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ACEC
ACSW

AGS
AIP
ALARP
AONB
ATS
BGS
BRE

BTEX
Cleyv
CBM
CBR
cC

CIRIA

Cco
CP

Clpeak
CPT

CR
CSO
CSwW
CT

Cu

Cv

DAl C1
DA1 C2
DCP
DGN
DJV
DLS
DoU
DP

E

EIA

EK

Aggressive Chemical Environment for Concrete
Advanced Continuous Surface Wave

Association of Geotechnical and
Geoenvironmental Specialists

Approval In Principle

As Low As Reasonably Practicable
Area of Outstanding Natural Beauty
Autotransformer Stations

British Geological Survey

Building Research Establishment

Benzene; Toluene; Ethylbenzene; and o-, m-,
and P-xylenes

Critical Value Effective Cohesion
Cement bound material
California Bearing Ratio
Concrete Core

Construction Industry Research and Information
Association

Cable Percussion borehole with Rotary Open
Hole follow on

Cable Percussion borehole
Peak Effective Cohesion
Cone Penetration Test

Cable Percussion borehole with Rotary Cored
follow on

Combined Service Overflow

Continuous Surface Wave

Cone Penetration Testing

Undrained Shear Strength

Coefficient of Consolidation

Eurocode 7 Design Approach 1, Combination 1
Eurocode 7 Design Approach 1, Combination 2
Dynamic Cone Penetration

CAD drawing

Design Joint Venture

Design Limit State

Degree of Utilization

Dynamic Probing

Elastic Modulus (drained)

Environmental Impact Assessment

Eiffage Kier

ERD

Ey
EV2
EW
EWC
FOC
FPD
GBR

GC
GDMS
GDR
Gl

GIR

GIS

GRR
HP
HS2
HSV

INNS

ISRM
LCA
LCRM
LEL
LIDAR
LL
LLAU
LOCA
mAOD
MASW
mbFL
mbgl
MCV
MDD
SP
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Environmental

Data Modelling Software

Elastic Modulus (undrained)
Modulus of Deformation
Earthworks

Early Works Contractor
Fraction Organic Carbon
Final Preliminary Design

Geotechnical Baseline Report

Geotechnical Category

Geotechnical Data Management System
Geotechnical Design Report

Ground Investigation

Ground Investigation Report
Geographical Information System

Geotechnical Risk Register
Hand Dug Pit
High Speed 2 Limited

Vane Test

Invasive Non Native Species

Inspection Pit

International Society for Rock Mechanics
Local Character Area

Land Contamination Risk Management
Lower Explosive Limit

Light Imaging Detection and Ranging

metres Above Ordnance Datum C)C)
Multiple Channel Analysis of Surface Wa\v

Metres Below Foundation Level y2

Liquid Limit
Limits of Land to be Acquired or Used

Location ID

Metres Below Ground Level
Moisture Condition Value @
Maximum Dry Density Qb

Self-boring Pressure@ esting
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Ministry Of Defence Standard Penetration Test
MPATS Mid Point Auto Transformer Site SPzZ Source Protection Zone
my Coefficient of Volume Compressibility SRR Stakeholder Review Required
MwWCC Main Works Civils Contract SSSI Site of Special Scientific Interest
N SPT ‘N’ blow count TFL Transport for London
NCA National Character Areas TP Trial Pit (mechanically dug)
NCA National Character Area TPH Total Petroleum Hydrocarbons
NCR No Core Recovery TPS Total Potential Sulphate
NMC Natural Moisture Content TSA Thaumasite Sulphate Attack
OLE Overhead Line Electrification TT Trial Trench
OoMC Optimum Moisture Content ucs Unconfined Compressive Strength
OoP Observation pit (shored) ULS Ultimate Limit State
OSMM Ordnance Survey Master Map UXB Unexploded Bomb
oT Observation trench (shored) UXO Unexploded Ordnance
OoXC Oxford Clay Formation v' Drained Poisson’s Ratio
PBT Plate Bearing Test Vu Undrained Poisson’s Ratio
PC Pavement Core WLS Windowless Sampling
Windowless Sampling (also Windowless
PCB Phenol and Gasoline Range Organics WS sampling + Dynamic probing)
PGA Peak Ground Acceleration WwI World War 1
PI Plasticity Index WwII World War 2
PSD Particle Size Distribution Yb OF Youik Bulk Density
RAG Red-Amber-Green @’y Critical Value Effective Angle of Friction
RC Rotary Coring @’ peak Peak Effective Angle of Friction
RO Open Hole Rotary Drilling
RQD Rock Quality Designation
Ru Pore Pressure Ratio
SB Sonic Resonance Borehole
HS2 Specification for Civil Engineering Works
SCEW (Series 600 Earthworks)
SCPT Seismic Cone Penetration Test
SHC Subsidence Hazard Category 6
SHCN Hazard Rating for Ground Dissolution \@
SHRN Subsidence Hazard Rating Value Q
SMC Saturated Moisture Content 0®
Strategy for Management of Uncertainty in 0
SMUG Ground Conditions ?“
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2 Executive Summary

This revision of the Detailed Design GDR (DD-GDR) presents the technical output of Detailed Design for
Twyford Embankment Reference (080-L1) for L3 submission.

It incorporates the Gl Impact Assessment undertaken on the outstanding Gl data received post-IDR
submission.

Twyford Embankment is a low embankment (maximum height is 5.9m at Ch 81+600), 1427m long situated
between the HS2 earthwork assets of Calvert Cutting to the south and Twyford Viaduct to the north between
Chus2. 80+862 and Chrs2. 82+289.

The landform comprises open, gently sloping shallow valley of the east flowing Padbury Brook main channel
and tributary within the Twyford Vale LCA.

The land use is predominantly farmland. Twyford village is located 200m to the west and includes St Mary’s
Church (Grade | listed) located beyond the northern end of the asset. Portway Farm is located on the Down
side at the southern end of the asset. It is situated between the HS2 earthwork assets of Calvert Cutting to
the south and Twyford Viaduct to the north.

On Twyford Embankment the HS2 mainline tracks share the earthworks platform with
e Electrified Loop from Ch.80+862 to Ch. 82+257
e IMD Chord 1 from Ch. 80+862 to Ch. 81+657
e IMD Chord 2 from Ch. 80+862 to Ch.81+565

The Chord lines are ballasted. The Electrified loop line is slab track between Ch. 82+074 and Ch. 82+224 to
join HS2 mainline.

There are several S&C units. In compliance with HS2 technical standard for earthworks, the total acceptable
residual settlement shall be less than 15 mm along 150m pre and post S&C location.

The ground conditions comprise the Ancholme Group composed of the Oxford Clay Formation (OXC) and
Kellaways Formation (KLB) at depth overlain by superficial deposits Alluvium (ALV) and River Terrace
Deposits (RTD).

The groundwater level is assumed to be at 0.2 bGL, perched in the superficial deposits.
The key ground risks associated with design of the asset are:
e Soft ground and consolidation under embankment loading
e Soft ground and slope instability
e Rayleigh Waves, especially in the southern part of the asset on low embankment
e Perched groundwater in superficial deposits

¢ Flooding related to Padbury Brook and tributary crossing HS2 respectively around 82+300 and
Ch.81+715;

e Potential relic slip surfaces

e Potentially contaminated ground associated with the Made Ground at the location of the Dis
Rugby to Quainton Great Central Railway (LQ 13.07) and the Sewage Works (LQ 13.06)

Contamination screening of groundwater samples has highlighted some exceedar@s’against
Drinking Water screening criteria for TPHs, Manganese and Sodium. Other metals,exceedances
were noted but these were against the least stringent environmental guideline@{i likely to be
caused by background concentrations).

e Chemically aggressive ground C)
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The mainline earthwork slope gradients are confirmed to be 1V:2H.

Earthwork mitigation measures include (bottom-up):

E&R 3m bFL to mitigate inadequate subgrade support due to the presence of soft materials in the low
embankment from Ch. 80+862 to Ch. 80+920, from Ch.81+000 to Ch. 81+140 and from Ch.81+320
to Ch. 81+470

E&R 2m bGL to remove soft soils and ensure acceptable post-construction settlements in the high
embankment of less than 15 mm from Ch. 80+920 to Ch. 81+000 and from Ch. 81+140 to Ch. 81+320

E&R 1m bGL or ensure a minimum value of cu=50kPa beneath the base of the embankment from Ch.
81+620 to Ch. 81+269

Starter layer (300mm thick) is recommended at the base of the embankment to act as a capillary break
from Ch.81+470 to Ch.82+269

Flood protection on the approach to Twyford Viaduct East Culvert (Padbury Brook main channel) :
e On the Up side of the embankment from Ch. 82+180 to viaduct
e Onthe Down side of the embankment from Ch. 82+252 (end of landscape bund) to the Viaduct

Anticipation of rail load (additional 1.5m of fill) to achieve post-construction settlement of less than 15
mm in S&C area from Ch. 81+470 to Ch. 81+620

Settlement hold period of minimum 6 months with 1&M at specific locations

Construction stage management to control risk will include:

a minimum undrained shear strength of 50 kPa shall be proven by sufficient control testing at the base
of excavations (on top of the natural subgrade) prior to placing the fill materials.

the inspection of sub-excavations to confirm the absence of relic slip surfaces will need to be
undertaken from Ch. 80+862 to Ch. 81+220 near to Perry Hill Road Alignment and West Street
realignment.

A Landscape bund (H=5.5 m above rail level in embankment at 81+660; slope 1V/4H) is planned on Down
side facing HS2 mainline between Ch. 80+862 to Ch. 82+200. In compliance with the EKFB construction
sequence the landscape will be built at the same time as HS2 mainline embankment to avoid excessive
post-construction and differential settlements.
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3 Introduction
3.1 Purpose of report

The purpose of this Geotechnical Design Report (GDR) is to present the geotechnical design of the
earthworks associated with the HS2 line and Infrastructure Maintenance Depot (IMD), which forms part of
the EKFB works in the Calvert Area, at Twyford Embankment location between Ch. 80+862 to Ch. 82+289 at
Stage 2 detailed design.

This revision C03 of the DD-GDR for OXD line has been updated to incorporate the results of the GI impact
assessment Ref. [86].

This DD-GDR is the full and final revision for L3 acceptance.

All key modifications made to this revision of the DD-GDR are highlighted in blue writing to make
them easily identifiable compared to the previous version of the DD-GDR.

3.2 Background

In January 2012, the UK Government announced its intention to proceed with a new high-speed railway line
(HS2) and announced the preferred line of the route from London to the West Midlands as the first phase
(Phase 1) of a national high-speed rail network which is illustrated in Figure 3-1 — HS2 Phase 1 Route.
Phase 1 will involve construction of a new railway line of approximately 230 kilometres (km) -142.9 miles -
between London and the West Midlands with stations at Euston, Old Oak Common, Birmingham Interchange
and Birmingham Curzon Street.
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Figure 3-1 — HS2 Phase 1 Route

For design and construction purposes, the overall route has been divided into three Delivery Areas as
illustrated in Figure 3-1 — HS2 Phase 1 Route and Table 3-1 below.

Table 3-1 — HS2 Delivery Areas

>

Southern The former London Metropolitan and London Euston Station s@
Central The former Country South, with part of Country North Q
Northern The remainder of Country North and Birmingham Metropolitanc)C)

The delivery areas have been further sub-divided into Contracts, each of which represent a Main Works Civils
Contract (MWCC). The Arcadis, Setec, COWI Design Joint Venture (ASC) has been appointe Eiffage,
Kier, Ferrovial Construction, and BAM Nutall Contracting Joint Venture (EKFB) to provid ailed design
services for the civil engineering assets within HS2 Contract C23 (Formally Central Area Central Area
3), which have been further subdivided into the five delivery packages with the approxi éxtents provide in
Figure 3-2 — Calvert Junction — schematic plantbelow.
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Table 3-2 — Approximate Extents of HS2 Contract C23 Delivery Packages

DELIVERY PACKAGE TITLE EXTENTS (Snake Grid)

North Chilterns Area (NCA) 47+750 to 57+850

Aylesbury Area (AA) 57+850 to 71+850

Calvert Area (CA) 71+850 to 81+450

Twyford to Greatworth (T2G) 81+450 to 101+620

Greatworth to Southam (G2S) The detailed design for Calvert Area 101+620 to 126+540

The Detailed Design of critical assets in the Calvert Area started in July 2019. At this time, the detailed
design was being progressed in advance of the remainder of the delivery package areas.

The Twyford Embankment design is one of these critical assets.

3.3 Description of the Works — Calvert Area
3.3.1 General layout

A simplified general layout at the proposed Calvert Junction is provided in Figure 3-2.
3.3.2 HS2 limits / EWR Upgrade Interface

The HS2 trace in the vicinity of Calvert Area interfaces with three existing Network Rail railway lines. These
are:

e OXD line — This is the Bicester to Bletchley line (OXD) and it crosses the HS2 trace almost
perpendicularly at approximate Ch.ns2 80+100.

e MCJ3 line — This is the Marylebone to Claydon line which runs parallel to the HS2 trace alignment for
an approximate length of 8km from Quainton to Calvert. Approximate Ch.xs2 71+800 — 80+120.

e MCJ4 line — This is the chord line that connects MCJ3 to the OXD line between Ch. mcs 20+600 and
Ch. mc3y 19+852.

The start of the Twyford Embankment within Calvert Junction at Ch. 80+862 is illustrated in the below figure.
The HS2 asset to the south is Calvert Cutting.
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Figure 3-2 — Calvert Junction — schematic plant

The new OXD line is located to the south of Twyford Embankment and crosses over HS2 Calvert Cutting.
The OXD line will follow its existing horizontal alignment but require the construction of a new embankment
in order to cross over the proposed HS2 route. The existing OXD embankment will be demolished as part of
the EKFB works.

The IMD platform is located to the South of Twyford Embankment and will be accessed from two directions
as follows:

e The North connection via the HS2 IMD Chord lines (S&C) leading of HS2 mainlines located on Twyford
Embankment.

e The East connection leading off the proposed OXD line via the proposed Claydon Loop line and finally
transferred via the Reception line.

\‘?)6

3.3.3 Design Line speeds: Q)Q

e |IMD Electrified Loop: 80kph (Including connections to the HS2 Mainline), 00
e |MD Chord 1: 60kph (note, the rail alignment design can accommodate 60kph from JCA14 to JCAL17),

Y4
e IMD Chord 2: 60kph (note, the rail alignment design can accommodate 80kph from JCAi\to JCA36,
HS2 Mainline Connection),

e The adjoining crossovers between the Electrified Loop and IMD Chords 1 & 2: @1/42 is 50kph,
JCA43/44 is 60kph and JCA13/14 is 50kph, C)
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e A blanket line speed across the IMD Sidings area of 25kph.

3.3.4 EKFB design interfaces
3.3.4.1 IMD interfaces

The interfaces between EKFB and HS2 are outlined in the Interface Control Document for Calvert IMD Ref
[63];
EK will provide IMD detailed Earthworks and track formation design based on several parameters:

e Alllooplines (1, 2 and 3) (now referred to as Chord Lines 1 and 2 and Electrified Loop (refer to Section

4 Site Description) and tracks within the IMD are to be ballasted, except at turnouts from HS2
mainlines.

e IMD Chord lines and the IMD having a depth to formation from top of rail of 700mm,
e Formation to support ballast track construction having an EV2 of 40 MPa minimum,
e Formation provided with a water-resistant protection treatment,

e Settlement limit overall for the platform of 200mm over 20 years Rail Systems will design and install
all depot infrastructure within this footprint e.g. drainage, track, hard standing, finished surfacing,
profiling the depot for their needs.

3.3.4.2 EWR interfaces

The interfaces between EKFB and EWR are outlined in the Interface Control Document for Calvert IMD
Ref [63].

3.4 Scope and objective of the Report

In accordance with the HS2 Main Works Civil Contract (MWCC) Works Information WI 300 Contractors
Design Ref [1], and the HS2 Technical Standard — Earthworks Ref [2], EKFB is required to prepare a GDR
as part of the geotechnical design process.

The design within this report satisfies the requirements of the HS2 Technical Standard — Earthworks Ref [2]
and where relevant, cross-references the Geo-environmental and Remediation Strategy Reports as required
by HS2 Technical Standard — Land Quality Ref [3].

This GDR presents the technical output of the stage 2 detailed design for the HS2 Twyford Embankment
occupying the northern part of Calvert Junction and extending to Twyford Viaduct. It presents the design and
outputs, taking into account the available information which includes supporting geotechnical data and
ground investigation (GI) data. The report focuses on the key performance considerations for the particular
assets and defines the geometry and the construction measures together with the risks and opportunities
associated with the earthworks and geotechnical design.

This revision C03 of the DD-GDR for OXD line has been updated to include the results of the Gl impact
assessment report Ref. [86] on the new Stage 2 Ground Investigation data received post IDR submission.

This report does not include the Earthwork transition to Twyford Viaduct, which is included in the Twyfor()
Viaduct Structures GDR Ref. [81].

3.5 Report structure N
The general site context and asset description is presented in Section 4 S @

Y4

The Scheme GIR Ref [7] provides a summary of the baseline Gl data and the section-wi otechnical data

by geological formation at the start of detailed design.
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The detailed design development of the project knowledge, including updates to the existing information and
the factual data from desk study information presented in the Scheme GIR, and the summary of the Ground
Investigation data available at detailed design is provided in Sections 5 and 6 respectively of this GDR.

The ground conditions and geotechnical hazards are presented in Section 7.

The geotechnical model, geotechnical design calculations and mitigation measures are presented in
Sections 8 and 9.

The onward management of uncertainty in ground conditions after mitigation are detailed in Section 15 and
further developed in Sections 16 to 20.

3.6 Management of Uncertainty in ground conditions and new ground
investigation data

The Configuration Report Detailed Design for — Calvert Area Works Ref [4] outlines the framework for the
assurance of the detailed design including the strategy for management of new Gl data.

As part of this strategy, ASC has developed a project specific framework for assessing the level of uncertainty
in ground conditions that is linked with the ability to develop the scheme design into a detailed design ready
for construction. The framework is set out in detail within the Ground Engineering Design Basis Statement —
Management of Uncertainty in Ground Conditions (MUGC) Ref [5]. It introduces 5 classes that are used to
communicate the level of uncertainty in ground conditions with Class 2 representing a position where the
Scheme Design can successfully be developed into a detailed design with the ground related risks managed
to an acceptable level. A dynamic assessment that will evolve through design and construction must be
considered as additional information becomes available.

An uncertainty class of 4 was attributed to Twyford Embankment at the start of detailed design due mainly to
the lack of GlI, the presence of soft ground and a suspected geological fault.

The design presented in this report has been completed using the available supplementary Gl data, comprising
borehole logs with SPT tests. The few available supplementary data requires implementing a reasonably
cautious estimate of characteristic design parameters. The available data considered in this GDR is detailed
in Section 6.3 of this report.

Stage 2 Gl information was received and analysed between December 2020 (Data drop 6) and April 2021
(Data drop10) in the previous revision of the DD-GDR Rev. P04.

Additional GI was received post DD-GDR Rev P04 submission between June 2021 and December 2021
including Data Drop 11 to 17. This data was assessed and included in Twyford Embankment - New Ground
Engineering Data - Impact Assessment Report, Ref. [86].

The MUGC classification at the end of detailed design is Class 2.
3.6.1 Limitations

Data used to undertake virtual walkovers and details of the physical walkovers is presented within the Scheme
Design GIR Ref [7] and discussed further in Section 5.1 of this GDR.

@6

The Geotechnical Risk Register GRR Ref. [89] is a multi-discipline register that may be updated for oth(f)gQ

Level 2 assets after submission of the ground risks for mainline earthworks included in this DD-GDR. .

PMI 52 (dated 28™ August 2020) relating to the change of track form for the Loop 1 line to Slab TracEfrom
ballasted track has been incorporated into this DD-GDR. 4

to the position or height of landscape areas, swales or ponds after submission of this DD- may require

Schedule 17 was being undertaken in parallel with the detailed design of Twyford Embankm@Any changes
changes to the design and mitigation measures recommended in this DD-GDR. C)O
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The following design updates have been incorporated into this DD-GDR:

e The PMI 52 (dated 28t August 2020) relating to the change of track form for the Electrified Loop 1 line
to Slab Track from ballasted track has been incorporated into this DD-GDR.

The following table indicates the optimisations / updates considered in the detailed design of Twyford
Embankment and the revision of this DD-GDR where the update was incorporated into the design.

Table 3-3 — Opportunities and updates on the Twyford Embankment at Stage 2 detailed design

Updated settlement analysis to HS2 standards
Updated settlement analysis for culverts

Updated Rayleigh Waves mitigations considering the new
ASC methodology outlined in the C23 Dynamic
Performance Basis of Design Report — Earthworks
Working Group — 03 December 2021 Rev P01

Updated calculation method for slope stability:

— Seismic design has been reviewed in accordance
with the updated ASC settlement guidance,

— Groundwater level impact on slope stability
calculation has been updated.

Applied long term/differential settlement criteria (£ 15 mm)
between closely spaced structures and in areas of S&C

Detailed Analysis of construction sequence and timing of
the placement of landscape materials abutting the
mainline earthworks and its impact on settlements

Updated analysis and mitigation measures based on the
findings of the Gl Impact Assessment Report Ref. [86]

Updated I1&M

Updated Ground Movement Impact Assessment (GMIA)
MIA — third party assets assessment

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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4 Asset Description

4.1 Site Location

The Twyford Embankment (080-L1) will be located between Ch 80+862 and 82+289 (Snake grid) at the
northwest of the junction of the HS2 and the OXD lines, centred at approximate National Grid Reference E:
444439 N: 255931 (OSGB). Adjacent HS2 mainline assets include Twyford Viaduct to the north and Calvert
Cutting (077-L1) to the south and directly adjacent to Calvert IMD.

The section of embankment corresponding to the transition to Twyford Viaduct falls within the remit of the HS2
section T2G and is not therefore included in this DD-GDR (refer to Section 3.4).

The village of Twyford, which includes St Mary’s Church (Grade | listed), is located approximately 200 m to
the west. Portway Farm buildings are located 300 m to the south-west of the asset.

The HS2 alignment is set above the existing ground level on embankment and comprises two mainline tracks.
The horizontal alignment is straight, and the vertical alignment raises slightly with a uniform gentle grade to
the north, from 86.5 m to 88.0 m AOD.

Three loops run parallel to HS2 mainline on Twyford Embankment namely Electrified Loop, IMD Chords 1 and
2.

The S&C of the Electrified Loop is located at Ch. 82+257 as shown Figure 4-3.
The S&C of the IMD Chords 1 and 2 are located respectively at around 81+657 and 81+565.

— TWYFORD EMBANKMENT 76

BIRMINGHAM

Chord 2 (IMD4)

Electrified Loob Chord 1 (IMD2)
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T = =3 T 1 ! t [ 1 T
C" Landscape bund

\ \
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£

-

. oz

§ Twyford East Culvert \ HS2 Mainline % g
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T (7]
2 .
2 £
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Figure 4-3 — Twyford Embankment Layout ?.0
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Figure 4-4 — Site location plan (Twyford Embankment)
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4.2 General Landscape Setting

Twyford Embankment alignment passes through the “Clay Vale”, characterised by flat open valley floors and
gentle hills in Jurassic Clays (Oxford Clays and Kellaways Formations).

A tributary of Padbury Brook crosses beneath Twyford Embankment at about Ch.81+687. The watercourse
will flow through HS2 Twyford East Culvert.

Padbury Brook main channel is located immediately to the North of Twyford Embankment and will be
crossed by Twyford Viaduct.

The land use is rural characterised by small to medium sized hedged fields. The agricultural land is Grade
3b, according to the Agricultural Land Classification (ALC) system.

The historic village of Twyford is located to the southwest and Portway Farm is located to the south
Other existing land uses in the vicinity of the Twyford Embankment include:

e Dismantled railway parallel to the new HS2 mainline on the Down side to the north of Twyford village
and Portway Farm.

e West Street Bridge crosses over the dismantled railway at approximately Chns2 81+200 and will be
demolished as part of the HS2 works. A new West Street overbridge will be built and will cross the
HS2 mainline at Chus2 81+186

e Sewage work on the Down side between the dismantled railway and the new HS2 mainline at
approximately Ch.ns2 81+500 and the associated Anglian Water Sewer outfall pipe crossing beneath
the HS2 route

e Buried HP Gas pipe, at approximately Chus2 80+900, which is a diverted (as built) UTX at the start of
the Twyford Embankment asset. The gas pipe has been installed at about 9m depth.

More information on environmental features and environmental constraints are available in the Twyford
Environmental General Principles Compliance Note (1MC06-CEK-EV-REP-CS06_CL10-000001).
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Figure 4-5 — Main site features and land uses centred on Twyford Embankment asset Q’\'
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4.3 Asset Description

4.3.1 Dimensions

The HS2 project layout and associated ground elevations in Twyford Embankment can be found on the
following project drawings:

o Report of Cross Sections Ref [65]
e General Arrangement Drawings — Earthwork and Drainage Layout Sheets Ref [83], [84] and [85].

The principal dimensions of the Twyford Embankment are summarised in Table 4-4 below.

Table 4-4 — Dimensions of Twyford Embankment earthwork asset including Landscape bunds

Contract/section/lot C2/CS06/CL10

Name of design element 080-L1 Twyford Embankment
HS2 Asset ID HS2-000001045

Type Embankment

Start - end chainage (HS2) = Ch.HS2 80+862 - Ch.HS2 82+289
OS Grid reference E 444439 / N 255931
Length 1427 m

Proposed Maximum height Embankment: 5.9m (Ch.81+600) / 0.1m (Ch.80+862)
and Minimum height At grade: Ch.ns2 80+990-81+120 and 81+340-81+430

1.5m(Ch.80+862 to Ch.81+450)

Average height
5m (Ch.81+500 to Ch.82+289)

Detail Design angle (GDR)  Sections in embankment; 1V:2H

Downside: Ch.ns2 80+862 to Ch.1s2 82+200
Landscape bunds e Slope facing HS2: 1V:4H
e Hmax =10.5 m (H=5.5 m above rail level) at Ch 81+660

The IMD access tracks, Electrified Loop, IMD Chord 1 and 2 share the same earthwork platform, and run
parallel to, the HS2 mainlines on the Up side. The principal dimensions and characteristics of the IMD CJC)
access tracks are summarised in Table 4-5 to

Table 4-7 below. The ‘length’ provided in the tables refers to the interface with Twyford Embankmenteall
these additional lines extend to the south, beyond the limits of Twyford Embankment, into Calverkutting.

\‘56

R
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Parameters

Contract/section/lot

Name of design element
HS2 Asset ID

Type

Start - end chainage (HS2)
OS Grid reference

Length

Proposed Maximum height
and Minimum height

Average height

DJV Slope angle (GDR)

Parameters

Contract/section/lot

Name of design element
HS2 Asset ID

Type

Start - end chainage (HS2)
OS Grid reference

Length

Proposed Maximum height
and Minimum height

Average height

DJV Slope angle (GDR)
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Table 4-5 — Dimensions of the Electrified Loop

C2/CS06/CL10

Electrified Loop

HS2-000001045

Embankment

Ch.HS2 80+862 - Ch.HS2 82+257
E 444439 /| N 255931

1395 m

Embankment: 5.9m (Ch.81+600) / 0.1m (Ch.80+862)
At grade: Ch.ns2 80+990-81+120 and 81+340-81+430

1.5m(Ch.80+862 to Ch.81+450)
5 m (Ch.81+500 to Ch.82+289)

Sections in embankment: 1V:2H

Table 4-6 — Principal characteristics of IMD Chord 1
Description

C2/CS06/CL10

IMD Chord 1

HS2-000001045

Embankment

Ch.HS2 80+862 - Ch.HS2 81+657
E 444439 / N 255931

795 m \@

Embankment:5.0m (Ch.81+600) / 0.1m (Ch.80+862) @Q

At grade: Ch.ns2 80+990-81+120 and 81+340-81+430 CJ
1.5m(Ch.80+862 to Ch.81+450) , E
5 m (Ch.81+500 to Ch.82+289 ?\
Sections in embankment: 1V:2H 60
V4
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Table 4-7 — Principal characteristics of IMD Chord 2

Contract/section/lot C2/CS06/CL10
HS2 Asset ID HS2-000001045
Type Embankment

Start - end chainage (HS2) Ch.HS2 80+862 - Ch.HS2 81+565
OS Grid reference E 444439 / N 255931
Length 703 m

Proposed Maximum height Embankment: 5.0 m (Ch.ns2 81+500)
and Minimum height At grade: Ch.us2 80+990-81+120 and 81+340-81+430

1.5m(Ch.80+862 to Ch.81+450)

Average height
5 m (Ch.81+500 to Ch.82+289)

DJV Slope angle (GDR) Sections in embankment: 1V:2H

The limits of the sections on embankment and at grade are shown on the Figure 4-6.

o EARTHWORK ASSET DESCRIPTION —é
Perry Hill Overbridge
West Street Overbridge / w =
AT-GRADE
. EMBANKMENT EMBANKMENT
g 5
é < ; " 1 ! ' [ 1. ¥
£l l—f""ﬁ’—"i = L U T
= 1 [ HS2
CT ELECTRIFIED LOOP CHORD 2 (IMD4)
™~ £y LANDSCAPE BUND \

Ch.,is, 81+430
Ch.yis 814340 ’

Twyford East Culvert

Ch.,5,80+862
Calvert Cutting North

End Asset Ch.,,82+289

Portway Culvert %
<
7t
pL]
&a

Figure 4-6 — Schematic plan showing sections of embankment and at grade — Twyford Embankment (indica&nly)

O
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4.3.2 Geometry

The geometry alone the 080-L1 Twyford Embankment is shown in the report of cross sections Ref [65] which
containing asset specific cross sections at 20m intervals. The following commentary provides a brief
description on horizontal and vertical alignment.

Commentary on horizontal and vertical alignment

e On Twyford Embankment the HS2 mainline shares the earthwork platform with :
- Electrified Loop from Ch.ns2 80+862 to Ch.us2 82+257
- IMD Chord 1 from Ch.ns2 80+862 to Ch.ns2 81+657
- IMD Chord 2 from Ch.ns2 80+862 to Ch.ns2 81+565

e At the low chainage end of the asset (at chainage 80+862 to chainage 80+990) Electrified loop,
Chord 1 and Chord 2 run-on embankment with a maximum height of 3.1m at Ch 80+940.

e From chainage 80+990 to chainage 81+120 the tracks are at grade with a maximum height of 1.5m

e Alandscape bund located will be located between chainage 80+862 to chainage 82+200 with a
maximum height of 10.5m (5.5m above rail level) at chainage 81+660.

HS2 HS2  ELECTRIFIEDLOOP IMD2 IMD 4
' |

i =T
TITTTT T
LR

HTHII] N
Figure 4-7 — Cross Section of Twyford Embankment at Ch.ns2 80+940

e From chainage 81+120 to chainage 81+340 the route is at grade.

. \—.»\‘x'-'?\&pru»kuxr:n}_,‘c'r} "
i i Tl S o

it |
T

Figure 4-8 — Cross Section of Twyford Embankment at Ch.us2 81+140

maximum height of 11.5m and are approximately 450m long — this includes demoli f an existing
bridge over an abandoned railway line and incorporation of the existing embal into the new
earthwork on the southern approach embankment.

e West Street overbridge is located at Ch. 81+186. The associated highways earthwc@ave a
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Interface with West Street overbridge
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Flgure 4-9 — Cross Section of Twyford Embankment at Ch.ns2 81+186

e From chainage 81+340 to chainage 81+500 the route is on low embankment reaching a maximum
height of 5m at chainage 81+500.

e From chainage 81+500 to chainage 81+580 the Chord 2 is in the same corridor with the Chord 1
until chainage 81+565.

e At chainage 81+500 the Sewage Treatment Works and Pond Access Roads are located on the
Down side (487m long new access road at-grade or on shallow embankment and access to pond).

Figure 4-10 — Cross Section of Twyford Embankment at Ch HS2 81+54O

e From chainage 81+580 to chainage 81+660 the HS2 route is on embankment with a height
maximum of 5.9 m at chainage 81+600. The Chord2 will share the same trace as Electrified loop
until chainage 81+657.

m“Hm.HH Vi A AL i

|

|

' s
F|gure 4-11 - Cross Sect|on of Twyford Embankment at Ch HS2 81+620

e From chainage 81+660 to chainage 82+260 HS2 and Electrified loop are on embankment with a OC)
height maximum of 5.8 m at chainage 81+687. The S&C of the turnout to the Electrified Loop iv
located at about Ch. 82+257.
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Figure 4-12 — Cross Section of Twyford Embankment at Ch.ns2 81+700
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e The Twyford East culvert is located at 81+715, where the embankment height is about 5m.

Figure 4-13 — Cross Section of Twyford Embankment at Ch.ns2 81+715

¢ No landscape from chainage 82+200 to the end of Twyford Embankment asset.
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21 944m
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Figure 4-14 — Cross Section of Twyford Embankment at Ch.ns2 82+240

e The transition Twyford Embankment with Twyford Viaduct will be detailed in the structure GDR (refer
to Section 3.4).

Proposed transition details from earthworks to structures for this asset are given in 6

Table 4-8 below: \@
R

Table 4-8 — Structures requiring earthworks transitions in Twyford Embankment C)
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Drawing ref.

Twyford East Culvert / HS2-000001428

Portway Culvert / HS2-000001373

4.3.3 Construction sequence

81+715

1MCO06-CEK-CV-DGA-
C002-000659 rev C03

1MCO06-CEK-CV-DGA-

80+950

C002-000658 rev CO1

Design has been undertaken based on the following construction sequence assumptions for Twyford

Embankment.

The general construction sequence of “mainline” embankments (incl. transition zones to Twyford East

Culven)t:

e Foundation treatment (Excavate & Replace), if required

e Permanent embankment and landscape bund construction including the culverts, the Electrified Loop
and the IMD Chords.

e Hold period: 1 to 6 months; the hold period is meant for consolidation to occur, thus allowing for
settlement before the slab track is installed,

e Construction of ponds and drainage system

The IMD platform (or part of) will be used as a temporary works and stock piling area during construction

works.

