Running Total [ }%’ LO\ \ S'
Pre - Auger used on site for above date: 85 / NO Chargeable Standing Time: |

This is a true record of work carried out.

Vibro Menard Name:/gg CE&?LE__E

i
Signature: Z&

Client Name: M wﬁ‘y Signature:%
[ Issue Page(s) Revision Description Prepared By Reviewed By
02 01 Current David Rickson Marc Evans




Business Management System

Ref Ne: VM/FORM/4024

m‘ggign Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
SheetNo: | & of 4§ Contract Name: Po N s Contract Number: | [ 7 72.&
Date: | O /cpq. (o244 Day: - TUES0QY Week Ending: [\) /4 [24
RigNo: | ABRT T3 Operator: | L3O AL Supervisor: | [ - Cdead
No Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
’ Reference (m) Used (T) | (amps / bar) obstructions, delays, variation of stone consumption)
L T4 [1-©
2 14 [V ©
3 146 |1 o
4 FuF ) O
5 FuE )
6 709 [1©
7 Fso e
8 e | ©
9 FSL [
10 IS5 e
11 Fot &
12 65 V<O
13 6 Kl
14 7O | -©
15 FFN [-©
16 +TH3L (e
EEE [o
18 T4 (e
19 EENY (K]
20 776 )
21 Ay o
22 Fa5 Lo
23 F2L (O
2993 [10
25 74% )
26 7G99 [-O
27 o6 [ -o
28 KO\ 1O
29 RO | -0
30 g3 |-O
Totals 26 2
Running Total 20 red 92\ S

Pre - Auger used on site for above date:

¥E8 / NO

Chargeable Standing Time: |

This is a true record of work carried out.

Vibro Menard Name: [(__1:" @U(:@

Signature: M

Client Name: W Signature: %
Issue Page(s) Revision Description Prepared By Reviewed By
02 01 Current David Rickson Marc Evans




VIBRO

Business Management System

Ref Ne: VIM/FORM/4024

MenARD Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: L of § Contract Name: PQQ LE Contract Number: é;'}]\, ¢,
Date: |09 /(‘_}LQ- /lg)_,q,- Day: |ruesDAaY Week Ending: IL{D";/'LHE
Rig No: |4 BT ™™Wh? Operator: | (o wovie Supervisor: | [ - CiCMJUL
No Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
’ Reference (m) Used (T) | (amps/bar) | obstructions, delays, variation of stone consumption)

1 B3\ e
2 s LS
3 820 (-G
4 B2 [BRS)
5 B22L | o
6 YRS 10
7 824 | (o
8 825 |- O
9 B2 L
10 821 O
11 T4 3 O
12 Fule e
13 84S O
14 546 L0
15 43 (-G
16 FLy 10
7 [ %49 | (6
18 Bso O
19 B3| LG
20 8S2 (6
21 (O L O
22 F\ (O
23 YT )
2 g3 |16
25 L4 { 2>
26 B15 (=]
27 AL e
28 X7 e
29 S7L [
30 ¥t 3 \ S

Totals EYD) ZG

Running Total 2_?3%/ TS \ S
Pre - Auger used on site for above date: W&~/ NO Chargeable Standing Time: I

This is a true record of work carried out.

Vibro Menard Name: ZC:E" (MQ,Z’GL

Client Name: /%é b % EE

Signature: A E é R
Signature: % =

Issue

Page(s)

Revision Description

Prepared By

Reviewed By

02

01

Current

David Rickson

Marc Evans




VIBRO

Business Management System

Ref Ne: VM/FORM/4024

MenARD Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: S of 5 Contract Name: ("‘0 \f (= Contract Number: | (726
Date: | 09 /Uq f?,q. Day: /lac.,sgaq Week Ending: 12,/97:{- /21;,
Rig No: ;45_(: TR Operator: | 3 AWK I Supervisor: | L - (;{]y’:-ﬁ(
No Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
’ Reference (m) Used (T) | (amps /[ bar) obstructions, delays, variation of stone consumption)
1 <74 |-©
2 91S G
3 56 =)
4 oA () | =6
R 7 I
6 TAZ =
7 193 (e
g 365 e
9 4o & { -C>
10 TFLZ L,
11 F43 -G
12 |9 o
13 113 =
14 el )
15 @97 ¢
16 G671 [-&
17 66 % -6
18 e4Z =]
19 cus |G
20 66 ||o
21 Sty | 1-6
22 sSte =
23 PLURY -6
24 569 Lo
25 S$3 Vo
26 coS \-©
27 A3 |
28 g |-
29
30
Totals 2 Q_ él%’ G
Running Total | 2. & a ’)_]qv

Pre - Auger used on site for above date:

¥ES-/ NO

Chargeable Standing Time: |

This is a true record of work carried out.

