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Phase 4, Green Park Village, Reading

Berkley Homes (Western) Limited

S

. Introduction

This document summarises the design methodology, soil model and calculations for
the Ground Improvement process of Vibro Stone Columns (VSC’s) utilising equipment
developed by Roger Bullivant Limited, to support the reinforced strip foundations.

The object of the ground treatment is to improve the density of the near surface soils
thus providing a uniform bearing stratum beneath the building foundation lines to
reducing total and differential settlement.

. Design Methodology

The Roger Bullivant Limited design method is an iterative process based on standard
methodologies:

¢ Load carrying capacity — Hughes & Withers, 1974
e Factor of Safety against bulging — Baumann and Bauer, 1974
e Settlement reduction factor — Priebe, 1995

The following information has been utilised in the generation of the Ground
Improvement Design:

¢ Site Investigation Report Peter Brett Associates report
11321/300/SNK/KB/RP/LG

e Foundation Drawings 5361-2000 P1, 2010 P1, 2011 P1, 2012 P1, 2013
P1, 2014 P1

e Specification Ramboll document 1620000492/SP/002

e For VSC design a 500mm dia. column is assumed for calculation assessment.

Ground Conditions

The recorded ground conditions typically comprised soft to firm sandy occasionally
gravelly clay (alluvium), overlying medium dense gravels (river terrace deposits), in
turn overlying stiff clays overlying very dense sands (Lambeth group).

In addition to the recorded geology, the site has been up filled by up to 1.8m in
accordance with Rambol specification 1620000492/SP/001. An additional 30kN/m?2
has been allowed for within the settlement analysis to make allowance for the change
in stress profile with in existing soils due to surcharge from the new upfill.

Significant ground water inflows were not encountered, however some seepages
were encountered. Standing water was not observed within the treatment zone.
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One clay sample tested indicated a high Pl > than 40%, however samples taken from
the same borehole at different depths indicate Pl of 25%. Given that the high Pl occurs
in an isolated sample only it is considered that the stone column performance will not
be adversely effected. Berkley Group should confirm this with the NHBC.

. Soil Parameters

The soil model (calcs section 6) has been developed in conjunction with the site
investigation information provided and viewing additional trial pits prior to
undertaking vibro ground improvement treatment.

To supplement the existing laboratory testing a worst case model was devised
presenting typical values for a soft cohesive material accounting for both the fill
material and the alluvium.

The unit weight values adopted in our VSC design (calcs section 2) are based on typical
values specified within BS8004:1986 ‘Code of Practice for Foundations’.

Soil descriptions are in accordance with BS5930:1999 ‘Code of Practice for Site
Investigations’.

. Ground Improvement Specification

The ground improvement design has been prepared to conform with Ramboll specification
document 1620000492/SP/002

Allowable Bearing Capacity Strip Foundations 125kN/m?

Settlement Requirements Total Settlement 25mm
Differential Settlement 1in 500

VSC aggregate description Type 6F Granular fill — coarse gravel

(grading 75-40mm).

Ground Improvement Design

The design calculations have been carried out using methodology developed by Roger
Bullivant Limited and are presented on the VSC Design Spreadsheet




The design applies the previously discussed borehole and trial pit logs to simulate
representative anticipated ground conditions present across the site.

6.1 Load Carrying Capacity
Refer to the attached VSC design sheet for carrying capacity of a single column.

Adopting the method proposed by Hughes & Withers, 1974 the ultimate bearing
capacity of a single VSC in the soils present is 887 KN/m?

6.2 VSC Length’

The design calculations highlight that a target depth of around 3.0m will provide
suitable settlement control against the loadings detailed in section 5.0. Due to ground
conditions and working levels anticipated, column lengths in the range of 2.5m to
3.5m will be expected. Terminating upon refusal on natural competent strata.

6.3 Factor of Safety against Bulging
Refer to the attached VSC design sheet for FoS against bulging.

A FoS = 1.5 minimum (1.5 is generally considered to be an acceptable factor of safety
against bulging).

6.3 Predicted Settlement

Refer to the attached VSC design sheet for settlement analysis and improvement
factor.