The DD-GDR has considered the following construction programme given in Table 4-9 and discussions with
EKFB regarding the placement of the landscape bunds, which formed the basis of TQ-2107 in February

2022.
Table 4-9 — Construction programme — Twyford Embankment
. Duration

Asset Chainage Programme Dates

Twyford Embankment Construction 12-Oct-21_ \Q

885

Earthworks Summary 24-Jun-25 @Q

$80-leOI <
wyror ; . — 18-Nov-21
80+862- | Construction | Topsil Stripping - 504?~

Embankment | g5 5g9 Asset 29-Aug-24
(HS2- N Vi
000001045) Surcharge 30kPa N

Ground 11—00t—2@

Improvement | Settlement from 81+450 to 61

p 10-De
81+715 O
O
>
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Duration
Programme Dates
- (day)

Surcharge 30kPa 11-Oct-22 —

Settlement from 81+715 to 91

824121 09-Jan-23

Cons Settlement from 11-Oct-22 — 181

81+121 to 82+264 09-Apr-23

Cons Settlement from 11-Oct-22 - 301

82+264 to 82+289 05-Nov-23

CUT (ME 70T) - EM-080-L1-

CL 4 -> EM-080-L1- gé_yu?fggz_ 73

Landscape

FILL (ME 70T) - EM-080-L1- | 31-Mars22—

CL 4 -> EM-080-L1- 75

Landscape 22-Jul-22

FILL (ME 90T) - Finemere 26-May-22-

Borrow Pit-CL 1 -> EM-080- 2

L1-Structural Backfill - OB 31-May-22

FILL (ME 90T) - Finemere 21-Jul-22 —

Borrow Pit-CL 1 -> EM-080- 4

L1-Ground Improvement 26-Jul-22

FILL (ME 70T) - VD-082-L1- | 21-jul-22 —
Earthworks | CL 4 -> EM-080-L1- 176

Landscape 05-Jul-23

FILL (ME 90T) - CU-087-L2- | 27.3ul-22 —

CL 2 LP+IP -> EM-080-L1- 2

LEM 05-Jul-23

FILL (ME 70T) - A4421 - 27-Jul-22 —

Roadhead-CL 6 -> EM-080- 6

L1 -Selected Fill for Starter L | 03-Aug-22

FILL (ME 90T) - CU-087-L2- | 29-3ul-22 —

CL 2 LP+IP -> EM-080-L1- 45

UEM 03-Oct-22 C

FILL (ME 90T) - CU-087-L2- | 04-Oct-22 — i

CL 2 LP+IP -> EM-080-L1- N 27

Temporary Protection La 05-Oct-22 T\
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Duration
Programme Dates
- (day)
FILL (ME 90T) - CU-087-L2- | 06-Oct-22 —
CL 2 LP+IP -> EM-080-L1- 3
Temporary Protection La 10-Oct-22
FILL (ME 50T) - CU-082-L3- | 0g-Nov-22 —
CL 4 -> EM-080-L1- 26
Landscape 13-Mar-23
FILL (ME 70T) - CU-084-L2- | 2g.Sep-23 —
CL 2 HP -> EM-080-L1- 2
Highway 29-Sep-23
FILL (ME 90T) - CU-093-L1- | 15.Aug-24 —
CL 2 LP+IP -> EM-080-L1- 52
Landscape 29-Oct-24
FILL (ME 70T) - A4421 - 04-Mar-25 —
Roadhead-CL 6 -> EM-080- 35
L1-Selected Fill 25-Apr-25
FILL (ME 70T) - A4421 - 09-Jun-25 —
Roadhead-CL 6 -> EM-080- 12
L1-Selected Fill for Protec 24-Jun25
Track drainage - Pipes - 14-Nov-24 —
(anticipation from end of bulk 17
Track earthworks) 06-Dec-24
Drainage
Track drainage - Ditches - 28-Apr-25 —
18
080-L1 22-May-25
Land Drainage 1%:82:;2214— 581
Noise Barrier 080-L1 - Pile 02-Dec-24 —
installation (anticipation from 40
end of bulk earthworks) 07-Feb-25
Noise Barrier
Noise Barrier 080-L1 - Panel | 02-May-25- 24
erection 06-Jun-25 Q
~Q

Design assumptions for construction sequencing:

It is assumed that the landscape bund located on the Down side from Ch.80+862 to Ch. 82+200
after the completion of the HS2 subgrade improvement (excavate and replace) at the base of the
embankment and at the same time as the mainline embankment (including HS2 and Electri

chord 1 and IMD chord 2) to avoid differential settlements.
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Within the construction sequence assumptions, it is considered in this GDR that the ponds and the other
drainage elements will be built after the hold period for settlement of the mainline embankment and
landscape bund.

4.3.4 Level 2 Assets

The HS2 civil engineering assets located within the limits of the Twyford Embankment Level 1 Group that
require geotechnical design are identified in the following table.

Table 4-10 — Level 2 and associated Civil Engineering Assets

Approximate

Asset Name Asset Type |Chainage Drawing Ref.
(HS2)

1MCO06-CEK-HW-DGA-CS06_CL09-

HS2-00002BJUG |Perry Hill Road Realignment  |Carriageway (80+900 000128 CO1
Maintenance Access Road to 81+800-
HS2-000020NL8 [Pond and MAP (Off Byway|Carriageway 82+289
PBI/5A)
. . 1MCO06-CEK-HW-DGA-CS06_CL09-
HS2-000001318 |West street Overbridge Overbridge |81+185 000137 PO1 h
HS2-000020RM2 |West Street Realignment Carriageway (81+185 1MCO06-CEK-HW-DGA-CS06 CLO09-

Field Access track (Off West 000138 P02

HS2-000020NL1 Carriageway (81+270

Street)
Sewage Works Accomodation . 81+100-
HS2-000020356 and Pond Access Road Carriageway 81+550
HS2-000001373 |Portway Culvert Culvert 80+950 IMC06-CEK-BR-DGA-CS06-CL P02.1
1MCO06-CEK-BR-DGA-CS06-CL10-
HS2-000001428 |Twyford East Culvert Culvert 81+715 0000 PO1.1
1MCO06-CEK-DR-DGA-CS06_CL09-
P Hill Road Drai Att ti 000040 Co1
HS2-00002CT8T |PeY i oa rainage|Attenuation o, o0
System pond
1MCO06-CEK-CV-DGA-CS06_CL09-
000041-C01
1MCO06-CEK-DR-DGA-CS06_CL09-
Att i 000042 C01
HS2-00002CT8U |West Street Drainage System poﬁgua 10N 1814200

1MC06-CEK-DR-DGA-CS06_CL09-
000043 CO1

Notes: b

The chainages relating to underbridges, culverts and retaining walls are approximate and determined using HS2 ASC 5@
Level 2 asset information presented on the Geographical Information System application.

0@
4.3.5 Geotechnical Category - Earthworks (@)

The Geotechnical Category (GC) for HS2 earthwork cases (EW 1 to EW 9), and the category of check ;
required (CAT I to Ill) are presented in the Technical Standard — Earthworks Ref [2], Table 2.2/2.

This HS2 asset has been classed as Geotechnical Category GC3 requiring a Category 2 chec@
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5 Existing Information

This section of the report presents a review and update of the existing information initially presented in the
Scheme GIR Ref [7].

5.1 Walkover surveys
5.1.1 HS2 Walkovers

A partial walkover was completed by HS2 during the Desk Study phase. Details of this walkover survey are
contained within the Atkins Desk Study Ref [9]. Due to access restrictions the walkover was conducted via
highway routes and using public ways near the proposed route.

5.1.2 Scheme Design Virtual Walkovers
No geotechnical walkover survey was undertaken at Scheme Design.

However, use was made of the existing LIDAR data and Google Earth in conjunction with GIS to amplify and
enhance the landform to conduct a virtual ‘walkover’ and to provide data to support the HS2
geomorphological study information Ref [10].

The results of the virtual walkover were incorporated into Sections 3.14 to 3.18 of the Scheme Design (SD)
GIR (SD-GIR) Ref [7]. A summary is given in Section 5.4 below.

This virtual walkover has been developed further at detailed design using aerial photography, refer to Section
5.5.

5.1.3 Detailed Design Walkovers

A Site Walkover survey was carried out by ASC in November 2021.

5.2 Topography

The Scheme Design GIR identified discrepancies in the LIDAR information available at scheme design.

The detailed design has been undertaken using updated LiDAR information and Topography survey: LIiDAR
SENSAT Files 2019 (ground model) from SENSAT based on composite form of LIDAR and
road/rail/watercourse topography survey adjusted for vegetation.

5.3 Geological Maps and Memoirs

An overview of the regional geology in the Clay Vales in the Calvert Area is provided in the Scheme GIR Ref

[71.

A detailed description of the geological setting at Twyford Embankment is given in Section 7.3 of this DD-
GDR.

5.4 Geomorphological Assessment

Details of the geomorphological mapping is summarised in Sections 3.14 to 3.18 of the Scheme Design GIR

Ref [7]. e

This work relates to the identification of potential hazards that can be determined by a study%ﬁﬂe
ery a

geomorphology of the route and associated landforms. This includes, relevant to the geology pres nd
geological history, the following hazards: N ’

o ldentified landslips. @

e Risk of unidentified landslips or the presence of relic shear surfaces. 6

e Cambering and Valley Bulging. O

e Dissolution features. C)
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Reference should be made to the Scheme GIR for the various studies undertaken by HS2 and ASC at
scheme design. The key desk study information includes:

HS2 Phase One Engineering Geomorphology Assessment Report by HS2 Ref [11]
HS2 Phase One Engineering Geomorphology Site Inspection Report by HS2 Ref [10]

A summary of the main findings of the Scheme GIR relevant to the Twyford Embankment is provided below.

The risk of relic landslips and shear surfaces is linked to the inherent characteristics of the Oxford Clay
Formation, which was subjected to glacial and periglacial activity, and the presence of groundwater in
the overlying superficial deposits. At Twyford Embankment the natural slope gradient is generally <5°,
except between Perry Hill Road Alignment and West Street realignment from Ch. 80+862 and Ch.
81+220.

The alluvial soils that cover the asset are not prone to relic slip surfaces.
There is no risk of cambering and valley bulging.

There is no risk of dissolution features.

The provision for risk of unmasking relic slip surfaces is recommended (refer to Section 17 for more details).

An elevated risk of relic slips between Perry Hill and West Street realignments will be managed through
additional Gl and trial trenches prior to construction, as well as 1&M during construction. Outside of this
section the low risk of relic slips will be verified by site inspection of excavation surfaces.

The Walkover survey completed by ASC did not reveal any evidence of relic slip surfaces in this area.

5.5

Aerial Photographs

The following sources of information were reviewed as part of the SD-GIR to assist in, but not limited to the
hazard / feature identification including evidence of dissolution features, landslips, and historical mining:

Atkins Desk Study Ref [9]
GIS data set Ref [12]

125mm (12.5) resolution orthorectified colour aerial imagery. Aerial surveying data captured since
2012 (1st phase of survey) and 2014 (2nd phase of survey) by Blom Aerofilms, as commissioned by
HS2.

Google Earth (online).

Bing Maps (online).

The virtual walkover has been developed further at detailed design using aerial photography (Google Earth).
The main observations of the virtual walkover surveys are summarised below.

The route in this section is largely agricultural.

At chainage 80+900 the route crosses a drain ditch.

At chainage 81+000 on the Down side there are low rise buildings associated with Portway Fare)@

approximately 300 m west of the route alignment. 0

Several small ponds are located in the fields adjacent to the downside of HS2, between Ch 8§+500
and 82+100. There are also ponds near to Portway Farm. ’

N

Between chainage 81+100 and 81+200 the route crosses a road.

A sewage works is located 100m west of the route at Ch.81+500-Ch.81+600. 06@

O
@
N
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e At chainage 81+650 there is an old bridge crossing the disused railway line (Great Central Railway
Line) to the west of HS2. It is nowadays crossed by a footpath. The associated earthworks either side
of the bridge are covered in trees.

e Twyford Embankment crosses the floodplain of Padbury Brook and one watercourse called Padbury
Brook Tributary at Ch.81+715. A large warehouse labelled as 'Three Bridge Mill' is located 500m east
of the route at Ch.81+600.

e A variety of buildings associated with the village of Twyford are located approximately 200m to the
west of the proposed alignment at Ch.82+000.

e Twyford village includes a ‘Special Protection Area’ approximately 500 m away from HS2.

Further features of lesser importance on the geotechnical design within Appendix C of the Atkins Desk Study
report [9]. These were considered in the relevant parts of Sections 3 and Section 5 of the Scheme GIR.

5.6 Historical Maps

A review of the historical maps traversed by the scheme is presented in Section 6.15 of the Atkins Desk
study Ref [9].

A review of the available historical maps as part of detailed design indicates the following developments
within Twyford Embankment:

e Ordinance Survey Sheet No 219 Buckingham (Hills) 1896 include the presence of roads in this section,
two of them (Cowley Lodge Road and Portway road) run parallel to the proposed alignment on the
west and eastern sides respectively and the other one links the two roads together and crosses the
proposed line in chainage 81+200.

e Ordinance Survey Sheet No 219 Buckingham (Hills) 1905 shows the Great Central Railway line (now
dismantled)running roughly parallel to the proposed alignment. This feature is located on the western
side of the proposed HS2 route and crosses the OXD line in the vicinity of EWR intersection
overbridge.

e The Sheet No 146 Buckingham 1946 clearly shows the sections of cutting and embankment along the
Great Central Railway line and footpaths crossing the route. The Great Central Railway line is crossed
by watercourses and a road by overbridge.

e Developments shown on Sheet 146 dated 1968 that the Great Central Railway line is disused,
however, the embankment and cuttings are still shown. Houses and ponds are also present near the
mainline. Buildings include Portway Farm.

5.7 Records of Mines / Quarries / Gravel Pits

No mines/quarries/pits have been recorded in proximity to Twyford Embankment. The nearest quarrying 6
activity is at Glebe Lake and Jubilee Lake, which are former clay pits. @
5.8 Land Use and Soil Survey Information Q)Q

Full details of the land use are given in Section 3.7 of the Scheme Design GIR Ref [7]. The main land usebo

include the former railway lines and agricultural land. ?\

5.9 Ecology N 7

The Scheme GIR references the available documentation and provides the background info& jon linked to

ecological constraints.
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Details of known ecological constraints are contained within the relevant sections of the Environmental
Statement Report - HS2 Phase One Environmental Statement Volume 5 located at:
https://www.gov.uk/government/collections/hs2-phase-one-environmental-statement-documents

The constraints are captured on the HS2 ASC Ground Engineering Viewer. A map extract of the GIS Viewer
in the vicinity of Calvert Junction is shown in Appendix A.

The confirmed species habitats near to the proposed lines include:
Table 5-11 — Confirmed species habitats — Twyford Embankment Asset

Chainage Ecology constraint Offset from the HS2 centreline

Badger Sett Confirmed Presence

Ch 80+700 to 81+000 (Up side) 300m

Ch 81+150 Badger Sett Confirmed Presence 150m
(Down side)

Ch 81+250 Badggr Sett Confirmed Presence 575m
(Up side)

Ch 81+350 Badggr Sett Confirmed Presence 550m
(Up side)
Reptiles Population Assessment

Ch 81400 Confirmed Presence (Up side) 290m

Ch 81+450 Bats Building Roosts Confirmed 350m

Presence (Up side)

Ch 81+500 Bats Tree Roos_ts Confirmed 375m
Presence (Up side)

Ch 81+625 Bats Tree Roos_ts Confirmed 200m
Presence (Up side)

Badger Sett Confirmed Presence

Ch 81+675 (Down side)

100m

Ch 81+875 Bats Tree Roosts (_:onflrmed 50m
Presence (Down side)

Amphibians Pond Survey GCN

Ch 81+800 Confirmed Presence (Down side) 400m

Ch 814950 Amphlblans Pond Survey GCN 500m ()C)
Confirmed Presence (Down side) v
Amphibi Pond S GCN 4 *

mphibians Pond Survey

Ch 82+075 Confirmed Presence (Down side) 165m '\
Badger Sett Confirmed Presence 6@

Ch 82+075 220m

(Down side) C)O
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Chainage I Ecology constraint I Offset from the HS2 centreline

Amphibians Pond Survey GCN

chezeors Confirmed Presence (Down side) 220m

Ch 82+125 Bats Building Roogts Confirmed 210m
Presence (Down side)

Ch 82+100 Bats Building Roosts Confirmed 295m

Presence (Down side)

5.10 Archaeological and Cultural Heritage

The Scheme GIR presents the Archaeological and Cultural Heritage sites on Hazard and Constraints Plans
in Appendix D.

The main constraints are indicated on the HS2 ASC Ground Engineering Viewer. An extract of the GIS
viewer is provided in Appendix A and summarised below:

e From chainage 82+000 to chainage 82+175 eight grade 2 buildings (Down side). The nearest building
is located more than 150m from the HS2 route.

e At Chainage 82+137 one grade 1 building (260m to the Down side of HS2 route).

e From chainage 81+875 to chainage 81+200 heritage mitigation hot spot site.

5.11 Existing Ground Investigations

The historical Ground Investigations (Gl) that pre-date HS2 Main Gl are very limited in extent in the Calvert
area and described in Section 3.10 of the Scheme Design GIR Ref [7].

A summary of the Historical Gl that have been carried out and that are relevant to these works is presented
below. The Gl are located approximately at 300 m to the west of the mainline.

Table 5-12 — Summary of Historical Gl

Exploratory Hole Nearest Mainline Distance from Depth Year
Description Asset ID /Asset Name nearest mainline (m) P

Portway Farm

SP62NE11 Twyford Embankment 300m to the West - -

Twyford
SP62NE3 Twyford 2 Twyford Embankment 250m to the West 153m 1961 Q,\'
SP62NE9 Public well Twyford Twyford Embankment 350m to the west - ()C)

v

The excavation for a buried gas pipe at Perry Hill as part of the HS2 diversion of non—contestableﬂ{ilmes
encountered a layer of hard limestone boulders at relatively shallow depth.
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5.12 Consultation with Statutory Bodies

Consultations are ongoing with Statutory Bodies with respect to provision of geological, geotechnical,
Hydrogeological; and geo-environmental information to support Stage 2 Detailed Design.

The Geo-Environmental remediation strategy and material reuse criteria has been developed based on
discussions with the Environment Agency (EA). Regular fortnightly progress meetings have been held to
date with Environment Agency/EKFB/HS2

5.13 Contaminated Land

Refer to Section 7.6 of this report.

5.14 Unexploded Bombs

The Scheme GIR Ref [7] provides reference to the GIS information and the Desk Study Ref [9] produced by
Zetica and provided to EKFB and HS2.

There are no bomb impact sites that affect Twyford Embankment.

Hillesden Bombing Range is a high risk area located roughly 800m from the HS2 route or r 230 m beyond
the eastern LLAU boundary at Ch.81+550. There is no HS2 construction activity proposed near to the
bombing range.

There is an area of moderate risk of UXO (overspill from Hillesden Bombing Range) within eastern LLAU
between ch.81+500 and ch.81+700.

5.15 Utilities

The following utility plans have informed the DD-GDR assessment.
Table 5-13 — Utilities plans

Combined Utility Drawing — Scheme Design 1MCO06-CEK-UT-DGA-C002_000024 Rev. C03
Twyford STW Key Plan — Detailed Design 1MCO06-CEK-UT-DGA-CS06_CL09-000021 Rev. P02.1
Twyford CSO-03-7102 Long Section 1MCO06-CEK-UT-DSE-CS06_CL10-000001 Rev P02.1 @6
N
Q
The following table provides a list of contestable and non-contestable utility assets within Twyford QC)@
Embankment.
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Table 5-14 — Contestable Utility and Non-contestable Utility Assets Identified in the DD-GMIA report

Reference Utility Structure 1D . .
T tegor hain Requirement
No ype Company | Reference Gl | | CIElELE equireme
Openreach = Twyford To be
CS0-03-3101 Telecom BT Embankment C 81+150 diverted
Twyford To be
CS0-03-6101 | Foul Sewer AW Embankment C 81+150 diverted
: Twyford To be
C23-081-0001  Telecom Gigaclear Embankment C 81+150 diverted
Twyford )
CS0-03-1304  11kV underground WPD C 81+300 to be diverted
Embankment
CS0-03-3108  Telecom underground BT Twyford c go+ge2 0P
Embankment removed
Private Twyford 81+200
Unknown Private water supply Wy C And Existing UTX
supply Embankment
81+100
CS0-03-7102  Foul Sewer AW Twyford c 81+550  New UTX
Embankment
Twyford 81+100 to
Unknown Telecom underground BT Embankment C 814500 New asset
. To be
Unknown Private WM pipe Private Twyford C 82+050 installed in
supply Embankment UTX
: Twyford New UTX
CS0-03-2203 | HP gas main SGN Embankment NC 80+900 (diverted)
CS0-03-1404  HV UG SSE Twyford NC g1+300  CXisting UTX
Embankment (diverted)
Note:

C: Contestable utility NC : Non-contestable utility

The impact assessment of HS2 on third-party assets such as existing utilities is discussed in Section 14 of
this DD-GDR.

The I&M related to third party assets is described in the Twyford Embankment DMP Ref [88].
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6 HS2 and EKFB Field and Laboratory Studies
6.1 Introduction

This section satisfies the requirements set out in Section 6.2 of BS EN 1997-2 Ref [16] and describes all the
investigations carried out by HS2 and the ASC to inform the geotechnical design that post-dates Gl data
identified as part of the HS2 Desk Study. The data referred to in this Section of the report includes:

e The HS2 Main GI

e The EKFB Supplementary Gl
e The EKFB Stage 2 Gl

e EKFB field trials

The results of the in-situ tests and monitoring are captured in Section 6.3.3 of this report.

6.2 Walkover Survey and Geomorphological Mapping

Details of walkovers and geomorphological mapping, either physical or virtual, are summarised in Section
5.1 of this report.

6.3 Ground Investigations

There are three phases for Ground Investigation (Gl) associated with the HS2 Project appropriate to OXD
line:

e The HS2 Main GlI, with fieldwork undertaken between 2016 and 2017. This Gl was designed to provide
sufficient data to characterise the ground conditions and identify geotechnical risks in sufficient detail
to geotechnical and environmental information for the detailed safe design and construction of the
proposed scheme including earthworks and track bed, civil engineering structures, tunnels, stations,
depots and associated drainage, highway, rail works, temporary works, borrow pits and environmental
mitigation/sustainable placement earthworks.

e The EKFB Supplementary Gl undertaken between 2018 and 2020, based on a review of the as-
encountered ground conditions during the HS2 Main Gl and a gap analysis around geotechnical risks
and additional geotechnical data required to reduce the risks embedded in the Scheme Design
Assumptions. Due to restrictions on land access and associated delays, only between 54% and 67%
of the Supplementary Gl was completed.

e The EKFB Stage 2 Gl which commenced in 2020. This was designed to provide sufficient Gl data for
Detailed Design and Construction to manage the associated risks associated with compliance with
HS2 Standards, safety and performance. The Stage 2 Gl also incorporated incomplete scope
associated with the Supplementary Gl. 6

The Scheme Design GDR Ref [18] provides details of the Gl and groundwater monitoring used to inform the @
design and associated risk assessments at Stage 1 Scheme Design. Q’\,

This GDR incorporates all the EKFB Stage 2 Gl data. 0

The review of the Stage 2 Gl data has been completed in the New Ground Engineering — Impact C)
Assessment Report Ref [86] and the findings incorporated into this DD-GDR. Q
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6.3.1 Summary of Data Received

The status of the Gl data received at the start of detailed design and incorporated in this revision of the GDR is summarised in the Table below.

Gl Contract

Contract ID

Chainage

Table 6-15 — Summary of Gl data received

AGS status

Drop Nos.

Factual Report AGS
Reference

HS2 Main Gl

CGA

EKFB Supplementary Gl

EKFB Stage 2 Gl

EKFB Stage 2 Gl

EKFB Stage 2 Gl

EKFB Stage 2 Gl

TB8121 Interim Report

TB8121 Second Interim Report

TB8121 Third Interim Report

TB8121 Second Calvert Design Report

TB8121 Calvert Design Report

C2 Supplementary

C2 North and Calvert

C2 Calvert NWR

C2 North and Calvert
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Factual Report PDF

Reference

TE7930_FRpt05V1_2019-08-13

TE7930_FRpt05V2_2019-08-13

Rev.C04

Groundwater

Monitoring AGS
Reference

First Final 1G072-SEN-GT-AGS-000- 1G063-BAM-GT-REP-000-
Issue P02 - 24/04/2020 000038 TE7930_FRpt05V3_2019-08-13 000002
TE7930_FRpt05V4_2019-08-13
1MCO06-CEK-GT-AGS-C002- 1MCO06-CEK-GT-REP-C002-
NA C01 - 20/02/2020 000005 000062 NA
1MCO06-CEK-GT-AGS-C002- 1MCO06-CEK-GT-REP-C002-
NA C01 — 13/02/2020 000006 000064 NA
1MCO06-CEK-GT-AGS-C002- 1MCO06-CEK-GT-REP-C002-
NA C01 - 13/02/2020 000008 000068 NA
1MCO06-CEK-GT-AGS-C002- 1MCO06-CEK-GT-REP-C002-
NA C01 — 13/02/2020 000009 000069 NA
1MCO06-CEK-GT-AGS-C002-
NA C01 - 13/02/2020 000007 NA
NA Data Drop 6 - | 1IMCO06-CEK-GT-AGS-C002- ) NA
26/01/2021 000022
Data Drop 8-
NA 19/04/2021 NA
NA Data Drop 10 - | 1MC12_Monthly update AGS | NA
26/05/2021 data
Data Drop 11 -
30/06/2021
Data Drop 12 - | c23 Supplementary Detailed
NA 28/07/2021 Design Ground Investigation | NA

Data Drop 14
29/09/2021

Data Drop 16
01/12/2021

SEGL_Monthly update AGS
data
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Gl Contract Contract ID

EKFB Stage 2 Gl

Groundwater
Monitoring AGS
Reference

Factual Report AGS
Reference

Factual Report PDF
Reference

Chainage

Data Drop 16 -
01/12/2021

1MCO06-CEK-GT-AGS-C002-

C2 Supplementary 000022

6.3.2 Description of Fieldwork

The table below summarises the HS2 and EKFB fieldwork available at commencement of this GDR in the vicinity of Calvert IMD and OXD line.
Table 6-16 — Summary of available HS2 and EKFB Gl data

Stage 1
Supplementary Gl

Stage 2

HS2 Main Gl Supplementary Gl

Fieldwork

Cone Penetration Test (IP + CPT)

Total No.

15

Exploratory Hole ID’s

ML081-CT001
ML081-CT002
ML081-CT003
ML081-CT004
ML081-CT005
ML081-CT006
ML081-CT007
ML081-CT008
ML081-CT009
ML082-CT005
ML082-CT007
ML082-CT008
ML082-CT013
ML082-CT014
ML082-CT015

Depth Range (mbgl)

3.17 10 10.88

Total No.

Exploratory Hole ID’s

Exploratory

Total No ID’s

ML081-CT400
ML081-CT428
ML082-CT404

Hole

Data drop nr-Date

Data Drop 11-30/06/2021
Data Drop 11-30/06/2021

Inspection Pit + Cable percussion (IP +
CP)

13

MLO80-CP024
MLO80-CP031
ML081-CP001
MLO81-CP009
ML081-CP014
ML081-CP019
MLO081-CP021
ML081-CP022
MLO081-CP024
ML082-CP006
ML082-CP008
ML082-CP009
ML082-CP026

4.23 10 10.8

ML080-CP405
ML081-CP400
ML081-CP431
ML081-CP436

Data drop10 -26/05/2021
Data drop10- 26/05/2021

Inspection Pit + Cable percussion + Rotary
Core (IP + CP + CR)

MLO081-CR0O08
ML081-CRO11

251035

MLO081-CR402
ML0O80-CR463

Data drop 16 -01/12/2021
Data Drop 11-30/06/2021
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Fieldwork

HS2 Main Gl

Total No.

Exploratory Hole ID’s

ML082-CR002
ML082-CR008

Depth Range (mbgl)

Stage 1

Supplementary Gl

Total No.

Exploratory Hole ID’s

Stage 2

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Supplementary Gl

Total No

Exploratory
ID’s
MLO081-CR440

Twyford Embankment GDR

1MCO06-CEK-GT-REP-CS06_CL10-000002

Hole

Rev.C04

Data drop nr-Date

Inspection Pit + Dynamic Sampling (IP +
WS)

22

MLO80-WS001
ML080-WS015
MLO80-WS016
ML081-WS004
ML081-WS005
MLO81-WS006
ML081-WS007
MLO81-WS008
ML081-WS009
MLO81-WS010
MLO81-WS011
ML081-WS012
MLO81-WS013
ML081-WS015
MLO81-WS016
ML081-WS019
ML081-WS021
MLO082-WS003
ML082-WS005
MLO082-WS008
ML082-WS009
ML082-WS010

1.7to5

ML081-WS435
ML081-WS444

Data drop 16 -01/12/2021
Data drop 14 -29/09/2021

Pavement coring (PC)

ML080-PC005
MLO81-PC001
ML081-PC002
MLO81-PC003
ML081-PC004
MLO81-PC005

0.11t0 0.32

Surface water sampling point (SW)

MLO81-SW001
MLO81-SW002
ML082-SW001

Trial Pit (TP)

MLO81-TP402
MLO81-TP403

14

ML081-TP401
MLO81-TP410
MLO81-TP416
ML081-TP419
MLO81-TP425
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Stage 1 Stage 2

HS2 Main Gl

Fieldwork

Total No.

Exploratory Hole ID’s

Depth Range (mbgl)

Supplementary Gl

Total No.

Exploratory Hole ID’s

Supplementary Gl

Total No

Exploratory
ID’s

MLO81-TP426
ML082-TP400
MLO80-TP451
MLO81-TP437
MLO81-TP407
MLO81-TP429
MLO81-TP432
MLO082-TP438
MLO082-TP439

Data drop nr-Date

Data Drop 6- 26/01/2021
Data Drop 8-19/04/2021
Data Drop 11 — 30/06/2021
Data Drop 11 — 30/06/2021
Data Drop 11 — 30/06/2021
Data Drop 11 - 30/06/2021
Data Drop 11 - 30/06/2021
Data drop 14 -29/09/2021
Data drop 14 -29/09/2021

ML080-CW430
ML081-CW438
ML081-CWw424

Data drop 16 -01/12/2021
Data drop 12 -28/07/2021

Continuous wave surface (CW) 6 Data Drop 11 — 30/06/2021

MLO081-CW425
Data Drop 11 — 30/06/2021

MLosi-cwaz7 Data Drop 11 - 30/06/2021
MLO81-MA400 P

Total No. 63 N/A 0.11 - 35.00 2 N/A 10 N/A -

The borehole location plan is presented in Appendix B.
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6.3.3 In-Situ Testing and Monitoring

A summary of specialist in-situ test numbers for IMD line is given in Table 6-16
Table 6-17 — In-situ Data Summary

. Data Total No. of
HS2 Main Gl Total | Supplementary Gl |} tests drop Gl

ISt e No. of tests Total No. of tests

Static Cone Penetration 15 3 0 0.01 — 10.88
Test

Standard  Penetration 10

Test (SPT)* 153 31 1.2-12.20
Permeability test 2 - - 2.2

Hand Penetrometer

Test

Vane Test (HSV) 0 110 15 0.5-35

Soakaway Test

Static Cone Dissipation
Test

Total No. 170 144 25 0.01-12.20

6.4 Drainage Studies

No infiltration tests were performed in the vicinity of this asset.

6.5 Geophysical Surveys

Five Continuous Surface Wave tests have been carried out along the HS2 lines between Ch. 81+000 and Ch.
81+600.

One MASW test was carried out at approximately Ch. 81+300.
6.6 Additional fieldwork

6.6.1 Stage 2 Gl

All Stage Gl data has been incorporated into this DD-GDR update with the exception of 11 remaining
exploratory holes for contamination testing as detailed in Section 7.6.1.

At the beginning of detailed design the uncertainty in ground conditions for Twyford Embankment was scored 6
at Class 4 based on the following: \

o Variations in thickness of soft strata near to surface, @Q

o Presence of faults, C)C)

o Principal residual risks are the potential presence of relic surfaces and high/shallow water, v

o Possible risk of changes to depth of ground improvement (excavate and replace) Going forward it js
anticipated that regular data-drops from the on-going Stage 2 Gl. These will be evaluated as payt of the
MUGC strategy and will form part of an impact assessment report as described in Section @ above.

a

Based on the findings of the Gl impact assessments Ref [86] the management in ground u inty on the
Twyford embankment can be reduced to Class 2 C)
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6.6.2 Rayleigh Wave Trial
A Rayleigh Wave trial has been carried out near to Calvert Rail Head site in Calvert Cutting.

The analysis of the trial was ongoing at the time of publication of this DD-GDR. The results will be reviewed
under separate cover and managed post-L3 in line with the guidance provided in GC-1737.

It is noted that the ground improvement in Twyford Embankment is predominantly governed by settlement
design with the exception of relatively small sections of low embankment and at grade ground at the
southern end of the asset. Refer to Section 9.8.2 for more details.

6.6.3 Boddington Trial Cutting and Settlement Trial

The Scheme Design GIR provides details of the Boddington Trial Cutting, aligned approximately northeast to
southwest and coincides with the initial 350m of the north western end of the Boddington Cutting
(approximate SnakeGrid Chainage 117+380 to 117+730) within Contract C3.

It represents a full-scale trial cutting excavated to principally monitor the scale and rate of heave to inform
Stage 2 Detailed Design for heave prone cuttings.

A settlement trial has also been undertaken at the general location of the Boddington Trial Cutting, using
excavated material from the trial cutting as surcharge for the settlement trial, as set out in the Boddington
Compound Embankment Settlement Trial Methodology Ref [26].

The monitoring results of the Boddington Settlement trial are reported in Ref [27] and the data managed in
accordance with the Strategy given in the GEDBS-MUGC Ref [5].

Whilst the ground conditions (Charmouth Mudstone Formation) in the Boddington Cutting area are not
encountered within Section C2, information gained from this trial such as time for consolidation, depth of
influence and proportion of immediate settlement in overconsolidated clays and mudstones have been used
to calibrate the more general settlement methodology used by ASC in overconsolidated clays and
mudstones.

6.6.4 Newton Purcell Embankment Trials and Foundation Treatment Works
Field trials have recently started at Newton Purcell (T2G Section near to Barton to Mixbury Cutting).

The primary objective of the Embankment Trials will be to understand the compaction methods and end-
product performance of the Glacial Till materials after stabilisation.

The Foundation Treatment Trials will verify the foundation required to meet the end-product performance
requirements. Ground improvement techniques will include class 1 backfills and geogrids,

Control and verification testing will include CBR, Light weight Deflectometer (LWD), Nuclear Density Gauge,
Sand Replacement Tests (SRD) and geophysical tests (ex. CSW tests).