Vibro Menard Name: ZEE CAC?F@

crrsvme: ([ oy

Signature: é E %J
Signature:%/"\

Issue

Page(s)

Revision Des

cription

Prepared By

Reviewed By

02

01

Curren

t David Rickson

Marc Evans




Business Management System

Ref Ne: VM/FORM/4024

VIBRO
MEenARrRD Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: | of “% Contract Name: Po\) Le Contract Number: | 6326
Date: |0% [oy [2024, Day: | MoraDW Y Week Ending: 12, [67). /2
RigNo: | AT Tw\2 Operator: [ LDALWKEL Supervisor: |/ - CarFl
No Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
’ Reference (m) Used (T) | (amps [ bar) obstructions, delays, variation of stone consumption)

1 339 -5
2 3372 | -S
3 33% Y
4 23] |- <
5 237 |2
6 2}o i 3
7 236 L2
8 369 }
9 295 [

10 2% -2

11 21y (e

12 2ET -2

13 332 |- Z

14 A3 \‘eo

15 a4 1O

16 k! |-o
17 lo | 2
18 lob |-©

19 o3 1-O

20 10% l-e

21 6LY (R
2 6s% |\.2

23 6ss [ \2

24 G618 }-

25 Ly |- Z

26 B2 -2

27 W6 |
28 VS i 2
29 120 L
30 40 3 =2

Totals 20 35w

Running Total | 30 354
Pre - Auger used on site for above date: YK / NO Chargeable Standing Time:

This is a true record of work carried out.

Vibro Menard Name: Z.EE ﬁfj&i

Client Name: L/L/‘Mcgé C’OW%

Signature: g}\\

Signature:%

Issue

Page(s)

Revision Description

Prepared By

Reviewed By

02

okl

Current

David Rickson

Marc Evans




VIBRO

Business Management System

Ref Ne: VIM/FORM/4024

MenARD Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: | L of Y Contract Name: | PoN L& Contract Number: | 626
Date: |[®% /o;_!, /QD‘ZH' . Day: Y orop ey Week Ending: |{ 2, [oq[zq.
RigNo: | ART T 1R Operator: | (O - LOW LA Supervisor: |[-Ca@ g
No Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
’ Reference (m) Used (T) | (amps / bar) obstructions, delays, variation of stone consumption)
1 130 =5
2 106 | S
3 Fa 10
4 |y 2-©
5 \LS 2:0O
6 {a 2D
7 133 2-0
8 15T 2.0
9 313 \ 3
0 [Fry  [\-?
11 o Y4 21
12 %218 "5
13 43 L%
14 149 °5
15 laO 1%
16 [E5)
17 (S 2 15
18 |4 =)
19 153 -5
20 | 3¢ 195
21 386 1S
22 853 J=5
23 BSS S
24 330 LS
25 287 1:S
26 33! | s
27 38y |-
28 38 'S
29 384 ) =%
30 A%3 1-S
Totals 20 ug: %
Running Total 6(2) %3%°%

Pre - Auger used on site for above date:

<8 / NO

Chargeable Standing Time:

This is a true record of work carried out.

Vibro Menard Name;{é%‘ Q@T@C Signature: ?\éﬁ\
Client Name: % 2ol 2 Signature: ’%ze_.____
//
Issue Page(s) Revision Description Prepared By Reviewed By
02 01 Current David Rickson Marc Evans




VIBRO

Business Management System

Ref Ne: VM/FORM/4024

MEenARD Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
Page: 1 of 1
Sheet No: 3 of L‘.. Contract Name: l%\} Le Contract Number: 6? 2 é
Date: o%’/f)q /2_02 G . Day: | Mo OB Y Week Ending: Il/oq. /?_L,,
RigNo: | RT TM |3 Operator: | (LD LDV LicHl supervisor: |/-Caezg
No Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
' Reference (m) Used (T) | (amps / bar) obstructions, delays, variation of stone consumption)
1 2A10 V-3
2 2¥G (13
3 391 -3
4 35S -1
5 392 [y
6 b3t |o-y
7 4“3 0%
8 43% |o¥x
9 480 | o
10 L $\ 0B
11 s3 xS
12 423 o ¥
13 Lay =0
24 4as o ¥
15 LAab o ¥
16 ua3 0%
17 k43 o=
18 Lo o<
19 Soo oK
20 So) O ¥
21 S62L o-%
22 03 o
23 Soy4 o5
24 Sog © B
25 53 O ¥
26 S| O 5
27 S22 0K
28 523 31
29 bYAY o %
30 SLs [
Totals 30 253
Running Total Ol O |09 -\
Pre - Auger used on site for above date: s/ NO Chargeable Standing Time: |