From calculation, the predicted total settlement for the foundation elements are
expected to be limited to 25mm.

. Ground Improvement Testing

To enable verification of the ground treatment, the following testing regime has been
agreed with the Client’s Engineer in advance of the works:

Plate Load Test
Type 600mm dia. plate

Dummy Footing Test
1500mm x 0.6m plate

Test Location

Client to provide of RB’s
shall choose at random

Client to provide of RB’s
shall choose at random

Min. Frequency

1 per 100 VSC installed or
1 per rig per shift/day

1 per 500 VSC installed

Total Number Included

7

Testing shall generally be in accordance with the Ramboll Specification.




8. Discussion & Recommendation

It should be noted that prior to casting any foundation, the formation level should be
inspected by a competent operative to ensure that no soft spots or localised
deposits of compressible / organic material is present within the made ground that
may not have been identified during the site investigation.

In the event of buried obstructions being encountered (e.g. old foundations), these
should be grubbed out by the main contractor and replaced with wholly granular
material to prevent the vibro scheme being compromised.
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VIBRO-STONE COLUMN DESIGN @ | ROGER BULLIVANT |

COHESIVE SOILS

Job No : LM§1§?221 ]

Project : |Phase 4, Green Park Village, Reading

File name : [Foundation (600w) | Revision : L::jti:;]

Based on : | Peter Brett Associates report 11321/300/SNK/KB/RP/LG ]

Appr. For
Inputby: DT ~ Revised by: ChkdBy: ___ Constr.:
Date: 10-Jan-19 Date: Date: Date: .
1 Foundation/Floor Slab Details
Foundation/fioor slab type | Foundation [ Found. Depth, F, (m) = 0.60
Foundation length, L m)= | 6 | Foundation breadth, B (m)=[ 06 |
Bearing pressure, g,  (kN/m?) = [ 155 I Load on soil surrounding columns,

p (kNm? = 0]
Thickness of capping layer, t=] 18 I

2 Soil Details
Desctription of Soil | sandy gravelly clay fill [
Cohesion, ¢, (kN/m?) = | 35 Bulk unit weight,y  (kN/m®) =] 18 |

3 Stone Column Details

Description of Column Aggregate 75mm-40mm Aggregate |

Angle of internal Friction, ¢'; =| 40 |
Diameter of the Column, D, (m) =| 0.5 ] Assumed Column Spacing, x  (m) =| 1 |
Area of influence of column, A, = Square Grid = 1.00 Triangular Grid =| 0.87 |

A, for design = | 1 |




VIBRO-STONE COLUNMN DESIGN
COHESIVE SOILS

GBI ROGER BULLIVANT |

Project : fPhase 4, Green Park Village, Reading

| oo [iiGierzz1 |

File : [Foundation (600w)

| Revision: [~ 0 ]

6 Settlement Reduction Factor (Priebe, 1995)

Settlement reduction factor, (see notes for formula)

Where: A= Area of column
A, = Area of influence of column
Kac = Coefficient of earth pressure for column
F= Factor based on v (see notes)
V= Poissons ratio for the soil

7 RB Method Correction Factor

RB method correction factor based upon foundation type

Therefore, the corrected settlement reduction factor for design

sRF=[__219 ]

2

m 0.196
2
m 1
tan’(45 - ¢4/2) 0.217
0.943
0.3

l 1 |

RB SRF = 2.19
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VIBRO-STONE COLUMN DESIGN
COHESIVE SOILS

@ [ ROGER BULLIVANT

Project : |Phase 4, Green Park Village, Reading

|  JobNo:[ MGi87221 |

File : |Foundation (600w)

| Revision:[ ]

Input by : DT Revisedby : Chkd By :

Date : O8-May—1z_~ Date: Date : B -

8 Long Term Settlement (Consolidation)

Appr. For
Constr. :

Date : .