The results of the Newton Purcell Trials will be reported separately to this detailed design GDR and the data
managed in accordance with the Strategy given in the GEDBS-MUGC Ref [5].

6.7 Laboratory Testing @Q
6.7.1 Geotechnical Testing O

Laboratory testing was undertaken on soil samples recovered from the site during the HS2 Main GI. Te
was undertaken in accordance with BS 1377:1990 Ref [28] and the ISRM Ref [29]. y

The quantities of geotechnical and chemical laboratory tests are summarised in Table 6-18. The teSts
summarised include the total number of tests received in AGS or for certain more specialist&@’ non-AGS or
pdf format.

Table 6-18 — Geotechnical Laboratory Test Summary C)
4

Page 48 \,/\'b
&
NS

@b



asC»

A High-Speed Design Partnership
MARCADIS -~ COWIL

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04

Moisture content (MC) 150 32 -
Atterberg limits (AL) 122 32 -
Linear Shrinkage 18 - -
Particle size distribution (PSD) 82 35 -
Density 21 2 -
Soluble sulphates - - -
Total sulphates 14 21 -
pH 23 22 -

Compaction (proctor) 10 7 -

Moisture condition value 8 14 2 (Datadrop 6 & 10)
(MCvV)

California Bearing Ratio (CBR) 30 - -

Consolidation (Oedometer)

20

3 (Datadrop 10)
2 (Datadrop 16)

Triaxial total stress 32 3 2 (Datadrop 6 & 10)
Triaixal effective stress 4 - -
Shear box 2 - -

O
x<
oS

Rock uniaxial compressive 25 1 -

strength (UCS)

Point load tests (PLT) 48 2 -

Rock Porosity 14 - ‘ C)o
Water content of rock 21 - - . v
Total 644 175 9\ ’

6.7.2 Geo-Environmental Testing
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Geo-Environmental testing relevant to the proposed assets is included within the following two Geo-
Environmental Reports:

e Aylesbury Link and Dismantled Great Central Railway Geo Environmental Assessment Report
(1MCO06-CEK-EV-REP-CS05-000001). Ref [87]

6.7.3 Copies of Test Results

Due to the quantity of test data across large numbers of reports, the raw test data (logs, test results etc.)
have not been provided in this GDR. Copies can be found in the relevant final factual reports.

The quantity of geotechnical investigation is presented in Section 6.
6.7.4 Lime stabilisation

The available results from the lime testing on Glacial Till to verify the mechanical characteristics are
discussed in Section 19 — Material Reuse.

Future results of lime testing will be reported under separate cover and the findings incorporated into the
Calvert Area E-GDR.
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7 Ground Summary
7.1 Introduction

This section provides a summary of the ground conditions considering the existing information and the
available ground investigation data presented in the previous sections of this GDR. The following conditions
are described.

e geology

e hydrology

e hydrogeology

e contaminated land

This is followed by a review of the geo-hazards that form an important part of the baseline information used in
the selection of the geotechnical characteristic design values presented in Section 8 of this GDR.

7.2 Topography

The natural topography comprises low lying, smoothly undulating terrain of the Clay Vales in
Buckinghamshire. A more detailed description is given in Section 4.2 together with a satellite image of the
area indicating the main features and land uses.

7.3 Geology
7.3.1 General setting

The geology of the Clay Vales in the Calvert Junction Area predominantly comprises Oxford Clay Formation
(OXC) generally overlain by alluvial soils and/or River terrace Deposits undifferentiated (see Figure 7-15 and
Figure 7-16).

The BGS map (Figure 7-15) shows the ground surface to be covered with Alluvium Deposits (ALV) on the
entire length of the asset. River Terrace Deposits undifferentiated (RTD) are encountered mainly within
watercourses channel from Ch.us2 81+350 to Ch.ns2 81+715 (Padbury Brook Tributary) and from

Ch.ns2 82+050 to Ch.ns2 82+300 (Padbury Brook main Chanel).
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Figure 7-15 — Drift Deposit Maps Ref [31]
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Chainage markers — Limits of Deviation (LOD) O
Non Route Structures Limit of Land Acquired and
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Solid Geology [0)(¢

Figure 7-16 — Solid Geology Map Ref [30] \

Two geological faults are suspected, respectively near Ch.ns2 81+920 and Ch.ns2 82+050, (&ng the HS2
mainline with a SW — NE strike.

The interpretive geological long section is presented in appendix C O
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The interpreted ground models used in the geotechnical analysis are presented in the below section 7.3.2 of
this report.

7.3.2 Ground Model

The available exploratory holes confirm the general geological setting.

The ground predominantly comprises weathered firm to stiff Oxford Clays (OXC) which reveal increasing
stiffness in depth, underlain by Kellaway Formation (KLB) and a sequence of GOG formation comprehending
Cornbrash (CB) and Forest Marble Formations (FMB), mainly composed of strong limestone.

These layers are covered by Alluvial soils (ALV), composed of silty sandy clays, and more sandy River
Terrace deposits (RTD) in the vicinity of Padbury Brook Tributary.

Two suspected geological faults were identified between Ch.us2 81+860 and Ch.ns2 82+050 during Stage 1
Scheme Design.

Considering the additional Gl, the suspected fault initially interpreted at Ch.nus2 81+860 is shifted by 60 m to
Ch.ns2 81+920

Twyford Embankment has been divided into sections according to the ground conditions and geometry; each
section is represented by a ground model for geotechnical assessment as presented illustrated in Figure
8-20. The interpreted stratigraphy is detailed in the following tables.

The ground conditions are also shown on the geological long section in Figure 7-17.
Table 7-19 — Summary of the Ground Model in Twyford Embankment

Geological strata | Geology expected Base (m bgl) Thickness

expected (m)

GM1-a: Ch.ns2 80+862 — Ch.ns2 81+100

ALVc Sandy slightly gravelly clays 2.70 2.70
OXCw Weathered firm clays 4.00 1.30
OXCul Unweathered firm to stiff mottled clays 7.00 3.00
OXC u2 Unweathered stiff mottled clays 9.00 2.00
KLB S Dense to very dense clayey Sandstone 12.00 3.00 6
KLB C Very stiff thinly laminated clays 14.00 2.00 Q\Q
i &
?\
GM1-b: Ch.ns2 81+100 — Ch.hs2 81+225 '\ ’
ALVc Sandy slightly gravelly clays 2.70 6@
OXCw Weathered firm clays 4.00 C) 3
4
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Geological strata | Geology expected Base (m bgl) g:g:ekcr;gzs(m)
OXCu Unweathered firm to stiff mottled clays 7.00 3.00
KLBs Dense to very dense clayey Sandstone 9.50 2.50
KLBc Very stiff thinly laminated clays 12.00 2.50
GM1-c: Ch.Hs2 81+225 — Ch.ns2 81+350
ALVc Sandy slightly gravelly clays 2.40 2.40
OXCw Weathered firm clays 5.00 2.60
OXCu Unweathered stiff mottled clays 6.00 1.00
KLB S Dense to very dense clayey Sandstone 8.00 2.00
KLBc Very stiff thinly laminated clays 10.00 2.00
GM2: Ch.Hs2 81+350 — Ch.ns2 81+525 & Ch.Hs2 81+575 — Ch.xs2 81+610
ALVc Sandy slightly gravelly clays 2.80 2.80
RTDs Gravel and sand 4.00 1.20
RTDc Gravelly sandy clay 6.00 2
KLBs Dense to very dense clayey Sandstone 8.50 25
KLBc Stiff thinly laminated clays 10.00 1.50
&P
GM3: Ch.Hs2 81+525 — Ch.xs2 81+575 QQ
RTDs Gravel and sand 2.80 2.80 é)
RTDc Gravelly sandy clay 3.70 ’KQ(f ’
KLBs Dense to very dense clayey Sandstone 5.00 ?\Q 1.:%0
\>
KLBc Stiff thinly laminated clays 6.20 (' ,O 1.20
&/
4
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Geological strata | Geology expected Base (m bgl) g:g:ekcr;gzs(m)
GM4: Ch.us2 81+610 — Ch.ns2 81+915

gli:_/;7(58)1+650- Clayey fine to medium sand 2.70 2.70

ALVc Slightly gravelly sandy clays 4.50 1.80

KLBs Dense to very dense clayey Sandstone 6.00 1.50

KLBc Stiff thinly laminated clays 8.00 2.00
GM5: Ch.ns2 81+915 — Ch.hs2 82+050

ALVc Sandy slightly gravelly clays 2.00 2.00

OXCw Weathered firm sandy clays 4.00 2.00

OXCu Stiff mottled clays 5.70 1.70

KLBs Dense to very dense clayey Sandstone 9.20 3.50

KLBc Stiff thinly laminated clays 10.60 1.40
GM6: Ch.ns2 82+050 — Ch.ns2 82+289

ALVc Sandy slightly gravelly clays 2.00 2.00

RTDs Gravel and sand 2.50 0.50

RTDc Gravelly sandy clay 3.00 0.50

OXCw Weathered sandy clays 5.00 2.00 00

OXCul Unweathered firm to stiff mottled clays 7.00 2.0(}?~

OXC u2 Unweathered stiff mottled clays 9.00 )\®>)O

KLBs Dense to very dense clayey Sandstone

Page 55



High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

A High-Speed Design Partnership Twyford Embankment GDR
MAARCADIS G COWI 1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04

Geological strata | Geology expected Base (m bgl) Thickness

expected (m)

KLBc Stiff thinly laminated clays 14.00 3.50

Mainly limestones alternating with mudstone and

GoG indiff CB siltstone beds Limestones

Bed Rock
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Figure 7-17 — Geological long section (for further including legend, see Appendix C)
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7.4 Hydrogeology

The following sections provide a summary of the Hydrogeological Appraisal Report (HAR) Ref.[8], which has
assessed the impact of the permanent state of the Twyford Embankment.

The transient risk during temporary construction works of this asset is outside of the ASC design scope for
the HARs and has not therefore been assessed. General comments are however included below.

7.4.1 Hydrogeological conditions

The following solid geology and superficial deposits are present beneath the Twyford Embankment, and
these have been classified by the Environment Agency (EA) as detailed in the table below.

Table 7-20 — Geological summary and aquifer classification in relation to Twyford Embankment asset

Formation Geglqgmal Designation
Definition
Alluvium (ALV) Superficial Secondary A Aquifer
deposits Y q
River Terrace Deposits (RTD) Superficial Secondary A Aquifer
P deposits Y q
Oxford Clay Formation (OXC) Bedrock Unproductive Strata
Kellaways Formation (KLB) Bedrock Secondary A Aquifer
Cornbrash Formation (CB) Bedrock Secondary A Aquifer
Forest Marble Formations (FMB) Bedrock Secondary A Aquifer
White Limestone Formation (WHL) Bedrock Principal Aquifer

The available Gl reveals a long band of Alluvial soils (ALV) all along this asset (Ch. 80 + 862 to Ch. 82 +
289), underlain by two bands of River Terrace Deposits (RTD) at the center (Ch. 81 + 350 to Ch. 81 + 610),
and at the northern end of the proposed embankment (Ch. 82 + 050 to Ch. 82 + 289). Both the Alluvium and
the River Terrace Deposits have been classified by the Environment Agency (EA) as Secondary A Aquifers.
The superficial deposits are underlain by the OXC (Unproductive Strata), KLB (Secondary A Aquifer), CB
(Secondary A Aquifer), FMB (Secondary A Aquifer) and WHL (Principal Aquifer).

7.4.2 Groundwater Levels 6

Groundwater levels beneath this asset are recorded at seven locations along the 1427m length of this asset. s@
The summary is presented in the table below: @Q

?g)
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Table 7-21 — Summary of groundwater maximum levels in relation of Twyford Embankment asset

=

ML082-CR002

ML082-CR003

MLO081-CP021

ML081-CP024

ML081-CP009

ML081-CRO11

ML080-CP405

82+290

82+280

81+980

81+500

81+300

81+210

80+960

Geological Unit

Screened in

OXC
OXC
KLB to CB

Alluvium and River Terrace
Deposits

OXC to KLB
FMB

OXC

Number of
readings

Rev.C04

Maximum groundwater
level below (-) and above

(+) proposed base of

excavation (m)

+1.5

+1.5

-4

+2

+2.5

+2

The proposed base of excavation given in the table includes the ground improvement.

Based on the geotechnical analysis provided in this DD-GDR there is a need to remove the soft alluvial soils
found at surface, except locally where RTD sandy deposits are encountered.

Perched water has been recorded in the superficial deposits (Alluvium and River Terrace Deposits). Perched
water is likely to be encountered during the excavation works (hote: construction works are outside of the
ASC scope for the HARSs). Perched groundwater is localised and discontinuous and the impacts from this
interaction are considered to be short lived and not require any special provisions or mitigation.

The base of the excavation is proposed to be at a maximum approximately 4 m below the recorded
maximum groundwater level at location MLO81-CP021. Note that the Oxford Clay Formation is clay

dominated with limited groundwater flow and connectivity. Therefore, any productivity is likely to be restricted
to relatively thin interbedded higher permeability strata. A starter layer is required where the water level is
near to the base of the embankment in the permanent state.

7.4.3 Source Protection Zones

There are no Source Protection Zones (SPZs) in the study area.

7.4.4 Water supplies

An initial search for abstractions of groundwater and other interests within an approximate buffer of 1 km on @

either side of the proposed track has been carried out using the following data sources:

e Environment Agency Licenced Abstractions;

e Environment Agency Deregulated Abstractions;

e Local Authority Data (limited response received);

o Review of British Geological Survey (BGS) Data; and

e Review of published mapping.
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In the Calvert Cutting to Twyford Embankment HAR three potential groundwater abstractions were identified
within the 1 km buffer zone of the embankment:

7.4.5

Public Well Twyford, located approximately 360 m southwest of the embankment. This borehole is
assumed to abstracted in the KLB, CB and/or FMB. The Licence status is unknown;

Well At Briarhill, located approximately 350 m northeast of the embankment. This borehole is assumed
to abstracted in the KLB, CB and/or FMB. The Licence number 6/33/02/*G/0033. The Licence status
is deregulated, and,;

Portway Farm, located approximately 410 m southwest of the embankment. This borehole is assumed
to abstracted in the KLB, CB and/or FMB. The Licence status is unknown.

Groundwater Features

The only groundwater features present in the study are routewide Undertakings and Assurances (U&A):

7.4.6

Routewide U&A (Assurance 49). General protection of groundwater. Potential significant adverse
effects on groundwater, due to construction, (such as excavations to form cuttings or tunnels, including
green tunnels), will be mitigated locally wherever reasonably practicable.

Routewide U&A (Assurance 2256). National Farmers Union. Related to the protection and
maintenance of farm water supplies during construction.

Routewide U&A (Assurance 2783). Provision of suitable groundwater monitoring; and

Routewide U&A (U&A 2220 _27). No excavations, surfaces water or groundwater may be discharged
onto the Trusts property until it can be demonstrated to the reasonable satisfaction of the Trust that it
is not contaminated. Where such material or water is contaminated, any proposed remediation prior
to discharge should be approved by the Trust.

Routewide U&A (U&A 2220 _29). Any Authorised Works that may adversely impact on the Trust’s
water supplies (short term or long term) from surface water feeders or groundwater pumps will be
mitigated by the Promoter to the reasonable satisfaction of the Trust prior to commencement of such
Authorised Works.

Routewide U&A (Assurance 2256). Flood risk and water consenting. Consenting strategy for the water
aspects of works required, including works that have the potential to affect the level, flow, and quality
of water bodies.

Groundwater Protection

The HAR identified the following potential impacts and mitigation measures for Twyford Embankment asset:

embankment. Therefore, surcharging of superficial deposits by the loading of the embankment cou
lead to displacement of localised perched water where sufficient permeability exists. Such effects(ar
therefore expected to be short-lived and no long-term risks are envisaged due to the discre%and
discontinuous nature of any perched groundwater. Risks associated with pore water presgure are
addressed by geotechnical assessments;

Where the superficial deposits will be excavated, interception of perched ground may occur.
Where perched groundwater is present, then it is likely to be discrete and disconti in nature and

O

x<Q

Perched water is present in the Alluvium and the River Terrace Deposits within the footprint of theQQ
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so will likely only require minor dewatering provision as inflow rates are expected to be minor (please
note that temporary dewatering works are outside of the ASC scope of works).

e No source protection zone located in the vicinity of these assets.

Overall, the risk to the groundwater environment due to the earthworks is negligible due to limited interaction
with the perched water and the unproductive nature of the Oxford Clay Formation.

7.5 Hydrology

The Padbury Brook, an ordinary watercourse and tributary of the River Great Ouse, is crossed by Twyford
Viaduct at the north-western of Twyford Embankment. A tributary of the Padbury Brook will pass through
Twyford Embankment at Twyford East Culvert, at approximate chainage 81+715. To the north of Twyford
Embankment, the Padbury Brook passes through HS2 twice, at Godington West and East Viaducts.

Flood modelling has been completed to demonstrate that the scheme satisfied HS2 requirements with
respect to flood risk. Since HS2 runs parallel to the former Grand Central Mainline (GCML) embankment in
this area, the principal flood mechanism is that floodwater backs up through HS2 as a result of restrictive
culverts through the GCML embankment. Twyford embankment and the other embankments within this
catchment reduce floodplain capacity to accommodate floodwater that backs up here, hence floodplain
compensation areas are required to lower existing floodplain levels and provide additional capacity to
prevent flood risk impacts elsewhere.

The table below presents the flood levels predicted by the flood model for crossings adjacent to/through
Twyford Embankment. The design flood event is a 1 in 100 (1%) flood including a 65% allowance for climate
change (CC).

Table 7-22 — Scheme design flood levels at the proposed crossing locations Refs [33] and [34].

Predicted flood level (scheme design) (MAOD)

watercourse. | culvert 1in 100 (1%) plus 65% CC | 1 in 1,000 (0.1%)

Padbury Brook Twyford East

Tributary Culvert 82.99 82.85 82.98 82.85
Padbury Brook 1\ o rd viaduct 8338 83.29 83.38 83.29
main channel
Flood extents, illustrating where floodwater has potential to act on Twyford Embankment, are shown in the 6
figure on the following page. @
The verification of these predicted flood levels in the earthworks model confirms that flood protection Q
measures are required on the slopes of the embankment near to Padbury Main Channel between the 0@
following chainages: 0
e Up side: from Ch. 82+180 up to Twyford Viaduct , ;
e Down side: End of landscape bund (Ch. 82+252) up to Twyford Viaduct '\
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Figure 7-18 — Maximum post-scheme flood extents from Padbury Brook Flood Model.

Flood protection is not required at Twyford East Culvert nor Portway Culvert because the embankment on
the Down side is protected by the old railway embankment and the HS2 landscape bund.
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7.6 Assessment of Potential Contamination

7.6.1 Potential contamination and remediation requirements

The primary potential sources of contamination identified within the Twyford Embankment area are the
Dismantled Rugby to Quainton Great Central Railway Line (LQ 13.07) which is partially within the western

LOD at ch. 81+100 to ch. 81+400 and the Sewage Works (LQ 13.06) which is partially within the western
LOD at ch 81+500 to ch 81+600.

The geo-environmental assessment of the above identified LQ constraint areas within the Twyford
Embankment area address the potential risk to human health, controlled waters, infrastructure, and
ecological receptors. This is reported in the Aylesbury Link and Dismantled Great Central Railway Geo-
Environmental Assessment Report (LIMC06-CEK-EV-REP-CS06_CL09-000001), Ref [87].
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Page 63 \’/\b
oV
&



) > High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
‘ North Portal of Chiltern Tunnels to Brackley

A High-Speed Design Partnership Twyford Embankment GDR
MAARCADIS == COWI 1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04

The contamination assessments within the geo-environmental reports are based on limited available ground
investigation data including soil, leachate, groundwater and surface water chemical test results and ground
gas data. At the time of writing the Geo-Environmental Report, limited Ground Investigation and Geo-
Environmental testing has been undertaken within the Dismantled Rugby to Quainton Great Central Railway
(LQ 13.07). Whilst no Ground investigation was undertaken within the Sewage Works (LQ 13.06), due to the
area not being within HS2 land ownership.

One instance of Made Ground has been identified within the Twyford Embankment and its surrounding area.
No Made Ground was encountered within the LQ areas (LQ 13.06 and LQ 13.07), but this is due to no Gl
works being scheduled within the LQ areas within the constraints of the Twyford Embankment Group. Made
Ground encountered was in the centre of the Twyford embankment located at Ch. 81+705 (ML081-CP431).
This was encountered to a depth of 1.8m bgl (strata thickness of 1.5m), the Made Ground was described as
a greyish brown mottled orangish brown slightly sandy slightly gravelly clay. Sand is fine. Gravel sized
fragments are angular to subrounded fine to coarse of sandstone, flint, and Limestone. There were
anthropogenic inclusions noted within the borehole logs, with charcoal and brick being encountered. It is also
expected that Made Ground may be encountered at Ch. 81+200, where West Street crosses the
Embankment although this is expected to be minimal in extent.

At the time of writing this report the Geo-environmental assessment report, there were 11 remaining geo-
environmental exploratory holes within the Dismantled Rugby to Quainton Great Central Railway (LQ 13.07)
(5WS, 2 CP, 2 TP, and 2 CT), although these may not be specific to the Twyford Embankment. No further
Gl is scheduled to be undertaken within the confines of LQ 13.06. The data from these outstanding
boreholes will be reported within an updated version of the Geo-environmental report, although it is thought
that this is unlikely to alter the conclusions contained within the report.

Chemical testing was undertaken across the site within 4 borehole locations (ML082-TP400, ML081-CP431,
ML0O81-TP402, ML081-TP426), from these a total of 6 soil samples were collected. Exceedance of metals
(nickel) was recorded within ML0O81-CP431, against the most conservative Human Health screening criteria
(LQM S4UL Allotments - 1% SOM). Leachate testing was conducted on the same 4 borehole locations and
6 soil samples. From these two exceedances were noted for metals within ML082-TP400 and ML081-TP402,
for copper and mercury against the corresponding Environmental Quality Standard (EQS) within both
boreholes whilst there were also exceedances of nickel and cadmium within ML0O82-TP400 against the
relevant EQS.

Groundwater testing was undertaken in 5 locations within the Twyford Embankment (ML082-CR002, ML082-
CR003, ML081-WS005, ML081-CP021, ML081-CP431). Exceedances were noted in 4 of the 5 borehole
locations (ML082-CR002, ML082-CR003, ML081-WS005, ML081-CP021). Exceedances of metal
contaminants were seen across all four borehole locations, inorganic contaminants within 2 borehole
locations (ML082-CR002, ML081-CP021), whilst individual exceedances of fluoranthene (PAH) within
ML082-CR003, and an exceedance of total TPHs within ML081-CP021. All exceedances were noted against
the relevant EQS screening criteria, although the following exceedances also exceeded the relevant drinking
water standard:

e MLO81-CP021 @)
o Total TPHs O

e MLO82-CR002 ?‘
o Manganese ’

o Sodium r\

These exceedances were all within their natural strata, and due to their location within the e@g)nkment, it is
likely that these contaminants are associated with land usage and or natural backgrou @centrations
within the associated strata.
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One surface monitoring location was undertaken within the Twyford Embankment, at the northern boundary
of the embankment group (ML082-SWO001). This noted a single exceedance of fluoranthene (PAH) against
the freshwater EQS. There were exceedances of fluoranthene across the full scope of the geo-
environmental assessment report, potentially suggesting this could be attributed to a natural background
concentration.

Groundwater monitoring was undertaken across the Twyford Embankment site, with 7 boreholes (ML081-
CP024, ML081-CP431, ML081-WS005, ML081-CP021, ML082-CR008, ML082-CR002, ML082-CR003)
undertaking groundwater level monitoring. Groundwater monitoring across the embankment indicated that
groundwater levels ranged between Om bgl to 3.96m bgl. Therefore, based on this data in the northern part
of the Embankment, there is potential for groundwaters to be encountered during the proposed earthworks.

Ground gas monitoring undertaken across the site indicates that the area is of CS1 (Characteristic Situation),
thus indicating that there is a very low risk, as across the site there were low flow rates and low gas
concentrations. This further indicates that any migration of ground gas is unlikely to present a significant risk
to the proposed scheme.

The primary source of potential contamination associated with the proposed embankment is localised Made
Ground associated with the Dismantled Rugby to Quainton Great Central Railway (LQ 13.07) and Sewage
Works (LQ 13.06). Despite there being no direct interaction between the LQ areas mentioned within the
report and the Twyford Embankment, there remains a risk that further localised potential contaminated soils/
Made Ground, groundwater and ground gas sources may be encountered. Mitigation measures, where
appropriate, are captured in the Aylesbury Link and Dismantled Great Central Railway Remediation Outline
Strategy (1MCO06-CEK-EV-REP-C002-000200) Ref [87].

Remedial actions for contamination and potential contamination identified within the proposed Twyford
Embankment area are set out in the Aylesbury Railway Link, Calvert Landfill and Dismantled Great Central
Railway Remediation Outline Strategy Report (LMC06-CEK-EV-REP-C002-000029).

7.6.2 Summary of commitments

The proposed remediation strategy and material reuse criteria for the Aylesbury Link/ Calvert area including
the proposed Twyford Embankment area are captured in the Aylesbury Railway Link, Calvert Landfill and
Dismantled Great Central Railway Remediation Outline Strategy Report (1MC06-CEK-EV-REP-C002-
000029).

The remediation strategy and material reuse criteria are based on discussions with the Environment Agency
(EA) (see meeting minutes - 1IMC06-CEK-EV-MRC-C002-000008). Regular fortnightly progress meetings
have been held to date with Environment Agency/EKFB/HS2.

7.6.3 Summary of risk assessment and remedial approach

The contamination risk assessment within the Geo-Environmental Assessment Report (LIMC06-CEK-EV-

REP-CS06_CL09-000001) has identified potential unacceptable risks associated with soil, controlled waters

and property pollutant linkages (pre-remediation); hence sensitive receptors will need to be protected from 6
risks arising from the proposed development. Mitigation measures are captured in the Aylesbury Railway \@
Link, Calvert Landfill and Dismantled Great Central Railway Remediation Outline Strategy Report (IMCO06- Q
CEK-EV-REP-C002-000029), Ref [87]. CJQ)

The Remediation Strategy includes a Materials Management (segregation) and Cover Systems (appro%ﬁ

placement of materials within the proposed earthworks embankments) remediation approach across th

Site. This will provide a viable and effective solution for managing impacted materials and severing tife

identified source-pathway-receptor linkages through the placement of a cover layer of a minimum thickness

of 600mm to protect human health end users. @
éproposed

Excavated materials will need to be segregated and will be suitable for re-use as a par
development subject to careful handling, treatment and appropriate confirmatory chemicgl and geotechnical

s OO
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testing in accordance with a specification and the CL:AIRE Definition of Waste: Development Industry Code
of Practice (DoWCoP) Materials Management Plan (MMP). Any off-site disposal of material will require
appropriate pre-classification and pre-treatment to minimise the waste volume.

Anthropogenic impacted Made Ground will be segregated and stockpiled separately from the ‘natural’ Made
Ground (i.e., contains little to no anthropogenic material), and natural soil. Made Ground materials will be
moved to an appropriate area for re-use at an appropriate depth within the works based on the chemical
characteristics and the material re-use zone as noted in the Aylesbury Railway Link, Calvert Landfill and
Dismantled Great Central Railway Remediation Outline Strategy Report (LIMC06-CEK-EV-REP-C002-
000029), Ref [87].

All Made Ground material will be tested to identify whether they are chemically suitable i.e., acceptable
which will include geotechnically acceptable material including Class U1A or U1B and U2. Unacceptable
contaminated earthworks materials shall fall into the Classes U1B and U2 as defined below:

¢ Unacceptable material Class U1B are contaminated materials excavated within the site, whose level
of contamination is above the set re-use criteria noted in the earthworks specification Appendix 6/14
and Appendix 6/15 and can be managed by appropriate placement of the materials or treated and
processed to meet suitability requirements.

¢ Unacceptable material Class U2 are contaminated materials excavated from within the site which shall
not be used in the permanent works (in terms of chemical use), as they are impacted materials which
are unsuitable for remediation or fail acceptance or re-use criteria following treatment; hence may
require offsite disposal. Class U2 materials are likely to be radioactive waste (as defined in the
Radioactive Substances Act 1993), asbestos unsuitable for incorporation within earthworks materials,
heavy end hydrocarbons (compounds >40 carbon atoms) materials unsuitable for remediation or
failing to meet the remediation targets.

Appropriate construction management practices should be adopted during construction works including a
watching brief, measures to intercept run off to prevent contamination of controlled waters, minimise
potential favourable conditions that can cause leaching of contamination, dust suppression measures to
damp down excavated arisings. Precautionary safety measures are required in relation to the potential
ground gas risk to construction workers entering confined spaces. Potentially contaminated perched water
within the Made Ground and contaminated groundwater if encountered during excavation will need to be
collected, tested and removed/treated prior to discharge or offsite disposal. Unforeseen contamination will
be managed in accordance with the EKFB Construction Environmental Management Plan (CEMP). Further
mitigation measures are provided in the Aylesbury Railway Link, Calvert Landfill and Dismantled Great
Central Railway Remediation Outline Strategy Report (LMC06-CEK-EV-REP-C002-000029), Ref [87].

7.7 Geotechnical Risks carried forward from Scheme Design

This section of the DD-GDR provides a summary of the ground risks identified in the SD-GDR Ref. [7] and
carried forward into Detailed Design. b

The purpose of this section is to establish an understanding of status of the ground risks at the start of Q’\'
Detailed Design and outline any considerations or assumptions that will inform the detailed design of the @
earthwork asset. O

The residual ground risks after the detailed design mitigation measures are summarised in Section 9.1%1-@
the management of uncertainty in ground risks after mitigation are reported in Section 15 of this DD-GDR.

A full description of the risks and mitigation measures is provided in the Geotechnical Risk Regist'e\‘Ref. [72].
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Table 7-23 — Summary of geotechnical risks and considerations for Detailed Design

Risk level Post-

Geo-risks Risk description Scheme design mitigation Scheme Considerations for detailed design
Design
There is a threat of the speed of Rayleigh waves caused by = Excavate and replace 2m bFL from Ch80+862 to Low Incorporate the findings of the Gl Impact assessment report [86] undertaken
trains moving at high speed due to soft ground conditions. 81+240 and from 81+440 to 81+640 where the high using the 1D tool analysis and new guidance on methodology e.g. partial
. . . I . of embankment is between 0 and 2 m. factor of 1.1.
Rayleigh Waves This could result in excessive vibration and deflection of the
combined slab track and earthworks, impacting the safe
operation and maintenance of the Railway and the stability of
the embankment.
Soft ground associated with ALV, RTD or weather Oxford Local excavate and replace low Incorporate the findings of the GI Impact assessment report [86] with
Clay (OXC), which could cause: regards to sandy layers.
Presence of soft ground - instability of embankment slopes Consider impact of landscape bunds.
- unacceptable total or differential settlements
- unacceptable subgrade performance”
. . Periglacial shear in Clay-rich materials leading to weakened Perfom stability calculations with reduced cohesion = Low Use a reduced (cautious) value of long-term drained cohesion to account
Periglacial shear L . : . o i i
in-situ geology and increased risk of slope instability to ensure safe slope angle for the potentially weakened soil.
Potential for relic slip shear surfaces in the OXC particularly  Low risk slope gradient<5° no mitigation required Low Incorporate the findings of the Gl Impact assessment report [86] with
Relic slip surfaces where the natural slope gradient is>5° regards to section of elevated risk and requirement for site inspection of
sub-excavations.
. . OXC CZ Formation contain an elevated sulphate levels DS5/AC4 Low Incorporate the findings of the GI Impact assessment report [86].
Chemically aggressive . . :
leading to lower reuse. This may attack buried concrete
ground
structures
Susceptibility of highly plastic fine-grained soils to changes in =~ Ground improvement to provide adequate stiffness = Low According to HS Railways design and construction international standards,
volume arising from the changes in water content from support for EV2 and dynamic performance. the shrink/swell behaviour of high plasticity clays is mastered through
seasonal variation from the action of vegetation and climate. subgrade treatment to comply with the minimum performance criteria for
These changes can cause: high-speed rail.
Shrink-swell - shrinkage and swelling of formation soils, changes in ground
stress, ground movement and cracking in soil deposits.
- longitudinal and lateral shrinkage / swelling in subgrade
formation leading to uneven track profile and unacceptable
total and differential settlement 6
Very low seismic zone low Use cautious geotechnical parameters in settlement and stability @
The presence of faulting has been identified around Approoriate slones calculations. Q
. Ch.81+920 and Ch.82+050. Variations within the ground ' PP™oP P . . . . <
Faulting o ) Inspection and control of the base of the excavation during construction. 0
conditions (stiffness) can be expected due to weakened or I .
o Any additional soft soils shall be removed. 0
broken ground within the fault zone. ?\
Minimum undrained shear strength requirement of Cu > 50 kPa. ,
Burrowing animals Vulnerability of earthworks slopes to burrowing animals and = No risk at scheme n/a Use latest ecological data. \
potential impact on stability 60
Inadequate / uncertain Gl = Lack of information in the permeability of the layer of RTD Conservative values used in design " Low Incorporate the findings of the GI Impact assessment report [86]. O
data
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Geo-risks

Inadequate / uncertain Gl
data

UTX SGN gas pipe

UTX Private water

UTX Foul Sewer

Existing building (Sewage

Treatment Works)

High/shallow groundwater

Flood Risk

Ponds

New Ponds

Contamination

UXO Risk

Risk description

Lack of information in the compressibility and permeability of
the layer of ALV S V SV and KLB

Existing gas pipe approximately to chainage 80+900, SGN
gas main adjacent to Portway Culvert.

-3d model of pipe provided, but only 2d pdf of cover slab
provided. Now shown in federated model for info.

-Risk of temp. works clash of the cover slab with Portway
Culvert, design to mitigate"

New private water located approximately at Ch. 82+050
Existing privates water located approximately at Ch. 81+150

New Foul sewer located approximately at chainage 81+550

Existing Foul sewer located approximately from chainage
81+200 to 81+600

Damage may occur on  existing  building
- Twyford sewage treatment works building : Ch 81+500 -
81+600

High groundwater level in the ground level, which could
cause instability.

