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1. INTRODUCTION
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It is proposed to construct a giant data centre in Silvertown, London. The proposed construction
footprint runs over Made Ground, Superficial Alluvium above River Terrace deposits.

Due to the presence of compressible soil layers, 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 external areas (service yard, hardstands, and paths) of the
new development (excluding the central substation area) treated with BMC and some
ancillary buildings (dust canopy, guardhouse, waste and water tanks) treated with CMC,
and with an additional route north side for an additional fibre route treated also with BMC,
covering a total area of around 35,600 m2. These external areas are highlighted in purple and
orange, in figure 1 below.

< 1
,/(idditional route
A\ __ S

Substation
{ outof
scope

Figure 1 - Site layout with CMC treatment area in orange and purple

The present document consists in a preliminary design report for ground improvement with the
Bi-Modulus Column (BMC) and the Controlled Modulus Columns (CMC) techniques. The
aim of the BMC solution is to control the settlements and provide a higher bearing capacity by
creating a composite material [BMC+soil] and [CMC+saoil].
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3. TECHNICAL

3.1. Bi-Modulus Column
3.1.1. Description of the ground improvement technique

The Bi-Modulus Column (BMC) process is a ground improvement technique associating on its
lower part a rigid inclusion element in the form of Controlled Modulus Column (CMC), topped up
on its upper part with a granular flexible inclusion in the form of Vibro Stone Column (VSC).

Ground improvement by BMC
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Vibro Stone Column

Transition

‘200 to 400mm

Controlled
Modulus Column

Hcme

Figure 2 — Description of the Bi-Modulus Column (BMC) system

The Bi-Modulus Columns (BMC) ground improvement technique is intended to improve the soil
globally and to reduce its deformability by the use of mixed inclusions (rigid and flexible). It does
not aim to bypass the compressive ground or to build piles that will directly support the entire load
from the structure. The objective is to reduce global and differential settlement by relieving the
soil from a part of the loads imposed by the structure.

These columns distribute the loads uniformly throughout the soil mass that thus behaves as a
composite [concrete column + surrounding soil material]. The entire process is vibration free and
operates in-the-dry without spoils, which allows for cleaner project sites.

Bi-Modulus Columns can be considered as a particular type of Semi Rigid Inclusions that can be
carried out with a various number of execution method (rotation, vibration, percussion...).
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Slab/flexible pavement
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Fill
WPL = +1.8mAQD / + 2.5mAQD / +2.9mAOD

e,

e ?{j

Minimum 500 mm
)

VSC diameter:
400-500 mm

CMC diameter:
280mm

0.5 m embedment

Figure 3 - typical cross section with BMC

3.1.2. Method of execution

T ]
o
NS |
AN

Figure 4 - BMC installation process

The lower part of the BMCs is installed using the CMC process. A specially designed auger,
powered by equipment with large torque capacity and high static down thrust, displaces the soil
laterally, with virtually no spoil or vibration. The displacement auger is pushed into the ground to
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the required depth resulting in an increment of the skin friction between the column and the
surrounding soil.
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During the auger extraction process, a column is developed by grouting under controlled limited
pressure (less than 5 bars) through the stem of the displacement auger to achieve a
predetermined stiffness ratio with the surrounding soil. The result is a composite soil/concrete
ground reinforcement system. Current practice is to install columns with diameter varying
between 280 and 450 mm.

The upper part of the BMCs is installed using the bottom feed VSC system. Within a few hours
after the installation of the CMC element, when the concrete is still fresh, the Vibro Stone Column
(VSC) head is built using a special rig fitted with a Vibroflot system.

Under combined effect of sustained vibrations, its own weight and the pull-down force, the
‘Vibroflot' bottom feed penetrates the soil down to the prescribed depth. During penetration, the
soil is displaced laterally without any spoil extraction.

As the 'Vibroflot' bottom feed is lifted, the ballast material falls down by gravity in the void that is
created. The aggregates are inserted and compacted by extraction and re-penetration of the
vibrating probe through repeated incremental lifts of 30 to 50 cm, each cycle being repeated till
the probe reaches the surface.
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3.2. Controlled Modulus Column
3.2.1. Description of the ground improvement technique

The Controlled Modulus Columns ground improvement technique is intended to improve the soil
globally and to reduce its deformability by the use of rigid concrete inclusions. It does not aim to
bypass the compressive ground or to build piles that will directly support the entire load from the
structure. The objective is to reduce global and differential settlement by relieving the soil from a
part of the loads imposed by the structure.

Ground improvement by BMC
10/53

These columns distribute the loads uniformly throughout the soil mass that thus behaves as a
composite [concrete column + surrounding soil material]. The entire process is vibration free and
operates in-the-dry without spoils, which allows for cleaner project sites.

Controlled Modulus Columns can be considered as a particular type of Rigid Inclusions that can
be carried out with a various number of execution method (rotation, vibration, percussion...).

Working Platform Level Pad/strip footing/slab thickening

= 1.8mAOD or Ground bearing slab

2.5mAQOD or 2.9mAQOD

UDL =50 kPa SLS

CMC diameter:
280 mm

Embedment 0.5 m

Figure 6 - Typical cross section of footing and ground bearing slab on CMC
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3.2.2. Method of execution
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T T T
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Figure 7 - CMC installation process

A specially designed auger, powered by equipment with large torque capacity and high static
down thrust, displaces the soil laterally, with virtually no spoil or vibration. The displacement auger
is pushed into the ground to the required depth resulting in a local increment of the density of the = « = « -
surrounding soils around the auger. In the case that one or several layers to drill are too compact, - ° ° °°
a regular CFA auger can beused. Lo

During the auger extraction process, a column is developed by concreting under controlled limited - « « . .
pressure (less than 5 bars) through the stem of the displacement auger to achieve a = ° * ° °
predetermined stiffness ratio with the surrounding soil. The result is a composite soil/concrete S
ground improvement system. Current practice is to install columns with diameter varying between - - - . .
280and 450 mm.
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3.3. Adaptation to the project
3.3.1. Ground improvement principle

The foreseen ground reinforcement system consists in installing vertical mixed inclusions (BMC)
in order to create a composite [soil + BMC] material. Beneath the slab/pavement, it is required to
place a compacted Load Distribution Mattress between the underside of the slab/pavement and
the head of the BMC in order to homogenize the behaviour of the reinforced soil.

3.3.2. Characteristics of the CMC portion of the BMC
The characteristics of the CMC part of the BMC for this project will be:

Ground improvement by BMC
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Concrete
CMC
diameter [m]  Young’s Modulus  Characteristic compressive  Chemical Slum
Ev [MPa] strength fckes [MPa] Class P
0.28 8,500 12 DC-4 S4

Table 1 - CMC characteristics

The design compressive strength of the concrete is given by:

f c*k i f ck Cmax >

=min|a..ks— a..— «
fcd ( cc3 Ye cc Ye cc Ye

Where:
® a. = 0.8 for unreinforced concrete
® yc = 1.5 (partial factor for the concrete)
@ ks =1.2 in Domain 1 (CMC required for bearing capacity) and 1.5 in Domain 2 (CMC for
settlement control only)
® f*y: characteristic compressive strength of the CMC concrete determined from the
following formula:

fck = lnf{Cmax;fck}E

@ fu: characteristic compressive strength of the concrete at 28 days (measured on cylinders)
@ Cnax = 35 for CMC with soil displacement

We have:
ki, =13and k, =13-d/2=116
Hence:
. 1
fc*k = mf(fck; Cmax)_ =80MPa
kik;

In SLS conditions, the average stress in the CMC is limited to:
f = 0.3ksf, = {2.9 MPa in Domain 1
cd,av,SLS — F2R3Jck 13 6 MPa in Domain 2

In ULS conditions, the average stress in the CMC is limited to:

o _ (5.1 MPain Domain 1
f caavyrs = mMin (eq 7 MPa) = {6.4 MPa in Domain 2
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3.3.3. Characteristics of the VSC portion of the BMC
The characteristics of the VSC part of the BMC for this project will be:

Ground improvement by BMC
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Anticipated VSC Young’s Modulus Unit Weight y Friction Angle ¢
diameter* [m] Ey [MPa] [kN/m?] [°]
0.40 50 20 38

Table 2 - 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

Allowable stress in the VSC ga is calculated according to the formula as follow:
dasiLs = Qre/ 2

QauLs = qre/1.5

Factors or safety of 2 at SLS and 1.5 at USL are considered. With g ultimate lateral stress:
Qre = tan? [T[/4 + <Pc/2] x Oy

With ¢, = 38°, tan? [ﬂ/4 + ‘Pc/z] = 4.

Therefore, allowable stress qa is :

Qasis =2%0, . mm e

fous = 20070 SN
with o : lateral stress taken equal to the limit pressure pl*. o

Note : this is equivalent of applying a coefficient of 1.33 to the allowable SLS stress to get the
allowable ULS stress:

Garru = 1.33 qapLs

In the layer receiving the VSC heads, the allowable stress in the VSC is therefore:

Soil |ay9T plk [kPa] Ca,sLs [kPa] Ja,uLs [kPa]
Engineered fill 1,250 2,500 3,325
Layer 1 Made 800 1,600 2,128
ground
Layer 2 - Alluvium 200 400 532

Table 3 - Maximum allowable stress in the VSC head
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4. GROUND CONDITIONS

Our design is based on the ground conditions described in the above site investigation reports
[2],[3] and [4]. The ground conditions are homogeneous over the site.

Ground improvement by BMC
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The typical soil profile is the following:

(]
(]
(]

Made Ground (sandy mixture)
Soft Clay (Alluvium) with pockets of peat
Medium dense to dense gravels (River Deposits)

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 CPT.

Top Bottom Y Jc Em o pi Ev v

(MAOD) (MAOD)  (kKN/m% (MPa) (MPa) () (MPa) (MPa) (-)

1 Made Ground (sandy

mixture) 2 0.5 18 5 8.75 1/3 0.8 26.3 0.3
z Soft Clay (Alluvium) 0.5 -2.9 18 0.4 2 1 0.2 2 0.3
8 Medium dense
gravels (River -2.9 -4 20 6 105 1/3 1.0 315 0.3
Deposits)
4 Dense gravels (River
Deposits) -4 -6.2 20 12 21 1/3 2.1 63 0.3
CMC part -2.5 -4.5 22 - - - - 8,500 0.2
VSC part Var -2.5 18 - - - - 50 0.3
WP 2.9/2.5/1.8 2.4/2.0/1.3 20 - 125 14 17 50 0.3
Fill Var 2.9/2.5/1.8 20 - - - - 40 0.3

Notes:

Table 4 - Soil profile and geotechnical parameters

Fill material added on top of the working platform can enact as the Load Distribution Mattress as
long as it is a well graded compacted granular material meeting our minimum compaction
specifications.

® CMC will be embedded 0.5 m into dense gravels layer
© The symbols used in the table above are: y = bulk unit weight, gc = CPT cone resistance, Em =
Pressuremeter Modulus, a = rheological coefficient, Evy = Young's modulus,
pi = pressure limit, v = Poisson’s ratio.
©® Ground water level was considered at -0.725mAQD, as an in between value from the groundwater
monitoring records (between -3.3 and +1.85 mAOD) . Groundwater level fluctuations have
negligible influence on the final design.
© Pockets of peats have been accounted in the design by degrading the modulus of the Alluvium
layer
V29949 Design Report / Project OLYMPUS, Silvertown, London
LCY10-VBM-ZZ-ZZ-RP-GE-00001 Contact: Julien.jang@menard.co.uk
Date: 02/06/2025 Status : S5 Rev: C0O3

www.menard.co.uk




@ MEenARD

5. CALCULATIONS METHODOLOGY FOR BMC
5.1. Principle of the finite element model

The finite element calculation presented in this document is an axial-symmetrical calculation
carried out thanks to Plaxis v24.2. The radius R of the model is defined to represent a grid mesh

LxL:

The hereafter picture illustrates the principle of an axial-symmetrical calculation:

It x R? = L x

Ground improvement by BMC

PLAN VIEW

. ...... . .

L

®
FRONT VIEW
H Lo L

« 5o b

Figure 9 — Principle of axial-symmetrical calculation
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5.2. Initial Earthwork platform Cut/Fill

Initial Cut/Fill earthwork are undertaken to reach “proposed formation level” (FRM) at either
+2mAOD or +1.3mAOD, see [7].

Ground improvement by BMC
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As fill reaches up to 0.7m on certain area, it was conservatively assumed that 0.7m fill was added
on, for all our Plaxis modelling with a fill scenario.

Similarly, for every cut scenario, it was conservatively assumed that no material was cut and
therefore EGL=FRM. (case for the proposed formation level at 1.3mAOD)

5.3. Calculations parameters and assumptions
The Plaxis axial-symmetrical model is the following:
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column " | Made ground
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Figure 10 — Finite element model

A total of 2 grid spacings have been considered, with the radius of each model summarized in the
table below.

Grid spacing  Req

(mx m) (m)

Model 1. 2.8 mx2.8m 1.579

Model 2. 2.2mx2.2m 1.241

Table 5. Equivalent radius per model
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A Uniformly Distributed Load of 15 kPa is applied above the top of the pavement structure or slab,
. as agreed with McLaren and confirmed by email [23].

Ground improvement by BMC
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The calculation stages for the modelling are shown hereafter:

o o i e AT
el | _ ,
L E (111 1 [ [ 1
7: EED —: EIII ] D:D -~ ,,,_: 2o
E E - | || ;
okl ' o =] Moo =] b: . m—: *
x ] x ] - =] 1 =1 7
= iR HEN . o ¥
e 10 ] ] -
2| ﬁ —E L -
e el 4 . il
® @ ﬁ . = 5]
§[ep O: Initial Step 1. Step 2: Step 3: BMC Step 4 fill Step 5: UDL
conditions at Earthwork Working installation installation to activation
EGL Cut/Fill to platform reach finished
reach FRM installation level

Table 6 — Calculation stages for the modelling

With calculation stages going as the following:

1) From initial conditions Existing Ground Level, there are some earthworks (either cut or fill)
to reach the “proposed formation level” FRM, as per Burrows Graham Earthworks platform
C-F drawings [7], to reach FRM of either +1.3 or +2.0 mAOD.

2) Then working platform is installed as per StrucTemp’s design [12] for the elevation of the
top of the working platform to reach either +1.8, +2.5 or +2.9mAQD.