Foundation / floor slab type |Foundations

Foundation length, L (m) = ] 6
Applied Load, g, (kN/m?) = 155 |

Layer Thickness, H (m) = O-?:,:]
Ao =
Treatment depth (m) = 3.0

Settlement, p = H x ¢, x m,

Foundation breadth, B (m) =

Overall settlement reduction factor = 2. ng

(Preibe x R.B Factor )

Where o , = vertical stress at centre of layer, after Fadum 1941

m, = Coefficient of volume compressibility

DEPTHTO STRESS
BOTTOM OF AT CENTRE

LAYER LAYER OF LAYER m,
(m) (kN/m?) (m?MN)
1 0.50 134.971 0.109
2 1.00 71.469 0.109
3 1.50 45.227 0.109
4 2.00 32.291 0.167
5 2.50 24.538 0.167
6 3.00 19.331 0.167
7 3.50 15.596 0.167
8 4.00 12.809 0.167
9 4,50 10.675 0.167
10 5.00 9.008 0.167
11 5.50 7.685 0.167
12 6.00 6.621 0.043
13 6.50 5.755 0.043
14 7.00 5.042 0.043
15 7.50 4.449 0.043
16 8.00 3.952 0.043
17 8.50 3.632 0.043
18 9.00 3.173 0.043
19 9.50 2.866 0.043
20 10.00 2.509 0.043
Comments
m, = 1/(;,*N)

f,=0.46

SETTLEMENT SETTLEMENT
IN LAYER WITH
WITHOUT REDUCTION

TREATMENT FACTOR

(mm) (mm)
7.34 3.35
3.88 1.77
2.46 1.12
2.70 1.23
2.05 0.94
1.61 0.74
1.30 1.30
1.07 1.07
0.89 0.89
0.76 0.75
0.64 0.64
0.14 0.14
0.12 0.12
0.11 0.1
0.10 0.10
0.08 0.08
0.08 0.08
0.07 0.07
0.06 0.06
0.06 0.06
TOTAL TOTAL
SETTLEMENT SETTLEMENT
WITHOUT WITH
TREATMENT TREATMENT
(mm) (mm)

25.51 14,62
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VIBRO-STONE COL.UMN DESIGN @ L _ROGER BULLIVANT

COHESIVE SOILS

Project : [Phase 4, Green Park Village, Reading ! Job No : ["M@?@'?Z“?D
File : [Foundation (600w) |  Revision: [::;:M:::
Appr. For
Inputby: Revised by : Chkd By : _Constr. : _
Date : B Date: Date : ___ Dbate:

9 Short Term Settlement (Elastic Compression)

Foundation / floor slab type | |

Foundation length, L(m) = [ 6 | Foundation breadth, B(m) = [ 0.6 |
Applied Load, g, (kN/m?) = 00|
Layer Thickness, H (m) = 0.5
Ao = ] 1.Lj Overall settlement reduction factor = [:gm
(Preibe x R.B Factor )
Treatment depth (m) = 6.0 l
Settlement,p =H x o, / E, Where o, = vertical stress at centre of layer, after Fadum 1941
E, = Soll Modulus
SETTLEMENT SETTLEMENT
DEPTHTO STRESS SOIL IN LAYER WITH
BOTTOM OF AT CENTRE MODULUS WITHOUT REDUCTION
LAYER LAYER OF LAYER E, TREATMENT FACTOR
(m) (kN/m?) (MN/m?) (mm) (mm)
1 0.50 87.078
2 1.00 46.109
3 1.50 29179
4 2.00 20.833
5 2.50 15.831
6 3.00 12.472
7 3.50 10.062
8 4.00 8.264 10 0.41 0.21
9 4.50 6.887 10 0.34 0.17
10 5.00 5.811 10 0.29 0.15
11 5,50 4,958 10 0.25 0.12
12 6.00 4.271
13 6.50 3.713
14 7.00 3.253
15 7.50 2.871
16 8.00 2.550
17 8.50 2.279
18 9.00 2.047
19 9.50 1.849
20 10.00 1.677
Comments TOTAL TOTAL
SETTLEMENT SETTLEMENT
WITHOUT WITH
TREATMENT TREATMENT
(mm) (mm)

1.30 0.65
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Schedule of Piling Rig Component Weights, Dimensions, Forces and Pressures