There is a risk of flooding associated with Padbury Brook
crossing HS2 mainline, which might impact the stability of
the embankment

Several small ponds are located in the fields adjacent to the
Down side of HS2, between Ch 81+300 and Ch. 82+100,
including also Portway farm in the south-west of the asset

New Ponds located on the of HS2 at 3m from the bottom of
the embankment are located at Ch. 81+920 to 82+160.

Likely risk of contamination linked to dismantled sewage
works (LQ13.06) and Rugby to Quainton Great Central
Railway Line (LQ13.07). Refer to Environmental
Assessment Report 1IMC06-CEK-EV-REP-CS06_CL09-
000001

Moderate risk within eastern LLAU between ch.81+500 and
ch.81+700 linked to Hillesden Bombing Range located
approx. 230 m north-east of the eastern LLAU boundary at
ch.81+550.
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Scheme design mitigation

No risk at scheme

n/a

n/a

n/a

n/a

Starter layer

No risk at scheme

No risk at scheme

No risk at scheme

n/a

n/a

Risk level Post-

Scheme
Design

n/a

n/a

n/a

n/a

n/a

Moderate

n/a

n/a

n/a

n/a

n/a
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Considerations for detailed design

Incorporate the findings of the Gl Impact assessment report [86].

Non contestable UTX (as built) is located at approximately 9m below the
Formation Level.

The pipe will be protected by a concrete slab.

Incorporate latest findings of GMIA report.

Incorporate latest findings of GMIA report.

Incorporate latest findings of GMIA report.

Incorporate the findings of the GI Impact assessment report [86]:
- site inspection of cut slopes

- dewatering may be required in sub-excavations

Update Flood analysis in line with DD.
Located far from HS2 mainline.

Check impact on stability.

Incorporate findings of updated geo-environmental reports and remediation
strategy.

O

Review of construction activities in this area. Deep dig will require further @

investigation. Q
<
)
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8 Geotechnical Model

8.1 Introduction

This section of the report details the soil parameters used in the geotechnical analysis. The selection of
parameters is based on the soil parameter analysis presented in Appendix D using the available Gl data at
the asset location and also the routewide data sets for the particular formation under consideration to ensure
a reasonably cautious estimation of ground conditions.

Six geotechnical models have been identified to consider the variability of the geology beneath the
embankment, varying geometry and particular constraints such as S&C and transition to the viaduct area.

Ground models and descriptions of the stratigraphy are detailed in 7.3 of this report.

The limits of the six ground models are indicated on the below Figure 8-20.

Figure 8-20 — Geotechnical Models used in the geotechnical assessment of Twyford Embankment Earthwork

Q"Q’é
0@
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8.2 Stratigraphy and Material Parameters — In situ Materials

The geotechnical characteristic design parameters adopted in the six geotechnical models are summarised in the below table.

Geological

strata

ALV-CZ
OXCw

OXCul

OXC u2

KLB- SV SV
KLB-CZ

GOG (CB, FMB,
WHL)

ALV-CZ

OXCw

OXCul

KLB-SV SV
KLB-CZ

7.0

9.0

11
14

2.7
4.0

7.0

9.5
12

2.7
13

3.0

2.0

3.0
2.0

2.7
13

3.0
2.5

Table 8-24 — Ground models — Twyford Embankment

Plasticity .

Index
(%)

32
32

32

32

14
36

32
32

32

14
36

14

(kN/m3)

20
20

20

20

20
20

20
20

20

20
20

11
12

25

34

48
47

GM1-b (81+100 — 81+225)

11
12

25

48
47
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3

>5
/

Substratum — hard bedrock

1.7

>5

0
3

2
2

24
25

28

28

25
28

24
25

28

25
28

49
54

100

150

250
207

49
54

100

250
207
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6
7

12.5

20

94.4
31

12.5

94.4
31

6
7.8

13.9

21

85
34.4

7.8

13.9

85
34.4
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1MCO06-CEK-GT-REP-CS06_CL10-000002

N qc c’ sf0 Cu E’

GM1-a (80+862 — 81+100)

0.2
0.2

0.2

0.2

0.2
0.2

0.2
0.2

0.2

0.2
0.2

Rev.C04

Cr(m2/s)

12E-7
3.80E-

5.00E-

4.20E-

1E-6
4.2 E-7

12E-7
3.80E-

5.00E-

1E-6
4.2 E-7
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Geological

strata

GOG (CB, FMB,
WHL)

ALV-CZ
OXCw

OXCul

KLB-SV SV
KLB-CZ

GOG (CB, FMB,
WHL)

ALV-CZ
RTD-S V SV
RTD-C Z

KLB-SV SV
KLB-CZ

GOG (CB, FMB,
WHL)

RTD-S V SV
RTD-C Z

KLB-SV SV
KLB-CZ

GOG (CB, FMB,
WHL)

ALV- S V SV
(81+650-81+775)
ALV-CZ

COWL

2.4
5.0

6.0

8.0
10

2.8
3.7

6.2

2.7
4.5

2.4
2.6

1.0

2.0
2.0

2.8
1.2

2.5

2.8
0.9
1.3
12

2.7
1.8
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Plﬁi;::xlty Y N qc ¢’ qy(o) Cu
(%) (kN/m3) | SPT | (MPa) J (kPa) (kPa)

GM1-c (81+225 — 81+350)

32 20 11 - 2 24 49 6 6
32 20 12 1.7 2 25 54 7 7.8
32 20 25 2 5 28 100 12.5 13.9
14 20 48 >5 0 25 250 94.4 85
36 20 47 / 3 28 207 31 34.4

Substratum — hard bedrock

GM2=Geotechnical Model 2 (81+350 — 81+525, 81+575 - 81+620

32 20 11 - 2 24 49 6 6
15 20 24 - 0 27 108 24 26
31 20 18 - 2 24 83 5.7 6.3
14 20 48 >5 0 25 250 94.4 85
36 20 a7 / 3 28 207 31 34.4

Substratum — hard bedrock

GM3=Geotechnical Model 3 (81+525 — 81+575)

15 20 32 0 27 108 - 24
31 20 18 2 24 80 6.3 5.7
14 20 48 >5 0 25 250 94.4 85
36 20 47 / 3 28 207 31 34.4

Substratum — hard bedrock

GM4 (81+610 — 81+915)

335 20 15 - 0 25 40 6 6.7
32 20 11 - 2 24 49 6 6
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0.2
0.2

0.2

0.2
0.2

0.2
0.2
0.2
0.2
0.2

0.2
0.2
0.2
0.2

0.2
0.2
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Cr(m2/s)

12E-7
3.80E-

5.00E-

1E-6
4.2 E-7

12E7
1E-6
12E7
1E-6
42ET

1E-6
12E7

1E-6
42ET
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Plasticity .

Y
Index g
strata (%) (KN/m3)

Geological Cr(m2/s)

N qc c’ ®(° Cu )
I
48 >5 0 25 250 85 0.2

KLB-S V SV 1E-6
KLB-CZ 47 / 3 28 207 34.4 0.2  4.2E-7 ‘
GOG (CB, FMB,
WHL) Substratum — hard bedrock
GM5 (81+915 — 82+050)
ALV-CZ 2 2 32 20 11 - 2 24 49 6 6 0.2  12E-7
OXC w 4 2 32 20 12 1.7 2 25 54 7 7.8 0.2 3'870E-
OXC ul 5.7 1.7 32 20 25 2 5 28 100 12.5 13.9 0.2 5'070E-
KLB- SV SV 9.2 3.5 14 20 48 >5 0 25 250 94.4 85 0.2 1E-6
KLB-CZ 10.6 1.4 36 20 47 / 3 28 207 31 34.4 0.2 | 4.2E-7
GOG (CB, FMB,
WHL) Substratum — hard bedrock
GM6 (82+050 — 82+289)
ALV-CZ 2 2 32 20 11 - 2 24 49 6 6 0.2 12E-7
RTD-S V SV 2.5 0.5 15 20 24 0 27 108 - 24 0.2 1E-6
RTD-C Z 3 0.5 31 20 18 2 24 80 6.3 5.7 0.2 12E-7 b
OXCw 5 2 32 20 12 1.7 2 25 54 7 7.8 0.2 3.80E- ’@
7 Q
OxXCut 7 2 32 20 25 2 5 28 100 12.5 13.9 0.2 5'070E_ c)@
4.20E- 0
OXC u2 9 2 32 20 34 3 5 28 150 20 21 0.2 7 ?\
KLB- SV SV 10.5 1.5 14 20 48 >5 0 25 250 94.4 85 0.2 1E-6 4
KLB-CZ 14 3.5 36 20 47 / 3 28 207 31 34.4 0.2 | 4.2E-7 \

GOG (CB, FMB,
WHL) Substratum — hard bedrock e @
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8.3 Characteristic Parameters - Fill Material
The geotechnical properties presented in Table 8-25 have been assumed for fill materials.
The latest EK mass haul indicates that the Twyford Embankment will be constructed with stabilised Glacial Till.

The minimum soil parameters values for fill materials to be used as embankment are also given in the below table.
Table 8-25 — Fill material properties

. . Origin of | Treatment [ Thickness ; ’
Fill material | ©"9" Cu ckPa) |9 | comments
material | type (m) (GEY) )
Stabilised
Embankment cohesive
Fil materiel - - - 2.0 5 26 = Assumed stabilised cohesive material
(Glacial
Till)
Starter Layer - - 0.6 - 2.0 0 35 | Assumed to be granular - Class (6.C.1)
Flood_zone - - - - 2.0 0 35 | Assumed to be granular — (6.C.2)
materials
Class 1 — Due to the presence of formation with high
Fill for E&R - Variable - 2.0 0 35 | sulphate content, lime stabilised materials
A ibi '\
are prohibited.
Landscape . . - b@
Bunds All asset - Variable - 1.9 1 23 | High plasticity clays.
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Notes to table:

e landscape bund material will also comprise material with undrained strength greater than 40kPa; where lower strength material is used
it will be placed in an appropriate non-critical location within the bund beyond any slopes facing the HS2 mainline. The fills to be used
in landscape bunds are given in Table 6/1 of the earthwork specification Ref. [91].

e Laboratory tests in OXC Formation reveal high total potential sulphate values, this formation is not suitable for lime stabilisation; although
the excavation in the OXC Formation is likely to be limited at Twyford Embankment.
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8.4 Design Groundwater Level

As described in Section 7.4, there is likely to be perched water in the superficial deposits (alluvium and River
Terrace Deposit) that cover the OXC Formation.

Due to the seasonal fluctuations, the groundwater level is assumed to be at 0.2m bGL for all geotechnical
models (GM 1 to 6 included).
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9 Geotechnical calculations- Earthwork (Mainline)

9.1 Introduction

This section sets out the design criteria and design assumptions and presents the output of calculations
relevant to earthworks design in accordance with the HS2 standard Ref. [2] taking into consideration the
geohazards (Section 7.7) and the geotechnical ground models (Section 8).

9.2 Loading

The load applied in the embankment slope stability analyses are summarised in the Table 9-26 below.
Table 9-26 — Loads applied in design

Long term load (For stability 57 kPa 57 kPa has been utilised to the platform for stability calculation

calculation in long term

conditions) 10 kPa 10 kPa has been applied in the cess for surcharge associated

with long term operation of maintenance plant (1)

Temporary load Exceptional loading due to construction plant and activities (1)

; 20 kPa — conservatively applied in the cess area 0.5 m behind the
(construction stage) crest of cutting
Track load - Short term load 30 kPa For settlement and stability calculations

(1) Abnormal loadings above the assumed surcharge which may be imposed during construction will be addressed as part of the
temporary works design.
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9.3 Calculation Profiles and Constraints
The calculation profiles selected for geotechnical stability and settlement calculations were selected on the basis of the following criteria:

- height of the earthwork. The maximum height within a particular zone has been used in design calculations. The general geometry along
the asset is described in Section 4.3

- ground conditions

- closely spaced structures

- location of S&C

- location of ponds and ditches

Table 9-27 — Calculation profiles-Twyford Embankment (Ch. 80+862 to Ch.82+289)

. Post
Chainage Side slope | Defining Criteria | Landscape Ground | Groundwater level (m construction
(Ch.Hs2)
settlement
Height, geology
1 80+940 Embankment 2.7 1V/I2H and Culvert Landscape bund l-a 0.2 15 mm @b
(Portway culvert) downside, max 3 \
| Q

Thickness of OXC = 0 "0'9 ¢ @

lope= 1V/4H
2 814225 Embankment 27 1V/2H weathered Slope= 1V/ 1-c 02 15 mm 00

Formation ?“

Height and
geology Landscape bund 2 0.2 Bimm

downside, max @
Height, geology, 5.5 m height— b

4 81+715 Embankment 5.80 1V/2H and Twyford East = Slope= 1V/4H 4 0.2 15 mm
culvert ( )

3 81+600 Embankment 5 1V/2H
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Chainage Side slope Defining Criteria Landscape Ground J Groundwater level (m
(Ch.hs2)
81+920 Embankment 5.1 1V/2H Height and 5 0.2
geology
82+100 Embankment 4.3 1V/2H Height and 6 0.2
geology
82+289 Embankment 55 1V/2H Transition to None 6 0.2
Viaduct
81+420 Embankment 2 1V/2H 2 0.2
81+560 Embankment 5.6 1V/2H 3 0.2

For the Pond located at chainage 81+150, the stability calculation is not done because the pond is located at a safe distance from the toe
of the embankment.

The post construction settlement limit (allowable residual settlement) targeted in design is 15 mm due to the presence of S&C along this
Twyford Embankment.

The groundwater levels used in design calculations are described in Section 8.4.

Calculation Profiles chosen for geotechnical calculations represents the worst-case scenario with regards to structure height and ground
conditions

Post

construction
settlement

15 mm

15 mm

15 mm

15mm

15mm

Calculation Profiles have been carried out in line with the construction sequence provided by EKFB and confirmed in TQ-2107, whereby r\

the landscape will be constructed together at the same time.
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Figure 9-21 — Calculation Profiles locations on Twyford Embankment
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9.4 Slope Stability Analysis

The calculation methodology for earthwork stability is detailed in this section.

9.4.1 Static slope stability

9.4.1.1 Calculation Methodology

Slope stability was modelled using Talren 5 software.
Bishop circular method of analysis is used due to soil conditions.

Analysis is undertaken in accordance with the methodology given in the Technical Standard for
Earthworks [2] using Eurocode 7 Ref [16] Design Approach, Combination 1 (DA1 C1) and Combination
2 (DAl C2).

Non-circular analysis is not performed as it is not representative of the likely failure plane in the soils
encountered.

In accordance with Eurocode 7, slope geometries are considered stable when the minimum reported
Factor of Security (FoS) was >1.

The seismic condition was also modelled in accordance with the HS2 Seismic Design Criteria Report
and the methodology outlined in the Design Basis Statement Ref [5]

Where stability analysis shows that FoS is less than 1, then mitigation measures are to be applied
such as slope slackening or if not possible ground improvement.

A rapid drawdown calculation is performed where pond or swale features are located close to the
mainline earthworks to verify the slope stability in flood event. This is presented in Appendix E.

For the short-term case, an equivalent overload of 1.5 m over the top of the embankment is verified to
model the additional rail loading (installation of slab track etc) after construction of the earthworks to
protection layer.

The calculations were performed with both effective stress (¢’ phi’) and undrained shear strength (cu)
in the founding soils.

For the drained analysis, the effective stress parameters correspond to a cautious estimate of the
angle of friction obtained by laboratory testing in line with the guidance by Nowak and Gilbert.

Appendix E provides the results of the calculations performed with combination DAL C2, which is the
worst-case condition for earthwork stability.

9.4.1.2 Assumptions in slope stability

The following mitigation measures have been considered in the slope stability calculations:

Ch. 80+862 to Ch. 81+400: E&R 2m bGL to remove soils with inadequate stiffness where the height®

of the of embankment is H <1m. 0
e Ch.81+470 to Ch.82+269: Starter layer is recommended to act as a capillary break b?&ﬂw
embankment. ,
9.4.1.3 Calculations Results N

This section presents the results of the general slope stability calculations for sections of m@b

embankment situated within the limits of Twyford Embankment.

O
@
N
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Table 9-28 — Result of slope stability calculations

Slope stability (Safety factor I'min)

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002

Rev.C04

Geometry Embankment
Chainage (HS2) 80+940 81+225 81+600 81+715 81+920 82+100 82+289 81+420 81+560
Geotechnical Ground Model 1-A 1-C 2 4 5 6 6 2 3
Calculation profile 1 2 3 4 5 6 7 8 9
Height +2.7m +2.7m +5m +5.80 m +5.1m +4.3m +5.5m +2m +5.6
Groundwater 0.2 m bGL 0.2 m bGL 0.2 m bGL 0.2 m bGL 0.2 m bGL 0.2 m bGL 0.2 m bGL 0.2 m bGL 0.2 m bGL
Slope Geometry 1V:2H 1V:2H 1V:2H 1V:2H 1V:2H 1V:2H 1V:2H 1V:2H 1V:2H
Starter Starter Starter Starter Starter Starter Starter
E&R E&R layer Layer Layer Layer Layer Layer Layer
Basal Mitigations measures SlassIAL  ClassIAL ' Class6Cl  Class6C1  Class6C1  Class6C1  Class6C1  Class6C1  Class 6C1
300mm 300mm 300mm 300mm 300mm 300mm 300mm
Surface
B Undrained: | 1.29 1.33 1.15 1.16 1.19 1.23 1.17 1.33 1.17
Transition stability
stage
Undrained 1.59 1.60 1.27 1.02 1.31 1.33 1.15 1.46 1.32
(Static) General
stability \
Drained: 1.38 1.35 1.06 1.01 1.08 1.08 1.05 1.16 1.08
Long Surface . b
. Drained 1.30 1.34 1.15 1.17 1.19 1.15 1.12 1.41 1.17 o
term stability )
A
S
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Slope stability (Safety factor I'min)

(Static)

Undrained: | 1.28 1.53 1.24 1.04 1.26 1.17 1.18 1.64 1.32

General
stability

Drained: 1.38 1.32 1.06 1.01 1.07 1.04 1.01 1.16 1.09

Note:

- the starter layer is placed at the base of the embankment above ground level and does not include backfill for topsoil stripping or ground
improvement.

9.4.1.4 Additional mitigation of soft soils

The ground models assume that the superficial deposits (ALV and RTD) have an undrained shear strength more than 50 kPa; however the
available Gl data indicates that softer alluvial soils will be encountered on surface from Ch.81+620 to Ch.82+269. Additional stability
calculations indicate an elevated risk of failure in these softer deposits due to the additional loading by the landscape bund. A minimum
excavate and replace of the alluvial soils up to 1m bGL is recommended beneath the embankment in this section to ensure slope stability.
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9.4.2 Seismic conditions
9.4.2.1 Seismic Analysis Methodology

The approach to seismic design for earthworks is outlined in the Design Basis Statement Ref. [5] and
summarised below.

The ground accelerations (PGA) for ULS are determined for an area of low seismic activity and using the
2500years return period.

The following partial factors in Table 9.28 have been adopted from NA to BS EN 1998-5:

Table 9-29. Partial factors from NA to BS-EN-1998-5

Subelanse | Nationally Determined Parameter Eurocode UK decision
reconanendation

3.1(3) Partial factors for material properties. Yeu =14 Use the recommended values.
Yeep =1.25
You =1.4
Yo =125

Undrained (short term) soil strength parameters and conservative water levels are considered for modelling of
the seismic event.

Stability has also been checked at the location of the ponds.

9.4.2.2 Seismic Analysis Results

The results of slope stability in seismic condition are shown in Table 9-30.
The slope stability profiles are included within Appendix E.

The results of the slope stability calculations are summarised in the below table.

Table 9-30 — Stability calculations - HS2 Mainline for seismic conditions

Slope stability (Safety factor I'min)

Geometry Embankment
Chainage (HS2) 80+940 81+225 81+600 81+715 81+920 82+100 82+289 81+420 81+560
Geotechnical Model | 1-A 1-C 2 4 5 6 6 2 3
Calculation Profile 1 2 3 4 5 6 7 8 9 6
Height +3.1m +2.7m  +5.9m +5.8m +5.1m +4.3m +5.5m +2m +5.6m 5@
0.2m 0.2m 0.2m 0.2m 0.2m 0.2m 0.2m 0.2m 0.2m @
Groundwater level bl bl bl bl bl bl bl bg| QC)
Slope Geometry 1V:2H 1V:2H 1V:2H 1V:2H 1V:2H 1V:2H 1V:2H 1V:2H }V.ZH
E&R E&R Starter Starter Starter Starter Starter Starter'\ Starter
Class Class layer Layer Layer Layer Layer Layi Layer
o 1A1 1AL Class Class Class Class Class Class
Mitigation 6C1 6C1 6C1 6C1 6C1 6C1
2m 2m

300mm 300mm 300mm 300mm 300m€) 00mm 300mm
4

Page 83 \’/\b
&
&



A High-Speed Design Partnership
MARCADIS G-« COWI

Slope stability (Safety factor I'min)

Seismic: | Skin

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Rev.C04

00 coniyy | 142 1.50 1.19 1.21 1.25 1.17 1.50 1.20
years

return G |

period eneral 1 36 1.63 1.07 1.29 1.41 1.34 1.92 1.31
+) stability

Seismic:  Skin

00 coniy | T4 1.50 1.20 1.29 1.25 1.16 1.59 1.21
years

return G |

period (- >eNe™ g 37 1.57 1.09 1.33 1.22 1.36 1.88 1.16
) stability

9.4.3 Landscape Bund Stability

Landscape bunds are located on the Down side along the entire length of the mainline asset, between

Ch.80+862 to Ch. 82+200, with 1V/4H side-slopes facing the HS2 mainline.

The slope stability calculation has been carried out at the worst-case location in terms of geometry and ground

model. The main assumptions are:

e maximum height 5.5m above ground level
e slope gradient of 1V:4H facing HS2

o high plasticity clay fills in the landscape bunds with long parameters as defined in Table 8-25

e 10kPa surcharge has been adopted on the top of the landscape to allow for temporary trafficking.

The stability calculations are summarised in Table 9-31.

Table 9-31 — Stability calculations — Landscape

Slope stability (Safety factor I'min)

Calculation profile .
Ground Model

Location

Groundwater level

SLOPE GEOMETRY

Landscape Height (m)

WITHOUT MITIGATION MEASURES
Skin stability

General stability
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9.5 Settlement Analysis

This section of the report presents the settlements calculations beneath the mainline embankment taking into
the influence of the landscape bund on the Down side.

The settlement calculations have been performed on Calculation Profiles 1 to 7.
Settlement calculations at transitions to structures are presented in Section 9.7 of this report.
9.5.1 Calculation methodology

In accordance with HS2 standard for Earthworks Ref. [2] and Track Alignment Design Ref [74] the maximum
acceptable post-construction settlement limit is 30mm to be applied from the time of installation of slab track
as a general case.

Within a distance of 150m of S&C — Switches & Crossings, the settlement limit is max. 15mm and at transitions
cut/ffill the maximum longitudinal distortion in short embankments/cuttings is 1/1000 (see Figure 9-22)
considering that the transition length is L=20m, the maximum settlement limit will be 15mm at transitions too.

100
. 80 1
_E' 60 4 . . . . e ——————————
= - at -
T 40 a B il
g
3 20 1
e o JF
=
= ]
2 -20 ;
to
o \ =1 i -
= 40 \ 1 =
c \\ ¥ s -
v g
HQ_J -60 - Smm limit. Calculation . 1 . -
— ] not considered feasible 8
o 80 A below this limit.
-100 L
0 20 40 60 80 100 120 140 160 180
Length of differential ground movement, L (m)
-+ 1:1000 1:2000
Short Embankment settlement == == |ong Embankment settlement
———Short Cutting heave = = |Long Cutting heave 6

Note: these are ground movement limits not acceptable track deformations @
Figure 9-22 — Differential ground movements limits for slab track on high-speed line (extracted from HS2 Standard Q
Earthworks Ref.[2]) C)®

In accordance with HS2 Technical Standard — Track Alignment Design Ref.[74], the total settlem on
embankments between structures spaced at less than the minimum separation (minimum separatign = line
speed /2 = 180m) will be <15mm.

length of Twyford Embankment have been performed using the maximum 15mm post co ion settlement

requirement. C )
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Given the HS2, Electrified Loop, IMD chord 1 and IMD chord 2 lines will be constructed on the same ‘shared’
platform (earthwork) the HS2 settlement criteria has been applied in design of both lines.

The following assumptions have been considered in settlement calculations with regards to construction
sequence:

- the embankments for both HS2 mainline, Electrified Loop, IMD chord 1 and IMD Chord 2 lines will be
constructed at the same time.

- the base of the landscape bund (up to a height corresponding to HS2 Formation level) will be
constructed at the same time as the mainline embankment. This assumption has been validated by
EKFB in TQ-2107.

- the landscape fill above rail level will cause additional settlement at the centreline of HS2 route.

The total settlement beneath the embankments incorporates the effects of loading from the adjacent landscape
bund located on the Down side.

The improvement in shear strength due to the consolidation under loading of the normally consolidated alluvial
soils has not considered in the design.

The calculation of consolidation times with/without drainage have been estimated using Cv obtained from
oedometer tests.

The geotechnical parameters used in the assessment are presented in Section 8.2 and justified in Appendix
D.

The settlement calculation sheets are presented in Appendix E.
9.5.2 Calculation Results — Impact of landscape bunds

The settlements created by the landscape bund have been added directly to the consolidation beneath the
mainline earthworks.

9.5.3 Calculation Results — Earthwork centreline

The maximum settlement limit considered along the asset (per chainage), the principal assumptions
(chainage, ground model, height, etc.) and the results of the settlement calculations are summarised in Table
9-34 — Civil engineering under-structures crossing HS2.

O
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Max. Acceptable settlement limit

Table 9-32 — Results of calculations for HS2 and others Railway Lines (under shared embankment). Reviewed according to New Gl Impact Assessment Report, Ref. [86].
F o T Temm ] g BT

| 81+610 — 81+915— | 82+050 —
; 81+350 - 81+525 — 81+575 — 82+915 82+050 82+269
Location 80+862 - 81+350 81+525 81+575 81+610 (s&c (s&C
(Fault N°2)
Area) Area)
Calculation profiles 1 2 8 9 3 4 5 6
LA Ground Model GM1a GM1c GM2 GM3 GM2 GM4 GM5 GM6
Chainage (HS2) 80+940 81+220 81+420 81+560 81+600 81+715 81+920 82+100
Embankment height (m) 2.7 2.7 2.0 5.6 5 5.8 5.1 4.3
Landscape bunds height (m) 5.9 7.6 5.9 8.4 10.4 10.2 10 10
Rail load (Slab track + rail) (kPa) 30 30 30 30 30 30 30 30
Mz_j\X|mum total settlement without 54 50 39 59 116 109 92 112
rail load (mm)
= < Additional settlement due to rail 31 34 31 6 13 29 29 18
o 9 load (mm)
E S Maximum immediate settlement
c o ) . 19 26 14 38 42 64 52 61
S without rail load (mm)
= Maximum consolidation settlement
e without rail load (mm) < 2 22 =L “ a4 ~0 i
Addmonql consolidation settlement 20 29 19 5 8 12 12 8
due to rail load (mm) b
SETTLEMENT HOLD PERIOD Minimum 2 months - Maximum 6 months @
I[N Consolidation settlement after HP 12 10 3 8 6 7 12 1 \
without rail load (mm) See Note 1 @Q
Additional settlement due to RAIL
-‘g LOAD (mm) 19 19 18 3 19 11 12 15 C’C)
% Consolldapon s_ettlement remaining 31 29 21 11 25 18 2 26
e after HP with rail load (mm)
See Note 2 V4
Anticipation of rail load No No No Yes Yes Yes Yes Yes '\
c 0
R SETTLEMENT HOLD PERIOD 6 6 5 5 6 6 6 6 @
g 32 (months)
2 Ground Improvement E&R (m bGL) —
2 0
=S E Settlements 2 2 2 L C L L L o
See Note 3 C)
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Table 9-32 — Results of calculations for HS2 and others Railway Lines (under shared embankment). Reviewed according to New Gl Impact Assessment Report, Ref. [86].
“Niex. Accepianle setllement it | 16w | I T 5 S - B
81+610 — 81+915 — 82+050 —
; 81+350 — 81+525 — 81+575 — 82+915 82+050 82+269
Location 80+862 - 81+350 81+525 | 81+575 81+610 (S&C (S&C
(FaultN°2) Area) Area)
Calculation profiles 1 2 8 9 3 4 5 6
SLCUEAN Ground Model GMla GMic GM2 GM3 GM2 GM4 GM5 GM6
Chainage (HS2) 80+940 81+220 81+420 81+560 81+600 81+715 81+920 82+100
Embankment height (m) 2.7 2.7 2.0 5.6 5 5.8 5.1 4.3
Landscape bunds height (m) 5.9 7.6 5.9 8.4 10.4 10.2 10 10
Rail load (Slab track + rail) (kPa) 30 30 30 30 30 30 30 30
E&R (mbGL) — Durability (high
Org.lv(latter (%ontents) v (e o o o o e e e e
See Note 4
Ground Improvement E&R (mbGL) —
Stability SeF:e Note 5 ( ) g g g g g £ g v
Ground Improvement Rayleigh waves 3 3 3 N/A N/A N/A N/A N/A
(mbFL)
See Note 6
Landscape bunds Minimum Hold
Period (nr:onths) 1 1 1 1 1 1 1 2
Consolidation settlements
remaining after mitigation without 3 4 2 6 6 5 6 7
rail load (mm) b
4 See Note 7
= Consolidation settlements \@
3 remaining after mitigation with rail 10 14 12 8 8 7 7 9 Q
S load (mm) @
5 See Note 8 O
‘g Additional residual settlements due to 0
= landscape bund after landscape hold 1 1 <1 5 4 4 3 5 ?‘
E period (mm) 4
g Total_cpnsolidation settlerr_n_ants_ \
< remaining after HP and mitigation
(incl. Settlement due landscape but 14 i3 13 13 12 11 10 14 @
not including ground improvement due d
to Rayleigh Wave) O
O~
Notes: 6,
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1. Settlement after 2-6 months settlement hold period (without rail load and no ground improvement)

2. Settlement after 2-6 months settlement hold period with rail load, included the settlement due to landscape, where applicable. The
additional settlement caused by the rail load corresponds to the placement of the slab track. If the settlement exceeds the post
construction limit of 15mmt, then further mitigation is required

3. Ground improvement (excavate and replace) to reduce the remaining settlement to within the acceptable limit. This is required in this
section due to clayey nature of the alluvial soils above almost 5m of weathered OXC Formation in Ground Model 1.

4. Consideration of the ground improvement due to presence of organic matter in the superficial deposits.

5. Consideration of the ground improvement to ensure slope stability (refer to Section 9.4)

6. Consideration of ground improvement to comply to the minimum requirements for dynamic stiffness (refer to Section 9.8.2). This
mitigation will need to be considered in tandem with the settlement mitigation. The worst-case mitigation is maintained in the earthwork
model.

7. Settlement after 2-6 months settlement hold period and ground improvement without rail load.

8. Settlement after 2-6 months settlement hold period and ground improvement with rail load. The additional settlement caused by the rail

load corresponds to the placement of the slab track
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The following observations and conclusions can be drawn from these settlement results:

e Total settlements range between approximately 39 mm and 116mm depending on embankment
height, influence of the landscape bund and ground conditions.

e In GM1 and GM2 (Ch. 80+862 to Ch. 81+470), the settlement remaining after an E&R of 2 m bGL to
ensure adequate dynamic performance, corresponding approximately to the excavation of the
Alluvium deposits, is 12-15mm after 2 to 6 months settlement hold period.

e In GM3 to GM6 (Ch. 81+470 to Ch. 82+269), where the embankment is higher, the settlement
remaining after excavate and replace (Ch. 81+620 to Ch. 81+269) and the anticipation of a surcharge
of 30kPa is 13-15mm after 6 months settlement hold period.

e The detailed design study of the transition to viaduct falls within the scope of T2G. Vertical drains are
designed in this section due to the very tight settlement tolerance (<5mm).

9.5.4 Bearing resistance failure

9.5.4.1 Calculation methodology

A calculation has been performed to verify the bearing resistance failure.
In short term conditions, a safety factor F = 1.5 is required.

Safety factor regarding bearing resistance of soil is given by the relation below:

G CuxNc
g rH 0
cu: undrained shear stress, yr: embankment’s bulk density,
Hr: embankment’s high, Q: surcharge

Nc: bearing capacity factor for a structure with width (B) build on soft soil with thickness (h)
B

- .

N for 0<D <149= Ne=T1+2
AN )
H Embankment
i i B B -
for 1,49<—<10= Nc~0,49—+ 47225
) h h
h Soft soil
¥ B
Stiff soil for E >10= Nec=9125
Figure 9-23 — Bearing resistance failure calculation.
Calculations have been performed on the worst-case scenario for the ground model 6 where the ALV deposits 6

and OXC W (weathered facies) are presents and the hight of the embankment and the landscape are high at @
Ch. 82+100.
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Table 9-33 — Calculation results for bearing resistance failure

Calculation profile Under Highest railway line embankment Under Highest landscape embankment

Ground model GM 6 GM 6
Hr (m) 3.95m 4.4 m
N° profile 6 6
yr (KN/m3) 20 20
Q (kPa) 30 0
B (m) 39.8 325
h (m) 14.0 14.0
B/h 2.78 2.32
Nc 5.62 5.36
Cu (kPa) 49 49
SAFETY FACTOR F 2.53 2.98
9.6 Heave

Not applicable.

9.7 Transition to structures

Twyford Embankment will be crossed by the following civil engineering under-structures.

Table 9-34 — Civil engineering under-structures crossing HS2

Asset type I Name and location ‘

Portway culvert: Ch. 80+950

I
Culverts Twyford East culvert: Ch. 81+715 6

As mentioned in Section 3.7, the geotechnical assessment presented in this section for transitions to structures \®
is based on Detailed Design structural drawings.

The culverts are boxed structures (refer to Table 4-10 for more details). ()C)@
9.7.1 Design Criteria ?“

The principal design requirements at transitions to structures are as follows. '\ ‘

In accordance with Clause 6.3.1 of the HS2 Technical Standard for Earthworks, the transitjopi@,to structures
shall be designed to control the internal settlement of approach embankments and the diﬁ&al settlement
of natural soils beneath them. The transition in dynamic stiffness of the earthwor, @al be smoothed
progressively between high and low stiffness areas. G
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In accordance with HS2 Technical Standard — Track Alignment Design Ref.[74], the total settlement on
embankments between structures spaced at less than the minimum separation (minimum separation = line
speed /2 = 180m) will be <15mm. The design criteria are summarised in Table 9-35 together with the
assessment of Twyford Embankment.