This is a true record of work carried out.

Vibro Menard Name: ZEE @ﬂc&

Client Name: /éé%% C’O/f%%

Signature: %Y\

Signature: 4//4,
e~

Issue

Page(s)

Revision Description

Prepared By

Reviewed By

02

01

Current

David Rickson

Marc Evans




. Ref Ne: VM/FORM/4024
VIBRG Business Management System
menARD Issue: 02
Issue Date: 08/01/18
Daily Record Sheet — Vibro Stone Columns
L Page: 1 of 1
Sheet No: Ly. of L].. Contract Name: PO\I'LGT Contract Number: 6 F lé
Date: GS/OLJ ,} 202 Day: | WMorana | Week Ending: |\ 2 ]oq fzq,
RigNo: | ART M3 Operator: | (A" LS Supervisor: |[- Garadl
No Column Depth Stone Pen/Comp Comments (e.g. Plot number, ground conditions,
' Reference (m) Used (T) | (amps / bar) obstructions, delays, variation of stone consumption)

1 516 o -
2 $23  |ox
3 S22k O -5
4 S21q |ox
5 s3o o %
6 o8 o ¥
7 S3L O %
8 S46 o %
9 543  |o&

10 |S4yg  |og

19 5409 o-¥

12 SSo o%

13 55 o<

14 5S2 0¥

15 S5S8% O %

16 S 0%

17 ssS  |os

18 S5S6 o'

19 [s%) %

20 [Sgo |oxw

21 S 7G oK

2 538  |og

23 Sttt O'%

24 S3HE o€

5 lgoz |o&

26 6072 ¥

27 Y=l o¥

28 oo O ¥

29

30

Totals 1% 22 Y
Running Total | | | %’ 13):§
Pre - Auger used on site for above date: Yo/ NO Chargeable Standing_'rime: |

This is a true record of work carried out.

Vibro Menard Name:[ezf a@.ﬂ:ﬁ

Client Name: /ﬂ% Céy“f[;

Signature: 4 %\

Issue

Page(s)

Revision Description

Prepared By

Reviewed By

02

01

Current

David Rickson

Marc Evans




I
. VM/FORM/4009
Business Management System Ssiio: 08
| :
MENARD Plate Load T Issue Date: 23/08/2023
; ate Load Test : -
L Page: 1
1 ]
Contract Name: ]Poyle ] LC»OQtrriact No: iL6726 |
Installation Date: ’10.04.2024 1 !L*Diate of Test: 10.04.2024 !
Test Depth: (0.3 1 \Test Number: 1|
Column No: [216 | | Plate Size: [600mm | Approved By:
Elapsed Average 0 2 4 6 8 10 12 - 16 18 20
\ L : - - 07— T —
Time ( to:?r?:s) Gauge Readings Gauge Deflections |Deflection ~.
(mins) (mm) ] —
1 2 [ 3 [ 4 1] 213 4 >
0 0 0 0 0 i ————
1 2 -81 77 | -79 81 | 77 | 79 0.79 e )
4 2 -82 -79 | -81 82 | 79 | 81 0.81 T
5 2 -83 -80 | -82 83 | 80 | 82 0.82 3
6 4 -146 | -144 | -141 146 | 144 | 141 1.44 .
9 4 -147 [ -146 | -143 147 | 146 | 143 1.45 E 4
10 4 -148 | -146 | -144 148 | 146 | 144 1.46 E
11 6 -181 | -186 | -185 181 | 186 | 185 1.84 § 5
14 6 -183 | -187 | -186 183 | 187 | 186 1.85 ©
15 6 -184 | -187 | -188 184 | 187 | 188 1.86 % 5
16 8 209 | -214 | -210 209 | 214 | 210 2.11 =
19 8 211 | -216 | -213 211 | 216 | 213 2.13 ’
20 8 212 | -216 | -214 212 | 216 | 214 214
21 10 239 | -244 | -241 239 | 244 | 241 2.41
24 10 241 | -245 | -243 241 | 245 | 243 2.43 8
25 10 -243 | -246 | -243 243 | 246 | 243 2.44
26 11 -257 | -261 | -259 257 | 261 | 259 2.59 9
29 11 -259 | -262 | -259 259 | 262 | 259 2.60
30 11 -260 | -262 | -260 260 | 262 | 260 2.61 10
0 0 -74 81 | -77 74 | 81 | 77 0.77
5 0 -75 -80 | -76 75 | 80 | 76 0.77 Load (Tonnes)
Issue Pages Revision Description Prepared By Reviewed By
3 1 Current David Rickson Marc Evans