PEaN

RIg Manutacturer @ ROGER BULLIVANT | Rig Type ADGT 1 4008 1 4008
Opsration Motk Vibro |
Coimptetes by: Hait Harrlg LRTERTP T Chacksd by, Chita Hibbart
ttam Maag {ig) Mot ams {mj Momaot (kNm)
UPPER WORKS 12310 0.5 1007
LOWER WORKS 5025 4,07 SA5
ROPE JKELLY | CHAIN SUSPENDED EQUIPMENT 4390 246 104.01
COUNTERWEIGHT ¢ 0.00 3,00
OTHER 750 .05 037
TOTAL 22395 .14 3086
Tracks
Track beating tecxph (m)| 334
Track pad widih (m)] 05
fstaros belwesn canireines of Tacks ()] 235
Eronl Foot Pags
Pad Beartey Area (07) 0.00 Actisal Dimensicns Mone
Pad hadmum Loading (4) 4.0 Athu Shape Hone
Bad Marent A (m) (00
Rear Fool Pads
Pad Baaring Area () 6.00 Actual Dimersions| Hone
P Madniur Loading (kN a.00 Acteal Shape| Hone
Pad Moment Arm () Lo i
Forces
Mapdrim Exraciion Force (i) q1.00
Kot Penelralion Force (kM) 97.00
Mastenum Ausiilary Force (kN) 0.00 Audiiary F"’?’;‘f’“"‘e““’m 0.00
Prongurs Susirary Tor Platfores Design [undactorsl}
MODE BRE LOAD CASE {Tor2) Lenglh fry Witih ymj UDL Pressure {kia)
Shancfling i 286 0.5 T4
Traveiing 1 2358 05 74
Handiing 1 296 4.5 74
BPansiraling Z 0.59 9.5 143
Extracting 2 203 05 135
ey HOT USED Wil 0.5 Lot
MODE WARNHHG MESSAGES ERROR MESSAGES FOR FORCES
Shanding [ HAuribiary Lis Foren O Exteastion Foren 0% Penetrathoe Freos OR
Troveling Hwoe Suriliary Lisa Foren O Eawaction Fume OF Penutration Foron OF
Handiing Sz Zyssliary Livg Forog OK Eewoution Foiwe OK Panulration Foeos DR
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Typical Installation Process

~\ Completed stone columns: trench to finished /7~ Finished strip footings; typically 600mm wide by
foundation level (foreground), with concrete 3 750mm deep.
blinding (baokground) ;

g

~\ Steel reinforcement (normally mesh), placed on N\ Substructure blockwork (insulated trenchblock)
spacer blocks on blinding layer. and dralnage/service duct tails.

Midlands & South North ‘ Scotland

Walton Road Club Street The E Centre

Drakelow Bamber Bridge Cooperage Business Village
Burton on Trent Preston Cooperage Way, Alloa,
DE15 9UA b PR5 6FN Clackmananshire FK10 3LP
T 01283 505458 T 01772 323385 T 01259 272050
info@roger-bullivant.co.uk info@roger-bullivant.co.uk info@roger-bullivant,co.uk

by Roger Bullivant

h No Harm ; '
- e — to Anyone| g;@ggﬁ?;gmm ~
LL ANTUMUTED A safety Initiative ‘AWARDS 2014.

T. 0845 8381801 www.roger-bullivant.co.uk m'r‘\i}&ﬁér
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@ [ ROGER BOLLIVANT .} DESIGNER'S HEALTH, SAFETY & ENVIRONMENTAL RISK ASSESSMENT

P

Indicate which of the following apply to the Project from the information provided :

1 Land potentially affected by contamination |:|
2 Previously worked coal seams |:|
3 Undisturbed coal seams |:|
4  Aquifers ]
5  Adjacent structures (state if basements) [:]
6  Publicly occupied buildings / spaces |:|
7  Controlled waters/site drainage ]
8 Limited access / egress ]
9  Enclosed spaces/lack of headroom I::l
10 Railways ' []

Indicate which of the following products are proposed :