3) From these working platforms, our BMC are installed.

4) Further engineered fill is installed after the installation of our BMC to reach the desired
external levels, as designed by Burrows Graham [8].

5) Final stage is activation of the 15 kPa UDL.

The different scenarios considered are summarised in the table hereafter:
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Ground improvement by BMC

18/53
Coverage
Proposed Coverage . . :
Model Earthwork formation WP height F'?e'\slgled frgrilg(]:hl\;C S ii:lidn Eﬁtrefgézl
level FRM from FRM head* P 9
) (mAOD) (mAOD) (m) (mAOD) (m) (m x m)
1 1.25 3.25 3.25 2'288Tnx
25 :
2 0.25 2.25 2.9 2'222qu
Fill +0.7m 2.0 5 8 -
. X
3 , 1.25 3.65 3.15 S am bl
' avement
4 25 4.9 44  FZmX P
5 25 3.8 3.8 2'222qu
CutOm 1.3 1.8 . 2
6 0.7 2.0 2.9 5 ZTnX
7 Fill +0.7m 2.0 25 1.25 3.25 3.25 2'288qu Cosr:;)ete

Table 7 -Summary Plaxis

models scenarios.

*for low height of fill placed on top of working platform to reach the desired finished levels, depth
of the VSC part have been increased to ensure sufficient coverage height above the CMC in

order to prevent any dimpling “egg-box” effect.

Notes:

© For the cases of post BMC installation excavation required for the installation of any services routes
or manholes, no formal verification has been carried out as the exact loading case for each service
has not been given. However, one can safely assume that load case for any manholes or services
is a net unloading and is not the worst case compared to supporting the full fill scenarios.
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6. CALCULATIONS RESULTS FOR BMC

6.1. Model 1. Earthwork fill +0.7m - WP 2.5mAOD — 1.25m of coverage height form
FRM

Ground improvement by BMC
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Figure 11 - Plaxis model 1 — Earthwork fill +0.7m WP 2.5mAQOD - 1.25m of coverage height from FRM
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6.1.1. Settlements results

Ground improvement by BMC
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Figure 12 - total settlements after fill installation - model 1
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Minimum value = -0.03832 m Minimum value = -2.835*10-3 m

Figure 13 - Total settlements in the alluvium layer after fill installation — model 1

Assuming a 10-weeks consolidation period, a consolidation degree of 80% can be considered in
the alluvium layer without PVD. Assuming consolidation takes place in the granular layers as the
fill is being installed, the remaining residual settlements to consider are summarised in the table
below:

Layer Settlements after embankment installation (mm)  Residual settlements after embankment settlements (mm)

Alluvium =38-1=37 8

Table 8 — Total and Residual Settlements in the cohesive layers after installation of the fill — model 1
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These residuals settlements due to the installation of the fill in the cohesive layers, need to be
considered with the residual settlements occurring after the activation of the UDL.

Ground improvement by BMC
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Maximum value = -0.01407 m (Element 11 at Node 2684)
Minimum value = -0.01408 m (Element 1 at Node 3038)

Figure 14 - Residual settlements after UDL activation - model 1

Therefore, the total residual settlements expectable after a 10-weeks consolidation period are
about 22mm.

Inversely, maximal residual settlements acceptable from fill installation are of 36 mm before
reaching the design specification of 50mm. Umin= 1-36/37=3% with 3% degree of consolidation
achieved in 1 week without PVD. See detailed consolidation calculation in Appendix 1.

6.1.2. Load in the column
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Cartesian effective stress o‘w (scaled up 0.100%10-3 times)
Maximum value = -3.684 kN/m? (Element 268 at Node 2474)
Minimum value = -2285 kN/m? (Element 333 at Node 120)

Figure 15 - effective stress distribution after UDL activation - model 1
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Ground improvement by BMC
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Cartesian effective stress o'w (scaled up 0.200%10-3 times)
Maximum value = -51.78 kN/m?
Minimum value = -1934 kN/m?

Figure 16 - effective stress in the CMC — model 1

Maximum effective stress in the VSC is about 730 kPa, which is inferior to the allowable vertical
stress in the made ground layer, see Table 3.

Maximum effective stress in the CMC is about 2285 kPa, corresponding to a maximum load of
141KkN in the CMC.
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Conclusion: The settlements remain lower than 50 mm and the stresses in the BMC are | | . . . .
acceptable. e
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Ground improvement by BMC

6.2. Model 2. Earthwork fill +0.7m - WP 2.5mAQOD —-0.25m of coverage height from

FRM
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Figure 17 - Plaxis model 2 — Earthwork fill +0.7m - WP 2.5mAOD — 0.25m of coverage height from FRM

6.2.1. Settlements results
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Figure 18 - total settlements after reaching finished level - model 2
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Assuming a 10-weeks consolidation period, a consolidation degree of 80% can be considered in
the alluvium layer without PVD. But here, assuming conservatively that although consolidation
takes place in the granular layers as the fill is being installed, the settlements to consider in the
alluvium layer correspond to the total displacement in Figure 18

Ground improvement by BMC
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The remaining residual settlements to consider are summarised in the table below:

Layer Settlements after embankment installation (mm)  Residual settlements after embankment settlements (mm)

Alluvium =26 6

Table 9 — Total and Residual Settlements in the cohesive layers after installation of the fill — model 2

These residuals settlements due to the installation of the fill in the cohesive layers, need to be
considered with the residual settlements occurring after the activation of the UDL.
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Phase displacements Pny (scaled up 20.0 times)
Maximum value = 0.000 m (Element 395 at Node 3344)
Minimum value = -0.01165 m (Element 34 at Node 948)

Figure 19 - Residual settlements after UDL activation - model 2

Therefore, the total residual settlements expectable after a 10-weeks consolidation period are
about 18mm.

Inversely, maximal residual settlements acceptable from fill installation are of 38 mm before
reaching the design specification of 50mm. Therefore, there is no need for a consolidation period
in this scenario.
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6.2.2. Load in the column

Ground improvement by BMC
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Cartesian effective stress a"w (scaled up 0.500%10-3 times)
Maximum value = -14.34 kN/m? (Element 151 at Node 1040)
Minimum value = -601.2 kN/m2 (Element 293 at Node 2960)

Figure 20 - effective stress distribution after UDL activation - model 2
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Figure 21 - effective stress in the CMC — model 2

Maximum effective stress in the VSC is about 100 kPa in the made ground (210 kPa in the
alluvium), which is inferior to the allowable vertical stress in their respective layer, see Table 3.

Maximum effective stress in the CMC is about 601 kPa, corresponding to a maximum load of 37
kN in the CMC.

Conclusion: The settlements remain lower than 50 mm and the stresses in the BMC are
acceptable.
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Ground improvement by BMC

6.3. Model 3: Earthwork fill +0.7m - WP 2.9mAOD — 1.25m of coverage height from

FRM
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Figure 22 - Plaxis model 3 — Earthwork fill +0.7m - WP 2.9mAOD - 1.25m of coverage height from FRM

6.3.1. Settlements results

-8.00 -6.00 -4.00 -2.00 0.00 2.00 4.00 6.00 8.00 [*103 m]

4.00

-6.00 I
—> X

Total displacements uy (scaled up 5.00 times)
Maximum value = 0.000 m (Element 370 at Node 3408)
Minimum value = -0.05031 m (Element 18 at Node 72)

Figure 23 - total settlements after fill installation - model 3
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Figure 24 - total settlements in the alluvium layer after fill installation — model 3

Assuming a 10-weeks consolidation period, a consolidation degree of 80% can be considered in
the alluvium layer without PVD. Assuming consolidation takes place in the granular layers as the
fill is being installed, the remaining residual settlements to consider are summarised in the table
below:

Layer Settlements after embankment installation (mm)  Residual settlements after embankment settlements (mm)

Alluvium =48.4-2=47 mm 10

Table 10 — Total and Residual Settlements in the cohesive layers after installation of the fill — model 3

These residuals settlements due to the installation of the fill in the cohesive layers, need to be
considered with the residual settlements occurring after the activation of the UDL.
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Phase displacements Puv (scaled up 50.0 times)
Maximum value = -0.01394 m (Element 11 at Node 72)
Minimum value = -0.01394 m (Element 1 at Node 189)

Figure 25 -Residual settlements after UDL activation — model 3
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Therefore, the total residual settlements expectable after a 10-weeks consolidation period are
about 24 mm.

Ground improvement by BMC
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Inversely, maximal residual settlements acceptable from fill installation are of 36 mm before
reaching the design specification of 50mm. Umin= 1-36/47=23.4% with 24% degree of
consolidation achieved in 1 week without PVD. See detailed consolidation calculation in Appendix
1.

6.3.2. Load in the column
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Cartesian effective stress o', (scaled up 0.200*10-3 times)
Maximum value = -7.837 kN/m? (Element 286 at Node 1054)
Minimum value = -2031 kN/m? (Element 365 at Node 3606)

Figure 26 - effective stress distribution after UDL activation - model 3
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Cartesian effective stress o', (scaled up 0.200*10-3 times)
Maximum value = -39.36 kN/m?
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Figure 27 - effective stress in the CMC — model 3

Maximum effective stress in the VSC is about 730 kPa in the made ground (60 kPa in the fill)
which is inferior to the allowable vertical stress in their respective layer, see Table 3.

Maximum effective stress in the CMC is about 2031 kPa, corresponding to a maximum load of
125 kN in the CMC.

Conclusion: The settlements remain lower than 50 mm and the stresses in the BMC are
acceptable.
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Ground improvement by BMC
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6.4. Model 4: Earthwork fill +0.7m - WP 2.9mAOD - 2.5m of coverage height from

FRM
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Figure 28 - Plaxis model 4 — Earthwork fill +0.7m - WP 2.9mAOD — 2.50m of coverage height from FRM

6.4.1. Settlements results
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Figure 29 - total settlements after fill installation - model 4
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Ground improvement by BMC
30/53

N \?‘ " >|§‘ | mﬁml\ F‘ I mfgmwuuﬁ;

.....

g\ F\I\\l

tunli

Total displacements u, (scaled up 5.00 times) Total displacements u, (scaled up 50.0 times)
Maximum value = -0.04545 m Maximum value = -2.836*103 m
Minimum value = -0.06222 m Minimum value = -7.351%10-3 m

Figure 30 - total settlements in the clay layer after fill installation — model 4

Assuming a 10-weeks consolidation period, a consolidation degree of 80% can be considered in
the alluvium layer without PVD. Assuming consolidation takes place in the granular layers as the
fill is being installed, the remaining residual settlements to consider are summarised in the table
below:

Layer Settlements after embankment installation (mm)  Residual settlements after embankment settlements (mm)

Alluvium =62.2.8-2.8=60 12

Table 11 — Total and Residual Settlements in the cohesive layers after installation of the fill

These residuals settlements due to the installation of the fill in the cohesive layers, need to be
considered with the residual settlements occurring after the activation of the UDL.

Phase displacements Pu, (scaled up 50.0 times)
Maximum value = -0.01257 m (Element 7 at Node 113)
Minimum value = -0.01257 m (Element 1 at Node 1)

Figure 31 Residual settlements after UDL activation — model 4

Therefore, the total residual settlements expectable after a 10-weeks consolidation period are
about 25 mm.
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Inversely, maximal residual settlements acceptable from fill installation are of 37 mm before
reaching the design specification of 50mm. Umin= 1-37/30=38.3% with 39% degree of
consolidation achieved in 3 weeks without PVD. See detailed consolidation calculation in
Appendix 1.

Ground improvement by BMC
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6.4.2. Load in the column

wwwwwwwwwwwwwwwwwwwwwwwwwwww
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233000
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2660.00
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Cartesian effective stress d'w (scaled up 0.100%10-3 times)
Maximum value = -3.932 kN/m? (Element 219 at Node 1076)
Minimum value = -2769 kN/m? (Element 283 at Node 2720)

Figure 32 - effective stress distribution after UDL activation — model 4

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

Bl BB B B B BB

e T T e

Cartesian effective stress u‘w (scaled up 0.100%10-3 times)
Maximum value = -69.02 kN/m?
Minimum value = -2691 kN/m?

Figure 33 - effective stress in the CMC — model 4

Maximum effective stress in the VSC is about 1300 kPa in the made ground (90 kPa in the fill)
which is inferior to the allowable vertical stress in their respective layer, see Table 3.

Maximum effective stress in the CMC is about 2769 kPa, corresponding to a maximum load of
170 kN in the CMC.

Conclusion: The settlements remain lower than 50 mm and the stresses in the BMC are
acceptable.
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Ground improvement by BMC

6.5. Model 5: Earthwork cut -0.0m - WP 1.8 mAOD — 2.5m of coverage height from

FRM
. 15 IIAIUDL
E Fill
» — i } LDM
Stone
columny Made ground
head
] Alluvium
-
E Medium dense
] gravel
300 ] Dense gravel

Figure 34 - Plaxis model 5 — Earthwork fill +0.0m - WP 1.8mAOD — 2.5m of coverage height from FRM

6.5.1. Settlements results
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Total displacements uy, (scaled up 5.00 times)
Maximum value = 0.000 m (Element 290 at Node 2546)
Minimum value = -0.03819 m (Element 51 at Node 2)
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Figure 35 - total settlements after fill installation - model 5
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Total displacements u, (scaled up 5.00 times) Total displacements u, (scaled up 50.0 times)
Maximum value = -0.01905 m Maximum value = -1.798*103 m

Minimum value = -0.03670 m Minimum value = -7.002*10-3 m

Figure 36 - total settlements in the clay layer after fill installation — model 5

Assuming a 10-weeks consolidation period, a consolidation degree of 80% can be considered in
the alluvium layer without PVD. Assuming consolidation takes place in the granular layers as the
fill is being installed, the remaining residual settlements to consider are summarised in the table
below:

Layer Settlements after embankment installation (mm)  Residual settlements after embankment settlements (mm)

Alluvium =36.7-1.7=35 7

Table 12 — Total and Residual Settlements in the cohesive layers after installation of the fill

These residuals settlements due to the installation of the fill in the cohesive layers, need to be
considered with the residual settlements occurring after the activation of the UDL.