Table 9-35 — Definition of closely spaced structures

Applicable to
Twyford
Embankment
YES/NO

Comments

Design criteria < |Desirable| Limiting

Distance between structures — minimum
length of embankment (higher than 5m)

between two consecutive underbridge m V/2 =180 V/2.5=144 NO -
structures. Including any combination of the
following

e  Viaducts - - - YES e  Twyford viaduct

e  Other underbridges including
culverts and underpasses whose
internal diameter >0.9m and whose - - - YES ° -
foundation is not within the
embankment and either:
o the top of the structure is
<2m below the base of the - - - YES
Protection Layer, or

e  Portway Culvert
e  Twyford East Culvert

e shallow foundations
o has a different foundation *  culvert base often situated
h bank - - - NO deeper than embankment
type to the embankment foundation, potentially placed
on stiffer soils after excavation
e  where minimum separation cannot
be achieved, specific settlement
limits are specified in HS2 TS EW
Ref. [2]

R - YES ° <15mm

Based on this analysis:
- Portway Culvert and Twyford East Culvert are adjacent structures, the distance between each
neighbouring culvert respect the minimum ‘desirable’ limit of separation, which is 180m in accordance
with HS2 TS Track Design Ref.[74]. However, the culverts are located in close proximity to S&C units.

- The length of this group of structures requiring settlement design to a max. limit of 15mm extends from
Ch. 80+862 to Ch. 82+245.

For typical details of the technical fill arrangements at transition to culverts refer to Typical HS2 Mainline 6
Earthworks Transition Embankment to Culvert Ref. [78]. \Q

9.7.2 Underbridge transition C)Q)Q
Not Applicable ?g)
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9.7.3 Culvert transitions
The culverts located within the limits of Twyford Embankment are listed in the table below.
9.7.3.1 Calculation profiles and constraints

The settlement calculations have been performed at the following locations.

Table 9-36 — Transition calculation profiles — Culverts

() —

() +—

o & |58 ;

= ) E & =

I ) X D Q<

5 5 | 22 5

@) N = %)
1 | 80+950 | Portway Culvert Wi2H [ 20m | 1a | p2" 15mm — within S&C
4 81+715 | Twyford East Culvert 1V:2H | 5.2m 4 gé[n 15mm — within S&C

Portway Culvert is perpendicular to HS2.
Twyford East Culvert is skewed to HS2.

The calculation method used to estimate settlements at culvert transitions follows the same methodology as
described in section 9.5.1 of this GDR.

Table 9-37 presents the predicted settlements at the location of each culvert assuming the maximum
embankment height.

In accordance with the HS2 Technical Standard for Earthworks Ref. [2] the minimum standard length at
transitions is 20m.
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Table 9-37 — Summary of settlement calculations at transitions to the culverts

Location

Portway Culvert

Ch. 80+948 (below
embankment)

<15mm

Twyford East
Culvert

Ch. 81+715 (below
embankment)

<15mm

Calculation profiles 1 4
Chainage (HS2) 80+948 81+687
Ground Model GM1l-a GM4
Rail load (Slab track + rail) (kPa) 30 30
Embankment net height (m) 3.1 5.8
Cover (m) 2.5 3.3
Landscape bunds height (m) 3.3 4.3
Maximum total settlement without rail load (mm) 67 111
Additional settlement due to rail load (mm) 34 29
Maximum immediate settlement without rail load
24 64
(mm)
Maximum consolidation settlement without rail
43 a7
load (mm)
SETTLEMENT HOLD PERIOD (months) 6 6
Consolidation settlement after HP without rail load
14 10
(mm)
Additional settlement due to RAIL LOAD (mm) 21 13
Consolidation settlement after HP without E&R and
) ) 35 23
with rail load (mm)
Anticipation of rail load required during construction No Yes
Hold Period (months) 6 6
Current GROUND LEVEL (mAoD) +84.47 +82.65
Ground Improvement E&R (m bGL) 2 0
Ground Improvement BASE LEVEL (mAoD) +82.4 +82.65
Maximum total settlement without rail load (mm) 44 111
Additional settlement due to rail load (mm) 22 29
Maximum immediate settlement without rail load
22 64
(mm)
Maximum consolidation settlement without rail
22 a7
load (mm)
Additional consolidation settlement due to rail load
11 12
(mm)
Consolidation settlement remaining after HP and
T h . 2 22
mitigation without rail load (mm)
Consolidation settlement remaining after HP and 13 13
mitigation with rail load (mm)
Additional residual settlement due to landscape bund
. 1 1
after landscape hold period
Total consolidation settlement remaining after HP and
e - 14 14
mitigation (incl. Settlement due landscape)
Settlement over 12 months after opening to rail traffic 10 2

(mm)

p_3

protection layer 4
2. The ground improvement is measured from ground level and does not consider the mininﬁm depth of
ground improvement beneath the culverts to ensure adequate foundation (refer to 1'8@9-38).

9.7.3.2 Mitigation Measures
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The following table provides a summary of the main requirements and mitigation measures at the transitions
to Culverts situated in Twyford Embankment.

Table 9-38 — Transitions to culverts — mitigation measures

Structures Foundations Trans.mon Transitions Design
Locations

Anticipation of rail load is required from Ch. HS2 81+450 to

All culverts Box Structure  See above

82+269.
Build embankment fill to Formation Level + 1.5m
Settlement hold period of minimum 2 to 6 months
All soft material below culvert is required to be removed to a
competent bearing stratum, bearing strata of minimum cu= 50 kPa
will need to be verified at founding level.
Settlement mitigation measures beneath the adjacent HS2
embankment shall also apply to culvert location.
Minimum 500mm thick blinding layer shall be installed beneath the
structure.
I&M is required in-ground instruments that will need to be installed
prior to constructing the embankment.
Monitoring is to be carried out following completion of adjacent HS2
embankment to show that settlement is within acceptable limits.
Where trigger levels are exceeded, it may be necessary to prolong
the hold period.
Excavation to include allowance for pumping/dewatering.

NOTES:

1. Monitoring required to verify settlement and pore water pressures predictions during construction and for 2-6 months
after embankment construction or for a period sufficient to demonstrate that the HS2 Technical Standards limit for post-
construction to rail traffic settlement will be met.

2. There will be a minimum 2 months hold period post-construction at each structure.

3. Additional pre-load and/or extended monitoring period may be required if I&M trigger levels are breached, as described
in the Designers Monitoring Plan (DMP) Ref. [56]

For typical details of the technical fill arrangements at transitions to underbridges refer to the Earthworks
Typical Details Ref. [77] and for typical details at transition to culverts refer to Typical HS2 Mainline Earthworks
Transition Embankment to Culvert Ref. [78].

The arrangement drawings for Twyford East Culvert and Portway Culvert, are listed below:

o Twyford East Culvert Earthworks transition Ref. [79]
e Portway Culvert Earthworks transition Ref. [92]

O

Page 95 \/

O

x<Q

The instrumentation and monitoring details are presented in the Designer’s Monitoring Plan, Ref. [56] @Q



High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

A High-Speed Design Partnership Twyford Embankment GDR
MAARCADIS -  COWI 1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04

9.8 Subgrade Performance Design

9.8.1 Static Performance

In addition to the HS2 requirements for long term stability, in accordance with HS2 Technical Standard —
Earthworks Ref. [2], particular mitigation measures may need to be applied to meet the performance
requirements of the subgrade.

Key requirements from HS2 standards are listed in Table 9-39.

Table 9-39 — HS2 Technical Standard Earthworks requirements

Comments / justifications

>15% fines, EV2<60MPa

Existing subgrade classification QS0/Qs1 (EV2=modulus of deformation)
If necessary, excavate and

DS EV2 > 60 MPa at least 2m below  <Piace until ZmbFL with Class

>230Kph formation level 1, 3 or9 materials. Dig may be

stopped if soils Ev2>60 MPa
encountered at higher level
If necessary, excavate and

replace until minimum 1.5mbFL

DS < EV2 > 60 MPa at least 1.5m below with Class 1, 3 or 9 material. Dig
230Kph formation level may be stopped if soils Ev2>60
MPa encountered at higher

level

Foundation treatment.
Note to table 4.2/2

Targeted bearing capacity class of P3 (EV2 2 60MPa)

subgrade platform after foundation _ . -
treatment (EV2=modulus of deformation)

Class 6F8/6F9 high quality
granular fill in accordance with
Definition of Scheme Design -

Earthwork Material Re-Use:

Class 6F
Thickness in accordance with
table 4.2/2 of HS2-ST-
Earthworks

Thickness of prepared subgrade 400mm (minimum)

Subgrade / Platform design

Dig and replace —in accordance
with ASC Rayleigh Wave Risk
Assessment and Mitigation

Rayleigh Wave velocity measured Design, Ref. [80] and the ASC

Dynamic Railway Loading at the Formation of >1.6* Design Rayleigh guidance note for 1D
Speed (DS) tool analysis dated December
2021 including a partial factor of

1.1 applied to the Vr
requirement.

\‘5}

NOTES: @Q

e IMD Chord lines track bed is on ballasted track C)

e Electrified Loop is on slab track S 0
’
9.8.2 Dynamic Performance N
Reference should be made to the Rayleigh Wave Risk Assessment and Mitigation Design I@l Ref. [80].

The detailed design analysis for Rayleigh Waves is presented in the New Ground Eng@@@ Data - Impact
Assessment Report, Ref. [86] incorporating the latest Gl information including CSW teStidg and ASC 1D tool

\s/\b
&
&
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analysis. A summary of the results and the final recommended depth of excavate and replace to meet the
performance requirements are given in the below table.

Table 9-40 — Summary of findings of the Rayleigh wave analysis

1.VS >

. Ground | Embankment | Formation §| 170 m/s

Cli CEmEEe level Height Level bGL
(Depth)

soras, MLOBO-CWASD 81000 8555 0,85 86,4 45 1,75
. MLO80-CP405 81015 85,62 0,78 86,4 4,2 o o078 3

817140 \Mos1-croo1 81045 8613 0,37 86,5 49 23 267
MLOSO-CW438 81150 = 85,6 1,1 86,7 3,3 1 21
MLO81-CR402 81145 854 1,2 86,6 47 0 12
MLO81-CRO08 81165 85,29 1,41 86,7 45 0 141
MLO81-CR440 81175 8597 0,73 86,7 4 0 073

sorso MLOBI-CTOOL 81175 855 1,2 86,7 35 1 22

: MLO81-CPO19 81185 85,35 1,35 86,7 45 18 315 3

814350 \iLos2-cTooe 81190 845 2,3 86,8 3 0 23
MLOSL1-CTO02 81200 84,8 1,9 86,7 34 07 26
MLO81-CRO11 81210 85 1,7 86,7 46 22 39
MLOSL1-CW424 81265 85,14 1,76 86,9 38 08 256
MLO81-CPO09 81335 86,5 0,5 87 45 22 27
MLOSB1-CW425 81400 86,8 0,4 87,2 31 15 19

81+350 MLO81-CP400 81405 86,67 0,43 87,1 4,7 0 043

81+470 MLO8L1-CTO03 81455 85,9 1,4 87,3 3 06 2 °
MLO81-CP436 81470 85,3 2 87,3 2,9 0 2

814470 MLO81-CW427 81590 82,7 4.8 87,5 1,1 0 48 6

814610 MLOB1-CP024 81545 83 45 87,5 3,9 o a5 °x9O

Q
Note : VR 176 m/s = Vs 187 m/s C)@

Points to note:

e Pre-earthwork demonstration areas and control testing will be required to confirm the depth of
excavate and replace at the asset location. Further details are provided in the asset specific\earthwork

specifications Ref. [91]. 6@

The mitigation measures for foundation treatment are confirmed in Section 9.11. O
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9.9 Durability

Analysis of the available chemical testing results has been undertaken as part of detailed design, and a
classification linked to different geological formations has been developed and is presented below.

A summary of the results of the durability tests carried out on the Twyford Embankment is provided in Table
9-41.

The average TPS has been calculated from the Total sulphur test results. The results of Total sulphur test
are presented in Appendix D.

Table 9-41 — Summary of durability tests results

Total Potential Sulphate (%)

Geological strata Design Sulphate Class ACEC Class
(=total sulphur - 3)

ALV SV SV 0.09 DS1 — No risk AC-1
ALV CZ 0.60 DS2 — Low risk AC-2
RTD SV SV 0.48 DS2 — Low risk AC-2
RTD Cz 0.05 DS1 — No risk AC-1
OXCc cz 4.3 AC-4s
KLB CZ 3.99 AC-4s

Concrete Class

In accordance with Part C5 of BRE Special Digest 1 Ref. [72] “a limitation can be applied [to the Design
sulphate Class] if the sulphate class for the total potential sulphate (TPS) is initially found to be Sulphate Class
5, but the sulphate classes for groundwater and the water extracts tests are Sulphate Class 3 or less. In this
case, the Design Sulphate Class for the site location can be limited to DS-4.

The TPS at the asset location is DS5.
The routewide data for water soluble sulphate in the OXC Formation in Calvert Area consistently gives DS3.
In this case it is acceptable to use a design sulfate class of DS4.

The higher DS class of 4 is maintained for all concrete structures at Twyford Embankment due to the
predominance of the OXC Formation and relatively thin superficial deposits.

Soil stabilisation or Modification \@
For suitability of treatment with lime/cement, the following guidance has been adopted for soils: @Q

o TPS <0.25%: Low Risk. OC)

e TPS >=1.0%: Significant Risk. v

4
Available routewide data suggest that the Alluvium deposits (ALV) and River Terrace deposits (RTB) are below
the lower trigger concentration of 0.25% TPS and can be considered suitable for stabilisatipn, albeit the
volumes of these soils are very limited and are not considered for reuse as mainline fills.
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9.10 Assessment of potential Contamination

9.10.1 Potential contamination and remediation requirements

The primary potential sources of contamination identified within the Twyford Embankment area are the
Dismantled Rugby to Quainton Great Central Railway Line (LQ 13.07) which is partially within the western
LOD at ch.ns2 80+100 to ch.ns2 88+00 and the Sewage Works (LQ 13.06) which is partially within the
western LOD at ch.ns2 81+450 to ch.nus2 81+475.

The geo-environmental assessment of the above identified LQ constraint areas within the Twyford
Embankment area address the potential risk to human health, controlled waters, infrastructure, and
ecological receptors. This is reported in the Aylesbury Link and Dismantled Great Central Railway Geo-
Environmental Assessment Report (LMC06-CEK-EV-REP-CS06_CL09-000001).

The contamination assessments within the geo-environmental reports are based on limited available ground
investigation data including soil, leachate, groundwater and surface water chemical test results and ground
gas data. At the time of writing the Geo-Environmental Report, limited Ground Investigation and Geo-
Environmental testing has been undertaken within the Dismantled Rugby to Quainton Great Central Railway
(LQ 13.07) (comprising two exploratory hole locations with chemical data). No potential contaminants of
concern have been identified. No Ground investigation was undertaken within the Sewage Works (LQ
13.06). Therefore, there remains the potential for contamination to be present. Further ground investigation
is ongoing as described in Section 7.6.1.

Metals were identified within groundwater samples outside the LQ areas, indicating that background
groundwater quality could be poor. Soil leachate analysis indicates that metals and inorganics are potentially
leachable from the Made Ground and natural strata at concentrations that would exceed Water Quality
Standards.

Further Gl is ongoing in the fourth phase of Gl including soil, leachate and groundwater sampling and
testing. The geo-environmental report will be updated when the results become available although as
mentioned in Section 7.6.1 ‘it is thought that this [the results] is unlikely to alter the conclusions contained
within the report’.

Remedial actions for contamination and potential contamination identified within the proposed Twyford
Embankment area are set out in the Aylesbury Railway Link, Calvert Landfill and Dismantled Great Central
Railway Remediation Outline Strategy Report (1IMC06-CEK-EV-REP-C002-000029).

9.10.2 Summary of commitments

The proposed remediation strategy and material reuse criteria for the Aylesbury Link/ Calvert area including
the proposed Twyford Underwood Embankment area are captured in the Remediation Outline Strategy
Report (1IMC06-CEK-EV-REP-C002-000029).

The remediation strategy and material reuse criteria are based on discussions with the Environment Agency

(EA) (see meeting minutes Ref.[83]- 1IMC06-CEK-EV-MRC-C002-000008). Regular fortnightly progress 6
meetings have been held to date with Environment Agency/EKFB/HS2. s@
9.10.3 Summary of risk assessment and remedial approach Q)Q
Although no asset specific contamination has been identified in the limited available test data, the 00

contamination risk assessment within the Geo-Environmental Assessment Report (1IMC06-CEK-EV-R
CS06_CL09-000001) has identified potential unacceptable risks associated with soil, controlled wategs and
property pollutant linkages; hence sensitive receptors will need to be protected from risks arising fixom the
proposed development. Mitigation measures are captured in the Remediation Strategy ReportéM 06-CEK-
EV-REP-C002-000029).

Further contamination testing will need to be conducted at the asset location. C)O
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The Remediation Strategy includes a Materials Management (segregation) and Cover Systems (appropriate
placement of materials within the proposed earthworks embankments) remediation approach across the
Site. This will provide a viable and effective solution for managing impacted materials and severing the
identified source-pathway-receptor linkages through the placement of a cover layer of a minimum thickness
of 600mm to protect human health end users.

Excavated materials will need to be segregated and will be suitable for re-use as a part of the proposed
development subject to careful handling, treatment and appropriate confirmatory chemical and geotechnical
testing in accordance with a specification and the CL:AIRE Definition of Waste: Development Industry Code
of Practice (DoWCoP) Materials Management Plan (MMP). Any off-site disposal of material will require
appropriate pre-classification and pre-treatment to minimise the waste volume.

Anthropogenic impacted Made Ground will be segregated and stockpiled separately from the ‘natural’ Made
Ground (i.e. contains little to no anthropogenic material), and natural soil. Made Ground materials will be
moved to an appropriate area for re-use at an appropriate depth within the works based on the chemical
characteristics and the material re-use zone as noted in the Remediation Outline Strategy Report (1IMCO06-
CEK-EV-REP-C002-000029).

All Made Ground material encountered during construction will be tested to identify whether they are
chemically suitable i.e. acceptable which will include geotechnically acceptable material including Class U1A
or U1B and U2. Unacceptable contaminated earthworks materials shall fall into the Classes U1B and U2 as
defined below:

Unacceptable material Class U1B are contaminated materials excavated within the site, whose level of
contamination is above the set re-use criteria noted in the earthworks specification Appendix 6/14 and
Appendix 6/15, and can be managed by appropriate placement of the materials or treated and processed to
meet suitability requirements.

Unacceptable material Class U2 are contaminated materials excavated from within the site which shall not
be used in the permanent works (in terms of chemical use), as they are impacted materials which are
unsuitable for remediation or fail acceptance or re-use criteria following treatment; hence may require offsite
disposal. Class U2 materials are likely to be radioactive waste (as defined in the Radioactive Substances Act
1993), ashestos unsuitable for incorporation within earthworks materials, heavy end hydrocarbons
(compounds >40 carbon atoms) materials unsuitable for remediation or failing to meet the remediation
targets.

Appropriate construction management practices should be adopted during construction works including a
watching brief, measures to intercept run off to prevent contamination of controlled waters, minimise
potential favourable conditions that can cause leaching of contamination, dust suppression measures to
damp down excavated arisings. Precautionary safety measures are required in relation to the potential
ground gas risk to construction workers entering confined spaces. Potentially contaminated perched water
within the Made Ground and contaminated groundwater if encountered during excavation will need to be
collected, tested, and removed/treated prior to discharge or offsite disposal. Unforeseen contamination will
be managed in accordance with the EKFB Construction Environmental Management Plan (CEMP). Further
mitigation measures are provided in the Remediation Outline Strategy Report (1IMC06-CEK-EV-REP-C002-

000029).
) %)

O
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9.11 Summary of Mitigation Measures
9.11.1 Twyford Embankment (HS2 and Electrified Loop)

The recommended earthwork mitigation measures beneath Twyford Embankment are highlighted in green in
the following summary table of mitigations.

Table 9-42 — Mitigation measures beneath Twyford Embankment — HS2 and Electrified Loop

Mainline slope

Type Embankment

1V/2H

Ch. 80+862 to Ch. 81+470 Ch. 81+470 to Ch.

82+269
Chainage Ch.80+862 | Ch.80+920 | Ch.81+000 | Ch.81+140 | Ch.81+320 | Ch.81+440 | Ch. 81+470 gth'r620 to
to Ch. to Ch. to Ch. to Ch. to Ch. to Ch. to Ch. ch
80+920 81+000 81+140 81+320 81+440 81+470 81+620 814-269
Embankment maximum . _ _ 5to 6 m high
height (m) At grade to 1.5m high embankment (Ha,=2m, Hnax=3.1m locally) embankment
_ E&R =1m
E&R =2m bGL - bGL®
Settlement mitigation : Anticipation of surcharge
Hold Period 2 to 6 months © (30kPa)

Hold Period 6 months

Drainage Mitigation None Starter layer
Subgrade Static EYz E&R = 2m bFL -
improvement | Dynamic = -
RW E&R = 3m bFL
Flood protection
- from Ch. 82+180 (on
) Up side) and
Flood protection = frompCh. 8)2+252 on
Down side up to the
Viaduct
Aggressive ground DS4/AC4
mitigations
E&R - Combined 3mbFL | 2mbGL | 3mbFL | 2mbGL | 3mbFL | 2mbGL . 1m bGL ®

mitigations measures @

Instrumentation

Refer to Section 20

NOTES

Subgrade improvement for Rayleigh waves is not required beneath the Chord Lines, however settlement
mitigation is required beneath the entire embankment. In accordance with the HS2 technical standard for
earthworks where the embankment is less than 2m Class 6B or Class 6C starter layer materials shall not be used.

(1)minimum value of cu=50kPa beneath the base of E&R=1.0m bGL will be necessary to ensure long ten
stability. 0

The ground improvement for settlement mitigation and subgrade mitigation will need to be considered in t¥ndem
and will depend on the embankment height. In most cases the settlement mitigation will be the most unfatourable
(measured below ground level). The worst-case mitigation is maintained in the earthwork model.

E&R mitigation bGL is > 2m. In the case of the remaining bGL, it means that the mitigatio ayleigh wave in

@ Applicable mitigation measure within each section. When the final applicable mitigation is b @means that the
that area is less than that given by settlements. This can be evidenced within the reporCf) s section Ref [64].

\s/\b
oV
NS
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e @ Anticipation of surcharge corresponds to the anticipation of rail loading (slab track) and 30 kPa.

e There is an opportunity to reduce E&R in the at grade sections governed by Rayleigh wave mitigation — bFL (i.e.
Ch. 80+862 to Ch. 80+920, Ch. 81+000 to Ch. 81+140 and Ch. 81+320 to Ch. 81+470), through on-site
demonstrations prior to construction to include sufficient dynamic probing and EV2 testing at base of excavation

and full acceptance testing at Formation level.

The following figure, taken from the Gl impact assessment report Ref. [86] shows the result of the mitigation
measures and the ‘at grade’ sections where there is a possible opportunity to reduce the depth of excavate
and replace due to Rayleigh wave risk, as listed above.

”

+78,00

+76,00
——7 Project HS2 ~——GLelevation (mAoD) Base E&R 3m bFL (Rayleigh waves mitigation)  ----Base E&R 2m bGL (Settlements -Soft soil) 7800

+4)

+72,00

+70,00
824260 82+160 824060 814960 81+860 81+760 81+660 814560 81+460 81+360 81+260 81+160 81+060 804960 80+860

Chainage (km)
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9.11.2 Twyford Embankment (IMD Chord 1&2)

The recommended earthwork mitigation measures beneath the chord lines are highlighted in green in the
following summary table of mitigations.

Table 9-43 — Mitigation measures beneath Twyford Embankment — Chord lines

Type Embankment
Mainline slope 1V/2H
Chainage Ch. 80+862 to Ch. 81+470 | Ch. 81+470 to Ch. 82+269
Embanrlfgi]g&t(nr:gxlmum At grade to 1.5m high embankment (Ha,=2m, Hmax=3.1m locally) 5 to 6 m high embankment
E&R =1m
E&R = 2m bGL - bGLO
Settlement mitigation Hold Period 2 to 6 months Anticipation of surcharge
(30kPa)
Hold Period 6 months
Drainage Mitigation None Starter layer
Subgrade Static E\I/2 E&R = 1m bFL -
improvement |  Dynamic )
RW NA
Aggressive ground
mitigations DAL
E&R - Combined 2m bGL - 1m bGL @
mitigations measures
Instrumentation Refer to Section 20
NOTES

e Subgrade improvement for Rayleigh waves is not required beneath the Chord Lines, however settlement
mitigation is required beneath the entire embankment. In accordance with the HS2 technical standard for
earthworks where the embankment is less than 2m Class 6B or Class 6C materials shall not be used.

e (Uminimum value of c,=50kPa beneath the base of E&R=1.0m bGL.

e There is an opportunity in reducing the dig and replace below the IMD lines in the low embankment sections
between Ch. 81+020 to Ch. 81+120 and Ch. 81+340 to Ch. 81+420 under condition that the undrained shear
strength is minimum Cu=50 kPa beneath the base of E&R=1m bFL. 6

oQ’Q
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10 Earthworks (Non-Mainline)

For earthworks associated with other Level 2 assets refer to Twyford Embankment transverse asset
earthwork GDR please refer to Ref [58].
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11 Structures

For Twyford East Culvert and Portway Culvert refer to the transverse asset GDR please refer to Ref [58][58].
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12 Strengthened Earthworks

Not applicable.

Reference should be made to the Twyford Embankment Transverse Asset GDR Ref [58] to understand the
strengthened earthworks associated with the highway’s assets.

The risk of burrowing animals affecting the earthworks of the mainline embankment is considered to be low
due to the type of fills (Class 9) which are not favourable to burrowing animals.

The badger setts near to the HS2 line will be relocated as part of the early works by Fusion (refer to Section
5.9).

The results of lime stabilisation including field trails will need to be incorporated into the Calvert Area E-GDR
and works specifications.
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13 Drainage

The drainage design at Twyford Embankment is shown on the General Arrangement Drawings — Earthwork
and Drainage Layout Sheets Ref [83], [84] and [85].

A starter layer is required at the base of the embankments to prevent the upward migration of groundwater
into the mainline embankment fills Ch. 81+470 to Ch. 82+269.

As mentioned in the notes beneath Table 9-42 where the embankment is less than 2m high, the Class 6B or
Class 6C starter layer materials shall not be used. The lineside drainage will ensure good drainage and the
integrity of the subgrade layers in these [at grade / low embankment] sections between Ch. 80+862 to Ch.
80+920, Ch. 81+000 to Ch. 81+140 and Ch. 81+320 to Ch. 81+470.
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14 Third Party Assessment
14.1 Zone of Influence

The Zone of Influence (Zol) for ground movement due to the impact of HS2 earthworks is presented in the
detailed design Ground Movement Impact Assessment (DD-GMIA) Report — Phase 2 Ref. [90].

The following sections provide a summary of the main findings of the assessment.

14.2 Affected Assets

The results of the assessment of the 3™ party assets located within the Zol of the Twyford Embankment are
indicated in the below tables extracted directly from the DD-GMIA report.

Twenty 39 Party assets (seventeen contestable utility, two non-contestable utilities and one non-listed
building) might be impacted by ground movements generated by the construction of Twyford Embankment
and West Street (highway) Overbridge and required further Phase 2 assessment.

14.3 Phase 2 Assessment - Utilities
14.3.1 Contestable and Non-contestable Assets

The 3 party assets identified within the Phase 2 assessment as being within the Zone of Influence (Zol) are
summarised as set out below.

e The contestable Anglian Water foul sewer CS0O-03-7102 PE pipe runs beneath the railway
embankment and the landscape bund at Ch. 81+550. It passes phase 2 assessment because
settlement in the sandy RTD deposits found in this area remain within tolerable limits (around
50mm). Furthermore, the utility will be installed within a 375mm concrete sleeve for protection. No
further assessment is required.

e (CSO0-03-2203: The non-contestable utility is installed at 9m depth therefore, it is not subjected to
ground movement due earthworks. No further assessment is required.

e (CSO0-03-1404: The existing non-contestable Scottish and Southern Energy (SSE) HV underground
electric cable runs beneath the planned embankment and landscape bund at Ch. 81+300. It is
installed at 4m depth bgl, below the more compressible soil units and protected with a concrete slab.
Predicted settlements are within tolerable limits. No further assessment is required.

All the other utilities have passed phase 2 assessment by screening.

It is assumed that the three private water supply pipes crossing the HS2 route at different locations will be
removed.

No further assessment of the permanent utilities is required within the limits of Twyford Embankment level 1
Group.

Importantly: the temporary high voltage underground electricity cable located at Ch. 81+330 must be placed
deep enough, or removed, by EKFB before the construction of the mainline to avoid any clash with the 2m bgl
excavate and replace.

The only building identified in the vicinity of Twyford Embankment is Twyford Sewage treatment works at Ch.
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14.4 Phase 2 Assessment — Building and Structures

The only building identified in the vicinity of Twyford Embankment is Twyford Sewage treatment works at Ch.
81+500. However, it is located outside of the updated Zol, no further assessment is required.

West Street Overbridge is located at Ch. 81+180, it will be demolished and reconstructed as part of the HS2
works.

No further damage risk assessment is required for buildings and structures located within the limits of
Twyford Embankment Level 1 Group.

14.5 Conclusions and recommendations
Based on the findings of the GMIA Ref. [90] there is no requirement for I&M monitoring.

Nonetheless, engagement is recommended with the asset owners to confirm the acceptability of the GIMA
report to close out the Phase 2 GMIA and finalise mitigation and monitoring proposals on 3" party assets, if
required.

This may include any data on the condition of the asset or surveys required to confirm the condition of the
asset prior to construction.

A building condition survey of the Sewage Works is recommended prior to construction.
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15 Geotechnical Risk Register

The Geotechnical Risk Register GRR [9] presents the grounds risks, the mitigation measures to eliminate or
reduce the risk and the residual risk after Detailed Design. An extract of the GRR at the time of publication of
this DD-GDR update is provided in Appendix F.

The GDR is a live document and will be updated through the Detailed Design by other disciplines, such as
structures.

The following table provides a summary of the ‘level of risk’ indicated in the GRR after consideration of the
proposed earthwork mitigation measures and proposes the method for the onward management of ground
risks still carrying uncertainty.

The risks still carrying uncertainty and the proposed method of onward management of ground risks are
marked with a tick [v'] in Table 15-44. The communication of residual ground risks is developed further in the
following sections of this DD-GDR:

e Section 16 — GI Impact Assessment: this section will outline uncertainty in ground conditions that
require additional review of outstanding Gl at the design stage, which may lead to a subsequent update
to this GDR

e Section 17 — Risk Management During Construction: this section will inform EKFB on any uncertainty
in the ground model requiring construction stage management such as site inspection by a qualified
geotechnical engineer or pre-earthwork trial trenches

e Section 18 — CDM Register: this register will inform on the HSE risks that will be transferred to EKFB
or HS2

e Section 20 — Earthworks verification and Monitoring Plan: this section will inform EKFB of the Site
testing and verification and/or monitoring plans required to control and manage the uncertainty related
to design assumptions and requirements in order to comply to the Technical Standard requirements
Ref [2] and the SCEW Earthworks 600 series requirements

e Section 21— Specification Appendices: this section will inform the earthwork engineers responsible for
the development of the earthwork specification appendices on the asset specific specification
requirements to ensure linkage between geotechnical earthwork reports.