; VM/FORM/4009
@ Business Management System Issue: 03
| MEeNARD |
; | Date: 23/08/2023
| Plate Load Test ::;: —
L - J .

{ Contract Name: |Poyle | Contract No: 6726 |

| Installation Date: 10.04.2024 | Date of Test: |10.04.2024 |
} Test Depth: 0.3 |  Test Number: |2 f
[ Column No: |798 | | Plate Size: [600mm [
Elapsed Load Average o 0 2 4 6 8 18
Time (to::es) Gauge Readings Gauge Deflections | Deflection
(mins) (mm) 2
1 2 3 4 1 2 3 4
0 0 0 0
1 2 -90 -88 | -85 9 | 88 | 85 0.88 %
4 2 -92 -89 | -86 92 | 89 | 86 0.89
5 2 -93 -89 | -87 93 | 89 | 87 0.90 6
6 4 -166 | -159 | -155 166 | 159 | 155 1.60 _
9 4 -167 | -160 | -156 167 | 160 | 156 1.61 E 8
10 4 -168 | -161 | -157 168 | 161 | 157 1.62 E
11 6 232 | 229 | -227 232 | 229 | 227 2.29 § 10
14 6 233 | -230 | -228 233 | 230 | 228 2.30 ©
15 6 -234 | -230 | -229 234 | 230 | 229 2.31 % 12
16 8 279 | -283 | -280 279 | 283 | 280 2.81 a
19 8 280 | -284 | -281 280 | 284 | 281 2.82
20 8 281 | -284 | 282 281 | 284 | 282 2.82 T4
21 10 -321 | -323 | -325 321 | 323 | 325 3.23
24 10 -322 | -324 | -326 322 | 324 | 326 3.24 16
25 10 -323 | -324 | -326 323 | 324 | 326 3.24
26 11 -339 | -341 [ -344 339 | 341 | 344 3.41 18
29 11 -340 | -342 | -345 340 | 342 | 345 3.42
30 11 341 | -342 | -346 341 | 342 | 346 3.43 20
0 0 -96 99 | -98 96 | 99 | 98 0.98
5 0 -95 -97 -96 95 97 96 0.96 Load (Tonnes)
Issue Pages Revision Description Prepared By Reviewed By |
3 1 Current David Rickson Marc Evans 5




. VM/FORM/4009
Business Management System T———
menARD Issue Date: 23/08/2023
Plate Load Test
Page: 1
Contract Name:J Poyle } Contract No: !6726 JI
| Installation Date: |10.04.2024 B | Date of Test: [10.04.2024 |
| Test Depth: 0.3 ] ' Test Number: |3 |
l Column No: |65 | | Plate Size: [600mm i Approved By: / = _
W =
Elapsed Average 0 2 4 6 8 10 12 14 = 1 20
. L . . - 0 = — - - - —-
Time (to:::s) Gauge Readings Gauge Deflections |Deflection \Q\
(mins) (mm) ” e ——
1 2 3 4 1 2 3 4
0 0 0 0 0 2
1 2 -71 77 | -80 71 | 77 | 80 0.76
4 2 -72 78 | -82 72 | 78 | 82 0.77
5 2 -73 79 | -83 73 | 79 | 83 0.78 6
6 4 -149 | 152 | -155 149 | 152 | 155 1.52 _
9 4 -149 | -153 | -156 149 | 153 | 156 1.53 E 8
10 4 -150 | -154 | -156 150 | 154 | 156 1.53 £
11 6 201 | -204 | -207 201 | 204 | 207 2.04 810
14 6 -203 | -205 | -208 203 | 205 | 208 2.05 g
15 6 204 | -206 | -209 204 | 206 | 209 2.06 % 12
16 8 249 | -252 | -257 249 | 252 | 257 2.53 a
19 8 -250 | -254 | -259 250 | 254 | 259 2.54
20 8 251 | 255 | -261 251 | 255 | 261 256 14
21 10 292 | -295 | -299 292 | 295 | 299 2.95
24 10 294 | -296 | -299 294 | 296 | 299 2.96 16
25 10 295 | -297 | -301 205 | 297 | 301 2.98
26 11 -313 | -317 | -320 313 | 317 | 320 3.17 18
29 11 -314 | -318 | -321 314 | 318 | 321 3.18
30 11 -314 | -318 | -321 314 | 318 | 321 3.18 20
0 0 -104 | -103 | -99 104 | 103 | 99 1.02
5 0 100 | -97 | -95 100 | 97 | 95 0.97 Load (Tonnes)
Issue Pages Revision Description Prepared By Reviewed By
3 1 Current David Rickson Marc Evans