Description
SITE WIDE REMEDIATION BY CLIENT

>5M AWAY

OCCUPIED PLOTS NOT IN VACINITY

DRY PROCESS

GOOD ACCESS THROUGH SITE HAUL ROAD

NA

NA

Potential Impact of Method
@0
o
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' 8
£ = o}
& 3 T = 0 L
|| o2 2| €8
[0 o = £ E [(] -E;
o3| 8|3 = S| 5|5
Bl e|lE|T o 21z &
g 5| 8| 8|0 3 ) o
2121951 % 2 @t |c
Q —_ o =
o < b o @» ) £ o | 5
; % 21 % Slyg | = 2 % °
= w = =
Elg|o|e 5|25 = |8 3
c|S€|c |2l 5|2 |C|2|E|ILS]|S
S 2|lolalajc|G|e|e|l<|B|d
(0] = | < = = 4 @ ] = 7] 1]
@ o] —_— =] 3 o e [0 =] 1] o i [}
sl | 8|35|B | &|2|SQ|S|E|&|8 5
2/ 518 |&la | d|5|d | & |d|F |2
1 Driven Piling |:] vVivi iv|v|v v v i|v|v
2 CFAPIling |—_‘| v vVivi|iviv]|v v |v|wv
3  CHD Piling ] v vi|iv|v v viv]|wv
4 SFA Piling (hollow stem) ] v viv|v v v | v
5  SFA Piling (open hole) 1 v v v iv|v]|wv v |wv
6  Odex/ Symetrex Piling D vi|v|v v | v v | v |v
| 7 Pre-Cast Concrete Beams ] v v | v|v v
8  [n-Situ Concrete Beams / Slabs ] v v iviv|v
9  Vibro Stone Columns Lv] vivi v vy v iviv|iviv
10 Dynamic Compaction ] v v viv]iv]|v]|v
11 EcoSmart Foundations ] v v viviviv|we
12 Site Investigation Boreholes/Geothermal D v ViV | VvV v v
13 Rotary Percussive Drilling ] viviv]v|v|v v v v
14 Breaking out concrete / masonry ] vV v viv | v v v
CDM Design Considerations for Construction
(A brief statement works and particular design constraints using information from above assessment)
N\ =gy f) D
Compiled By(Print): N A W .. S Date: ..« . 4. [ L..F... Reviewed By(Inits): .[.{.[..........0%
\\
(Can be complied by Estimator but be reviewed by a Pll Authorised Engineer prior to entering intb Contract) )
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@D [..ROGER BULLIVANT .| DESIGNER'S HEALTH, SAFETY & ENVIRONMENTAL RISK ASSESSMENT

Pt

Indicate which of the following apply to the Project from the information provided :
Description

Land potentially affected by contamination D

Previously worked coal seams

Undisturbed coal seams

Aquifers

Adjacent structures (state if basements)

Publicly occupied buildings / spaces

Controlled waters/site dralnage

Limited access / egress

Enclosed spaces/lack of headroom

= © 00 ~N & G b WO N =

Hoogooaoo

0 Railways

Indicate which of the following products are proposed :

Potential Impact of Method
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1 Driven Piling |:| v iviviv|v v v iv|v
2 CFAPiling |___| v viviv|v]|wv vi| v |wv
3 CHD Piling [] v vi|iv|v v viv]|wv
4 SFA Piling (hollow stem) ] v v v v | iv]v v |wv
5 SFAPlling (open hole) |:] v vivi|iv|iv]|v v | v
6  Odex/ Symetrex Piling ] v iviv v viv]wv
7 Pre-Cast Concrete Beams [ v viviv v
'8  In-Situ Concrete Beams / Slabs ] v viv]|v]|v
9  Vibro Stone Columns |V VI iv|v]|Vv |V vivi]iv|v
10 Dynamic Compaction 1 vV viv|iv]iv]|v
11 EcoSmart Foundations ] v v vivivivi|v
12  Site Investigation Boreholes/Geothermal |:| v vViviv|v vi|v
13 Rotary Percussive Drilling ] viv|iviv]v]lv v v|v
14 Breaking out concrete / masonry |’:_| v | v v v iv|v]wv v

CDM Design Considerations for Construction

(A brief statement works and particular design constraints using information from above assessment)
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GEN-SFD 0473 Rev 0 02.09.09