Phase displacements Pu, (scaled up 50.0 times)
Maximum value = -0.01236 m (Element 8 at Node 157)
Minimum value = -0.01236 m (Element 1 at Node 2)

Figure 37 -Residual settlements after UDL activation — model 5

Therefore, the total residual settlements expectable after a 10-weeks consolidation period are
about 20mm.
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Inversely, maximal residual settlements acceptable from fill installation are of 37 mm before
reaching the design specification of 50mm. Umin= 1-35/37=5.4% with 6% degree of consolidation
achieved in 1week without PVD. See detailed consolidation calculation in Appendix 1.

Ground improvement by BMC
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6.5.2. Load in the column
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Cartesian effective stress o', (scaled up 0.0500%10-3 times)
Maximum value = 1.930 kN/m? (Element 221 at Node 874)
Minimum value = -3293 kN/m? (Element 289 at Node 2820)

Figure 38 - effective stress distribution after UDL activation — model 5
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Cartesian effective stress o', (scaled up 0.100¥10-3 times)
Maximum value = -249.6 kN/m?
Minimum value = -2538 kN/m?

Figure 39 - effective stress in the CMC — model 5

Maximum effective stress in the VSC is about 1340 kPa is inferior to the allowable vertical stress
in the made ground layer, see Table 3.

Maximum effective stress in the CMC is about 3293 kPa, corresponding to a maximum load of
203 kN in the CMC.

Conclusion: The settlements remain lower than 50 mm and the stresses in the BMC are
acceptable.

V29949 Design Report / Project OLYMPUS, Silvertown, London
LCY10-VBM-ZZ-ZZ-RP-GE-00001 Contact: Julien.jang@menard.co.uk
Date: 02/06/2025 Status : S5 Rev: C03

www.menard.co.uk




@ MEeNnARD

6.6. Model 6: Earthwork cut -0.0m - WP 1.8 mAOD — 0.7m of coverage height from

FRM

Figure 40 - Plaxis model 6 — Earthwork fill +0.0m - WP 1.8mAOD — 2.50m of coverage height from FRM
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6.6.1. Settlements results
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Total displacements uy (scaled up 5.00 times)
Maximum value = 0.000 m (Element 290 at Node 2546)
Minimum value = -0.03819 m (Element 51 at Node 2)
Figure 41 - total settlements after fill installation - model 6
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Assuming a 10-weeks consolidation period, a consolidation degree of 80% can be considered in
the alluvium layer without PVD. But here, assuming conservatively that although consolidation
takes place in the granular layers as the fill is being installed, the settlements to consider in the
alluvium layer correspond to the total displacement in Figure 18

Ground improvement by BMC
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The remaining residual settlements to consider are summarised in the table below:

Layer Settlements after embankment installation (mm)  Residual settlements after embankment settlements (mm)

Alluvium =15mm 3

Table 13 — Total and Residual Settlements in the cohesive layers after installation of the fill — model 6

These residuals settlements due to the installation of the fill in the cohesive layers, need to be
considered with the residual settlements occurring after the activation of the UDL.

480 400 320 240 160 080 000 080 160 240 320 400 480 560 m
TP POT T PUUOY TUO AT FOPPT TOVI FYVUL FOPIY FUVTY PP FHPIY PVIY FYVUTPITIN FOVPT TVO01 VT TITTY IVOUTTVIN PP VPN FOTVT TP PP IR PP
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01

Phase displacements Puy (scaled up 50.0 times)
Maximum value = -0.01443 m (Element 1 at Node 54)
Minimum value = -0.01445 m (Element 10 at Node 890)

Figure 42 -Residual settlements after UDL activation — model 6

Therefore, the total residual settlements expectable after a 10-weeks consolidation period are
about 18 mm.

Inversely, maximal residual settlements acceptable from fill installation are of 35 mm before
reaching the design specification of 50mm. Therefore, there is no need for a consolidation period
in this scenario.

V29949 Design Report / Project OLYMPUS, Silvertown, London
LCY10-VBM-ZZ-ZZ-RP-GE-00001 Contact: Julien.jang@menard.co.uk
Date: 02/06/2025 Status : S5 Rev: C03

www.menard.co.uk




MEenARD

Ground improvement by BMC
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6.6.2. Load in the column

X 855.00
A
| 0000

Cartesian effective stress d'" (scaled up 0.200%10-3 times)
Maximum value = -14.98 kN/m? (Element 17 at Node 29)
Minimum value = -867.1 kN/m?2 (Element 269 at Node 2740)

Figure 43 - effective stress distribution after UDL activation — model 6
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Cartesian effective stress c’w (scaled up 0.200%10-3 times)
Maximum value = -32.89 kN/m?
Minimum value = -849.3 kN/m?

Figure 44 - effective stress in the CMC — model 6

Maximum effective stress in the VSC is about 103 kPa in the made ground (301 kPa in the
alluvium), which is inferior to the allowable vertical stress in their respective layer, see Table 3.

Maximum effective stress in the CMC is about 867 kPa, corresponding to a maximum load of 54
kN in the CMC.

Conclusion: The settlements remain lower than 50 mm and the stresses in the BMC are
acceptable.
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6.7. Model 7: Earthwork fill +0.7m - WP 2.5 mAOD — 1.25m of coverage height
from FRM (concrete slab)
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Figure 45 - Plaxis model 6 — Earthwork fill +1.4m - WP 2.5mAOD — 1.25m of coverage height from FRM (concrete

slab)
6.7.1. Settlements results
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Total displacements u, (scaled up 5.00 times)
Maximum value = 0.000 m (Element 337 at Node 432)
Minimum value = -0.03970 m (Element 16 at Node 2681)
Figure 46 - total settlements after fill installation - model 7
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Total displacements u, (scaled up 5.00 times) Total displacements u, (scaled up 100 times)
Maximum value = -0.03049 m Maximum value = -1.622*10-3 m
Minimum value = -0.03832 m Minimum value = -2.820*10-3 m

Figure 47 - total settlements in the clay layer after fill installation — model 7

Assuming a 10-weeks consolidation period, a consolidation degree of 80% can be considered in
the alluvium layer without PVD. Assuming consolidation takes place in the granular layers as the
fill is being installed, the remaining residual settlements to consider are summarised in the table
below:

Layer Settlements after embankment installation (mm)  Residual settlements after embankment settlements (mm)

Alluvium =38.3-1.6=37mm 8

Table 14 — Total and Residual Settlements in the cohesive layers after installation of the fill — model 7

These residuals settlements due to the installation of the fill in the cohesive layers, need to be
considered with the residual settlements occurring after the activation of the UDL.
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Phase displacements Puy (scaled up 50.0 times)
Maximum value = -0.01415 m (Element 11 at Node 2684)
Minimum value = -0.01415 m (Element 1 at Node 3038)
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Figure 48 -Residual settlements after UDL activation — model 7
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Therefore, the total residual settlements expectable after a 10-weeks consolidation period are

about 22 mm.

Inversely, maximal residual settlements acceptable from fill installation are of 35 mm before
reaching the design specification of 50mm. Umin= 1-35/37=5.4% with 6% degree of consolidation
achieved in 1 week without PVD. See detailed consolidation calculation in Appendix 1.

Ground improvement by BMC

6.7.2. Load in the column
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Cartesian effective stress o'y, (scaled up 0.100*10-3 times)
Maximum value = -2.951 kN/m? (Element 268 at Node 2474)
Minimum value = -2269 kN/m? (Element 333 at Node 120)

Figure 49 - effective stress distribution after UDL activation — model 7
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Cartesian effective stress o', (scaled up 0.200*10-3 times)
Maximum value = -49.97 kKN/m?
Minimum value = -1932 kN/m?

Maximum effective stress in the VSC is about 740 kPa, which is inferior to the allowable vertical

Figure 50 - effective stress in the CMC — model 7

stress in the made ground layer, see Table 3.

Maximum effective stress in the CMC is about 2269 kPa, corresponding to a maximum load of

140kN in the CMC.

acceptable.

Conclusion: The settlements remain lower than 50 mm and the stresses in the BMC are
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7. CALCULATIONS RESULTS FOR CMC

7.1. Footings

The calculations of the CMC beneath the footings of the ancillary buildings are carried out using
the CMCLTP software, in which the deformations and the stresses are calculated by iterations
according to the O. Combarieu method (“Fondations mixtes” [Mixed foundations], LCPC, 1988),
taking into account the Frank and Zhao behaviour laws for the CMC-soil interactions.

Ground improvement by BMC
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The calculations are carried out for each footing type, considering the SLS bearing pressures of
150 kPa for the foundations of the dust canopy, the waste and water tank building, and the
foundations of the guardhouse, as indicated on the Burrows Graham foundation drawings
([13][14] and [18][19] and[17].) and reconfirmed by email [23]. The main results of the calculations
are shown in the table below, and the details of the calculations are presented in Appendix 2 for
some selected cases.

Pad SLS SLS No of SLS
Building Tvpe Length Width bearing vertical CMC Settlement  Stress in
yp pressure load the CMC
@) @) (m) (m) (kPa) (kN) @) (mm) (MPa)
Guardhouse  pad 0.65 0.65 150 63 1 <5 0.86
Table 15 - Design results for pad footings
Stri SLS SLS No of SLS
Building T 2 Width bearing vertical CMC Settlement Stress in
yp pressure load the CMC
O] (m) (kPa) (KN/Im) ) (mm) (MPa)
Waste and
Water tank GBO1 1 150 150 levery2m <5 2.95
Guardhouse  Strip 0.9 150 135 ! every 22 <5 2.94
bust Strip 15 150 225 2every 1.8 5 2.80
Canopy m

Table 16 - Design results for strip footings

Conclusion: The settlements under the working loads remain acceptable (<50 mm) and
the stresses in the CMC are lower than the allowable value.
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7.2. Ground bearing slab

Ground improvement by BMC
42 /53

Calculations of the ground improvement under the ground bearing slab are carried out using an
axisymmetric model with the CMCAXI software.

PLAN VIEW

Figure 51 - Principle of axisymmetric modelling

The main results are presented below, the detailed calculations are presented in Appendix 3.
SLS

Zones SLS CMC : Tensile stress in slab induced
UDL Grid SCRUEMETE e T by consolidation settlements
the CMC
O] (kPa)  (mxm) (mm) (MPa) (MPa)
Waste and
Water tank 50 2.3x2.3 24 3.1 0.5
Guardhouse 50 25x25 33 3.0 0.8

Table 17 - Calculation results for ground bearing slab

Conclusion: The long-term settlements considering quasi-permanent service loads
remain lower than 50 mm and the stresses in the CMC are acceptable.

Note: Maximum envelope moments induced in the slab by the long-term consolidation settlements
of the reinforced soil reach up to 5.2kN.m/Im (5.0 kN.m/Im for guardhouse), which is equivalent
to a maximum tensile stress of 0.5 MPa for a 250 mm thick slab (0.8 MPa for a 250 mm thick
slab), which is much lower than the tensile resistance of the plain concrete (2.5MPa for a C28/35
250mm thick). These moments are to be considered by the slab designer for additional load cases

not covered in this design report if any.
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7.3. Retaining walls

The calculations of the ground improvement beneath the retaining wall footings are carried out
using the BMCLTP software, in which the deformations and the stresses are calculated by
iterations according to the O. Combarieu method (“Fondations mixtes” [Mixed foundations],
LCPC, 1988), taking into account the Frank and Zhao behaviour laws for the CMC-soil
interactions. The stone columns part of the BMC design is following the Goughnour and Bayuk
method (1979).

Ground improvement by BMC
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The calculations are carried out for each footing type, considering the SLS bearing pressures of
100 kPa as indicated in the comment [24].Due to variability of the retaining wall dimension and
elevation, only representative cases have been displayed : narrowest, widest, shallowest and
deepest strip portion scenarios. The main results of the calculations are shown in the table below,
and the details of the calculations are presented in Appendix 4.

SLS SLS
Top of . SLS SL.S No of Stress  Stress
Case . Width bearing vertical Settlement .
foundation ressure load CMC inthe inthe
P VSC CMC
() (mAOD) (m) (kPa) (KN/Im) () (mm) (MPa) (MPa)
1 3.2 1.0 100 100  Levery 5 0.12 05
2.5m
2 155 25 100 o590  Levery 15 0.57 16
2.5m
3 3.2 2.2 100 150 1 every 9 0.19 0.9
25m
4 0.7 2.2 100 220 1 every 35 0.27 1.10
25m

Table 18 - Design results for retaining wall strip footings

Conclusion: The settlements under the working loads remain acceptable (< 50 mm) and
the stresses in the BMC are lower than the allowable value.
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8. OBSTRUCTION METHODOLOGY

Probing and ground analysis tend to demonstrate the presence of significant number of
obstructions in the ground: existing piles, existing concrete foundations and concrete slab. [22]

Ground improvement by BMC
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Menard is proposing a methodology on site to deal with the obstructions. Details of the obstruction
methodology is provided in Appendix 5. In essence, depending on the depth of the obstructions
from the WPL, we would suggest to either to:

@ Dig out the obstruction when located a depth from 0 to 3 m under the WPL

@ Readapt locally the BMC grid when encountering an obstruction between 3 to 6.5 m below
WPL

@ Stopped the VSC on the obstruction when beyond 6.5m below the WPL.

Menard would also suggest additional probing to fine tune the positions of the obstructions and
additional CPT campaign to ensure compliance of stopping the VSC on the deepest obstructions.
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9. QUALITY CONTROL
9.1. Monitoring and recording

Ground improvement by BMC
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Layout drawing showing the location of each CMC will be produced by 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 an “embedment” criteria
will be done.

The execution of each CMC is controlled by the operator and recorded by an on-board
computer. The parameters controlled are: verticality of the mast, depth of treatment,
concrete volume, continuity and integrity of each column. A special software enables the
site technician to plot the profile of each CMC together with the data recorded during the
drilling process.

1 of every 10 data recording is handed to the Engineer after the execution of the works.
The work done is also recorded by a log of each CMC showing the CMC reference
number, penetration length, concrete volume 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.

'As built' record drawings showing the execution numbers of each CMC will be provided.