? . VM/FORM/4009 o
; Business Management System lssue: 03 — — —
§ MEeNARD - Plate Load Test Issue Date: 23/08/2023 -
- S Page: 1 - -
! ' — r ‘ — —
| Contract Name: Poyle | Contract No: |6726 |
| Installation Date: |10.04.2024 \ | Date of Test: [10.04.2024 ,
] Test Depth: 0.3 § ' Test Number: |4 ]
1 Column No: [101 | | Plate Size: 600mm |
Elapsed | | Average g B 4 & : 10 - M B £
Time — Gauge Readings Gauge Deflections |Deflection f\"\%)‘\
(mins) (mm) 2 .
1 2 3 4 1 2 3 4

0 0 0 0 0 4

1 2 103 | -106 | -107 103 | 106 | 107 1.05

4 2 105 | -107 | -109 105 | 107 | 109 1.07

5 2 -106 | -108 | -110 106 | 108 | 110 1.08 6

6 4 181 | -188 | -179 181 | 188 | 179 1.83 _

9 4 182 | -190 | -183 182 | 190 | 183 1.85 E 8

10 4 183 | -191 | -183 183 | 191 | 183 1.86 E

11 6 259 | -264 | -261 259 | 264 | 261 2.61 8§10

14 6 261 | -266 | -263 261 | 266 | 263 2.63 5

15 6 262 | -267 | -264 262 | 267 | 264 2.64 S 12

16 8 301 | -306 | -309 301 | 306 | 309 3.05 o

19 8 -304 | -307 | -310 304 | 307 | 310 3.07

20 8 305 | -308 | -310 305 | 308 | 310 3.08 4

21 10 341 | -347 | -344 341 | 347 | 344 3.44

24 10 -341 | -347 | -346 341 | 347 | 346 3.45 16

25 10 342 | -347 | -346 342 | 347 | 346 3.45

26 11 361 | -366 | -364 361 | 366 | 364 3.64 18

29 11 -363 | -367 | -366 363 | 367 | 366 3.65

30 11 364 | -368 | -367 364 | 368 | 367 3.66 20

0 0 97 | -98 | -95 97 | 98 | 95 0.97

5 0 95 | -90 | -9 95 | 90 | o1 0.92 Load (Tonnes)

Issue Pages Revision Description Prepared By Reviewed By
3 1 Current David Rickson Marc Evans