O
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RISK TITLE

Actual
Hazard
present

Soft/
Compressible
Ground v
(Rayleigh
waves)

Soft /
Compressible v
Ground

High/shallow
groundwater

Flood Risk v

LEVEL OF RISK
MITIGATION

Reduced to Acceptable
Level

v E&R 3m bFL (locally)

v Anticipation of rail load
(locally)

v/ max 15mm post
construction settlement
limit

v Calculations performed
with cautious parameters

v Soils with cu < 50 kPa
will be removed

v 3m bFL in at grad
sections

v 2m bGL in
embankment sections
between Ch. 80+862 and
Ch. 81+470

v No E&R Ch. 81+470 to
Ch. 81+620 due to sandy
soils

v 1m bGL in
embankment sections
between Ch. 81+470 and
Ch. 82+269

v Use of starter layer at
base of embankment
(300mm thick)

v Flood protection on
the embankment slope
on the approach to
Twyford Viaduct :

- Up side Ch. 82+180 to
Viaduct

Table 15-44 — Geotechnical risk management for the Twyford Embankment

UNCERTAINTY (residual ground

risk)

Uncertainty  in
ground model

X good
understanding of
depth of alluvial

soils

v Alluvial Soils
might be more
sandy or more
clayey than
expected

v HS2 protected
by existing
disused railway
embankment

v HS2 protected
by landscape

Uncertainty in
earthwork
performance

v Potential
opportunity to
reduce the
depth of E&R in
at grade
sections

Impact
Assessment on
outstanding Gl,
field trialsl or DD

study

v Review Stage 2
Gl (CSW tests)

[completed]

v Impact
assessment on
outstanding Gl

[completed]

v Review
additional
groundwater
monitoring

[completed]

v Review DD-FLAR
when available

v Review flood
velocity of
Padbury Main
Channel when
available

ONWARD MANAGEMENT OF GROUND RISK

Asset
specification
requirements

v Demonstration areas at
cut/fill transition with
Calvert cutting

v Control testing in line
with Table 1/5 of the
earthwork specification

v Hold period of up to 6
months and strength
testing at foundation

level. Min 50 KPa
undrained shear strength
prior to placing fill
materials.

v Site inspection at base
of foundation by
competent geotechnical
engineer to check
presence of sandy soils
from Ch. . 81+470 to Ch.
81+620

v Starter layer

v Class 6C2 materials in
flood zone

specific

Construction
management

v Provision for geotextile
separator at the base of
excavation

v Hold period : Control
(undrained shear strength)
testing after topsoil/subsoil

strip

v Provision for geotextile
separator at the base of
excavation

v Temporary drainage of
sub-excavations

v Provision for dewatering

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
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CDM

Verification Testing and I1&M

v Verification testing

v 1&M with hold period of up
to 6 months

v 1&M with hold period of up
to 6 months

VVerification testing at
foundation level

register
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RISK TITLE

Actual
Hazard
present

LEVEL OF RISK
MITIGATION

Reduced to Acceptable
Level

- Down side Ch. 82+252
to Viaduct

UNCERTAINTY (residual ground
risk)

Uncertainty in
earthwork
performance

Uncertainty  in
ground model

bund on Down
side

Impact
Assessment on
outstanding Gl,

field trialsl or DD
study

Request
additional
Gl

ONWARD MANAGEMENT OF GROUND RISK

Asset
specification
COEINERS

specific

Construction
management
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CDM
register

Potential
Relic Slip X
surfaces
Periglacial X
shear
Shrink-swell v
Faulting X
Chemical
aggressive v
ground
Contaminated v
Ground
Existing
utilities v

v relatively elevated from
Ch. 80+862 to Ch.
81+220 where elevated
risk

v reduced cohesion in
calculations

v Avoided by HS2
mitigation measures for
subgrade improvement

v reduced calculation
parameters

v Special BRE design for
structures

v 3 UTXin Zol and
several temporary
crossings incl. HV electric
cable in zone of E&R to
2m bGL

v Inherent risk in

OXC Formation X
X X
X X
v X
X X
X X
X X

v Review
outstanding Gl to
check for Relic
shear surfaces
[completed]

v Review
outstanding Gl to
check for soft
ground in area of
faulted ground

[completed]

v (sulfate testing)

[completed]

Vv'Review
outstanding Gl to
check for
contaminated
ground
[completed]

v Update GMIA
study at a later
stage in DD with
DRA (materials,
settlement analysis
etc)

[completed]

v Site inspection of sub-
excavations and cut
slopes — bespoke
mitigation on site based
on typical details

Vv DS-4 / AC-4 concrete
Class

v Temporary works
designer to check
temporary utilities do not
clash with ground
improvement

v Hold period and site

inspection of sub-excavations

v Hold period: Control
(undrained shear strength)
testing after topsoil/subsoil

strip

v Contamination testing of
Made Ground

v Temporary works designer

v Verification testing to verify

minimum undrained shear
strength of 50 kPa

v 18M planned to follow
settlements

v Contamination testing of
Made Ground
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LEVEL OF RISK UNCERTAINTY (residual ground

MITIGATION risk) ONWARD MANAGEMENT OF GROUND RISK

RISK TITLE

Impact

Actual .| Uncertainty in | Assessmenton | Request Asset specific

Construction CDM

Reduced to Acceptable | Uncertainty in Verification Testing and 1&M .
management register

PR ground model

present

earthwork outstanding GI, | additional | specification
performance field trialsl or DD | Gl COEINERS
study

v Update GMIA
study at a later Vv Building

Ex!st!ng Y v X X stage in DD with condition X X X v
building DRA survey
[completed]
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16 Gl Impact Assessment
16.1 Gl review at Detailed Design

All GI data for the geotechnical earthworks design has been received and assessed in the New Engineering
Data — Impact Assessment Report for Twyford Embankment Ref. [86] with the exception of 11 remaining
exploratory holes for contamination testing as detailed in Section 7.6.1. The outstanding contamination
testing will be added to the geo-environmental report Ref.[87]

The findings of the assessment have been incorporated into this DD-GDR.

16.2 Field trials
The results of the Calvert Rail Head Rayleigh Wave field trial will be incorporated in the design post L3.

As noted in Section 6.6.2, the ground improvement in Twyford Embankment is predominantly governed by
settlement design with the exception of relatively small sections of low embankment and at grade ground at
the southern end of the asset. Pre-earthwork demonstration areas and control testing will be required to
confirm the depth of excavate and replace at the asset location or realise the potential opportunity to reduce
the depth of E&R. (refer to Section 9.8.2 for more details).

The cumulated length of the at grade sections where the depth of E&R could be potentially be reduced is
approximately 320 m long in three separate sections, as mentioned in the notes below Table 9-42.
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17 Risk Management during construction
17.1 Groundwater risk management

There is a risk of groundwater at shallow depth in ALV and in OXCw Formations that will require temporary
drainage and might require dewatering techniques in sub-excavations.

Site inspection of cut slopes is recommended to check for persistent seepages and sandy layers that could
cause instability of erosion in the long term.

A provision for counterfort drains is recommended but the risk is nonetheless considered to be low due to the
slope gradient of cut slopes and shallow depth of cuttings within Twyford Embankment.

17.2 Soft Compressible Ground

There is a risk of softer ground and longer consolidation settlements in the superficial deposits (ALV).

This risk of soft ground will be managed through site inspection at the base of excavation, after topsoil strip
and ground improvement, and verification testing to ensure undrained shear strength is >50 kPa before
backfilling.

A risk provision for additional ground improvement due to uncertainty in the depth of soft ground is
recommended as part of the management strategy during construction works.

The settlement hold periods will be followed with 1&M during the settlement hold periods, refer to Section 20.2.
There may be a need to place geotextile separator before laying backfill to ground improvement.

Geotextiles shall be laid prior to placing the starter layer between Ch. 81+470 and Ch. 82+269.
17.3 Relic Slip surfaces

There is an moderated risk of relic slip surfaces between Perry Hill Road Alignment and West Street
realignment where the slope of the natural ground is >5° from Ch. 80+862 to Ch. 81+220.

This risk shall be managed with a site inspection of sub-excavations for ground improvement E&R 2m bgl.

17.4 Faulting

A risk of soft spots due to the presence of geological faults nearby the Ch. 81+920 and Ch.82+050 will be
managed by site inspection of the base of the excavation (after topsoil strip and ground improvement) prior to
backfilling and verification testing to ensure a minimum undrained shear strength of 50 kPa.

17.5 Contaminated ground

Further contamination testing will be required during site works to ensure the classification and correct
placement of Made Ground associated with the Dismantled Rugby to Quainton Great Central Railway Line
(LQ 13.07) which is partially within the western LOD at ch.ns2 80+100 to ch.ns2 88+00 and the Sewage Works
(LQ 13.06) which is partially within the western LOD at ch.ns2 81+450 to ch.ns2 81+475.
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18 CDM Register

In accordance with the requirements of Lead Designer under the CDM Regulations 2015, a Designers Risk
Assessment has been undertaken in connection with the geotechnical design of the earthworks.

Reference should be made to the CDM Risk Register Ref. [14] for details of the general and asset specific
risks associated with this earthwork design.

On the basis of the risk assessment presented in this GDR, the following risks will need to be added to the
CDM register and transferred to EKFB:

Working in areas of soft ground (including area of suspected fault)
Working in areas of wet ground or high groundwater
Flood risk

Risk of slope instability in areas of potential relic slips (zone of elevated risk in the West Street
Overbridge area — refer to Section 17.3)

Potentially contaminated ground (environmental and health risks)

Buried utilities (UTX) including a temporary high voltage underground electricity cable located at Ch.
81+330 that is located within the area of ground improvement (refer to Section 14.3).

More general CDM risks include :

Health disorders due to lime stabilisation activities
Demolition of buildings and bridges leading to collapse of earthworks and injury of demolition workers.

Risk of slips, trips and falls from activities undertaken to carry out grass maintenance such as grass
strimming, herbicide spot treatment of invasive weeds or treatment to remove establishing woody
vegetation on slopes of 1v to 2h or steeper
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19 Material reuse

The earthwork quantities and detailed breakdown for Twyford Embankment will be presented in the E-GDR
and the SEQS

The excavated material from ground improvement is likely to be Class 2A (wet cohesive) or Class 4 : clayey
Alluvial and River Terrace deposits and minor volumes of weathered oxford clay.

In accordance with the EKFB mass haul, the excavated materials will be used as landscape fills (Class 2.A.4
or Class 4) and compacted in line with Table 6/1 of the SCEW specification Appendix.
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20 Earthworks Verification and Monitoring Plan

20.1 Site Testing and Verification Plan

Detalls of Site testing and verification proposals are developed in the earthworks specification Table 1/5.

20.2 Instrumentation and Monitoring

Based on the assessment of geotechnical risks that can cause ground movement, 1&M will need to be
located in areas of soft ground in the sensitive areas associated with transitions to structures (Twyford
Viaduct and the two culverts), S&C units and/or embankment high points to ensure that the 15mm max. post
construction settlement is obtained within the recommended hold period, so as not to disrupt the construction
programme.

The 1&M design including trigger levels and actions plans is given in the DMP Ref. [88]..

Page 118 \/



A High-Speed Design Partnership
MARCADIS G-« COWI

21 Specification Appendices

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04

The specification appendices determine the contract specific requirements to the main HS2 SCEW Series

600 Earthworks Ref [20].

The asset specific specification requirements that have been identified in this DD-GDR and will need to be
implemented during construction are briefly developed in the below table.

Series 600 Specification Appendix 6/1

Appendix 6/1 Requirements for Acceptability and Testing
etc. of Earthworks Materials

Asset specific requirements

‘standard’ fill materials; No specific requirements.

‘standard’ grading requirements. No specific
requirements.

Unacceptable material classification required for the
Made Ground and “material re-use zoning” of Class
U1B.

Compliance testing at foundation level including base
of culvert (Min. Cu = 50 kPa)

Adequate testing to verify lime modification
No Class 3

Ground water management may be required near to
Twyford East Culvert and Portway Culvert to maintain
stability of sub-excavations — observational approach

Control of surface waters
CBM required at Portway Culvert

Demonstration areas to release opportunity for
reduction of E&R in at grade sections

Appendix 6/2 Requirements for Dealing with Class U1B
and Class U2 Unacceptable Materials

Add areas of Made Ground to drawings (reference
geo-environmental reports)

Potential for perched water in Made Ground

Appendix 6/3 Requirements for Excavation, Deposition,
Compaction (other than Dynamic Compaction)

Landscape bund built at same time as mainline
embankment

Zoning as per standard earthwork details (provide list
of drawings)

Maintain temporary slopes at less than 1v/1h.

near to water courses.

Adequate temp. dewatering measures, especiallyc)®

Sequential backfilling of sub-excavations m e
required in areas of wet ground ,

Ensure adequate distance from toe of ez!?ﬂ&works for
any temp. drainage (min. offset 2m @

Weather protection and cross-faghiidg/'of construction
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Elevated risk of relic slips from Ch. 80+862 to Ch.
81+220 (site inspection of sub-excavations)

General watching brief for relic slips during ground
improvement works

Hold point for inspection of foundation surface and
compliance testing

Soft ground removal near watercourses to be verified
by verification and control testing

Compliance testing for Rayleigh waves at cutffill
transitions

Specifiy ‘Hold periods’ for settlements
Specify extent of starter layer.
Class 6N or 6P below water table

Note, DD FLAR ongoing

Appendix 6/4 Requirements for Class 3 Material

No Class 3

Appendix 6/5 Geotextiles Used to Separate Earthworks
Materials

In starter layer as per SEDs

Potentially required at base of sub-excavations for
ground improvement

Appendix 6/6 Fill to Structures and Fill Above Structural
Foundations

Refer to Culvert drawing

Hold point for inspection of foundation surfaces for
soft spots and compliance testing

Class 6N or 6P below water table. Potentially Class
1A above water table

Appendix 6/7 Sub Formation and Capping and
Preparation and Surface Treatment of Formation

HSR ‘standard’ requirements for demonstration areas

Confirm extent of clayey (ALV) soils / Sandy (RTD)
soils (foundation treatment)

Risk of subgrade softening in clayey soils (general
risk)

Appendix 6/8 Topsoiling

No specific requirements%

Appendix 6/9 Earthworks Environmental Bunds,
Landscape Areas, Strengthened Embankments

In area of flooding 6

x<Q

Appendix 6/10 Ground Anchorages, crib walling and
gabions

Not applicable @Q

Appendix 6/11 Swallow Holes and other Naturally
Occurring Cavities and Disused Mine Workings

O
Nl
Not applicable

Y4

Appendix 6/12 Instrumentation and Monitoring

N
N
Refer to asset specific drawings in DI@

Specify minimum settlement hol ds
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Excavate and replace for settlement mitigation and
subgrade performance

Inspection of base of foundations and removal of soft
spots (cu<50 kPa)

Elevated risk of relic slips from Ch. 80+862 to Ch.
81+220 (site inspection of excavations and trial
trenches)

Inspection of base of foundations and removal of soft
spots

Class 6N or 6P below water table. Potentially Class
1A above water table.

Stabilised soils not recommended as backfill due to
high sulfate in natural ground

Appendix 6/14 Limiting Values for Pollution of Controlled
Waters

Made Ground identified locally

Appendix 6/15 Limiting Values for Harm to Human Health
and the Environment

Made Ground identified locally
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Appendix A Environmental (Ecology-Archaeological and Cultural
Heritage)

Number of Pages: 2
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Fusion - Ecology

1.1 Major Constraint. Further action required
prior 1o works commencing (e.g. protected
species licence spplicavon or S551 sssen: from
Natral Englend), Seasonal restrictions likely 1o

apply.

@ White Clawed Crayfish Confirmed Presence
(1.1}

& Omer Confirmed Fresence (1.1)

¢ Bats Building Roosts Confirmed Presence
(1.1)
{

@ Bars Tres Roosts Confirmad Presence (1.1)

® Amphibians Fond Survey GCN Confirmad
Pragenca (1.1)

o Bat Radie Tracking Roost Search Confirmed
Presence (1.1)

Domouse Confirmed Fresence [1.1)
1.2 Moderate Constraint. Further action
potentally required prof to works Commencing
(e.g. species ranslocation or INNS reatment,

but Natural England licence uniikely to be
regurad). Seasonal resirictions |ikely to epply.

+ Reptiles Fopulation Assessment Confirmed
Prasence (1.2)

* Barn Owl Confirmed Presence (1.2)
W Bsdger Sert Confirmed Presence (1.2)
W Kngfisher Confumed Prasence (1.2)

Water Vole Confirmed Presence (1.2)

4 Az Buik Mitigeton Ses (1.2)

1.3 Minor Constraint Constraint likely to be
present but simply dsalt with through a
wanching brief and/or seasonal vegetation
remaoval {8.g. presance of suitable nesting bird
habitat). Works likely to require an Unaxpectad
Finds Mathod Ststemant.

® ponc Survey Confirmed Pressnce (1.3)
Bat Activity Assumed Commute Route (1.3}

= |mponant Hedgerow Confirmed Presence
& 3]
L

Ecology
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082+400
082+300
082+200
082+100
082+000
081+900
081+800

081+700

081+600
081+500
081+400
» 081+300
081+200
081+100

081+000

080+300 ﬂ

080+700
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Archaeological and Cultural Heritage
Twyford Embankment —Ch.80+862 — Ch.82+289

ﬁ———.ﬂ} N 12: 94 U
e j N

082+300

082+200
082+100

082+000
Burig! Site

X

Listed Buildings

081+500
081+800

A Grade | Listed Property 8 - — - 081+700

& Grade || Listed Property 081+600

A Grade |I* Listed Properny
12800
S;heduﬂed Ancient Monument

‘:J ; 4 , 3 ,‘ . 081+400

Heritage Mitigaton Hot Spot Sites ' oy : "Tlﬁj — U814,300

Registered Bettlefield ay
L :
& 081+100

Registered Parks & Gardens

’,:l pt_ §.2 081+000
L A o . ! ™~ - R Lo =

080+900

681+200

080+800 ’p

080+700

080+600 | ¥
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Appendix B Gl Location Plan

Number of Pages: 3
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Twyford Embankment

Ch. 80+862 to Ch. 81+500

ML081 -TP429

—

M08 028

ML.081 -WS004

| MLO81-WS019

N\

Legend
E'_: Cable percussion borehole with rotary
= open hole follow on (CO)
@_ Cable percussion borehole (CP)
li Cable percussion borehole with rotary
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Appendix D Geotechnical Parameters Justification

Calculation output — Mainline Earthworks
Number of Pages: 124

Geological descriptions and geotechnical parameters used in earthworks design have been derived from
several sources including published data, previous HS2 reports such as the Geotechnical Desk Study report
[9]and the available Gl data.

The asset specific Gl data has been compared to the section wide Gl data presented in the GIR [7] to ensure
cautious design values in line with EC7 guidance.

In case of lack of field data, the geotechnical parameters were estimated using correlations and/or typical
design values for the geological formation based on UK experience.

For slope stability design the values of ¢’ and @’ were cautiously chosen based on UK experience in order to
reduce the risk of progressive failure to an acceptable level over the 120 years design life.
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General design methodology

Effective stress parameters

The selection of effective stress parameters has considered the following guidance by Nowak and Gilbert in
the selection of drained parameters:

Gravel/silt bands

Gravel/silt bands are observed within the clay layers in the borehole logs with spacings ranging from 3m to
5m. It is considered that these thin bands will accelerate the consolidation process and the drainage height
has been reduced in settlement calculations accordingly.

Given that the asset specific results coming from both laboratory and in-situ tests are considered insufficient
in the asset, the Gl data available within entire section named Calvert Area is taken is considered in the
selection of characteristic design values.

The design has considered the following guidance by Nowak and Gilbert in the selection of drained
parameters:

o Intact clays will use max. c’=5kPa
o Fissured clays will use max ¢’=2kPa

In those cases that asset specific results coming from both lab and in-situ tests are considered insufficient,
the Gl data available within entire section named Calvert Area is considered as routewide data.

Correlations used in design:

e Plusedtofind ¢’ (Ladd et al. 1977) Ref. [60]in glacial tills deposits but frequently used in UK
to determine lower bound fully softened angle of friction in overconsolidated clays in absence
of triaxial laboratory tests.

° =2—; (for over-consolidated clays); where cu=undrained shear strength, and qc= cone
resistance obtained from CPT

e F=K N where K=0.6-0.9 for over-consolidated unweathered clayey soils; K=0.6 for slightly

over-consolidated weathered clayey soils; k=1-2 for normally consolidated sands (CIRIA
R143) Ref.[61]

e Plis used to find Eves=1/mv=£- N (Tomlinson and Woodward, 2008)

e When no lab results for Total Potential Sulphate TPS (%) are available, the following
relationship with Total Sulphur TS (%) is considered: TPS (%)= TS(%) - 3

Guidance and correlations/derivations used to justify the geotechnical parameters are based on the HS2 -
1MCO06 - Stage One C2 - MWCC —North Portal of Chiltern Tunnels to Brackley Ground Engineering

Technical Note — Guidance on the Assessment of Settlement. Document No 1IMC06-CEK-GT-NOT-C002- 0

000023. Ref. [73] 0
. . . 4
Deformation Modulus relationships: r\
o v'=Poisson’s ratio=0.2 is assumed @
’r_ 1+vr
o E=E, 14+vy

Where: E’=Young Modulus; Euw=Undrained Young @@JS; v'=Poisson’s
ratio=0.2 and vv=Undrained Poisson’s ratio=0.5.
S

Page 136 \/
q/
\2\

@6



/f.i’ High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
A North Portal of Chiltern Tunnels to Brackley

A High-Speed Design Partnership Twyford Embankment GDR
MAARCADIS -~  (COWI 1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04

o E' =E,yu W Where: E’=Young Modulus (see below); Eces=Oedometer Modulus; and
v'=Poisson’s ratio=0.2

e The E’ derived from oedometer tests was found to be lower than the drained triaxial E’ by a factor of
about 2 for the over-consolidated clays. Therefore, the Eced, from oedometer lab tests have been
readjusted by the same factor.

e Compression and swelling indexes (cc and cs) from oedometer tests are not used for settlements
calculations which have been estimated using the methodology presented in Section 9.5.1 of this
GDR.

e Coefficient of consolidation is defined as c,,=m"y where: cv=coefficient of consolidation (m?/s);

k=hydraulic conductivity (m/s), mv=coefficient of volume change (m?/kN) yw=unit weight of pore
fluid/water (KN/m3)

o Asthe kis proportionally related ¢y and it is assumed that cv insitu= 10-Cv _Iab, it is also assumed
that k_insitu: 10'k_lab

o Due to the lack of data, it is assumed that cr= Cv_insitu
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Plots references:

The following table presents the different geotechnical plots created for each geological formation.

Alluvium Deposits —
(ALV-S V SV)

Alluvium Deposits —
(ALV-C 2)

River Terrace Deposits-
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Oxford Clay Formation
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Quaternary Alluvium (ALV SV SV)

The below table provides brief commentary on:

o the type and quantity of tests to prove the geotechnical design values,

e general trends of geotechnical values with depth,

o the plots used to determine the design values of each geotechnical parameter.

Rev.C04

Reference should be made to the plots for the justification of the characteristic design values adopted in the
geotechnical models and calculations (refer to Section 8.2).

Table D- 1. Commentary and justification of characteristic design values in ALV SV SV.

Parameter Symbol Commentary / Justification Plots
e only results from asset specific lab tests are plotted.
. e based on the test results and on the borehole logs, ALV SV
Fines content #0.063 SV is described as locally soft and firm slightly clayey fine to Al
coarse sand.
Plasticity index Pl o tF:e mean routewide value has been used as representative A2, A3
e only results from asset specific lab tests are considered.
Liquid limit LL e arange of values around the mean value has been used in | A2
the design.
Total Sulphur contents TS e the mean value is used to obtain the Total Potential Sulfate | A4
contents TPS (%) to assess its re-use.
e only routewide lab tests are available.
Bulk density Y e the mean value is considered, which is consistent with the | A5
routewide average value
e only five test results are available within this asset.
Blow N number from e arepresentative value is considered above 4m depth based
SPT, corrected to 60% Neo in both routewide and asset specific data. A6
test energy e the asset specific results indicate medium dense
consistency
ggr_}e resistance from Qe e no CPT are available within this asset N/A
e  SPT tests results are used to find the representative values | A6
Undrained shear strength | c o five triaxial t.es_t results are ayallable within this asset. _ 6
e a characteristic value is defined based on both routewide A8
and asset specific data, which is towards the medium values \Q
obtained from SPT. Q
e No triaxial Cu+u and triaxial CD tests are available in this @
asset. ()C)
c e a characteristic value is defined based on the on cohesive RV
material due to the presence of SAND, a cautious long term
Drained shear strenath drained value of ¢’=0 kPa has been used in design. A ’
9 e No CD triaxial available in this asset. !
e The correlation with Pl for normally consolidat VS
¢ (Ladd et al. 1977) Ref. [60] (see Figure D-11) wa din

the design, this value is cautious than the tecltc@tandard
value. )

\s/\b
&
&
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Parameter Commentary / Justification
e No lab tests are available within the specific asset; and only
(1) result comes from the in-situ testing.
e Due to the absence of data within this layer (low presence
within the asset), the reference plot corresponds to both clay
Coefficient of and sand facies.
Permeability and e As cautious action, lab test results are not multiplied by any
.. K, cv A10
coefficient of factor.
consolidation e The design value for k is close to the minimum obtained
value.
e This value is used to define the design value for the
coefficient of consolidation cv, which leave us to the safety
side.
e SPT and Oedometer tests results are used to find the AG
representative values
e FE’ is correlated by N coming from SPT (CIRIA R143) AL2
Ref.[61] E'/N=2 for normally consolidated sands.
Young/Effective E e Relationship between E’ and the oedometer modulus Eoed
Deformation Modulus is used
e The design value is very caution, as being the minimum A8, A12
obtained, from the oedometer relationship. This value is ’
coherent with the minimum values obtained from SPT
correlations.
e SPT results are used to find the representative values A6
e Plis used to obtain relationship between Eoed=1/mv and N
. Al2
Oedometer Deformation comlr?g from SPT
Modulus Eoed e Relationship between the Oedometer Modulus Eoed and E’
coming from N of SPT (CIRIA R143) Ref.[61]
e The design value is cautious value coming from the average | A8, A13
of results coming from oedometer relationship. This value is
coherent with the values obtained from SPT correlations.

1. Vadose zone parameters

The HS2 material requirements for vadose zones have also been used on the NWR asset. These include the
application of @cv, (instead of @peak) i.€., constant volume or critical state angle of shearing resistance, and a
drained cohesion value ¢’ = 1 kPa, to consider the risk of the long-term degradation of materials at the
surface of the slope. The table below give a summary of Vadose Zone parameters adopted for ALV
Formation:

Table D-46: Vadose Zone parameters in Alluvium deposits on OXD and MCJ4 Lines 6
Calvert IMD ALV Vadose
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Figure D-1. Particles size distribution within the Alluvium deposits (ALV SV SV) — Twyford Embankment

Q"@é
C)Q)

Page 142



asch»

A High-Speed Design Partnership
MAARCADIS -  COWI

Atterberg limits (A2, A3)
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Figure D-2. Plasticity Index vs. Liquid Limit within the Alluvium deposits (ALV SV SV) — Twyford Embank
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Figure D-3. Plasticity Index vs. depth within the Alluvium deposits (ALV SV SV) — mbankment and
Routewide
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Sulphur content (A4)
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Figure D-4. Total sulphur TS (%) within the Alluvium deposits (ALV SV SV) — Twyford Embankh{nt
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Figure D-5. Bulk density obtained from different lab tests within the Alluvium deposits (ALV SV) —

Twyford Embankment and Routewide

Page 146 \/



A High-Speed Design Partnership
MAARCADIS -  COWI

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04

Standard Penetration Test desistance Nspr (A6)

Figure D-6. SPT results within the Alluvium deposits (ALV SV SV) —Twyford Embankment
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Figure D-7.Correlation Cu with Nspt values Consistency and field descriptions (source: EPRI, 1990)

Page 148 \/

Rev.C04



High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

A High-Speed Design Partnership Twyford Embankment GDR
MAARCADIS -  COWI 1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04

Undrained shear strength Cu (A8)
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Figure D-8. Correlations Cu with Nspr compared with values in EPRI, (1990)
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Figure D-9. Correlation between SPT N value and undrained shear strength cu,
based on the Plasticity index Pl Ladd et al. 1977 Ref. [60] (CIRIA R143) Ref [61]
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Figure D-10. Undrained shear strength obtained from different lab and in situ tests within the @
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Figure D-11. Characteristic constant volume angle of shearing resistance ¢’cv derivation (BS 8004:2015)
Ref. [64] from routewide mean Plasticity Index within the Alluvium deposits
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Figure D-12. Shear stress vs. Normal Stress in Alluvium deposits (ALV SV SV) —Routewide

Page 152



High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

A High-Speed Design Partnership Twyford Embankment GDR
MAARCADIS -  COWI 1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04

Coefficient of consolidation cy

Derivation from k obtained from lab consolidation tests and in situ permeability tests

k

my - Yw

Where:

cv=coefficient of consolidation (m?/s)
k=hydraulic conductivity (m/s),
mv=coefficient of volume change (m?/kN)

sw=unit weight of pore fluid/water (kN/m?2)

Cv_insitu= 10-Cy_lab >> k_insitu: lO'k_Iab

Cr= Cv_insitu
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Figure D-13. Permeability vs depth within the Alluvium deposits (ALV)
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Young Modulus E’

Correlation with N obtained from SPT
E’=K-N

Where K=0.6-0.9 for over-consolidated unweathered clayey soils; and
K=0.6 for slightly over-consolidated weathered clayey soils (CIRIA R143)
Ref.[61]

Correlation Ey - cu
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Figure D-14. Relationship between Eu/cu ratio for clays with plasticity
index and degree of over-consolidation (after Jamiolkowski et al. 1979)

Relationship between E’ - Eu

E’=Eﬂ C)

“14+v,

Where: E’=Young Modulus; Ev=Undrained Young Modulus; v=Poisson’s P E
ratio=0.2 and w=Undrained Poisson’s ratio=0.5. '\
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Young Modulus E’ (A11)
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Figure D-15. E’ obtained from different lab tests within the Alluvium deposits (ALV SV S@
Twyford Embankment
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Oedometer Modulus Eoeq (or Coefficient of volume change my=1/Eqeq)

Correlation with N from SPT

Eoed=1/mv=f2-N (Tomlinson and Woodward, 2008)

0 10 20 30 40 50 80 70 80
Pl (%)
Figure D-16. coefficient f2 to correlate mv=1/Eoed from N SPT and PI within the
Alluvium deposits — Routewide
Correlation of E’ coming from N of SPT

E’ _ (1=2-vr)-(1+vr)

— Foed 1—vr

Where: E’=Young Modulus (see below); Ec.es=Oedometer Modulus; and
v'=Poisson’s ratio=0.2

E=K-N

Where K=0.6-0.9 for over-consolidated unweathered clayey soils; and K=0.6 for
slightly over-consolidated weathered clayey soils
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Oedometer modulus Eoed (A12)
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Figure D-17. Eced Obtained from different lab tests within the Alluvium deposits , E
(ALV SV SV) —Twyford Embankment '\
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Quaternary Alluvium (ALV- CZ)

The below table provides brief commentary on:

o the type and quantity of tests to prove the geotechnical design values,

e general trends of geotechnical values with depth,

o the plots used to determine the design values of each geotechnical parameter.

Rev.C04

Reference should be made to the plots for the justification of the characteristic design values adopted in the
geotechnical models and calculations (refer to Section 8.2).

Table D- 2. Commentary and justification of characteristic design values in ALV

Parameter Symbol Commentary / Justification Plots
e only results from asset specific lab tests are plotted.
. e based on the test results and on the borehole logs, ALV is
Fines content #0.063 described as locally soft and firm slightly gravelly silty | o
clays
o fifty height lab tests are available.
Plasticity index PI e arange of values around the mean value has been used in | B2, B3
the design
o fifty height lab tests are available
Liquid limit LL e arange of values around the mean value has been used in | B2
the design
e six lab tests are available
Total Sulphur contents TS e the mean value is used to obtain the Total Potential Sulfate | B4
contents TPS (%) to assess its re-use
Bulk density v o thirty-fiv_e (35) tes_t result_s are available from the routewide B5
e the design value is considered around the mean value
Blow N number from e thirty-one (31) te_st resu_lts are availaple within this asset
SPT. corrected to 60% No e the mean valug_ls con5|dt_ere(_j as de_'slgn value _ B6
test énergy ° th_e asset _specmc results indicate stiff (from medium to very
stiff) consistency
ch))r_}e resistance from Qe e no CPT are available within this asset N/A
e SPT mean value are used to find the representative value B6
e seven (7) UU triaxial test results are available within this
asset
Undrained shear strength | cu e both specific and routewide values derived from N of SPT
are also represented on the reference plot. B8 6
e acautious trending line with depth has been defined. @
e A design value of 49kPa is considered and consistent with \
the above-mentioned trending line. %Q
e  One effective stress triaxial test is available within this asset. C)
e No Shear box tests are available in this asset. 0
e In view of the absence of specific data, routewide data is ?“
also considered. ,
Drained shear strength o e Based on all the available data, a failure line on the safd!gk B9

side has been fitted.
A long-term drained value of ¢’=2 kPa has been
which is consistent with the best-fit line and with
Gilbert's analysis (refer to General Meth
beginning of the Appendix D).

and
at the

\s/\b
&
&
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Parameter Commentary / Justification

e One effective stress triaxial test is available within this asset.

¢ No Shear box tests are available in this asset.

e In view of the absence of specific data, routewide data is
also considered.

e Based on all the available data, a failure line on the safety
side has been fitted.

e Considering this best-fit line, a cautious value of ¢'=24° is
set as design value.

e This value is consistent with the correlation with Pl for
normally consolidated clays (Ladd et al. 1977) Ref. [60] (see
Figure D-11) and with the value recommended by the
technical standard.

e No lab tests are available within the specific asset; and only
(1) result comes from the in-situ testing.

e Due to the absence of data within this layer (low presence
within the asset), the reference plot corresponds to both clay

Coefficient of and sand facies.
Permeability and e As cautious action, lab test results are not multiplied by any
. K, cv B10
coefficient of factor.
consolidation e The design value for k is close to the minimum obtained
value.

e This value is used to define the design value for the
coefficient of consolidation cv, which leave us to the safety
side.

e  SPT results are used to find the representative values

e Only In-situ Vane tests results with IP >30 results are used | B6
to find the representative values

e Oedometer results are used to find the representative

Young/Effective values

Deformation Modulus e FE’ is correlated by N coming from SPT (CIRIA R143)
Ref.[61] by means of E'/N=4.55

e The design value coming from the SPT. Results coming
from Vane and oedometer tests give over-estimation and | B12
less-estimation, respectively.

B12

B12

e Oedometer results are used B13
e SPT results are used to find the representative values B6
Oedometer Deformation Eced e Plis used to obtain relationship between Eces=1/mv and N B13
Modulus coming from SPT by means of {2=0.458
e Relationship between the Oedometer Modulus Eoced and E’ 6

coming from N of SPT (CIRIA R143) Ref.[61]
e The design value is given by the average value coming from B8, B13 @
these three correlations %
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Figure D-18. Particles size distribution within the Alluvium deposits (ALV CZ) — Twyford Embankment
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Figure D-19. Plasticity Index vs. Liquid Limit within the Alluvium deposits (ALV CZ) — Routewide
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Figure D-20. Plasticity Index vs. depth within the Alluvium deposits (ALV CZ) — Twyfor,
Embankment and Routewide
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Figure D-21. Total sulphur TS(%) within the Alluvium deposits (ALV CZ) — Twyford Embankment '\ 7
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Bulk density y’ (B5)
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Figure D-22. Bulk density obtained from different lab tests within the Alluvium deposits (ALV CZ) —

Twyford Embankment and Routewide
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Figure D-23. SPT results within the Alluvium deposits (ALV CZ) — Twyford Embankment and

routewide

Page 166

Rev.C04



A High-Speed Design Partnership
MAARCADIS -  COWI

Oto2
2tod
3T
Btols5
15 o 30
=30

Consistency

Very Soft

Soft

Medinm (Firm)
SHEE

WVery SHEE
Hard

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Field Indications

Excudes between the fingers when squeezed in the fst
Easily moulded in the fngers

Can be moulded in the fingers by sirong pressure
Cammot be moulded in the fingers

Brittle or very tough

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002

Approximate
Cy

(kPa)

0-12.