9.2. Testing

©

Notes:

V29949

Concrete sampling for measurement of the compressive strength: 5 samples per day per
rig, 2 of them are tested at 7 days, 2 of them at 28 days and 1 spare,

Vertical load tests up to 1.5 times the nominal load of the CMC or to a maximum load of
40t whichever is the least. We have allowed for 1 plate load test per week (based on
continuous work) per rig per technique (1 test for CMC/week and 1 test for VSC
/week), accounting for a total of maximum 24 tests. The load test comprises a 600 mm
circular plate which is positioned centrally over a CMC/VSC on a layer of sand. The load
is applied centrally to the plate by a hydraulic jack using the CMC rig as a “reaction block”.
The procedure for those tests is as follows:

Load Stage | Load applied Comparator reading times
20% Qmax 1 and 5 min

0% Qmax 1 and 5 min

20% Qmax 1,2, 3,4,5,10 and 15 min
40% Qmax 1,2, 3,4,5,10 and 15 min
60% Qmax 1,2, 3,4,5,10 and 15 min
80% Qmax 1,2,3,4,5, 10,15, and 30 min
100% Qmax | 1,2, 3,4,5, 10, 15, 30 and 60 min
50% Qmax 1 and 5 min

0% Qmax 1 and 5 min
Table 19 - Loading procedure for plate load test of CMCs and VSCs

OO (N[O |WIN|F-

The load stages are to be carried out for not less than the times specified above or until
the settlement is equal or less than 0.02 mm per minute.
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@ The maximum stress in a CMC is 3.3 MPa corresponding to a maximum nominal load of
203 kN. As such, the maximum load applied during the load test will be Qmax =305 kN.
@ Similar maximum load Qmax =305 kN will be applied for VSC test.

Ground improvement by BMC
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@ Dummy footing test: 5 no. dummy foundation tests has been allowed for using a 0.6m x
1.5m steel plate covering 2no. CMCs. The steel plate is place directly on the head of the
CMCs. This will be taken to a maximum load of 1.5 x 203 = 305 kN (338 kPa). The load
will be held for a period of 12 hours.

The increments for this will be as below:

W.L. Applied Load Minimum Hold

10% 34 kPa 10 min

0% 0 kPa 10 min

25% 84.5 kPa 30 min

50% 169 kPa 30 min

75% 253.5 kPa 30 min

100% 338 kPa 12 hours

75% 253.5 kPa 30 min

50% 169 kPa 30mn  } e e e e
25% 84.5 kPa omn |
0% 0 kN 10 min R

Table 20 - loading procedure for dummy footingtest ~ + ¢ & & &
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10. CONCLUSION

The design for BMC ground improvement below the concerned structures has been carried out
using the FEM models. The calculation results show the good behaviour of the footings and
ground bearing slabs in terms of settlements under working loads. They show also that the BMC
structural integrity is ensured.

Ground improvement by BMC
47 /53

The CMC part of diameter 280 mm will be installed using a concrete with a minimum compressive
strength of 12 MPa and will be keyed 0.5 m into the dense gravel layer. As such, their depth is
expected to be around 6 m to 8 m from the working platform level. Depending on the local
characteristics of the soils, BMC could be shorter or longer.

The VSC part of diameter 400mm will be installed to a depth allowing a minimum of 0.5m of
stone column head underneath the services invert levels.

The BMC will be arranged in a square grid ranging from 2.2 m x 2.2 mto 2.8 m x 2.8 m. A Load
Distribution Mattress (LDM) of minimum thickness 500 mm/1000 mm is required between the
head of the BMC and the underside of the slab/flexible pavement. Working platform material and
any class 6F engineered fill can enact as the LDM. The compaction requirements are CBR > 10%
or subgrade reaction coefficient Kw > 50 MPa/m.

The BMC configuration is summarized in the table below:

Bi-Modulus Columns (BMC)

Diameter 280 mm
Embedment Min 0.5 into Dense Gravels (river deposits)
CMC part Concrete
compressive Min. f,, = 12 MPa
strength
Design chemical DC-4
class
VSC Part diameter 400 mm
Grid 22mx22mto3mx3m
Beneath o .
slab/flexible - N Minimum SOQ mm thick under slab _ .
pavement Load Distribution Minimum 1000 mm thick (WP + class 6F engineer fill)
Mat under flexible pavements
, CBR > 10%

Spacing 1 BMC every 2.5 m

Beneath
retaining walls | | oad Distribution
none
Mat
Table 21 - Summary of BMC arrangement
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@ MEenARD

The design for CMC ground improvement below the concerned structures has been carried out
using the O. Combarieu iterative method, taking into account the behaviour laws of Frank & Zhao.
The calculation results show the good behaviour of the footings in terms of settlements under
working loads. They show also that the CMC structural integrity is ensured.

Ground improvement by BMC
48 /53

The CMC part of diameter 280 mm will be installed using a concrete with a minimum compressive
strength of 12 MPa and will be keyed 0.5 m into the dense gravel layer. As such, their depth is
expected to be around 6 m to 8 m from the working platform level. Depending on the local
characteristics of the soils, CMC could be shorter or longer.

The number of CMC beneath the strip footings will vary between 1 every 0.9m to 1 every 2.2m
depending on the strip size. No LDM is required below the footings.

The CMC configuration is summarized in the table below:

Controlled Modulus Columns (CMC)

Diameter 280 mm
Embedment Min 0.5 into Dense Gravels (river deposits)
CMC
Concrete compressive strength Min. f,, = 12 MPa
Design chemical class DC-4
Allowable bearing pressure 150 kPa SLS
. . 1 CMC below pads footings
Beneath footings Spacing 1 CMC every 0.9 /2.2 m below strip footings

Load Distribution Mat None

Load case 50 kPa

Grid 2.3x23t025x%x25
Beneath slab
Slab geometry 250 mm thick (C28/35)

Load distribution Mat Minimum 500 mm thick CBR>10%

Table 22 - Summary of CMC arrangement
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Ground improvement by BMC
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APPENDIX 1: DETAILED CALCULATIONS FOR CONSOLIDATION

DEGREE
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Vertical Drains consolidation @
Project name : V29949 - Project Olympus - Silvertown, London

Layer 2 - Alluvium clay with peat - 2.8x2.8 spacing MenARrD
DATA Input
Soil parameters Value Unit Definitions
. — - n? 3n%-1
Vertical consolidation coefficient Cv 2.7E-07 m2/s F(n) = — In(n) — o etn==
Radial consolidation coefficient Cr 8.1E-07 m2/s
Drai .
rained sides (1 ou 2) 2 . Cv X t
Drained thickness h 3.4 m Tv — >
Hdr
Vertical drains parameters Value Unit _Tl
1

U, =(1+—
Mesh L 2.8 m 27;]3
Triangular (1.05); Squared (1.13) 1.13

PVD diameter d 0.05 m

Graphical results
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——Consolidation without PVD Loading time (week)
— Consolidation with PVD

Results and verifications

Degree of consolidation Value Unit

Loading time t 4 weeks (1 — U) — (1 — Uv)(l — UT‘)
Consolidation without PVD (vertical) Uv 53.16 %

Consolidation with PVD (global) U 70.45 %

Consolidation target Value Unit

Degree of consolidation U 80 %

Loading time

Loading without PVD t 10 weeks

Loading with PVD t 6 weeks




Vertical Drains consolidation @
Project name : V29949 - Project Olympus - Silvertown, London

Layer 2 - Alluvium - model 1 - consolidation target 3% MenARD
DATA Input
Soil parameters Value Unit Definitions
. — - n? 3n%-1
Vertical consolidation coefficient Cv 2.7E-07 m2/s F(n) = 71 In(n) — o etn==
Radial consolidation coefficient Cr 8.1E-07 m2/s e n
Drai .
rained sides (1 ou 2) 2 . Cv X t
Drained thickness h 3.4 m T, =
v Hz
ar
Vertical drains parameters Value Unit _Tl
1

U,=(1+—
Mesh L 2.8 m 27;]3
Triangular (1.05); Squared (1.13) 1.13

PVD diameter d 0.05 m

Graphical results
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——Consolidation without PVD Loading time (week)
— Consolidation with PVD

Results and verifications

Degree of consolidation Value Unit

Loading time t 4 weeks (1 — U) — (1 — Uv)(l — UT‘)
Consolidation without PVD (vertical) Uv 53.16 %

Consolidation with PVD (global) U 70.45 %

Consolidation target Value Unit

Degree of consolidation U g %

Loading time

Loading without PVD t 1 weeks

Loading with PVD t 1 weeks




Vertical Drains consolidation @
Project name : V29949 - Project Olympus - Silvertown, London

Layer 2 - Alluvium - model 3 - consolidation target 24% MenAaARrD
DATA Input
Soil parameters Value Unit Definitions
. — - n? 3n%-1
Vertical consolidation coefficient Cv 2.7E-07 m2/s F(n) = 71 In(n) — o etn==
Radial consolidation coefficient Cr 8.1E-07 m2/s e n
Drai .
rained sides (1 ou 2) 2 . Cv X t
Drained thickness h 3.4 m T, =
v Hz
ar
Vertical drains parameters Value Unit _Tl
1

U, =(1+—
Mesh L 2.8 m 27;]3
Triangular (1.05); Squared (1.13) 1.13

PVD diameter d 0.05 m

Graphical results
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——Consolidation without PVD Loading time (week)
— Consolidation with PVD

Results and verifications

Degree of consolidation Value Unit

Loading time t 4 weeks (1 — U) — (1 — Uv)(l — UT‘)
Consolidation without PVD (vertical) Uv 53.16 %

Consolidation with PVD (global) U 70.45 %

Consolidation target Value Unit

Degree of consolidation U 24 %

Loading time

Loading without PVD t 1 weeks

Loading with PVD t 1 weeks




Vertical Drains consolidation @
Project name : V29949 - Project Olympus - Silvertown, London

Layer 2 - Alluvium - model 4 - consolidation target 39% MenARD
DATA Input
Soil parameters Value Unit Definitions
. — - n? 3n%-1
Vertical consolidation coefficient Cv 2.7E-07 m2/s F(n) = 71 In(n) — o etn==
Radial consolidation coefficient Cr 8.1E-07 m2/s e n
Drai .
rained sides (1 ou 2) 2 . Cv X t
Drained thickness h 3.4 m T, =
v Hz
ar
Vertical drains parameters Value Unit _Tl
1

U, =(1+—
Mesh L 2.8 m 27;]3
Triangular (1.05); Squared (1.13) 1.13

PVD diameter d 0.05 m

Graphical results
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——Consolidation without PVD Loading time (week)
— Consolidation with PVD

Results and verifications

Degree of consolidation Value Unit

Loading time t 4 weeks (1 — U) — (1 — Uv)(l — UT‘)
Consolidation without PVD (vertical) Uv 53.16 %

Consolidation with PVD (global) U 70.45 %

Consolidation target Value Unit

Degree of consolidation U 39 %

Loading time

Loading without PVD t 3 weeks

Loading with PVD t 2 weeks
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APPENDIX 2: DETAILED CALCULATIONS FOR THE CMC BENEATH
THE FOOTINGS

Ground improvement by BMC
50/53
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CALCULATION OF FOOTING ON CONTROLLED MODULUS COLUMNS

@ MenARD

Project name :

Rectangular footing : 0.65m x 0.65m embedded of

V29949 - Project Olympus - Silvertown
Guardhouse -

Pad

0.44m loaded at 63.375 kN

Calculation according to O.Combarieu method (Fondations mixtes. LCPC 1988)
Taking into account the Frank & Zhao method for the settlement calculation of CMC

Analysis model

HIim

Supportin

Soft soil

g soil

vy Z

Soil improvement definition

Dimensions

L 6.3 m Columns length H 6.3 m Anchoring depth of CMC from the the footing base
D¢ 0.28 m Columns diameter R, 0.14 m Columns radius

Description of the columns material

E. 8,500,000 kPa Young modulus

% 12.0 MPa 28-day unconfined compressive strength

Soil displ. : With Type of control : Load-bearing capacity

ULS: Fundamental Presence of reinf. : No

fcd;avg;SLS 3.4 MPa SLS average compressive stress allowable by the material

fcd;avg;ULS 6.1 MPa ULS average compressive stress allowable by the material

Description of bearing soil layer

dy 4,800 kPa Limit soil resistance at the column bottom
kq 4.8 Frank & Zhao factor for the toe (extracted from the table below)
Enm 63,000 kPa Pressuremeter modulus

k4 values (according to Frank & Zhao)
Fine-grained soils 11
Coarse-grained soils 4.8

Description of the footing

Type of footing : Rectangular

Dimensions of the rectangular footing :
L 0.65 m
B 0.65 m

Length of the footing
Width of the footing

Number of CMC under the footing :

n 1 Number of CMC under the footing

Description of natural soil surrounding the columns

et 500 kPa

Net soil resistance under the footing without reinforcement

Spheric component :

Deviatoric component :

Ac 1.10 Ay 1.12
ac 0.25 Oy 0.35
Terms A are automatically extracted from the table below (as a function of L/B)
(Note : for a strip footing we consider L/B= )
/B |cercle{ carré 2 3 5 20
L/B: 1.00 A | 100 ] 110 (120|130 1,40 ] 1.50
A | 100 112 | 153|178 {214 | 265
Description of the Load Transfer Platform
hw 0.00 m LTP thickness
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Description of natural soil

Hy 253 m Depth of the groundwater table in relation to the footing underside
Layer n° H En a Js k, 1% Ktand z
(m) (kPa) () (kPa) 0 (kN/m *) 0) (m)

1 0.50 12,500 0.25 105 0.8 20 1.00 0.50
2 0.80 8,750 0.33 80 0.8 18 1.00 1.30
3 3.40 2,000 1.00 14 2.0 18 0.20 4.70
4 1.10 10,500 0.33 90 0.8 20 1.00 5.80
5 0.50 21,000 0.33 135 0.8 20 1.00 6.30
6 1.70 21,000 0.33 135 0.8 20 1.00 8.00

Notations

H Thickness of the layer y Unit weight of the layer

E m Pressuremeter modulus of the layer Ktand Empirical factor related to the type of inclusion and to soil nature

o Structural coefficient

Qs Ultimate skin friction in the layer (NF P 94-262)

K' Frank & Zhao factor for the friction (according to the table below)

z Depth of the layer base

k ; values (according to Frank & Zhao)

Note : By convention, the bottom of CMC is at layer n° 5.