. VM/FORM/4009
Business Management System lssue: 03 -
MenARD ~-

| Date: 23/08/2023
Plate Load Test :‘:;‘: - —

[ Contract Name: |Poyle | | Contract No: 16726 !
| Installation Date: |11.04.2024 } | Date of Test: |15.04.2024 |
Test Depth: [0.3 | ' Test Number: |5 ,
i Column No: [486 | | Plate Size: |600mm |
Elapsed Load Average B 0 2 - ‘7‘7 F, ] 8 . 10
T'!ne o—— Gauge Readings Gauge Deflections | Deflection i\%\ .
(mins) (mm) 2 ——
1 2 3 | 4 | 1 2 | 3 4 I
0 0 0 0
1 2 -69 61 | -66 69 | 61 | 66 0.65 4
4 2 -71 63 | -67 71 | 63 | 67 0.67
5 2 72 64 | -68 72 [ 64 | 68 0.68 6
6 4 -133 | -127 | -130 133 | 127 | 130 1.30 _
9 4 -135 | -128 | -132 135 | 128 | 132 1.32 E 8
10 4 -135 | -129 | -133 135 | 129 | 133 1.32 E
11 6 -180 | -177 | -178 180 | 177 | 178 1.78 810
14 6 -181 | -178 | -180 181 | 178 | 180 1.80 °
15 6 -182 | -178 | -180 182 | 178 | 180 1.80 % 12
16 8 220 | -216 | -219 220 | 216 | 219 2.18 a
19 8 222 | -218 | -222 222 | 218 | 222 2.21
20 8 223 | 218 | 222 223 | 218 | 222 221 14
21 10 241 | -239 | -244 241 | 239 | 244 2.41
24 10 243 | -240 | -245 243 | 240 | 245 2.43 16
25 10 244 | -241 | -246 244 | 241 | 246 2.44
26 11 -257 | -255 | -263 257 | 255 | 263 2.58 18
29 11 258 | -256 | -264 258 | 256 | 264 2.59
30 11 259 | -256 | -264 259 | 256 | 264 2.60 20
0 0 71 73 | -67 71 | 73 | 67 0.70
5 0 68 | 70 | -66 68 | 70 | 66 0.68 Load (Tonnes)
Issue Pages Revision Description Prepared By Reviewed By ‘
3 1 Current David Rickson Marc Evans [




Business Management System E‘!ﬁi?@moog
menARD Plate Load Test Issue Date: 23/08/2023
Page: 1
f Contract Name: |Poyle 1 _Contract No: I6726 !
| Installation Date: |11.04.2024 | | Date of Test: [15.04.2024 |
E Test Depth: 0.3 | ' Test Number: |6 |
E Column No: [711 | | Plate Size: |600mm | Approved By:/
Elapsed | | . Average o o 2 4 6 10 12—
Time oa Gauge Readings Gauge Deflections |Deflection o~
(mins) Aomnes) (mm) e
1 2 3 | 4| 1] 2] 3 2 I
0 0 0 0 0
1 2 74 80 | -83 74 | 80 | 83 0.79 4
4 2 -76 81 | -84 76 | 81 | 84 0.80
5 2 -76 -83 | -85 76 | 83 | 85 0.81 6
6 4 -141 | -146 | -150 141 | 146 | 150 1.46 _
9 4 -143 | -148 | -151 143 | 148 | 151 1.47 E 8
10 4 -144 [ -149 | -151 144 | 149 | 151 1.48 E
11 6 191 | -195 | -199 191 [ 195 | 199 1.95 810
14 6 -193 | -196 | -201 193 | 196 | 201 1.97 G
15 6 -194 [ -198 | -202 194 | 198 | 202 1.98 B 12
16 8 235 | -240 | -244 235 | 240 | 244 2.40 a
19 8 237 | -241 ] -246 237 | 241 | 246 2.41
20 8 238 | 242 | 247 238 | 242 | 247 2.42 4
21 10 271 | 2715 | 279 271 | 275 | 279 2.75
24 10 273 | -276 | -280 273 | 276 | 280 2.76 16
25 10 274 | 277 | -281 274 | 277 | 281 2.77
26 11 293 | -295 | -300 293 | 295 | 300 2.96 18
29 11 294 | -297 | -303 204 | 297 | 303 2.98
30 11 294 | -297 | -303 204 | 297 | 303 2.98 20
0 0 -91 94 | -98 91 | 94 | o8 0.94
5 0 86 | 90 | -95 88 | 90 | 95 0.91 Load (Tonnes)
Issue | Pages L Revision Description Prepared By - Reviewed By
3 1 Current David Rickson Marc Evans
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4. As Built Drawings

N/A

©

winvic
DOING IT RIGHT.
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5. Testing & Commissioning Results and
Certificates

N/A

©

winvic
DOING IT RIGHT.
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6. Operation

N/A

©

winvic
DOING IT RIGHT.
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7. Maintenance Procedures and Planned
Maintenance

N/A

©

winvic
DOING IT RIGHT.
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8. Spares Information

N/A

©

winvic
DOING IT RIGHT.
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9. Guarantees and Warranties

N/A

©

winvic
DOING IT RIGHT.
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10. Replacement Strategy

N/A

©

winvic
DOING IT RIGHT.
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11. Demolition Decommissioning or Disposal

N/A

©

winvic
DOING IT RIGHT.
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