L]

i

125-
25-50
50—100
100 - 200
=200

Figure D-24.Correlation Cu with Nspt values Consistency and field descriptions (source: EPRI, 1990)
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Undrained shear strength c, (B8)
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Figure D-25. Correlation between SPT N value and undrained shear strength cu, based on the
Plasticity index Pl Ladd et al. 1977 Ref. [60] (CIRIA R143) Ref [61]
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Figure D-26. Undrained shear strength obtained from different lab and in situ tests within the Alluviulm ;
deposits (ALV CZ)- Twyford Embankment and Routewide 4
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Figure D-27. Characteristic constant volume angle of shearing resistance ¢'cv derivation (BS 8004:2015)
Ref.[64] from asset specific mean Plasticity Index within the ALV -C Z
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Figure D-28. Shear stress vs. Normal Stress in Alluvium deposits (ALV CZ)
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Coefficient of consolidation cy

Derivation from k obtained from lab consolidation tests and in situ permeability tests

k

my - Yw

Where:

cv=coefficient of consolidation (m?/s)
k=hydraulic conductivity (m/s),
mv=coefficient of volume change (m?/kN)

sw=unit weight of pore fluid/water (kN/m?2)

Cv_insitu= 10-Cy_lab >> k_insitu: lO'k_Iab

Cr= Cv_insitu
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Permeability vs Depth (m bGL) (B10)
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Figure D-29. permeability vs. depth in Alluvium deposits (ALV)
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Young Modulus E’ (B11)
Correlation with N obtained from SPT
E’=K-N
Where K=0.6-0.9 for over-consolidated unweathered clayey
soils; and K=0.6 for slightly over-consolidated weathered
clayey soils (CIRIA R143) Ref.[61]

Relationship between E’ - Eu

1+
“1+v,

4

Where: E’=Young Modulus; E,=Undrained Young Modulus;
v'=Poisson’s ratio=0.2 and w=Undrained Poisson’s
ratio=0.5.
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Figure D-30. E’ obtained from different lab tests within the Alluvium deposits

(ALV CZ) — Twyford Embankment
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Oedometer Modulus Eoeq (or Coefficient of volume change my=1/Eqed) (B12)
Correlation with N from SPT

Eoed=1/mv=f2-N (Tomlinson and Woodward, 2008)

10
Modulus of volume compressility
= M.-% (m*/MN)

oa

NEAN

N
h \-..__
04
02
L]
10 20 30 40 50 60 70

Plasticity index

Figure D-31. coefficient f2 to correlate mv=1/Eoed from N
SPT and PI within the Alluvium deposits — Routewide

Correlation of E’ coming from N of SPT

’

E — Eoed (1—2-vr)-(1+vr)

1-vr

Where: E’=Young Modulus (see below); Eces=Oedometer Modulus; and
v'=Poisson’s ratio=0.2

E’=K-N

Where K=0.6-0.9 for over-consolidated unweathered clayey soils; and K=0.6 for
slightly over-consolidated weathered clayey soils
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Figure D-32. Eced Obtained from different lab tests within the Alluvium deposits (ALV CZ) — T@
Embankment O
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River Terrace Deposits- (RTD-S V SV)

The below table provides brief commentary on:

e the type and quantity of tests to prove the geotechnical design values,

e general trends of geotechnical values with depth,

o the plots used to determine the design values of each geotechnical parameter.

Rev.C04

Reference should be made to the plots for the justification of the characteristic design values adopted in the
geotechnical models and calculations (refer to Section 8.2).

Table D- 3. Commentary and justification of characteristic design values in RTD- SV SV

Fines 40.063 only results from asset specific lab tests are considered . ‘ F1
’ based on the test results and on the borehole logs, RTD is described as locally
content soft and firm slightly clayey fine to medium SAND
Plasticity Pl only results from asset specific lab tests are considered . . F2
index a-range-of values around the mean value has been used in the design FSY
Liquid limit | LL only results from asset specific lab tests are considered _ _ F2
arange-of values around the mean value has been used in the design
the mean value is used to obtain the Total Potential Sulfate contents TPS (%) to
Total TS ) F4
assess its re-use
Sulphur
contents
Bulk y only one specific gsset Iab test is available. 5
. A cautious value is considered.
density This value is equal to the value taking in the ALV SV SV .
only seven test results are available within this asset
Blow N Neo o S . . F6
number the asset specific results indicate medium dense to dense consistency
from SPT,
corrected
to 60% test
energy
WhCone " no CPT are available within this asset N/A
resistance
from CPT
. SPT tests results are used to find the representative values 6
Undrained | cu F6 @
z?rii;th One triaxial test result are available within this asset Fs Q\
In view of the few drained triaxial tests, a cautious cu=108 kPa has been used in @
the design, this value coming from the correlation with NSPT. (.‘C)
. . No triaxial Cu+u and triaxial CD tests are available in this asset. ?3\’
Drained ¢ No Shear box tests are available in this asset.
shear In view of the absence of drained triaxial tests, a cautious long term drained Iug
strength of ¢’=0 kPa has been used in design due to the less fine content in the materia
o No CD triaxial available in this asset. @ Fo
A cautious value of ¢’ is considered. This value is calculated with éfrelation
with PI for normally consolidated clays (Ladd et al. 1977) Ref. gp\ich is less
and cautious with the value recommended by the technical stan .
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- e No results are available within the specific asset. No results are available in the
Cfoefflment K, cv route wide . F10
(F)> bilit e The design value used is equal to the design value used in the KLB — SV SV as
ern;ea ” it can be observed by the logs descriptions, they have a very similar particle size
zoae”ﬁ.c.em distribution.
of o e A very conservative value of k=4-101° m/s is used to obtain the design value of
consolidati the coefficient of consolidation ¢y =10 m?/s
on
Young/Effe | E e  SPT tests results are the used data to find the representative values 6
ctive
Deformatio e FE’is correlated by N coming from SPT (CIRIA R143) Ref. [61], by means of F11
n Modulus E’/N=1.5, which can be consider for gravelly sandy soils and normally consolidated
sands.
Oedometer | E e An evaluation has been done from Relationship between the Oedometer Modulus F12
Deformatior oed Eoed and E’ coming from N of SPT (CIRIA R143) Ref. [61]
n Modulus
e The design value is towards the average of results coming from SPT and is Fs
consistent with the trend line E’=4.1+z at the midpoint of the layer. Results coming F1’2
from Vane Tests give over-estimation of this parameter.

e Exclusively SPT results (as being a purely cohesionless soil) are used to find the
gggﬁmgfor Eoed representative values F6
n Modulus e Plis used to obtain relationship between Eoed=1/mv and N coming from SPT F13

e Relationship between the Oedometer Modulus Eces and E’ coming from N of SPT Fs

(CIRIA R143) Ref.[61] by means of a factor f2=0.75 F123

e Considering the relation between Eoed and E’, the trend line with depth of cu is

transformed to a trend line Eoed =4.5+1.05z

e The design value is given by the trend line Eoed=4.5+1.05z at the midpoint of the

layer, even though it is close to the highest results coming from E’=f(N). The trend
line comes at the end from cu trend line coming from routewide data which is
considered more representative.
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Particle size distribution (F1)
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Figure D-33. Particles size distribution within the River Terrace Deposits- (RTD-S V SV)- Twyford Embankment
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Figure D-34. Plasticity Index vs. Liquid Limit within the River Terrace Deposits- (RTD-S V SV)- Twyford En@%nent
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Figure D-38. SPT results within the River Terrace Deposits (RTD SV SV) — Twyfo@@ankment
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Figure D-39.Correlation Cu with Nspt values Consistency and field descriptions (source: EPRI, 1990)
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Figure D-40. Undrained shear strength obtained from different lab and in situ tests within the River Terra

SV)- Twyford Embankment and Routewide
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Figure D-41. Characteristic constant volume angle of shearing resistance ¢'cv derivation (BS 8004:2015) Ref [64] from
routewide mean Plasticity Index within the Alluvium deposits
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Effective cohesion ¢’ and effective friction angle ¢’ (F9)

Figure D-42. Shear stress vs. Normal Stress in the River Terrace Deposits (RTD SV SV) — Twyford Embankment and
Routewide

Coefficient of permeability k and Coefficient of consolidation cy (F10)

Derivation from k obtained from lab consolidation tests and in situ permeability tests

Where:

cv=coefficient of consolidation (m?/s)
k=hydraulic conductivity (m/s),
mv=coefficient of volume change (m?/kN)
sw=unit weight of pore fluid/water (kN/m?3)
Cv_insitt= 10-Cv_1ab >> K insitu= 10K 1ap

Cr= Cv_insitu
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Young Modulus E’ (F11)

Correlation with N obtained from SPT
E=K-N

Where K=1-2 for gravelly sandy soil (CIRIA R143) Ref. [61]
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Figure D-44. E’ obtained from different lab tests within the River Terrace Deposits (RT@V) -
Twyford Embankment and Routewide
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Oedometer Modulus Eoeq (0or Coefficient of volume change my=1/Eqeq) (F12)

Correlation with N from SPT

Eoed=1/mv=f2-N (Tomlinson and Woodward, 2008)

10
Modulus of volume compressibility
= my =7 (m*MN)

N
os
06 \
N
fz \h-__
04
02
o
10 20 30 40 50 60 70

Plashcity index

Figure D-45. coefficient f2 to correlate mv=1/Eoed from N SPT and PI

Correlation of E’ coming from N of SPT

E' _ (1=2-v1)-(1+vr)

oed 1—vr

Where: E’=Young Modulus (see below); E..a=Oedometer Modulus; and
v'=Poisson’s ratio=0.2

E=K-N

Where K=0.6-0.9 for over-consolidated unweathered clayey soils; and K=0.6 for
slightly over-consolidated weathered clayey soils
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Figure D-46. Eced Obtained from different lab tests within the River Terrace C)C)
Deposits (RTD SV SV) — Twyford embankment v
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River Terrace Deposits (RTD-C 2Z)

The below table provides brief commentary on:

o the type and quantity of tests to prove the geotechnical design values,

e general trends of geotechnical values with depth,

o the plots used to determine the design values of each geotechnical parameter.

Rev.C04

Reference should be made to the plots for the justification of the characteristic design values adopted in the
geotechnical models and calculations (refer to Section 8.2).

Table D- 4. Commentary and justification of characteristic design values in ALV

Plasticity index

Pl

only results from asset specific lab tests are considered
a range of values around the mean value has been used in
the design

G2, G3

Liquid limit

LL

only results from asset specific lab tests are considered
a range of values around the mean value has been used in
the design

G2

Total Sulphur contents

TS

the mean Total Potential Sulphate TPS (%) value is used in
design

G4

Bulk density

No bulk density test results are available within this asset
No bulk density test results are available in the routewide
The representative value that is considered in the design is
the same that for ALV CZ, as they are soils very similar from
the point of view of their geotechnical behaviour.

BS

Blow N number from
SPT, corrected to 60%
test energy

Neo

only five test results are available within this asset

the mean value is considered as representative.

the asset specific results -between 13 and 23 - indicate stiff
and very stiff consistency

G6

Cone resistance from
CPT

Qe

no CPT are available within this asset

N/A

Undrained shear strength

Cu

SPT and In-situ vane tests results are used to find the
representative values

G6

one triaxial test results are available within this asset

a cautious cu=83 kPa has been used in the design, this
value coming from the correlation with Nspr which is
coherent with the values derived from Vane tests

G8 6

Drained shear strength

No triaxial Cu+u and triaxial CD tests are available neither
within the particular asset nor within the routewide area.

In view of the absence of drained triaxial tests, a cautious
long term drained value of ¢’'=2 kPa has been used in design
due to the high fine content in the material

A cautious value of ¢’=24° is considered. This value is
calculated with the correlation with PI for norm
consolidated clays (Ladd et al. 1977) Ref. [60] which is JQwer
and on safety side compared to the value recomme@by
the technical standard, Ref. XX
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Coefficient of
Permeability and
coefficient of
consolidation

K, cv

two test results are available within the specific asset.

No results are available in the routewide data.

Lab test results are multiplied by 10 to be compared with in-
site test results

The design value is the lowest value, which let the
parametrisation on the safety side (lower permeability,
longer period of consolidation)

The design value of k is used to obtain the design value of
the coefficient of consolidation cv

G10

Young/Effective
Deformation Modulus

SPT and In-situ Vane tests results are used to find the
representative values

G6

E’ is correlated by N coming from SPT (CIRIA R143)
Ref.[61] means of the factor k=0.6 for slightly over-
consolidated clays

G11

Relationship between E’ and the Undrained Deformation
Modulus Eu with Eu/cu ratio=150 is also used to estimate E’
A cautious design value of E’=5.7MPa is considered.

G8, G11

Oedometer Deformation
Modulus

Eoed

SPT results are used to find the representative values

G6

Pl is used to obtain relationship between Eoed=1/mv and N
coming from SPT. The factor f2=

G12

Relationship between the Oedometer Modulus Eoed and E’
coming from N of SPT (CIRIA R143) Ref.[61]

Considering the relation between Eoed and E’, the trend line
with depth of cu is transformed to a trend line Eoed
=4.5+1.05z

The design value is given by the trend line Eoed=4.5+1.05z
at the midpoint of the layer, even though it is close to the
highest results coming from E’=f(N). The trend line comes
at the end from cu trend line coming from routewide data
which is considered more representative.

G8, G12
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Figure D-47. Particles size distribution within the River Terrace Deposits- (RTD-C Z)- Twyford

Embankment
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Figure D-48. Plasticity Index vs. Liquid Limit within the River Terrace Deposits- (RTD-C Z)
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Figure D-49. Plasticity Index vs. depth within the River Terrace Deposits- (RTD-C Z) — Twyford
Embankment and Routewide
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Figure D-50. Total sulphur TS(%) within the River Terrace Deposits- (RTD-C Z)— Twyford
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Figure D-52. SPT results within the River Terrace Deposits- (RTD-C Z)-Twyford Embankmer@
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Figure D-53.Correlation Cu with Nspt values Consistency and field descriptions (source: EPRI, 1990)
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Undrained shear strength c, (G8)
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Figure D-54. Correlation between SPT N value and undrained shear

strength cu, based on the Plasticity index PI Ladd et al. 1977 Ref. [60]
(CIRIA R143) Ref [61]
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Figure D-55. Undrained shear strength obtained from different lab and in situ tests w@e
River Terrace Deposits- (RTD-C Z)- Twyford Embankment and Routewide C)
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Effective cohesion ¢’ and effective friction angle ¢’ (G9)
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Figure D-56. Characteristic constant volume angle of shearing resistance ¢’cv derivation (BS 8004:2015)
Ref.[64] from routewide mean Plasticity Index within the Alluvium deposits

Figure D-57. Shear stress vs. Normal Stress in River Terrace Deposits- (RTD-C Z)— Twyford Embankment and Routewide
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Coefficient of consolidation ¢y and coefficient of permeability (G10)

Derivation from k obtained from lab consolidation tests and in situ permeability tests

k

my - Yw
Where:
cv=coefficient of consolidation (m?/s)
k=hydraulic conductivity (m/s),
mv=coefficient of volume change (m?/kN)
sw=unit weight of pore fluid/water (kN/m?2)
Cv_insitt= 10-Cv_1ab >> K insitu= 10K 1ap

Cr= Cv_insitu

Young Modulus E’ (G11)

Correlation with N obtained from SPT
E=K-N

Where K=0.6 for slightly over-consolidated weathered clayey
soils (CIRIA R143) Ref.[61]

Relationship between E’ - Eu

1+
1+,

4

Where: E’=Young Modulus; E,=Undrained Young Modulus;
v'=Poisson’s ratio=0.2 and w=Undrained Poisson’s
ratio=0.5.
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Figure D-60. E’ obtained from different lab tests within the River Terrace Deposits- (RTD-C Z)—

Twyford Embankment and Routewide
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Oedometer Modulus Eceq (or Coefficient of volume change my=1/E¢ed) (G12)

Correlation with N from SPT

Eoed=1/mv=f2-N (Tomlinson and Woodward, 2008)

10
Modulus of volume compressibulity
=m,= N (m*MN)
08
06
N
f’ \I—__
——
04
02
0

10 20 30 40 50 60 70

Plasticity index

Figure D-61. coefficient f2 to correlate mv=1/Eoed from N SPT and PI within the
Alluvium deposits — Routewide

Correlation of E’ coming from N of SPT

’

E — Eoed (1=2-vr)-(1+vr)

1-vr

Where: E’=Young Modulus (see below); Eces=Oedometer Modulus; and
v'=Poisson’s ratio=0.2

E=K-N

Where K=0.6 for slightly over-consolidated weathered clayey soils
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Figure D-62. Eqed Obtained from different lab tests within the River Terrace Deposits- C)
(RTD-C Z)- Twyford Embankment
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Oxford Clay Formation-(OXC C Z): OXC W, OXC U1, OXC U2 and (OXC
MSDT): OXC U3
Four facies are defined for the Oxford Clay Formation (OXC):

e Upper weathered unit (OXC W): 4 m to 5 m bGL, thin, firm to very stiff, dark grey laminated clays with
rare shell fragments.

e Three unweathered units (OXC U1, OXC U2 and OXC U3): OXC U1l and OXC U2 are described as
very stiff to hard thin laminated clays; OXC U3 is composed by extremely weak to weak mudstones
and siltstones (with a locally sandy gravelly clay unit) are encountered between 10 and 14 m depth.

The OXC formation may also contain sandy layers (or thin bands of limestone).
The table provides brief commentary on:
e the type and quantity of tests to prove the geotechnical design values,
e general trends of geotechnical values with depth,
¢ the plots used to determine the design values of each geotechnical parameter.

Reference to the plots and Section 8.2 (parameters in Table 8-24) of the GDR for confirmation of
characteristic design values adopted in the geotechnical calculations.

Table D- 5. Commentaries and justifications related to the design geotechnical parameters for OXC Formation

e Asset specific results are consistent with results coming from
routewide data

Plasticity index Pl e The design value within the OXC is 32% C2,C3

e The plot C3 reveals a slight decrease of plasticity with depth based
on the routewide lab tests results

S e Asset specific results are consistent with routewide results
Liquid limit LL

e The design value within the OXC is 55%
e The mean Total Potential Sulphate TPS (%) value is used in design 6
Total Sulphur contents | TS e The value considered in the design within OXC is TS=1.43%, that | C4 \@
gives a TPS=4.3% Q)
e Both asset specific data and routewide data are represented @‘
. , e The reference plot reveals a constant average value C)
Bulk density Y @

e The same design value is assumed for all the facies within OXQ puy
formation, y'=2 Mg/m3=20kN/m?

e Both asset specific and routewide data are represented. ’

e For OXC W and OXC U1 facies, which are less competent t%ﬂ the
other layers, the average value N=12 and N=25, res @ely, are
designed as representative value

e For OXC U2, which are more competent, the ue N=34 is
assumed as design value ﬂCﬂ)

Blow N number from
SPT, corrected to 60% | Neo
test energy

C6
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Reference plot reveals a general increase with depth (z)
N=4+3.7-z which is consistent with the design values
mentioned above

Design values indicate firm to stiff consistency for OXC W, very stiff
consistency for OXC U1l and OXC U2, and very hard soil or weak
rock, for OXC U3

Cone resistance from
CPT Ge

Only asset specific tests are considered to find the design value.
Design value of this parameter is used to differentiate OXC
weathering profiles.

ge—Vvalues increase with depth. Design values are consistent with
the trend line gc=-0.29+0.32-z evaluated at approximately the mid-
point of each weathering profile/layers

the design value for OXC W is 1.7MPa, for OXC U1l is 2MPa and
for OXC U2 is 3MPa form asset data. No value for OXC U3 is
assigned as within rock CPT usually give refusal to penetration

Cc7

Undrained shear
strength

Both asset specific and routewide data are represented

In-situ Vane test, UU triaxial and both SPT and CPT derived cy are
used to find the design values of undrained shear strength

Vane tests give higher values of cy than the other tests over
the first deep meters; therefore, less weight is given to these
tests derived results.

The laboratory analyses give higher values than the in-situ
data and these are very dispersed.

Considering asset specific tests, a conservative value from
the NSPT correlation has been used for the design

Considering both asset specific and routewide tests, design values
are fixed, the present the average value

The design value for OXC w is 54 KPa up to depth 5m, design value
for OXC ulis 100 KPa and the design value for OXCu2 is 150 kPa

Cs8

The p’-q’ plot shows a lower bound cohesion intercept of about 2
kPa, however, in line with guidance by Nowak and Gilbert (see
general guidance at the start of Appendix D), long term drained
values of ¢’=5 kPa for intact clays and of ¢’=2 kPa for fissured clays
have been used in design

C9

Drained shear strength

Triaxial tests are considered more reliable in drained test conditions
and consistently give values more representative of ¢’ than Shear
box tests in drained conditions.

A good fit line in p-q’ plot gives a value of ¢’ = 25° to OXC W. This
value is consistent with the correlation with Pl for normally
consolidated or slightly over-consolidated clays (Ladd et al. 1977)
A good fit line in p-g’ plot gives a value of ¢’ = 28° to OXC u

C9

Design failure lines are both more conservative than the one
corresponding to the average line coming from the upper and lower
boundaries (see lines in orange in the reference Plot)

Coefficient of
Permeability -
coefficient of

consolidation

More importance is given to results within the specific asset. ‘
Lab test results are multiplied by 10 to be compared with in-site t§t
results.

In general, the design value is towards the lowest available data,
which let the parametrisation on the safety side (lower ability,
longer period of consolidation)

The design value of k is used to obtain the tﬁvalue of the
coefficient of consolidation cv.

C10
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Plot reveals a slight decrease with depth of permeability from k=5E-
10m/s between 0 and 4m depth, k=3.5E-10m/s between 2 and 7m,
and k=2E-10m/s between 7 and 10m depth

Design values for cy are, respectively, 3.8E-07m?/s for OXC W,
5.0E-07m?/s for OXC U1 and 4.2E-07m2/s for OXC U2. In absence
of data, a design value for OXC U3 (mudstone and limestone), a
very cautious value of cv=1E-08m?/s

SPT and In-situ Vane tests results are used to find the
representative values. Vane tests give too high and non-
representative values

c11

E’ is correlated by N coming from SPT (CIRIA R143) Ref.[61],
considering k=0.6 for OXC W and OXC U1l (slightly over-
consolidated clays) and, k=0.9, for OXC U2 (over-consolidated
clays)

C6, Cl11

Relationship between E’ and the Oedometer Deformation Modulus
Eoed and the correction factor of 2 have been used (see General
Design Methodology at the beginning of the Appendix D)

C11

Relationship between E’ and the Undrained Deformation Modulus
Eu with Eu/cu ratio - Eu/cu (OXC W) =150, Eu/cy (OXC U1) =300 and
Eu/cu (OXC U2) =500 - have been used. cu values come from vane
tests, SPT and UU triaxial tests

Cs, Cl11

The design value for OXC w is 7 MPa up to depth 4m, the design
value for OXC ul is 12 MPa.

In the OXC u2, plot reveals an increase with depth z that it is
considered a cautious fit: E'=-23+5-z, where z>7m.

C11

MARCADIS G-« COWI
Young/Effective E
Deformation Modulus
Oedometer E
Deformation Modulus oed

Pl is used to obtain relationship between Eceqs=1/mv and N coming
from SPT

C6, C12

Relationship between the Oedometer Modulus Eced and E’ coming
from N of SPT (CIRIA R143) Ref.[61]. The correction factor in Eoed
of 2 has been used (see General Design Methodology at the
beginning of the Appendix D)

C8, C12

The design value for OXC w is 7.8 MPa up to depth 4m, the design
value for OXC Ul is 13.9 MPa..

In the OXC U2, plot reveals an increase with depth z that it is
considered a cautious fit: E'=-25.6+5.6-z, where z>7m.

C8, C12
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Particle size distribution (C1)

Particle Size Distribution Plot
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Figure D-63: Particles size distribution for Oxford Clay Formation OXC CZ — Twyfordl Embankment
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Atterberg limits (C2 & C3)
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Figure D-64. Plasticity Index vs. Liquid Limit within the Oxford Clay Formation ODX@“€Z
— Twyford Embankment and Routewide
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Figure D-66. Total sulphur TS(%) within the Oxford Clay Formation OXC CZ — Twyforg\

Embankment
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Bulk density ¢’ (C5)
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Figure D-67. Bulk density obtained from different lab tests within the Oxford Clay F

OXC CZ — Twyford Embankment and Routewide

Page 215

NS



A High-Speed Design Partnership
MARCADIS G-« COWI

Penetration resistance (C6)

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04

O

Figure D-68. SPT results within the Oxford Clay Formation OXC CZ —Twyford Embankment and

Routewide
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Figure D-70. Correlation Cy with Nspt values Consistency and field descriptions
(source: EPRI, 1990)
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Figure D-69. CPT results within the Oxford Clay Formation OXC CZ — Twyford

Embankment and Routewide
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Undrained shear strength c, (C8)
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Figure D-71. Correlation between SPT N value and undrained shear strength cu,
based on the Plasticity index Pl Ladd et al. 1977 Ref. [60] (CIRIA R143) Ref [61]
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Figure D-72. Undrained shear strength obtained from different lab and in situ test

Oxford Clay Formation OXC CZ — Twyford Embankment and Routewide
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Figure D-73. Characteristic constant volume angle of shearing resistance ¢’cv derivation (BS 8004:2015) Ref.[64] from

routewide mean Plasticity Index within the Alluvium deposits

Page 221 \/



A High-Speed Design Partnership
MARCADIS G-« COWI

Shear Box Shear Stress Vs Normal Stress (C9)
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Figure D-74. Shear stress vs. Normal Stress in the Oxford Clay Formation OXC CZ — Twyford Emba
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High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Coefficient of consolidation cy and coefficient of permeability k

Derivation from k obtained from lab consolidation tests and in situ permeability tests

Where:

cv=coefficient of consolidation (m?/s)
k=hydraulic conductivity (m/s),
mv=coefficient of volume change (m?/kN)

sw=unit weight of pore fluid/water (kN/m?2)

Cv_insitt= 10-Cv lab >> k_insitu: lO'k_Iab

Cr= Cv_insitu
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Permeability vs. Depth (mbgl)
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Figure D-75. Shear stress vs. Normal Stress in the Oxford Clay Formation OXC CZ — 6@
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Young Modulus E’ (C11)

Correlation with N obtained from SPT

E=KN

Where K=0.6-0.9( OXc-u2) for over-consolidated
unweathered clayey soils; and K=0.6 (OXC-w & ul) for
slightly over-consolidated weathered clayey soils (CIRIA
R143) Ref.[61]

Relationship between E’ - Eu

1+
1+v

r

u
u

Where: E’=Young Modulus; Ex=Undrained Young Modulus;
Vv'=Poisson’s ratio=0.2 and w=Undrained Poisson’s
ratio=0.5.
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H S 2 E' (MPa) vs. Depth
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Figure D-77. E’ obtained from different lab tests within the Oxford Clay Formation OXC CZ — Twyford Embankme

Routewide
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Oedometer Modulus Eoeq (or Coefficient of volume change my=1/Eqeq)
Correlation with N from SPT

Eoed=1/mv=f2-N (Tomlinson and Woodward, 2008)

10
Modulus of volume compressibality
= m, =7+ (m*/MN)
N
oa
06
N
h \____
04 —
02
0

10 20 30 40 50 60 70
Plasticity index
- Relatrenship between mv, SPT and plasticity index (Tomlinson and Woodward 2008)
Figure D-78. coefficient f2 to correlate mv=1/Eoed from N SPT and PI within the Alluvium
deposits — Routewide

Correlation of E’ coming from N of SPT

’

_ (1=2-vr)-(1+vr)
E - Eoed 1—vr
Where: E’=Young Modulus (see below); E.ea=Oedometer Modulus; and v'=Poisson’s 6
ratio=0.2

E=K‘N Q)Q

Where K=0.6-0.9 for over-consolidated unweathered clayey soils; and K=0.6 for slightly
over-consolidated weathered clayey soils ‘ 0
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Figure D-79. Eoed obtained from different lab tests within the Oxford Clay Formation OXC CZ — Twyford Er&@nent
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Kellaways Formation — (KLB- SV SV)

The below table provides brief commentary on:
e the type and quantity of tests to prove the geotechnical design values,
o general trends of geotechnical values with depth,
o the plots used to determine the design values of each geotechnical parameter.

Reference should be made to the plots for the justification of the characteristic design values adopted in the
geotechnical models and calculations (refer to Section 8.2).

Table D- 6. Commentary and justification of characteristic design values in KLB S V SV formation

e asset specific results are consistent with routewide results.
Plasticity index Pl e the range of values around the mean specific asset in the | D2, D3
KLB SV SV is 14% and it is assumed as design value.

e asset specific results are consistent with routewide results.
Liquid limit LL e the design value specific asset in the KLB SV SV is 29% | D2
and it is assumed as design value

Total Sulphur contents TS e No Total Sulphur test is available within this asset NA
. , e only results from routewide data are considered.
Bulk density i e the adopted design value for KLB SV SV is 2 Mg/m3 D5
e seventeen one test results are available within this asset
Blow N number from e arepresentative value is considered above 1m depth based
SPT, corrected to 60% Neo in the asset specific data. D6
test energy e  The design value within the KLB SV SV is 48

e the asset specific results indicate very dense consistency
e Only asset specific tests are considered to find the design

Cone resistance from

cPT Qe value. D7
e The design value within KLB SV SV is greater than 5MPa
e Both asset specific and routewide lab test results are
represented
e In-situ Vane test, UU triaxial and both SPT and CPT derived 6
Undrained shear strength | cu cu are used to find the design values of undrained shear | D8 @
strength. \
e Considering both asset specific and routewide tests, the @Q
design value is 250 KPa C
e No triaxial Cu+u and triaxial CD tests are available in this )y
asset. ?“
c' e No Shear box tests are available in this asset. Pl

e In view of the absence of drained triaxial tests, a cautiob\
long term drained value of ¢’=0kPa has been used in dggign
e No CD triaxial available in this asset.
¢' e A cautious value long term drained value of ¢ has | D9
been used in design. (:/)
7

Drained shear strength
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Coefﬂmerﬁ of K e No Permeability test is available within this asset N/A
Permeability
e  SPT results are used to find the representative values
e Only In-situ Vane tests results with IP >30 results are used | D6
v [Effect to find the representative values
oung/Effective E o E is correlated by N coming from SPT (CIRIA R143)
Deformation Modulus D11
Ref.[61]
e The design value coming from the SPT. D11
SPT results are used to find the representative values D6
e Plis used to obtain relationship between Eoed=1/mv and N D12
Oedometer Deformation Eoed coming from SPT
Modulus o e Relationship between the Oedometer Modulus Eoed and E’
coming from N of SPT (CIRIA R143) Ref.[61] D8. D12

The design value is given by the average value coming from
this three correlation
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Figure D-80. Particles size distribution within the Kellaways Formation — (KLB- S V SV) —Twyford Embankment
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Figure D-81. Plasticity Index vs. Liquid Limit within the Kellaways Formation — (KLB- S V SV)

— Twyford Embankment and routewide
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Figure D-82. Plasticity Index vs. depth within the Kellaways Formation — (KLB- SV SV) &yford
embankment and Routewide C)
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Figure D-84. Bulk density obtained from different lab tests within the Kellaways Formatiob®LB— SV SV)-
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Figure D-86. Bulk density obtained from different lab tests within the Kellaways F@‘E?n — (KLB-SV SV) -

Routewide
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Consistency Field Indications Approximate

Oto2 WVery Saoft Excdudes between the fingers when squeezed in the fst r-125
2tod Soft Easily moulded in the fingers 125-25
408 Medium (Firm) Can be moulded in the fingers by sirong pressure 25-50
8tols SHiff Cannot be moulded in the fingers 50-—100
15 to 30 WVery SHff Britfle or very tough 100 - 200
=30 Hard - =200

Figure D-87. Correlation Cu with Nspt values Consistency and field descriptions (source: EPRI, 1990)
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Undrained shear strength Cu (D8)

H S 2 Undrained Shear Strength vs. Depth
(mbgl)
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Figure D-89. Undrained shear strength obtained from different lab and in situ tests within the Kellawayfs I@nation — (KLB-SV
SV)- Twyford Embankment and Routewide
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Shear Box Shear Stress Vs Normal Stress (D9)
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Figure D-91. Shear stress vs. Normal Stress in the Kellaways Formation — (KLB- S V SV)—Routewid
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Correlation with N obtained from SPT

E’=K-N

Where K=0.6-0.9 for over-consolidated unweathered clayey
soils; and K=0.6 for slightly over-consolidated weathered
clayey soils (CIRIA R143) Ref.[61]

Relationship between E’ - Eu

1+
1+,

4

Where: E’=Young Modulus; E,=Undrained Young Modulus;
Vv'=Poisson’s ratio=0.2 and w=Undrained Poisson’s
ratio=0.5.
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E' (MPa) vs. Depth
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Figure D-93. E’ obtained from different lab tests within the Kellaways Formation — (KLB- S V SV)— Tv@cﬁmbankment
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Oedometer Modulus Eoeq (or Coefficient of volume change my=1/Eqed) (B12)
Correlation with N from SPT

Eoed=1/mv=f2-N (Tomlinson and Woodward, 2008)

10
Modulus of volume compressiblity
= m,-} (m*MN)

N
08
06 \
N
A o]
04
02
0
10 20 30 40 50 60 70

Plasticity index

- Relationship between mv, SPT and plasticily index (Tomlinson and Woodward 2008)

Figure D-94. coefficient f2 to correlate mv=1/Eoed from N SPT and Pl within the Alluvium
deposits — Routewide

Correlation of E’ coming from N of SPT

’

E — Eoed (1=2-vr)-(1+vr)

1-vr
Where: E’=Young Modulus (see below); Ec.ea=Oedometer Modulus; and v'=Poisson’s ratio=0.2
E=K-N

Where K=0.6-0.9 for over-consolidated unweathered clayey soils; and K=0.6 for slightly over-consolidated b

weathered clayey soils \Q
R
O
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Eoed (MPa) vs Depth (D12)
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Figure D-95. Eoed obtained from different lab tests within the Kellaways Formation — (KLB- S V SV)—C@d Embankment
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Kellaways Formation — (KLB- C 2)
The below table provides brief commentary on:
e the type and quantity of tests to prove the geotechnical design values,
o general trends of geotechnical values with depth,
o the plots used to determine the design values of each geotechnical parameter.

Reference should be made to the plots for the justification of the characteristic design values adopted in the
geotechnical models and calculations (refer to Section 8.2).

Table D- 7. Commentary and justification of characteristic design values in ALV

e asset specific results are consistent with routewide results.
Plasticity index PI e the range of values around the mean specific asset in the | E2, E3
KLB CZ is 36% and it is assumed as design value.

e asset specific results are consistent with routewide results.