Fine-grained soils 2
Coarse-grained soils 0.8
Results
SLS load applied on the footing : Reinforced soil settlement :
Q(-hn) 63 kN w 1 mm
Settlement distribution
Settlement of deep layers (below CMC) 0 mm
Punching at the inclusion tip 0 mm
Punching at the inclusion head 0 mm
Elastic shortening of the inclusion 0 mm
SLS load distribution per inclusion % total load on all % total load
Load applied on the inclusion head 53.1 kN 83.8% 53.1 kN 83.8%
Negative skin friction along the inclusion 0.0 kN 0.0% 0.0 kN 0.0%
Max. load in inclusion 53.1 kN 83.8% 53.1 kN 83.8%
Positive skin friction 34.7 kN 54.7% 34.7 kN 54.7%
Load applied on the inclusion tip 18.4 kN 29.1% 18.4 kN 29.1%
Neutral point depth 0.00 m
Stress in the soil at the LTP base 28.4 kPa
Load transferred to the soil at the LTP base 10.2 kN 16.2% 10.2 kN 16.2%
Load distribution on the scale of 1 CMC at the neutral point CMC efficiency
level 100% -
- 83.8% 83.8%
S 80% - 3 i
[}
3
0, 4
o Soil surrounding the CMC ° 60%
S0
= Tip resistance s= 40% 29.1%
(@]
[ Skin friction S 20% -
=
o 0% T T y
';, At inclusion head At neutral point At inclusion tip
xS :
Neo < Ryg = — net - Domain : 2
YRr:dv X YRy
STR verifications: compressive stresses in CMC SLS ULS
The material used allows an average compressive stress of 3.43 MPa oK 6.10 MPa oK
The average compressive stress in the columns is 0.86 MPa 1.29 MPa
MenARD
Page 2 of 3



Graphic results
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CALCULATION OF FOOTING ON CONTROLLED MODULUS COLUMNS

Project name :

Strip footing :

V29949 - Project Olympus - Silvertown
Waste Tank - Strip
2.00m x 1.00 m embedded of 0.80 m loaded at

Calculation according to O.Combarieu method (Fondations mixtes. LCPC 1988)
Taking into account the Frank & Zhao method for the settlement calculation of CMC

150 kN/ml

@ menARD

Analysis model

L X
y
- S
Hiim Soft soil
Supporting soil
| — e —
Soil improvement definition
Dimensions
L 6.85 m Columns length H 6.85 m Anchoring depth of CMC from the the footing base
D, 0.28 m Columns diameter R, 0.14 m Columns radius
Description of the columns material
Ec 8,500,000 kPa Young modulus
fox 12.0 MPa 28-day unconfined compressive strength
Soil displ. : With Type of control : Load-bearing capacity
ULS: Fundamental Presence of reinf. : No
fcd;avg;SLS 3.4 MPa SLS average compressive stress allowable by the material
fegavguLs 6.1 MPa ULS average compressive stress allowable by the material

Description of bearing soil layer

Oy 4,800 kPa Limit soil resistance at the column bottom
kq 4.8 Frank & Zhao factor for the toe (extracted from the table below)
Em 63,000 kPa Pressuremeter modulus

k 4 values (according to Frank & Zhao)
Fine-grained soils 11
Coarse-grained soils 4.8

Description of the footing

Type of footing : Strip

Dimensions of the strip footing :

L
B

Number of CMC under the footing :

n

2m
1m

1

Length of the typical area
Width of the footing

Number of CMC under typical area

Description of natural soil surrounding the columns

Onet 500 kPa Net soil resistance under the footing without reinforcement

Spheric component :

Deviatoric component :

Ac 1.50 Ay 2.65
a 0.27 Oy 0.37
Terms A are automatically extracted from the table below (as a function of L/B)
(Note : for a strip footing we consider L/B= )
UB |cercle | carré 2 3 5 20
L/B: 20.00 A | 1,00 11,10 | 1,20 | 1,30 | 1,40 | 1.50
A, | 100 112 | 153 {178 | 2,14 | 265
Description of the Load Transfer Platform
hy 0.00 m LTP thickness
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Description of natural soil

Hw 3.08 m Depth of the groundwater table in relation to the footing underside
Layer n° H En a qs k, Yy Ktand z
(m) (kPa) ©) (kPa) ©) (kN/m ®) ©) (m)

1 0.35 12,500 0.25 105 0.8 20 1.00 0.35
2 1.50 8,750 0.33 80 0.8 18 1.00 1.85
3 3.40 2,000 1.00 14 20 18 0.20 5.25
4 1.10 10,500 0.33 90 0.8 20 1.00 6.35
5 0.50 21,000 0.33 135 0.8 20 1.00 6.85
6 1.70 21,000 0.33 135 0.8 20 1.00 8.55

Notations

H Thickness of the layer 1% Unit weight of the layer

E m Pressuremeter modulus of the layer Ktand Empirical factor related to the type of inclusion and to soil nature

a Structural coefficient

Qqs Ultimate skin friction in the layer (NF P 94-262)

K' Frank & Zhao factor for the friction (according to the table below)

z Depth of the layer base

Note : By convention, the bottom of CMC is at layer n® 5.

k ; values (according to Frank & Zhao)

Fine-grained soils 2
Coarse-grained soils 0.8
Results
SLS load applied on the footing : Reinforced soil settlement :
Q(-hyy) 150 kN/ml Y 3 mm
Settlement distribution
Settlement of deep layers (below CMC) 0 mm
Punching at the inclusion tip 1 mm
Punching at the inclusion head 0 mm
Elastic shortening of the inclusion 2 mm
SLS load distribution per inclusion % total load on all % total load
Load applied on the inclusion head 181.5 kN 60.5% 181.5 kN 60.5%
Negative skin friction along the inclusion 0.0 kN 0.0% 0.0 kN 0.0%
Max. load in inclusion 181.5 kN 60.5% 181.5 kN 60.5%
Positive skin friction 112.8 kN 37.6% 112.8 kN 37.6%
Load applied on the inclusion tip 68.7 kN 22.9% 68.7 kN 22.9%
Neutral point depth 0.00 m
Stress in the soil at the LTP base 61.1 kPa
Load transferred to the soil at the LTP base 118.5 kN 39.5% 118.5 kN 39.5%
Load distribution on the scale of 1 CMC at the neutral point CMC efficiency
level 100% -
-
S 80% -
3 60.5% 60.5%
" . o 60% -
0 Soil surrounding the CMC g
K=
= Tip resistance hs g 40% -
o °0 22.9%
0 Skin friction § 20% -
R LR . ,
= At inclusion head At neutral point Atinclusion tip
N
xS .
Nep < R = _ Onet x> - Domain : 2
YRr:dv X YR;v
STR verifications: compressive stresses in CMC SLS ULS
The material used allows an average compressive stress of 3.43 MPa oK 6.10 MPa oK
The average compressive stress in the columns is 2.95 MPa 4.42 MPa
MenARD
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Graphic results
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CALCULATION OF FOOTING ON CONTROLLED MODULUS COLUMNS

@ MenARD

Project name :

V29949 - Project Olympus - Silvertown

Guardhouse- Strip
Strip footing : 2.20m x 0.90 m embedded of 0.44m loaded at 135 kN/ml
Calculation according to O.Combarieu method (Fondations mixtes. LCPC 1988)
Taking into account the Frank & Zhao method for the settlement calculation of CMC
Analysis model
i
L
y 0
- ->
Hiim Soft soil
Supporting soil
— s —
Soil improvement definition
Dimensions
Lc 6.3 m Columns length H 6.3 m Anchoring depth of CMC from the the footing base
D, 0.28 m Columns diameter R. 0.14 m Columns radius
Description of the columns material
E. 8,500,000 kPa Young modulus
fck 12.0 MPa 28-day unconfined compressive strength
Soil displ. : With Type of control : Load-bearing capacity
ULS: Fundamental Presence of reinf. : No
fcd;avg;SLS 3.4 MPa SLS average compressive stress allowable by the material
fcd;avg;ULS 6.1 MPa ULS average compressive stress allowable by the material

Description of bearing soil layer

dy 4,800 kPa Limit soil resistance at the column bottom
kq 4.8 Frank & Zhao factor for the toe (extracted from the table below)
Enm 63,000 kPa Pressuremeter modulus

k4 values (according to Frank & Zhao)
Fine-grained soils 11
Coarse-grained soils 4.8

Description of the footing

Type of footing : Strip

Dimensions of the strip footing :
L 22m
B 09 m

Length of the typical area
Width of the footing

Number of CMC under the footing :

n 1 Number of CMC under typical area

Description of natural soil surrounding the columns

et 500 kPa

Net soil resistance under the footing without reinforcement

Spheric component :

Deviatoric component :

Ac 1.50 Ay 2.65
ac 0.25 Oy 0.37
Terms A are automatically extracted from the table below (as a function of L/B)
(Note : for a strip footing we consider L/B= )
/B |cercle{ carré 2 3 5 20
L/B: 20.00 A | 100 ] 110 (120|130 1,40 ] 1.50
A | 100 112 | 153|178 {214 | 265
Description of the Load Transfer Platform
hw 0.00 m LTP thickness
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Description of natural soil

Hy 253 m Depth of the groundwater table in relation to the footing underside
Layer n° H En a Js k, y Ktand z
(m) (kPa) () (kPa) 0 (kN/m *) 0) (m)

1 0.50 12,500 0.25 105 0.8 20 1.00 0.50
2 0.80 8,750 0.33 80 0.8 18 1.00 1.30
3 3.40 2,000 1.00 14 2.0 18 0.20 4.70
4 1.10 10,500 0.33 90 0.8 20 1.00 5.80
5 0.50 21,000 0.33 135 0.8 20 1.00 6.30
6 1.70 21,000 0.33 135 0.8 20 1.00 8.00

Notations

H Thickness of the layer y Unit weight of the layer

E m Pressuremeter modulus of the layer Ktand Empirical factor related to the type of inclusion and to soil nature

o Structural coefficient

Qs Ultimate skin friction in the layer (NF P 94-262)

K' Frank & Zhao factor for the friction (according to the table below)

z Depth of the layer base

Note : By convention, the bottom of CMC is at layer n° 5.

k ; values (according to Frank & Zhao)

Fine-grained soils 2
Coarse-grained soils 0.8

Results

SLS load applied on the footing :

Reinforced soil settlement :

Q(-hy) 135 kN/ml W 3 mm
Settlement distribution
Settlement of deep layers (below CMC) 0 mm
Punching at the inclusion tip 1 mm
Punching at the inclusion head 0 mm
Elastic shortening of the inclusion 2 mm
SLS load distribution per inclusion % total load on all % total load
Load applied on the inclusion head 181.2 kN 61.0% 181.2 kN 61.0%
Negative skin friction along the inclusion 0.0 kN 0.0% 0.0 kN 0.0%
Max. load in inclusion 181.2 kN 61.0% 181.2 kN 61.0%
Positive skin friction 106.2 kN 35.8% 106.2 kN 35.8%
Load applied on the inclusion tip 75.0 kN 25.3% 75.0 kN 25.3%
Neutral point depth 0.00 m
Stress in the soil at the LTP base 60.4 kPa
Load transferred to the soil at the LTP base 115.8 kN 39.0% 115.8 kN 39.0%
Load distribution on the scale of 1 CMC at the neutral point CMC efficiency
level 100% -
—
S 80% -
= 61.0% 61.0%
o % -
o Soil surrounding the CMC ° 60%
35.8% 9 s
SR = Tip resistance c § 40% -
° 0 25.3%
[ Skin friction S 20% -
=
o 0% T T )
';, At inclusion head At neutral point At inclusion tip
xS :
Neo < Ryg = — net - Domain : 2
YRr:dv X YRy
STR verifications: compressive stresses in CMC SLS ULS
The material used allows an average compressive stress of 3.43 MPa oK 6.10 MPa oK
The average compressive stress in the columns is 2.94 MPa 4.41 MPa
MenARD
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Graphic results
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CALCULATION OF FOOTING ON CONTROLLED MODULUS COLUMNS

@ menARD

Project name :

V29949 - Project Olympus - Silvertown

Dust Canopy Strip foundation
Strip footing : 1.80m x 1.50 m embedded of 0.90m loaded at 225 kN/ml
Calculation according to O.Combarieu method (Fondations mixtes. LCPC 1988)
Taking into account the Frank & Zhao method for the settlement calculation of CMC
Analysis model
i
L
y 0
- ->
Hiim Soft soil
Supporting soil
— s —
Soil improvement definition
Dimensions
Lc 54 m Columns length H 54 m Anchoring depth of CMC from the the footing base
D, 0.28 m Columns diameter R. 0.14 m Columns radius
Description of the columns material
E. 8,500,000 kPa Young modulus
fck 12.0 MPa 28-day unconfined compressive strength
Soil displ. : With Type of control : Load-bearing capacity
ULS: Fundamental Presence of reinf. : No
fcd;avg;SLS 2.9 MPa SLS average compressive stress allowable by the material
fcd;avg;ULS 5.1 MPa ULS average compressive stress allowable by the material

Description of bearing soil layer

dy 4,800 kPa Limit soil resistance at the column bottom
kq 4.8 Frank & Zhao factor for the toe (extracted from the table below)
Enm 21,000 kPa Pressuremeter modulus

k4 values (according to Frank & Zhao)
Fine-grained soils 11
Coarse-grained soils 4.8

Description of the footing

Type of footing : Strip

Dimensions of the strip footing :
L 1.8m
B 1.5m

Length of the typical area
Width of the footing

Number of CMC under the footing :

n 2 Number of CMC under typical area

Description of natural soil surrounding the columns

et 230 kPa

Net soil resistance under the footing without reinforcement

Spheric component :

Deviatoric component :

Ac 1.50 Ay 2.65
ac 0.48 Oy 0.60
Terms A are automatically extracted from the table below (as a function of L/B)
(Note : for a strip footing we consider L/B= )
UB |cercle{ carrg 2 3 5 20
L/B: 20.00 A | 100 ] 110120130 1,40 1.50
A | 100 112 | 153 {178 | 214 | 265
Description of the Load Transfer Platform
hw 0.00 m LTP thickness
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Description of natural soil

Hy 1.625 m Depth of the groundwater table in relation to the footing underside
Layer n° H Emn a Js Ky y Ktand z
(m) (kPa) () (kPa) 0 (kN/m *) 0) (m)

1 0.40 8,750 0.33 80 0.8 18 1.00 0.40
2 3.40 2,000 1.00 14 2.0 18 0.20 3.80
3 1.10 10,500 0.33 90 0.8 20 1.00 4.90
4 0.50 21,000 0.33 135 0.8 20 1.00 5.40
5 1.70 21,000 0.33 135 0.8 20 1.00 7.10

Notations

H Thickness of the layer y Unit weight of the layer

E m Pressuremeter modulus of the layer Ktand Empirical factor related to the type of inclusion and to soil nature

o Structural coefficient

Qs Ultimate skin friction in the layer (NF P 94-262)

K' Frank & Zhao factor for the friction (according to the table below)

z Depth of the layer base

Note : By convention, the bottom of CMC is at layer n° 4.

k ; values (according to Frank & Zhao)

Fine-grained soils 2
Coarse-grained soils 0.8
Results
SLS load applied on the footing : Reinforced soil settlement :
Q(-hy) 225 kN/ml W 5 mm
Settlement distribution
Settlement of deep layers (below CMC) 1 mm
Punching at the inclusion tip 2 mm
Punching at the inclusion head 0 mm
Elastic shortening of the inclusion 1 mm
SLS load distribution per inclusion % total load on all % total load
Load applied on the inclusion head 172.4 kN 42.6% 344.8 kN 85.1%
Negative skin friction along the inclusion 0.0 kN 0.0% 0.0 kN 0.0%
Max. load in inclusion 172.4 kN 42.6% 344.8 kN 85.1%
Positive skin friction 121.3 kN 30.0% 242.7 kN 59.9%
Load applied on the inclusion tip 51.0 kN 12.6% 102.1 kN 25.2%
Neutral point depth 0.00 m
Stress in the soil at the LTP base 23.4 kPa
Load transferred to the soil at the LTP base 30.1 kN 7.4% 60.2 kN 14.9%
Load distribution on the scale of 1 CMC at the neutral point CMC efficiency
level 100% -
o 85.1% 85.1%
S 80% - §
L
g
00
L 1 Soil surrounding the CMC o 60%
So
@ Tip resistance cs 40% -
°0 25.2%
oo @ Skin friction -‘E 20% -
B
'2 0% T T )
° At inclusion head At neutral point At inclusion tip
xS :
Neo > Rug = et X° - Domain : 1
YRridv X YRy
STR verifications: compressive stresses in CMC SLS ULS
The material used allows an average compressive stress of 2.86 MPa oK 5.09 MPa oK
The average compressive stress in the columns is 2.80 MPa 4.20 MPa
GEO verifications : creep resistance and bearing capacity of the ground SLS
Footing (as defined in french National Application Standards Shallow foundations NF P 94 261)
The soil resistance below the footing is 256 kN oK
The load applied on the soil at the footing base is 60 kN

@ MenARD
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GEO verifications : global bearing capacity of the ground SLS ULS
The global soil resistance taking into account the CMC is 886 kN OK 1,130 kN OK
The load applied on the soil at the footing base is 405 kN 608 kN
Graphic results
Settlement (mm) Skin friction (kPa)
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APPENDIX 3: DETAILED CALCULATIONS FOR THE CMC BENEATH
GROUND BEARING SLAB

Ground improvement by BMC
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AXISYMMETRICAL CALCULATIONS OF A SLAB-ON-GRADE ON CONTROLLED MODULUS COLUMNS

Project name:
Waste Tank - Slab

V29949 - Project Olympus - Silvertown

Analysis model

et e e S s e e D L

oad Distribution Mattress

Compressible
soil

Description of reinforced soil

Dimensions
H, 6.30 m CMC anchoring depth from LDM top
D 0.28 m Columns diameter

Description of the the column material

Verifications STR based on: ASIRI

fox 12 MPa 28-day unconfined compressive strength

Soil displ.: With Type of test: Load-bearing capacity Presence of steel:
Calculation of deformation modulus: Concrete

E. 8,500,000 kPa Young's modulus
fcd;avg;SLS 3.4 MPa SLS average compressive stress allowable by the material
fcd;avg;ULS 6.1 MPa ULS average compressive stress allowable by the material

Description of column-soil interaction laws

No Fundamental

C
r—
[

Concerning the columns base and shaft, the load transfer curves are based on:

Description of bearing soil layer:
&1 4,800 kPa

Limit soil resistance at the column bottom Em

Description of natural soil surrounding the columns

Frank & Zhao (1982) / NF P 94-262 (2012)

Pressuremeter modulus at column bottom

10.5 MPa
Soil type: coarse

et 500 kPa Ultimate resistance of the soil surrounding the columns

Grid dimensions according to: Column spacing (equivalent square mesh)

A 5.29 m? Grid section area

S 230 m

Column spacing (equivalent square mesh)

Description of the load transfer platform

hw 05 m Thickness of LDM
[0) 38 ° Internal friction angle State: Added
c 0 kPa Cohesion



Soil profile

Hiim 9.10 m Limit depth of model (geotechnical bedrock or seismic bedrock) from LDM top
H,y, 3.675 m Depth of the groundwater table from LDM top
. Zsyp Zint ) Ew a Ey v Y gs Ktand
N° Soil Nature Soil type
(m) (m) P (kPa) ) (kPa) () (kN/m?3)  (kPa) -
1 Load Distribution Mattress 0.00 0.50 coarse 12,500 0.25 50,000 0.30 20 1.00
2 remaining WP 0.50 0.90 coarse 12,500 0.25 50,000 0.30 20 105 1.00
3 made ground sandy 0.90 2.40 coarse 8,750 0.33 26,250 0.30 18 80 1.00
4 soft clays 2.40 5.80 fine 2,000 1.00 2,000 0.30 18 14 0.20
5 Medium dense gravel 5.80 6.90 coarse 10,500 0.33 31,500 0.30 18 90 1.00
6 Dense gravels 6.90 9.10 coarse 21,000 0.33 63,636 0.30 18 135 1.00
Notations
Zsup Depth of layer top % Unit weight of the layer
Zint Depth of layer base Qs Limit skin friction for the layer
Ey Young's modulus in the layer Ew Pressuremeter modulus in the layer
v Poisson's coefficient a Structural coefficient
Remark
According to Frank and Zhao, the following parameters are used with either as fine-grained or as coarse-grained soil:
End-bearing: k, values Skin friction: k , values
Fine-grained soils 11 Ey/ D, Fine-grained soils 2Ew/ D¢
Coarse-grained soils 4.8 Ey /D Coarse-grained soils 0.8 Ew /D
Overview of the stresses applied in the axisymmetrical calculation
Permanent (kPa) Variable (kPa) TOTAL (kPa)
Uniform stress w | | 50 | 50
Uniform factored surcharge applied at the LTP base do 50 kPa
Factored surcharge applied on the grid at the LTP base Q 265 kN
Results
Settlement w 25 mm
Equivalent homogenized soil profile
Settlement distribution . . .
Settlement of deep layers (below CMC) 2 mm - load distribution mat
Punching at the inclusion bottom 11 mm .
"o N Thickness = 0.5 m
Punching at the inclusion head 10 mm
Elastic shortening of the inclusion 2 mm -
Settlement of LTP 0 mm Eoed 67.3 MPa
- reinforced soil
SLS load distribution per inclusion % total load . _
Negative skin friction in LDM 12.5 kN 47% Thickness = 5.8 m
Load applied on inclusion head 93.0 kN 35.2% E . = 12.7 MPa
Negative skin friction along the inclusion 90.4 kN 34.2% oed ’
Max. load in inclusion 183.3 kN 69.3% il derlvi th inf d i
Positive skin friction 60.8 kN 23.0% - Soil underlying the reintorced sol
Load applied on inclusion bottom 122.5 kN 46.3% . _
Depth of neutral point 4.00 m Thickness = 2.8 m
Stress in soil at CMC top level 32.8 kPa E = 70.0 MPa
Load transferred to the soil at CMC top level 171.5 kN 64.8% oed ’
Load distribution on the scale of 1 CMC at neutral point level Efficiency of CMC
«  100% -
S
g 80% - 69.3%
b
60% -
oSoil ding the CMC £y 0 46-3%
oil surrounding the
5 g 40% - 35.2%
@ Tip resistance 2
o 0% -
46.3% @ Skin friction (positive) = 20%
2 0% -
B At inclusion head At neutral point At inclusion toe




STR verifications: compressive stresses in CMC

SLS

ULS

The material used allows an average compressive stress of
The average compressive stress in the columns is

3.4 MPa
3.0 MPa

6.1 MPa

oS 5.3 MPa

OK

Graphic results
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Determination of bending moments MEE and M;,; within the slab

The moment in the slab can be determined by a model of a circular plate with a radius R ¢y on elastic supports.
The interaction of the slab and the foundation is modeled by springs with properties estimated for a given loading
level. This approach is not applicable for a TR34 ground bearing slab design under a UDL.

The opposite simplified distribution of subgrade reaction coefficients is used for the calculation of the bending
moment. This is characterized by:

Compressible
soil

Anchorage soil

Slab thickness
Slab Concrete fck

OK

Ry 0.64 m Diffusion radius underneath the ground slab
Osoil 25.1 kPa Average stress applied to the soil (directly below the slab)
Ocol 86.5 kPa Average stress applied to the CMC along the diffusion radius R
(directly below the slab)
Ksoi 1.00 MPa/m Subgrade reaction coefficient on the underside of a slab removed from the CMC (R > Ry)
Keol 3.4 MPa/m Subgrade reaction coefficient on the underside of a ground slab adjacent to the
axis of the CMC (R <Ry)
Distance from model axis (m)
5
o
o
[ 4
o
S
c 3
==
2E 2
€ E
)
£EZ 1
s=
£
o 0
£ 0.2 0.4 0.6 0.8 1 1.2 114
o
[
1]
-2
-3
Msup 3.9 kN.m/ml Bending moment that loads the upper fiber of the slab in tension
Mins -2.5 kN.m/ml Bending moment that loads the lower fiber of the slab in tension
Slab verification: induced tensile stress in the slab from long term consolidation settlements under specified UDL
The slab plain concrete can receive an allowable tensile stress of (TR34 approach) 2.5 MPa
The maximum tensile stress in the slab (envelop moments) is 0.6 MPa

Req

250 mm
28 MPa



AXISYMMETRICAL CALCULATIONS OF A SLAB-ON-GRADE ON CONTROLLED MODULUS COLUMNS

Project name:
Guardhouse - Slab

V29949 - Project Olympus - Silvertown

Analysis model

et e e S s e e D L

oad Distribution Mattress

Compressible
soil

Description of reinforced soil

Dimensions
H, 7.24 m CMC anchoring depth from LDM top
D 0.28 m Columns diameter

Description of the the column material

Verifications STR based on: ASIRI

fox 12 MPa 28-day unconfined compressive strength

Soil displ.: With Type of test: Load-bearing capacity Presence of steel:
Calculation of deformation modulus: Concrete

E. 8,500,000 kPa Young's modulus
fcd;avg;SLS 3.4 MPa SLS average compressive stress allowable by the material
fcd;avg;ULS 6.1 MPa ULS average compressive stress allowable by the material

Description of column-soil interaction laws

No Fundamental

C
r—
[

Concerning the columns base and shaft, the load transfer curves are based on:

Description of bearing soil layer:
&1 4,800 kPa

Limit soil resistance at the column bottom Em

Description of natural soil surrounding the columns

Frank & Zhao (1982) / NF P 94-262 (2012)

Pressuremeter modulus at column bottom

21.0 MPa
Soil type: coarse

et 500 kPa Ultimate resistance of the soil surrounding the columns

Grid dimensions according to: Column spacing (equivalent square mesh)

A 3.42 m? Grid section area

S 1.85 m

Column spacing (equivalent square mesh)

Description of the load transfer platform

hw 0.94 m Thickness of LDM
[0) 38 ° Internal friction angle State: Added
c 0 kPa Cohesion



Soil profile

Hiim 894 m Limit depth of model (geotechnical bedrock or seismic bedrock) from LDM top
H,y, 3.465 m Depth of the groundwater table from LDM top
. Zsup Zint . Ewv a Ey v Y ds Ktand
N° Soil Nature Soil type
(m) (m) P (kPa) ) (kPa) () (kN/m?3)  (kPa) -
1 Load Distribution Mattress 0.00 0.94 coarse 12,500 0.25 50,000 0.30 20 1.00
2 Remaining WP 0.94 1.44 coarse 12,500 0.25 50,000 0.30 20 105 1.00
3 Made ground 1.44 2.24 coarse 8,750 0.33 26,250 0.30 18 80 1.00
4 Alluvium 224 5.64 coarse 2,000 1.00 2,000 0.30 18 14 0.20
5 Medium dense gravel 5.64 6.74 fine 10,500 0.33 31,500 0.30 18 90 1.00
6 Dense gravels 6.74 8.94 coarse 21,000 0.33 63,636 0.30 18 135 1.00
Notations
Zsup Depth of layer top % Unit weight of the layer
Zint Depth of layer base Qs Limit skin friction for the layer
Ey Young's modulus in the layer Ew Pressuremeter modulus in the layer
v Poisson's coefficient a Structural coefficient
Remark
According to Frank and Zhao, the following parameters are used with either as fine-grained or as coarse-grained soil:
End-bearing: k, values Skin friction: k , values
Fine-grained soils 11 Ey/ D, Fine-grained soils 2Ew/ D¢
Coarse-grained soils 4.8 Ey /D Coarse-grained soils 0.8 Ew /D
Overview of the stresses applied in the axisymmetrical calculation
Permanent (kPa) Variable (kPa) TOTAL (kPa)
Uniform stress w | | 50 | 50
Uniform factored surcharge applied at the LTP base do 59 kPa
Factored surcharge applied on the grid at the LTP base Q 201 kN
Results
Settlement w 25 mm
Equivalent homogenized soil profile
Settlement distribution . . .
Settlement of deep layers (below CMC) 1 mm - load distribution mat
Punching at the inclusion bottom 2 mm .
"o N Thickness = 0.94 m
Punching at the inclusion head 19 mm
Elastic shortening of the inclusion 2 mm -
Settlement of LTP 0 mm Eoed 67.3 MPa
- reinforced soil
SLS load distribution per inclusion % total load . _
Negative skin friction in LDM 253 kN 12.6% Thickness = 6.3 m
X . . o
Load gpplleq oq |rTcIu5|on headA A 80.7 kN 40.1% Epeq = 16.2 MPa
Negative skin friction along the inclusion 74.8 kN 37.2%
Max. load in inclusion 155.5 kN 77.3% il derlvi th inf d i
Positive skin friction 102.0 kN 50.7% - Soil underlying the reintorced sol
Load applied on inclusion bottom 53.4 kN 26.6% . _
Depth of neutral point 525 m Thickness = 17 m
Stress in soil at CMC top Ifavel 35.9 kPa Epeq = 85.7 MPa
Load transferred to the soil at CMC top level 120.4 kN 59.9%
Load distribution on the scale of 1 CMC at neutral point level Efficiency of CMC
«  100% -
S 0
@ 80% - 77.3%
3
b
o 60% -
=
o Soil surrounding the CMC =9 40.1%
N SG 40% | 26.6%
mTip resistance = 070
26.6% ° 20% -
@ Skin friction (positive) =
2 0% -
B At inclusion head At neutral point At inclusion toe




STR verifications: compressive stresses in CMC

SLS

ULS

The material used allows an average compressive stress of
The average compressive stress in the columns is

3.4 MPa
2.5 MPa

6.1 MPa

OK OK

4.3 MPa

Graphic results
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Determination of bending moments MEE and M;,; within the slab

The moment in the slab can be determined by a model of a circular plate with a radius R ¢y on elastic supports.
The interaction of the slab and the foundation is modeled by springs with properties estimated for a given loading
level. This approach is not applicable for a TR34 ground bearing slab design under a UDL.

The opposite simplified distribution of subgrade reaction coefficients is used for the calculation of the bending
moment. This is characterized by:

Ry 0.61m Diffusion radius underneath the ground slab
Osoil 24.3 kPa Average stress applied to the soil (directly below the slab)
Ocol 70.3 kPa Average stress applied to the CMC along the diffusion radius R
(directly below the slab)
Ksoi 0.98 MPa/m Subgrade reaction coefficient on the underside of a slab removed from the CMC (R > Ry)
Keol 2.8 MPa/m Subgrade reaction coefficient on the underside of a ground slab adjacent to the

axis of the CMC (R <Ry)

Distance from model axis (m)

g N
,ooN o

Compressible
soil

o n

0.2 0.4 \ 0.8 1 12

=
o

Anchorage soil

Bending moment within the slab
(kN.m/ml)
. o
N

-1.5 Slab thickness
Slab Concrete fck

Msup 1.9 kN.m/ml Bending moment that loads the upper fiber of the slab in tension
Mins -1.5 kN.m/ml Bending moment that loads the lower fiber of the slab in tension

Slab verification: induced tensile stress in the slab from long term consolidation settlements under specified UDL
The slab plain concrete can receive an allowable tensile stress of (TR34 approach) 2.7 MPa

R . . R OK
The maximum tensile stress in the slab (envelop moments) is 0.9 MPa

Req

150 mm
28 MPa
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APPENDIX 4: DETAILED CALCULATIONS FOR THE BMC BENEATH
THE RETAINING WALLS FOOTINGS

Ground improvement by BMC
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CALCULATION OF FOOTING ON BI-MODULUS COLUMNS

Project :
V29949 - Project Olympus - Silvertown
Retaining Wall as strip footing - 1m width - WP 2.9mAOD - ToF 3.2mAQOD - 100 kPa
Analysis Model
Q I B/2 This is a calculation sheet for a ground of Bi-Modulus Columns under a footing.
0 /'y

Soft Soils

of CMC.
HIim

X

Stone column part of the calculation is done by the Goughnour & Bayuk method (1979).

The stone columns part is assimilated to an equivalent distribution mattress.

Calculation of the CMC part according to O.Combarieu method (Fondations mixtes -
LCPC 1988) Taking into account the Frank & Zhao method for the settlement calculation

Soil Improvement Definition

Footing dimensions

Footing Type Filante d 0.3 m Footing embedment

L 25 m Longueur de la zone type B 1m Footing width

Number of BMC under the footing 1

Description of the stone column part

Les 240 m Stone column length YcB 20 kN/m® Stone column unit weight
Dcg 04 m Stone column diameter QPce 38 ° Stone column friction angle
Ecs 50,000 kPa Young Modulus Kacs 0.24 Earth pressure coefficient
Ves 0.33 Poisson coefficient

Description of the CMC part

Leme 5.00 m CMC length Deme 0.28 m CMC diameter
Displacement: Avec j ULS: Fondamental j

Test type : Fosal de portance j Reinforcement : NON j

% 12 MPa 28-day unconfined compressive strength

Calcul du module de déformation :  Béton m;J

Ecme 8,500,000 kPa Young moa

fedmoyELs 3.6 MPa CMC material SLS acceptable mean compressive stress

fedmoyELU 6.4 MPa CMC material ULS acceptable mean compressive stress

Description of bearing soil layer

b 4,800 kPa
Ke 48
Enm 2,000 kPa

Limit soil resistance at the column bottom
Frank & Zhao factor for the toe (extracted from the table below)
Pressuremeter modulus

Values of k4 (from Frank and Zhao)

Fine-grained soils 11
Coarse-grained soils 4.8

Description of natural soil surrounding the columns

Unet 500 kPa

Ultimate resistance of the soil surrounding the columns
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Description of natural soil

En téte de la colonne

Au point neutre

T
En pointe de la colonne

Him 94 m Limit depth of model (geotechnical bedrock or seismic bedrock)
H, 3.625 m Depth of the groundwater table
B Zsup Zint p* Ewm a v Ev as ke Y Ktand
Layer n Nature
Y (m) (m) (kPa) (kPa) ©) ©) (kPa) KkPa) () (kN/m®) -
1 Fill 0.00 0.30 1,250 10,000 0.33 0.33 30,303 90 0.8 20 1.00
2 WP 0.30 0.80 1,250 12,500 0.33 0.33 37,879 105 0.8 20 1.00
3 Fill 0.80 1.20 1,000 10,000 1.00 0.33 10,000 90 0.8 20 1.00
4 Made ground 1.20 2.70 875 8,750 0.33 0.33 26,515 80 0.8 18 0.45
5 alluvium 2.70 6.10 200 2,000 1.00 0.33 2,000 15 2 18 0.20
6 medium dense gravels 6.10 7.20 1,050 10,500 0.33 0.33 31,818 90 0.8 18 0.45
7 dense gravels 7.20 9.40 2,100 21,000 0.33 0.33 63,636 140 0.8 19 1.00
Notations
Zsup Depth of layer top v Poisson coefficient
Zint Depth of layer base Ey Young modulus
pi* Limit pressure Qs Ultimate skin friction
Em Pressuremeter modulus Ky Frank & Zhao factor for the friction
a Structural coefficient \ Unit weight
Values of k, (from Frank and Zhao)
Sols fins 2
Sols granulaires 0.8
Loading description (SLS)
Permanente (kN/ml) Variable (kN/ml) TOTAL (kN/ml) YoELu YoELU Yeq.ELU
Vertical load % [ 100 100 [ 135 | 15 | 1.50
Load applied below footing Q 100  kN/ml
Stress applied on soil Jo 100  kPa
— Domain : 2
Results
Footing settlement W 5 mm
Settlement distribution
Settlement of deep layers (below CMC) 0 mm
Punching at the inclusion tip 0 mm
Punching at the inclusion head 1 mm
Elastic shortening of the inclusion 0 mm
Settlement of the soil reinforced by VSC 3 mm
SLS load distribution per inclusion % total load on all % total load
Load applied on SC head 7.2 kN 2.9% 7.2 kN 2.9%
Load applied on SC toe / CMC head 15.0 kN 6.0% 15.0 kN 6.0%
Negative skin friction along the inclusion 13.8 kN 5.5% 13.8 kN 5.5%
Max. load in inclusion 28.8 kN 11.5% 28.8 kN 11.5%
Positive skin friction 27.9 kN 11.2% 27.9 kN 11.2%
Load applied on the inclusion tip 0.9 kN 0.4% 0.9 kN 0.4%
Neutral point depth 458 m
Stress in the soil at BMC head 102.3 kPa
Load transferred to the soil at BMC head 242.8 kN 97.1% 242.8 kN 97.1%
Load distribution on the scale of 1 CMC at the neutral point level CMC efficiency
- 100%
11.2% S
0.4% o 80% -
3
. 60% -
o Sol S0
S= 40% -
B En pointe de la colonne 3 ©
% | 0,
88.5% D En frottement latéral (positif) 2 20% 6.0% 11.5%
I 0.4%
E 0% .
X




STR verifications: compressive stresses in the CMC part SLS ULS
The material used allows an average compressive stress of 3.6 MPa oK 6.4 MPa oK
The average compressive stress in the columns is 0.5 MPa 0.7 MPa
Verification of the compressive stress in the SC part SLS ULS
The allowable average compressive stress is 2.10 MPa oK 2.80 MPa oK
The average compressive stress in the SC part is 0.12 MPa 0.18 MPa
Graphis results
Settlement (mm) Skin friction (kPa)
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CALCULATION OF FOOTING ON BI-MODULUS COLUMNS

@ MenARD

Project :
V29949 - Project Olympus - Silvertown
Retaining Wall as strip footing -2.5m width - WP 1.8mAOD - ToF 1.55mAOD - 100 kPa
Analysis Model
This is a calculation sheet for a ground of Bi-Modulus Columns under a footing.
0

Soft Soils

of CMC.
HIim X
4
[ : _____ o
AAAAAAA ! y
—
B

Stone column part of the calculation is done by the Goughnour & Bayuk method (1979).

The stone columns part is assimilated to an equivalent distribution mattress.

Calculation of the CMC part according to O.Combarieu method (Fondations mixtes -
LCPC 1988) Taking into account the Frank & Zhao method for the settlement calculation

Soil Improvement Definition

Footing dimensions

Footing Type Filante j d 0.55 m Footing embedment

L 25 m Longueur de la zone type B 25 m Footing width

Number of BMC under the footing 1

Description of the stone column part

Leg 075 m Stone column length YeB 20 kN/m® Stone column unit weight
Dce 04 m Stone column diameter Pcp 38 ° Stone column friction angle
Ecs 50,000 kPa Young Modulus Kacs 0.24 Earth pressure coefficient
Ves 0.33 Poisson coefficient

Description of the CMC part

Leme 5.00 m CMC length Deme 0.28 m CMC diameter
Displacement: Avec j ULS: Fondamental j

Test type : i j Reinforcement : NON j

fox 12 MPa 28-day unconfined compressive strength

Calcul du module de déformation :  Béton m,J

Ecme 8,500,000 kPa Young mou

fcd;me,_S 2.9 MPa CMC material SLS acceptable mean compressive stress

fedmoy:ELU 5.1 MPa CMC material ULS acceptable mean compressive stress

Description of bearing soil layer

a 4,800 kPa
K 48
Em 21,000 kPa

Limit soil resistance at the column bottom
Frank & Zhao factor for the toe (extracted from the table below)
Pressuremeter modulus

Values of k4 (from Frank and Zhao)

Fine-grained soils 11
Coarse-grained soils 4.8

Description of natural soil surrounding the columns

Onet 230 kPa

Ultimate resistance of the soil surrounding the columns



Description of natural soil

Him 8 m Limit depth of model (geotechnical bedrock or seismic bedrock)
Hy, 2525 m Depth of the groundwater table
z z pi* Ewn o v Ey qs k Y Ktand
Layer n° Nature sup nf T
(m) (m) (kPa) (kPa) ) () (kPa) (kPa) () (kN/m?) -
1 WP 0.00 0.50 1,250 12,500 0.33 0.33 37,879 105 2 20 1.00
2 Made ground 0.50 1.30 800 8,750 0.33 0.33 26,515 80 0.8 18 0.45
3 alluvium 1.30 4.70 200 2,000 1.00 0.33 2,000 15 2 18 0.20
4 medium dense gravels 4.70 5.80 1,050 10,500 0.33 0.33 31,818 90 0.8 18 0.45
5 dense gravels 5.80 8.00 2,100 21,000 0.33 0.33 63,636 140 0.8 19 1.00
Notations
Zsup Depth of layer top \ Poisson coefficient
Zing Depth of layer base Ey Young modulus
p* Limit pressure Js Ultimate skin friction
Enm Pressuremeter modulus Kk, Frank & Zhao factor for the friction
a Structural coefficient \ Unit weight
Values of k ; (from Frank and Zhao)
Sols fins 2
Sols granulaires 0.8
Loading description (SLS)
Permanente (kN/ml) Variable (kN/ml) TOTAL (KN/ml) Yo.eLu YoeLu Yeq.ELU
Vertical load 9% [ 250 [ 250 [ 135 [ 15 | 1.50
Load applied below footing Q 250 KN/ml
Stress applied on soil o 100 kPa
— Domain : 1
Results
Footing settlement W 15 mm
Settlement distribution
Settlement of deep layers (below CMC) 3 mm
Punching at the inclusion tip 1 mm
Punching at the inclusion head 7 mm
Elastic shortening of the inclusion 1 mm
Settlement of the soil reinforced by VSC 4 mm
SLS load distribution per inclusion % total load on all % total load
Load applied on SC head 39.4 kN 6.3% 39.4 kN 6.3%
Load applied on SC toe / CMC head 71.7 kN 11.5% 71.7 kN 11.5%
Negative skin friction along the inclusion 27.0 kN 4.3% 27.0 kN 4.3%
Max. load in inclusion 98.7 kN 15.8% 98.7 kN 15.8%
Positive skin friction 71.9 kN 11.5% 71.9 kN 11.5%
Load applied on the inclusion tip 26.8 kN 4.3% 26.8 kN 4.3%
Neutral point depth 3.18 m
Stress in the soil at BMC head 95.6 kPa
Load transferred to the soil at BMC head 585.6 kN 93.7% 585.6 kN 93.7%
Load distribution on the scale of 1 CMC at the neutral point level CMC efficiency
o 100%
S
@ 80% -
4.3% K]
- 3
® 60% -
<
oSol =0
§3  40%
@ En pointe de la colonne °
] 20% 11.5% 158%
84.2% o En frottement latéral (positif) = : : ,—l 2.3%
° 0% T T
N En téte de la colonne Au point neutre En pointe de la colonne
Vérifications GEO : portance globale du terrain ELS ELU
La résistance globale du terrain en prenant en compte les CMC vaut 301 kN/ml oK 474 KN/ml oK
Lacharge appliquée ala base de la semelle est de 250 kN/ml 375 kN/ml
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STR verifications: compressive stresses in the CMC part SLS ULS
The material used allows an average compressive stress of 2.9 MPa oK 5.1 MPa oK
The average compressive stress in the columns is 1.6 MPa 2.4 MPa
Verification_of the compressive stress in the SC part SLS ULS
The allowable average compressive stress is 1.68 MPa oK 2.24 MPa oK
The average compressive stress in the SC part is 0.57 MPa 0.86 MPa
Graphis results
Settlement (mm) Skin friction (kPa)
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CALCULATION OF FOOTING ON BI-MODULUS COLUMNS

@ MenARD

Project :
V29949 - Project Olympus - Silvertown
Retaining Wall as strip footing - 2.2m width - WP 2.9mAOD - ToF 3.2mAOD - 100 kPa
Analysis Model
This is a calculation sheet for a ground of Bi-Modulus Columns under a footing.
0

Soft Soils

of CMC.
HIim X
4
[ : _____ o
AAAAAAA ! y
—
B

Stone column part of the calculation is done by the Goughnour & Bayuk method (1979).

The stone columns part is assimilated to an equivalent distribution mattress.

Calculation of the CMC part according to O.Combarieu method (Fondations mixtes -
LCPC 1988) Taking into account the Frank & Zhao method for the settlement calculation

Soil Improvement Definition

Footing dimensions

Footing Type Filante j d 0.3 m Footing embedment

L 25 m Longueur de la zone type B 22 m Footing width

Number of BMC under the footing 1

Description of the stone column part

Leg 240 m Stone column length YeB 20 kN/m® Stone column unit weight
Dce 04 m Stone column diameter Pcp 38 ° Stone column friction angle
Ecs 50,000 kPa Young Modulus Kacs 0.24 Earth pressure coefficient
Ves 0.33 Poisson coefficient

Description of the CMC part

Leme 5.00 m CMC length Deme 0.28 m CMC diameter
Displacement: Avec j ULS: Fondamental j

Test type : i j Reinforcement : NON j

fox 12 MPa 28-day unconfined compressive strength

Calcul du module de déformation :  Béton m,J

Ecme 8,500,000 kPa Young mou

fcd;me,_S 3.6 MPa CMC material SLS acceptable mean compressive stress

fedmoy:ELU 6.4 MPa CMC material ULS acceptable mean compressive stress

Description of bearing soil layer

b 4,800 kPa
Kq 4.8
En 2,000 kPa

Limit soil resistance at the column bottom
Frank & Zhao factor for the toe (extracted from the table below)
Pressuremeter modulus

Values of k4 (from Frank and Zhao)

Fine-grained soils 11
Coarse-grained soils 4.8

Description of natural soil surrounding the columns

Onet 430 kPa

Ultimate resistance of the soil surrounding the columns



Description of natural soil

Him 94 m Limit depth of model (geotechnical bedrock or seismic bedrock)
Hy, 3.625 m Depth of the groundwater table
z z pi* Ewn o v Ey qs k Y Ktand
Layer n° Nature sup nf T
(m) (m) (kPa) (kPa) ) () (kPa) (kPa) () (kN/m?) -
1 Fill 0.00 0.30 1,250 10,000 0.33 0.33 30,303 90 0.8 20 1.00
2 WP 0.30 0.80 1,250 12,500 0.33 0.33 37,879 105 0.8 20 1.00
3 Fill 0.80 1.20 1,000 10,000 1.00 0.33 10,000 90 0.8 20 1.00
4 Made ground 1.20 2.70 875 8,750 0.33 0.33 26,515 80 0.8 18 0.45
5 alluvium 2.70 6.10 200 2,000 1.00 0.33 2,000 15 2 18 0.20
6 medium dense gravels 6.10 7.20 1,050 10,500 0.33 0.33 31,818 90 0.8 18 0.45
7 dense gravels 7.20 9.40 2,100 21,000 0.33 0.33 63,636 140 0.8 19 1.00
Notations
Zsup Depth of layer top \ Poisson coefficient
Zing Depth of layer base Ey Young modulus
p* Limit pressure Js Ultimate skin friction
Enm Pressuremeter modulus Kk, Frank & Zhao factor for the friction
a Structural coefficient \ Unit weight
Values of k ; (from Frank and Zhao)
Sols fins 2
Sols granulaires 0.8
Loading description (SLS)
Permanente (kN/ml) Variable (kN/ml) TOTAL (KN/ml) YeELu YoELu Yeq.ELU
Vertical load 9% [ 220 220 [ 135 [ 15 | 1.50
Load applied below footing Q 220 KN/ml
Stress applied on soil o 100 kPa
— Domain : 2
Results
Footing settlement W 9 mm
Settlement distribution
Settlement of deep layers (below CMC) 2 mm
Punching at the inclusion tip 1 mm
Punching at the inclusion head 2 mm
Elastic shortening of the inclusion 0 mm
Settlement of the soil reinforced by VSC 3 mm
SLS load distribution per inclusion % total load on all % total load
Load applied on SC head 6.1 kN 1.1% 6.1 kN 1.1%
Load applied on SC toe / CMC head 24.4 kN 4.4% 24.4 kN 4.4%
Negative skin friction along the inclusion 28.5 kN 5.2% 28.5 kN 5.2%
Max. load in inclusion 52.9 kN 9.6% 52.9 kN 9.6%
Positive skin friction 51.1 kN 9.3% 51.1 kN 9.3%
Load applied on the inclusion tip 1.8 kN 0.3% 1.8 kN 0.3%
Neutral point depth 514 m
Stress in the soil at BMC head 101.2 kPa
Load transferred to the soil at BMC head 543.9 kN 98.9% 543.9 kN 98.9%
Load distribution on the scale of 1 CMC at the neutral point level CMC efficiency
o 100%
S
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N En téte de la colonne Au point neutre En pointe de la colonne




STR verifications: compressive stresses in the CMC part SLS ULS
The material used allows an average compressive stress of 3.6 MPa oK 6.4 MPa oK
The average compressive stress in the columns is 0.9 MPa 1.3 MPa
Verification_of the compressive stress in the SC part SLS ULS
The allowable average compressive stress is 2.10 MPa oK 2.80 MPa oK
The average compressive stress in the SC part is 0.19 MPa 0.29 MPa
Graphis results
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CALCULATION OF FOOTING ON BI-MODULUS COLUMNS

@ MenARD

Project :
V29949 - Project Olympus - Silvertown
Retaining Wall as strip footing - 2.2m width - WP 1.8mAOD - ToF 0.7mAOD - 100 kPa
Analysis Model
This is a calculation sheet for a ground of Bi-Modulus Columns under a footing.
0

Soft Soils

of CMC.
HIim X
4
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B

Stone column part of the calculation is done by the Goughnour & Bayuk method (1979).

The stone columns part is assimilated to an equivalent distribution mattress.

Calculation of the CMC part according to O.Combarieu method (Fondations mixtes -
LCPC 1988) Taking into account the Frank & Zhao method for the settlement calculation

Soil Improvement Definition

Footing dimensions

Footing Type Filante j d 1.4 m Footing embedment

L 2m Longueur de la zone type B 22 m Footing width

Number of BMC under the footing 1

Description of the stone column part

Leg 040 m Stone column length YeB 20 kN/m® Stone column unit weight
Dce 04 m Stone column diameter Pcp 38 ° Stone column friction angle
Ecs 50,000 kPa Young Modulus Kacs 0.24 Earth pressure coefficient
Ves 0.33 Poisson coefficient

Description of the CMC part

Leme 450 m CMC length Deme 0.28 m CMC diameter
Displacement: Avec j ULS: Fondamental j

Test type : i j Reinforcement : NON j

fox 12 MPa 28-day unconfined compressive strength

Calcul du module de déformation :  Béton m,J

Ecme 8,500,000 kPa Young mou

fcd;me,_S 2.9 MPa CMC material SLS acceptable mean compressive stress

fedmoy:ELU 5.1 MPa CMC material ULS acceptable mean compressive stress

Description of bearing soil layer

a 4,800 kPa
K 48
Em 21,000 kPa

Limit soil resistance at the column bottom
Frank & Zhao factor for the toe (extracted from the table below)
Pressuremeter modulus

Values of k4 (from Frank and Zhao)

Fine-grained soils 11
Coarse-grained soils 4.8

Description of natural soil surrounding the columns

Onet 140 kPa

Ultimate resistance of the soil surrounding the columns



Description of natural soil

Him 8 m Limit depth of model (geotechnical bedrock or seismic bedrock)
Hy, 2525 m Depth of the groundwater table
z z pi* Ewn o v Ey qs k Y Ktand
Layer n° Nature sup nf T
(m) (m) (kPa) (kPa) ) () (kPa) (kPa) () (kN/m?) -
1 WP 0.00 0.50 1,250 12,500 0.33 0.33 37,879 105 2 20 1.00
2 Made ground 0.50 1.30 800 8,750 0.33 0.33 26,515 80 0.8 18 0.45
3 alluvium 1.30 4.70 200 2,000 1.00 0.33 2,000 15 2 18 0.20
4 medium dense gravels 4.70 5.80 1,050 10,500 0.33 0.33 31,818 90 0.8 18 0.45
5 dense gravels 5.80 8.00 2,100 21,000 0.33 0.33 63,636 140 0.8 19 1.00
Notations
Zsup Depth of layer top \ Poisson coefficient
Zing Depth of layer base Ey Young modulus
p* Limit pressure Js Ultimate skin friction
Enm Pressuremeter modulus Kk, Frank & Zhao factor for the friction
a Structural coefficient \ Unit weight
Values of k ; (from Frank and Zhao)
Sols fins 2
Sols granulaires 0.8
Loading description (SLS)
Permanente (kN/ml) Variable (kN/ml) TOTAL (KN/ml) Yo.eLu YoeLu Yeq.ELU
Vertical load 9% [ 220 [ 220 [ 135 [ 15 | 1.50
Load applied below footing Q 220 KN/ml
Stress applied on soil o 100 kPa
— Domain : 1
Results
Footing settlement W 35 mm
Settlement distribution
Settlement of deep layers (below CMC) 2 mm
Punching at the inclusion tip 1 mm
Punching at the inclusion head 20 mm
Elastic shortening of the inclusion 0 mm
Settlement of the soil reinforced by VSC 11 mm
SLS load distribution per inclusion % total load on all % total load
Load applied on SC head 12.0 kN 2.7% 12.0 kN 2.7%
Load applied on SC toe / CMC head 34.2 kN 7.8% 34.2 kN 7.8%
Negative skin friction along the inclusion 32.0 kN 7.3% 32.0 kN 7.3%
Max. load in inclusion 66.2 kN 15.1% 66.2 kN 15.1%
Positive skin friction 48.3 kN 11.0% 48.3 kN 11.0%
Load applied on the inclusion tip 17.9 kN 4.1% 17.9 kN 4.1%
Neutral point depth 3.93m
Stress in the soil at BMC head 100.1 kPa
Load transferred to the soil at BMC head 428.0 kN 97.3% 428.0 kN 97.3%
Load distribution on the scale of 1 CMC at the neutral point level CMC efficiency
o 100%
11.0% K
4.1% 2 80% 1
b
® 60%
<
oSol =0
§3  40%
@ En pointe de la colonne °
g 20% | 15.1%
84.9% o En frottement latéral (positif) = - 7.8% - ,—l 41%
° 0% A T
N En téte de la colonne Au point neutre En pointe de la colonne
Vérifications GEO : portance globale du terrain ELS ELU
La résistance globale du terrain en prenant en compte les CMC vaut 226 kN/ml oK 346 kN/ml oK
Lacharge appliquée ala base de la semelle est de 220 kN/ml 330 kN/ml
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STR verifications: compressive stresses in the CMC part SLS ULS
The material used allows an average compressive stress of 2.9 MPa oK 5.1 MPa oK
The average compressive stress in the columns is 1.1 MPa 1.6 MPa
Verification_of the compressive stress in the SC part SLS ULS
The allowable average compressive stress is 0.42 MPa oK 0.56 MPa oK
The average compressive stress in the SC part is 0.27 MPa 0.41 MPa
Graphis results
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APPENDIX 5: DETAILED OBSTRUCTION METHODOLOGY
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V29949 - Silvertown — Olympus Project

Obstruction methodology v.2

Chstruction 1 @
Aszumed obstruction oreo m2 wuww

Currant obstruction areo m2 x.xxx

Current excavation area n2 21.087

al KK
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Depending on the depth of the obstruction

Obstructions between 0 and 3m below WPL
— Removal by Main Contractor

Obstructions between 3 and 6.5m below WPL
— Adaptation of the BMC grid (see page 2)

Obstructions beyond 6.5m below WPL
— BMIC cast on the obstruction
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V29949 - Silvertown — Olympus Project Removal of obstruction between 0-3m,
then installation of BMC/CMC with
VSC head embedment in dense gravel

Obstruction methodology v.2

------------------ Obstructions between 0 and 3m below WPL — Removal by Main Contractor
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V29949 - Silvertown — Olympus Project At 3 - 6.5m, additional BMC/CMC'’s around the obstruction
embedded in the dense gravel layer

Obstruction methodology v.2

VSC head
WPL 2.9mAOD

Obstructions between 3 and 6.5m below WPL — Adaptation of the BMC grid (see page 4)
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V29949 - Silvertown — Olympus Project

Obstruction methodology v.2

O

O O O

O O O

Obstruction between 3
and 6.5m below WPL

JJ-04/12/24

Page 4 of 6

O — Initial BMC/CMC
position
— Additional
BMC/CMC

BMC/CMC

'@: stopped on the

obstruction
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V29949 — Silvertown — Olympus Project BMC/CMC stopped on
the obstruction

Obstruction methodology v.2

VSC head
WPL 2.9mAOD

S '
& :wi‘_

W Obstructions beyond 6.5m below WPL — BMC/CMC stopped on the obstruction (see page 6)
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V29949 - Silvertown — Olympus Project

Obstruction methodology v.2

o

Deep obstruction
(beyond 6.5m below WP)

() Initial BMC/CMC
position

‘ BMC/CMC stopped
on the obstruction
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