Liquid limit LL e the design value specific asset in the KLB CZ is 29% and it | E2
is assumed as design value

e both asset specific and routewide lab test results are
represented

e asset specific mean value is used to obtain the design value

Total Sulphur contents s of Total Potential Sulphate contents TPS (%) to assess its E4
re-use
e The design value within KLB CZ is 1.33%
. , e only results from routewide data are considered.
Bulk density i e the adopted design value for KLB CZ is 2 Mg/m3 ES
e both asset specific and routewide in-situ test results are
Blow N number from represented
SPT, corrected to 60% Neo e the asset specific results indicate very stiff consistency. E6
test energy e the design value within KLB CZ is 47 which is consistent
with the routewide
gg—}-e resistance from Jc e no CPT are available within this asset and in the woutewide | N/A 6
e SPT mean value are used to find the representative value E6 \Q
e Both asset specific and routewide lab test results are éQ
Undrained shear strength | cu represented C)

Cu=207 kPa has been used in the design, this value coming
from the correlation with NSPT. p
e No triaxial Cu+u and triaxial CD tests are available in tlh\

e In view of the lack of drained triaxial tests, a cautious E%S)

asset.
Drained shear strength c' e No Shear box tests are available in this asset. @ N/A
e In view of the absence of drained triaxial tests, tious
long term drained value of ¢'=2 kPa has been@/ design
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No CD triaxial available in this asset.

A cautious value of ¢’ is considered. This value is consistent
with the correlation with PI for normally consolidated clays
(Ladd et al. 1977) Ref. [60] (see Figure D-104)

Coefficient of
Permeability

No permeability in situ tests is available in this asset.

N/A

Young/Effective
Deformation Modulus

SPT results are used to find the representative values

E6

Oedometer results are used to find the representative
values

E’ is correlated by N coming from SPT (CIRIA R143)
Ref.[61]

The design value coming from the SPT. Results coming
from oedometer tests could give a less-estimation.

Ell

Oedometer Deformation
Modulus

Eoed

Oedometer results are used to find the representative
values

SPT results are used to find the representative values

E6

Pl is used to obtain relationship between Eoed=1/mv and N
coming from SPT

E12

Relationship between the Oedometer Modulus Eoed and E’
coming from N of SPT (CIRIA R143) Ref.[61]

The design value is given by the average value coming from
this three correlation

E6, E12

Page 245 \/



A High-Speed Design Partnership

MARCADIS Gy =

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR

COWT 1MC06-CEK-GT-REP-CS06_CL10-000002
Rev.C04
Particle size distribution (E1)
Particle Size Distribution Plot
100 /
90 //, /
70 / /
@ 60
£
E //
& so
€
]
o 40 J/
) /
20
10
0
0,0001 0,001 0,01 01 1 10 100 1000
Sieve sizes (mm)
CLAY SILT | SAND GRAVEL COBBLES
C2 Routewide Data Asset specific data
Notes Client Title
Background C2 scheme wide parameters shown
are based on holebase database geology codes : Particle Size Distribution for Kellaways Formation
dated 11/08/2020
vi’ Location 0 Project ID 10039367
aSC a4 ’
y 4 1MCO07 - Stage One C3 -MWCC —
. 5 Project Title Brackley to South Portal of Long Figure C1 Date 19/07/2021
A High-Speed Design Partnership Itchington Tunnel
MARCADIS G COWI

Figure D-96. Particles size distribution within the Kellaways Formation — (KLB- C Z)

— Twyford Embankment
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Atterberg limits (E2, E3)
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Figure D-97. Plasticity Index vs. Liquid Limit within the Kellaways Formation — (KLB- C 2)
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H S 2 Liquid limit, Plastic limit and Plasticity Index with
depth (mbgl)
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Figure D-98. Plasticity Index vs. depth within the Kellaways Formation — (KLB- C Z)— Twyforf embam@nd Routewide
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Sulphur content
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Figure D-99. Total sulphur TS (%) within the Kellaways Formation — (KLB- C Z

Routewide
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Bulk density y”’ (E5)
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Figure D-100. Bulk density obtained from different lab tests within the Kellaways

Twyford Embankment and Routewide

Page 250

\s/\b
&
&

F@%n —(KLB-C 2) -



A High-Speed Design Partnership
A ARCADIS

Q- oW

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Standard Penetration Test resistance NSPT (E6)

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04
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Figure D-101. SPT results within the Kellaways Formation — (KLB- C Z) — Twyford@wkment and

routewide
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Consistency Field Indications Approximate

Oto2 WVery Soft Exchudes between the fingers when squeezed in the fst 0-125
2tod Soft Easily moulded in the fingers 125-125
4tod Medium (Firm) Can be moulded in the fngers by strong pressure 35—
Gtols SHiff Canmot be moulded in the fingers 50-—100
15 to 30 WVery SHf Brittle or wery tough 100 - 200
=30 Hard - =200

Figure D-102..Correlation Cu with Nspt values Consistency and field descriptions (source: EPRI, 1990)

Undrained shear strength Cu (E8)

o
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IP=36, N=47
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Figure D-103. Correlation between SPT N value and undrained shear strength cu,
based on the Plasticity index Pl Ladd et al. 1977 Ref. [60] (CIRIA R143) Ref [61]
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Figure D-105. Undrained shear strength obtained from different lab and in situ tests within the KeIIaw&@%tion - (KLB-C
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Effective cohesion ¢’ and effective friction angle ¢’
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Figure D-104. Characteristic constant volume angle of shearing resistance ¢’cv derivation (BS
8004:2015) Ref.[64] from asset specific mean Plasticity Index within the KLB -C Z
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Coefficient of consolidation cy

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Derivation from k obtained from lab consolidation tests and in situ permeability tests

Where:

cv=coefficient of consolidation (m?/s)
k=hydraulic conductivity (m/s),
mv=coefficient of volume change (m?/kN)

sw=unit weight of pore fluid/water (kN/m?2)

Cv_insitu= 10-Cv_lab >> k_insitu: lO'k_Iab

Cr= Cv_insitu
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Young Modulus E’ (E11)

HS2 | ==

1MCO6 - Stage One

Project ID: 10039367 Project Tite:|S2 - MWCC - North Location:|Twyford Embankment
Tunnels to Brackley
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Figure D-108. E’ obtained from different lab tests within the Kellaways 6
Formation — (KLB- C Z) — Twyford Embankment C)O
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Correlation with N obtained from SPT

E’=K-N

Where K=0.6-0.9 for over-consolidated unweathered clayey
soils; and K=0.6 for slightly over-consolidated weathered
clayey soils (CIRIA R143) Ref.[61]

Relationship between E’ - Ey

1+
1+,

4

Where: E’=Young Modulus; E,=Undrained Young Modulus;
v'=Poisson’s ratio=0.2 and w=Undrained Poisson’s
ratio=0.5.

Oedometer Modulus Egeq (or Coefficient of volume change my=1/Eqeq) (E12)
Correlation with N from SPT

Eoed=1/mv=f2-N (Tomlinson and Woodward, 2008)

10
Modulus of volume compressibility
= m, =+~ (m¥MN)
N
oa
06 \
3.
f \‘____
04
02
: O
10 20 30 40 50 60 70 @
Plasticity index \
- Relationship between mv, SPT and plasticity index (Tomlinson and Woodward 2008) C)@Q
Figure D-109. coefficient f2 to correlate mv=1/Eoed from N SPT and PI within the Alluvium 0
deposits — Routewide
Y4
Correlation of E’ coming from N of SPT '\

1-vr

E — Eoed (1=2-vr)-(1+vr) t@
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Where: E’=Young Modulus (see below); Ec.es=Oedometer Modulus; and v'=Poisson’s ratio=0.2
E=K-N

Where K=0.6-0.9 for over-consolidated unweathered clayey soils; and K=0.6 for slightly over-consolidated
weathered clayey soils
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Eoed (MPa) vs Depth (E12)
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Appendix E Geotechnical Calculation
Number of Pages: 281
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Project data

Project reference : HS2

Calculation title : 080-L1 Twyford Embankment- Profil 1
Location : H = 3.1 m - Ch. 80+940 - Ground model 1-A
Comments : N/A

Units : kN, kPa, kN/m3

yw: 10.0
Soil layers
Name Colour Y L] ¢ |Ac|qgs nails pITKsB [Anisotropy|Favorable|Specific safety factors|
1 ALV CZ 20,0/24,00] 2,0 |0,0 - -1 - No No No
2 KLB-SV 8V 20,0(25,00 0,0 |00 - -l - No No No
3 KLB-CZ 20,0/28,00] 3,0 |0,0 - -1 - No No No
4 |GOG (CB, PMB, WHL) 20,0/25,00] 3,0 |0,0 - -1 - No No No
5 Fill 20,0/26,00] 5,0 |0,0 - -1 - No No No
6 ALV CZ_Cu 20,0| 0,00 | 49,0 10,0 - -1 - No No No
7 KLB-CZ_Cu 20,0| 0,00 |207,010,0 - -1 - No No No
8 E&R Class A-1 20,0135,00| 0,0 (0,0 - -] - No No No
9 OXC-w 20,0125,00| 2,0 (0,0 - -] - No No No
[10] OXC-u1 20,0/28,00| 5,0 |0,0 - -1 - No No No
[11] OXCw_Cu 20,0| 0,00 | 54,0 |0,0 - -1 - No No No
12 OXCu1_Cu 20,0{ 0,00 [100,0{0,0[ - -l - No No No
13 OXC_u2 20,0/28,00| 5,0 |0,0 - -1 - No No No
14 0OXCu2_Cu 20,0| 0,00 |150,0]0,0 - -1 - No No No
15| kBsvsv_cu [BN20.0[ 000 [2500[00] - |-] - No No No
Soil layers (cont.
Name Colour [Fy[e[tan(g) C ion type|Curve
1 ALV CZ -1 - - Effective Linear
2 KLB-SV 8V - - - Effective  |Linear
| 3] KLB-CZ B Effective  |Linear
|4 |GOG (CB, PMB, WHL) I I - Effective | Linear
5 Fill - - - Effective Linear
6 ALV CZ_Cu - - - Undrained |Linear
7 KLB-CZ_Cu - - - Undrained |Linear
8 E&R Class A-1 - - - Effective Linear
9 OXC-w - - - Effective Linear
10 OXC-u1 - - - Effective Linear
11 OXCw_Cu - |- - Undrained |Linear
12 OXCui_Cu - - - Undrained | Linear
[13] OXC_u2 - -] - | Effective |Linear
[14] 0XCu2_Cu - -1 - Undrained |Linear
|15 kiBsvsv.cu [N -|-| - | Undrained |Linear
Points
X[ vy X[ vy X Y x[ Y x| Y X [ Y
2 (60,000 0,000 § 3 |0,000( -4,000 § 4 (60,000 -4,500 §11|0,000 3,100 §13|28,200 0,000 §32|60,000 -2,700
43(22,000 3,100 §50/0,000| -2,700 63| 0,000 | 0,000 §64|0,000| -7,000 §65|60,000 -7,000 §68| 0,000 |-9,000
69(60,000 -9,000 §70|0,000-12,000 § 71|60,000(-12,000 § 73| 0,000 -14,000 || 74 60,000 -14,000 § 75| 0,000 |-2,000
7660,000/-2,000
Segments
Point 1| Point 2 Point 1|Point 2 Point 1| Point 2 Paint 1 |Point 2 Point 1 \ Point 2 Point 1|Point 2 Point 1|Point 2\
51 4 3 107 32 50 126 43 13 128 13 63 132| 65 64 142| 2 13 144| 68 69
145| 71 70 147| 74 73 148, 43 11 149| 76 75
Distributed loads (1/2)

Name | X left |Y left|q leftX right|Y right|q right Ang/horizontal C)
110 kPa 19,352|3,100| 10,0 |21,500 3,100 10,0 90,00 0
2|57 kPa| 0,000 3,100 57,0 (19,341 3,100 57,0 90,00
3|20 kPa| 0,000 3,100 20,0 |21,500| 3,100 = 20,0 90,00 v

N
c rerrasol Printed on : 15 mars 2022 12:22:18
’ ;';?2!55“ v5 Calculation made by : SETEC INTERNATIONAL 9 @
Project : 080-L1 Twyford Embankment- Profil 1
setec
i
1:\4-WORK'41492V_HS2-Stage-DD\1_Calven_Detailed_Design\1_Tech\Twyford_Embankment\_GE OTE CH\ANNEXES\Talren_15.03.2022\CHB0+940 GM1-A Profil 1 with E&R.t5p @
4
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Project data

Distributed loads (2/2)
Name  [Xleft|Y left[q left|X right[Y right|q right|Ang/horizontal|
|4]30 kPa Seismic|0,000{3,100[ 30,0 {19,341 3,100 | 30,0 | 90,00 |

c terrasol Printed on : 15 mars 2022 12:22:18
’ stazqu]’“ v5 Calculation made by : SETEC INTERNATIONAL
o Project : 080-L1 Twyford Embankment- Profil 1
setec
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Data of the situation 1

Stage name : Short term - Undrained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 21,500

Search type : Imposed passage point

Imposed passage point : X=25,165; Y= 0,125

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in E&R Class A-1
Results

Minimum safety factor : 1,2913

Coordinates of the critical centre and radius of the critical circle : N°= 537; X0= 26,30; Y0= 12,68; R= 12,60

‘ rerrasol Printed on : 15 mars 2022 12:22:18
’ ;';azlqgn v5 Calculation made by : SETEC INTERNATIONAL 9 @
o Project : 080-L1 Twyford Embankment- Profil 1
setec
o~
1/4-WORK41492V_H52-Stage-DD\i_Calvert_Detailed_Designii_Tech\Twyford_Embankment\_GEOTECHANNEXES\Talren_15.03.2022\CHB0+940 GM1-A Profil 1 with E&R.t5p Pag|
4
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P Stage: Short term - Undrained - Static / Situation: Skin stability

I nn. e

A Fmin = 1,2913

Printed on : 15 mars 2022 12:22:18
Calculation made by : SETEC INTERMATIOMAL

‘ rerrasal
4 Targnvs

Project : 080-L1 Twyford Embankment- Profil 1
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Data of the situation 2

Stage name : Short term - Undrained - Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Page 265

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000
Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 12,500
Search type : Imposed passage point
Imposed passage point : X=25112; Y= 0,109
Number of slices : 100
Seismic properties : No
Passage conditions through soil layers : Must pass in in ALV CZ_Cu
Results
Minimum safety factor : 1,5914
Coordinates of the critical centre and radius of the critical circle : N°= 171; X0= 23,75; Y0=6,68; R= 8,70
c rerrasol Talren v5 Printed qn 115 mars 2022 12:22:18
’ v5.2.10 Calculation made by : SETEC INTERNATIONAL
Project : 080-L1 Twyford Embankment- Profil 1
setec
~
1/4-WORK41492V_H52-Stage-DD\i_Calvert_Detailed_Designii_Tech\Twyford_Embankment\_GEOTECHANNEXES\Talren_15.03.2022\CHB0+940 GM1-A Profil 1 with E&R.t5p Pag|
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& Stage: Short term - Undrained - Static / Situation: General sitability

H Caleulation method @ Bishoy
actor set t EC7 Dasign Approach

Printed on : 15 mars 2022 12:22:19
gazlggn vs Calculabion made by : SETEC INTERNATIONAL

‘; rerrassl

Project : 080-L1 Twyford Embankment- Profil 1
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Data of the situation 1

Stage name : Short term - Drained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 16,755

Search type : Imposed passage point

Imposed passage point : X=25,500; Y= 0,000

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in E&R Class A-1
Results

Minimum safety factor : 1,2848

Coordinates of the critical centre and radius of the critical circle : N°= 472; X0= 25,60; Y0= 10,03; R= 10,03

‘ rerrasol Printed on : 15 mars 2022 12:22:19
’ ;';azlqgn v5 Calculation made by : SETEC INTERNATIONAL 9 @
o Project : 080-L1 Twyford Embankment- Profil 1
setec
o~
1/4-WORK41492V_H52-Stage-DD\i_Calvert_Detailed_Designii_Tech\Twyford_Embankment\_GEOTECHANNEXES\Talren_15.03.2022\CHB0+940 GM1-A Profil 1 with E&R.t5p Qaj
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‘ terrasol Printed on : 15 mars 2022 12:22:18
; gazlggn vs Calculabion made by : SETEC INTERNATIONAL
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Data of the situation 2

Stage name : Short term - Drained - Static
Situation name : General sltability
Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000
Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 26,000
Search type : Imposed passage point
Imposed passage point : X=25381; Y= 0,095
Number of slices : 100
Seismic properties : No
Passage conditions through soil layers : Must pass in in ALV CZ
Results
Minimum safety factor : 1,3836
Coordinates of the critical centre and radius of the critical circle : N°= 273; X0= 27,40; Y0=9,31; R= 11,43
c rerrasol Talren v5 Printed qn 115 mars 2022 12:22:19
’ v5.2.10 Calculation made by : SETEC INTERNATIONAL
Project : 080-L1 Twyford Embankment- Profil 1
setec
~
1/4-WORK41492V_H52-Stage-DD\i_Calvert_Detailed_Designii_Tech\Twyford_Embankment\_GEOTECHANNEXES\Talren_15.03.2022\CHB0+940 GM1-A Profil 1 with E&R.t5p Pag|
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Data of the situation 1

Stage name : Long term - Undrained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 21,500

Search type : Imposed passage point

Imposed passage point : X=25,165; Y= 0,125

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in E&R Class A-1
Results

Minimum safety factor : 1,3047

Coordinates of the critical centre and radius of the critical circle : N°= 579; X0= 25,07; Y0= 10,97; R= 10,84

‘ rerrasol Printed on : 15 mars 2022 12:22:19
’ ;';azlqgn v5 Calculation made by : SETEC INTERNATIONAL 9 @
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Data of the situation 2

Stage name : Long term - Undrained - Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 12,500
Search type : Imposed passage point

Imposed passage point : X=25112; Y= 0,109
Number of slices : 100

Seismic properties : No

Results

Minimum safety factor : 1,2758

Coordinates of the critical centre and radius of the critical circle : N°= 931; X0=26,16; Y0= 11,04; R= 11,47

‘ rerrasol Printed on : 15 mars 2022 12:22:20
’ ;';azlqgn v5 Calculation made by : SETEC INTERNATIONAL 9 @
o Project : 080-L1 Twyford Embankment- Profil 1
setec
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Data of the situation 1

Stage name : Long term - Drained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 16,755

Search type : Imposed passage point

Imposed passage point : X=25,500; Y= 0,000

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in E&R Class A-1
Results

Minimum safety factor : 1,3013

Coordinates of the critical centre and radius of the critical circle : N°= 370; X0= 25,65; Y0=12,71; R=12,71

‘ rerrasol Printed on : 15 mars 2022 12:22:20
’ ;';azlqgn v5 Calculation made by : SETEC INTERNATIONAL 9 @
o Project : 080-L1 Twyford Embankment- Profil 1
setec
o~
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1MCO06-CEK-GT-REP-CS06_CL10-000002

Data of the situation 2

Stage name : Long term - Drained - Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient

rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400

ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000

rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000
Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 26,000
Search type : Imposed passage point
Imposed passage point : X=25381; Y= 0,095
Number of slices : 100
Seismic properties : No
Passage conditions through soil layers : Must pass in in ALV CZ
Results
Minimum safety factor : 1,3780
Coordinates of the critical centre and radius of the critical circle : N°= 289; X0= 27,50; Y0= 10,74; R= 12,85

c rerrasol Talren v5 Printed qn 115 mars 2022 12:22:20
’ v5.2.10 Calculation made by : SETEC INTERNATIONAL 9
Project : 080-L1 Twyford Embankment- Profil 1
setec
~
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Data of the situation 1

Stage name : Seismic + 2500

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |[Coefficient]]  Name

Coefficient]] Name

Coefficient

'min 1,000 rs1 1,000 Ms1 1,000 I T 1,250 e

1,250

I reu 1,400

rQ | 1300 Wrgslnailab] 1,000 [Nrgslnailes| 1,000 Wrgslanchorabl 1,000 [IFgsl,anchor,es

1,000 WTaslstrip

1,000

rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut

1,000

| 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 18,500
Search type : Imposed passage point
Imposed passage point : X= 25568; Y= 0,074
Number of slices : 100
Seismic properties : Yes
ahl/g coefficient (horizontal acceleration) : 0,037
avlg coefficient (vertical acceleration) : 0,012
Passage conditions through soil layers : Must pass out in E&R Class A-1
Results
Minimum safety factor : 1,4215
Coordinates of the critical centre and radius of the critical circle : N°= 559; X0= 26,20; Y0= 12,94, R= 12,87

Printed on : 15 mars 2022 12:22:21
Calculation made by : SETEC INTERNATIONAL
Project : 080-L1 Twyford Embankment- Profil 1
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1MCO06-CEK-GT-REP-CS06_CL10-000002

Data of the situation 2

Stage name : Seismic + 2500
Situation name : General stability
Calculation method : Bishop
Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin | 1,000 rs1 1,000 r's1 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 26,000
Search type : Imposed passage point
Imposed passage point : X= 24,259; Y= 0,089
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

avlg coefficient (vertical acceleration) : 0,012
Results
Minimum safety factor : 1,3675
Coordinates of the critical centre and radius of the critical circle : N°= 669; X0= 27,07; Y0= 14,10, R= 14,29

c rerrasol Talren v5 Printed qn 115 mars 2022 12:22:21
’ v5.2.10 Calculation made by : SETEC INTERNATIONAL 9
Project : 080-L1 Twyford Embankment- Profil 1
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Data of the situation 1

Stage name : Seismic - 2500

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |[Coefficient]]  Name

Coefficient]] Name

Coefficient

'min 1,000 rs1 1,000 Ms1 1,000 I T 1,250 e

1,250

I reu 1,400

rQ | 1300 Wrgslnailab] 1,000 [Nrgslnailes| 1,000 Wrgslanchorabl 1,000 [IFgsl,anchor,es

1,000 WTaslstrip

1,000

rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut

1,000

| 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 18,500
Search type : Imposed passage point
Imposed passage point : X=25,500; Y= 0,000
Number of slices : 100
Seismic properties : Yes
ahl/g coefficient (horizontal acceleration) : 0,037
av/g coefficient (vertical acceleration) : -0,012
Passage conditions through soil layers : Must pass out in E&R Class A-1
Results
Minimum safety factor : 1,4429
Coordinates of the critical centre and radius of the critical circle : N°= 611; X0= 25,73; Y0=10,31; R= 10,31

Printed on : 15 mars 2022 12:22:22
Calculation made by : SETEC INTERNATIONAL
Project : 080-L1 Twyford Embankment- Profil 1
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Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002

Data of the situation 2

Stage name : Seismic - 2500
Situation name : General stability
Calculation method : Bishop
Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin | 1,000 rs1 1,000 r's1 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 26,000
Search type : Imposed passage point
Imposed passage point : X=24,500; Y= 0,097
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

av/g coefficient (vertical acceleration) : -0,012
Results
Minimum safety factor : 1,3723
Coordinates of the critical centre and radius of the critical circle : N°= 668; X0= 27,26; Y0= 14,24, R= 14,40

c rerrasol Talren v5 Printed qn 115 mars 2022 12:22:22
’ v5.2.10 Calculation made by : SETEC INTERNATIONAL 9
Project : 080-L1 Twyford Embankment- Profil 1
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Project data

Project reference : HS2

Calculation title : 080-L1 Twyford Embankment- Profil 2
Location : H=2.7m - Ch. 81+225 - Ground model 1-C
Comments : N/A

Units : kN, kPa, kN/m3

yw: 10.0
Soil layers
Name Y L] ¢ |Ac|qgs nails pITKsB Anisotropy|Favorable Speclﬁenfetyfntors|
1 ALV CZ 20,0{24,00] 20 [o0] - |-] - No No No
2 KLB-SV SV 20,0[25.00] 0,0 00 - [-] - No No No
3 KLB-CZ 20,0[28.00] 30 [00] - [-] - No No No
4 |GOG (CB, PMB, WHL) 20,0(25,00] 30 [o0] - [-] - No No No
5 Fill 20,0{26,00] 50 [o0] - |-] - No No No
6 OoXC-w 20,0(25,00] 20 [o0] - |-] - No No No
7 OXC-ul 20,028,00] 50 [00] - |-] - No No No
8 ALV CZ_Cu 20,0{ 0,00 | 49,0 o] - [-] - No No No
9 OXCw_cu 20,0[ 0,00 54,0 [o0] - |[-] - No No No
[10] OXCu1_Cu 20,0/ 0,00 [100,0l0.0] - |-] - No No No |
[11] KLB-CZ_Cu 20,0 0,00 |2070f00] - |-] - No No No |
12|  KLB-SVSV_Cu 20,0{ 0,00 [2500[00] - [-] - No No No
13| E&R ClassA-1 20,0[35,00] 0,0 [o0] - [-] - No No No

Soil layers (cont.

Colour

Name Colour |I'y|lc I'lan{'): type|Curve

1 ALV CZ - - - Effective Linear

2 KLB-SV SV - - - Effective Linear

3 KLB-CZ -1 - - Effective Linear

4 |GOG (CB, PMB, WHL) -1 - Effective  |Linear

5] Fill -| -] - | Effective |Linear
B OXC-w -|-1 - | Effective |Linear
7 OXC-u1 - - - Effective Linear

8 ALV CZ_Cu - - - Undrained |Linear

k] OXCw_cu - - - Undrained |Linear

10 OXCui_Cu - - - Undrained |Linear

11 KLB-CZ_Cu - - Undrained |Linear
12| KLB-8VSV_Cu
13 E&R ClassA-1

- - Undrained |Linear
- - Effective Linear
Points

X [ v x| v X [ ¥ x| v x [ ¥ X [ ¥

2 160,000/ 0,000 | 3 |0.000 5,000 || 4 |60,000 -5,000 | 11]0,000| 2,700 || 13|27,400| 0,000 |§32|60,000|-2,400
43]22,000 2,700 |50]0,000] 2,400 |{63| 0,000 | 0,000 |J64]0,000]-6,000 |[65]50,000] 6,000 |J68] 0,000 |-8,000
69]60,000]-8,000 | 70] 0,000[-10,000 || 71| 60,000|-10,000 || 73 0,000 -2,000 | 74] 60,000  -2,000

=

Segments
Point 1|Point 2 Point 1|Point 2 Point 1 Point 2 Point 1| Point 2 Point 1 Point 2 Point 1| Point 2 Point 1| Point 2
51 4 3 107| 32 50 Q§126 43 13 §128| 13 63 J132| 65 64 Q142 2 13 J144| 68 69

145 71 70 147| 43 11 149 74 73
Distributed loads

Name | Xleft | Y left|q left|X right| Y right|q right|Ang/horizontal
1|  10kPa  |19,343(2,700 10,0 |21,500| 2,700 | 10,0 90,00
2| 57kPa | 0,000 2,700 57,0 19,344| 2,700 | 57,0 90,00
3| 20kPa | 0,000 2,700 20,0 21,500| 2,700 | 20,0 90,00
4]30 kPa Seismic| 0,000 2,700 30,0 | 19,344 2,700 | 30,0 90,00 @
?\ ‘
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Data of the situation 1

Stage name : Short term - Undraines - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 20,000

Search type : Imposed passage point

Imposed passage point : X= 24,891, Y= 0,071

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in E&R ClassA-1
Results

Minimum safety factor : 1,3292

Coordinates of the critical centre and radius of the critical circle : N°= 445; X0= 25,34; Y0= 10,48; R= 10,41
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Data of the situation 2

Stage name : Short term - Undraines - Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Page 290

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000
Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 25,564
Search type : Imposed passage point
Imposed passage point : X=23,703; Y= 0,081
Number of slices : 100
Seismic properties : No
Passage conditions through soil layers : Must pass in in ALV CZ_Cu
Results
Minimum safety factor : 1,5954
Coordinates of the critical centre and radius of the critical circle : N°= 151; X0= 25,44; Y0= 10,06; R= 12,12
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Data of the situation 1

Stage name : Short term - Drained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 20,000

Search type : Imposed passage point

Imposed passage point : X=25,117; Y= 0,000

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in E&R ClassA-1
Results

Minimum safety factor : 1,3241

Coordinates of the critical centre and radius of the critical circle : N°= 415; X0= 25,27; Y0=9,63; R= 9,63
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Data of the situation 2

Stage name : Short term - Drained - Static
Situation name : General sltability
Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000
Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 25,613
Search type : Imposed passage point
Imposed passage point : X=22,500; Y= 0,000
Number of slices : 100
Seismic properties : No
Passage conditions through soil layers : Must pass in in ALV CZ
Results
Minimum safety factor : 1,3504
Coordinates of the critical centre and radius of the critical circle : N°= 217; X0= 25,29; Y0=6,45; R= 9,02
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Data of the situation 1

Stage name : Long term - Drained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 20,000

Search type : Imposed passage point

Imposed passage point : X=25,117; Y= 0,000

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in E&R ClassA-1
Results

Minimum safety factor : 1,3438

Coordinates of the critical centre and radius of the critical circle : N°= 480; X0=25,01; Y0= 11,60; R= 11,59
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Data of the situation 2

Stage name : Long term - Drained - Static
Situation name : General sltability
Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient

rmin | 1,000 rs1 1,000 r's1 100 f To 1250 I Ie 1250 N Tou 1,400

ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000

rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000
Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 25,613
Search type : Imposed passage point
Imposed passage point : X=22,500; Y= 0,000
Number of slices : 100
Seismic properties : No
Passage conditions through soil layers : Must pass in in ALV CZ
Results
Minimum safety factor : 1,3187
Coordinates of the critical centre and radius of the critical circle : N°= 254; X0=24,72; Y0=6,73; R= 9,08
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Data of the situation 1

Stage name : Long term - Undrained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 20,000

Search type : Imposed passage point

Imposed passage point : X= 24,891, Y= 0,071

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in E&R ClassA-1
Results

Minimum safety factor : 1,3408

Coordinates of the critical centre and radius of the critical circle : N°= 467; X0=24,19; Y0=8,79; R= 8,74
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Data of the situation 2

Stage name : Long term - Undrained - Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient

rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400

ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000

rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000
Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 25,564
Search type : Imposed passage point
Imposed passage point : X=23,703; Y= 0,081
Number of slices : 100
Seismic properties : No
Passage conditions through soil layers : Must pass in in ALV CZ_Cu
Results
Minimum safety factor : 1,5283
Coordinates of the critical centre and radius of the critical circle : N°= 171; X0= 25,25; Y0= 10,94; R= 12,96
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Data of the situation 1

Stage name : Seismic + 2500

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 20,664
Search type : Imposed passage point
Imposed passage point : X=25358; Y= 0,000
Number of slices : 100
Seismic properties : Yes
ahl/g coefficient (horizontal acceleration) : 0,037
avlg coefficient (vertical acceleration) : 0,012
Passage conditions through soil layers : Must pass out in E&R ClassA-1
Results
Minimum safety factor : 1,4998
Coordinates of the critical centre and radius of the critical circle : N°= 561; X0= 25,07; Y0=9,94; R=9,94

‘ rerrasol Printed on : 15 mars 2022 11:49:15
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Data of the situation 2

Stage name : Seismic + 2500

Situation name : General stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |[Coefficient]]  Name

Coefficient]] Name

Coefficient

'min 1,000 rs1 1,000 Ms1 1,000 I T 1,250 e

1,250

I reu 1,400

rQ | 1300 Wrgslnailab] 1,000 [Nrgslnailes| 1,000 Wrgslanchorabl 1,000 [IFgsl,anchor,es

1,000 WTaslstrip

1,000

rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut

1,000

| 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 25,613
Search type : Imposed passage point
Imposed passage point : X=24,000; Y= 0,167
Number of slices : 100
Seismic properties : Yes
ahl/g coefficient (horizontal acceleration) : 0,037
avlg coefficient (vertical acceleration) : 0,012
Passage conditions through soil layers : Must pass in in ALV CZ_Cu
Results
Minimum safety factor : 1,6299
Coordinates of the critical centre and radius of the critical circle : N°= 244; X0= 26,04; Y0= 11,22, R= 13,23

Printed on : 15 mars 2022 11:49:16
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Data of the situation 1

Stage name : Seismic - 2500

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |[Coefficient]]  Name

Coefficient]] Name

Coefficient

'min 1,000 rs1 1,000 Ms1 1,000 I T 1,250 e

1,250

I reu 1,400

rQ | 1300 Wrgslnailab] 1,000 [Nrgslnailes| 1,000 Wrgslanchorabl 1,000 [IFgsl,anchor,es

1,000 WTaslstrip

1,000

rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut

1,000

| 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 17,500
Search type : Imposed passage point
Imposed passage point : X=25,000; Y= 0,000
Number of slices : 100
Seismic properties : Yes
ahl/g coefficient (horizontal acceleration) : 0,037
av/g coefficient (vertical acceleration) : -0,012
Passage conditions through soil layers : Must pass out in E&R ClassA-1
Results
Minimum safety factor : 1,4971
Coordinates of the critical centre and radius of the critical circle : N°= 518; X0= 25,24; Y0= 12,45, R= 12,45

Printed on : 15 mars 2022 11:49:16
Calculation made by : SETEC INTERNATIONAL
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Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002

Data of the situation 2

Stage name : Seismic - 2500

Situation name : General stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 0,000
Search type : Imposed passage point
Imposed passage point : X=25,000; Y= 0,000
Number of slices : 100
Seismic properties : Yes
ahl/g coefficient (horizontal acceleration) : 0,037
av/g coefficient (vertical acceleration) : -0,012
Passage conditions through soil layers : Must pass in in ALV CZ_Cu
Results
Minimum safety factor : 1,5709

Coordinates of the critical centre and radius of the critical circle : N°= 221; X0= 25,35; Y0=7,68; R= 9,68

Talren v5
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Project data

Project reference : HS2

Calculation title : 080-L1 Twyford Embankment- Profil 3
Location : H = 5.9m - Ch. 81+ 600 - Ground model 2

Comments : N/A
Units : kN, kPa, kN/m3

yw: 10.0
Soil layers
Name Colour | y ("] ¢ |Ac|gs nails |pl|KsB |Anisotropy|F: Specific safety factors
1 ALV CZ 20,0|24,00f 2,0 |0,0 - -1 - No No No
2 KLB-SV SV 20,0/25,00{ 0,0 |0,0 - -1 - No No No
3 KLB-CZ 20,0/28,00f 3,0 [0,0 - -1 - No No No
4 | GOG (CB, PMB, WHL) 20,0/25,00f 3,0 [0,0 - -1 - No No No
5 Fill 20,026,000 5,0 |0,0 - -1 - No No No
6 ALV CZ_Cu 20,0 0,00 | 49,0 |0,0 - -1 - No No No
7 KLB-CZ_Cu 20,0 0,00 |207,0(0,0 - -1 - No No No
8 KLB-SV SV_Cu 20,0( 0,00 |250,0{0,0 - -1 - No No No
9 RTD SV sV 20,0/27,000 0,0 [0,0] - -l - No No No
[10] RTD SV SV_Cu 20,0 0,00 |108,0/0,0 - -1 - No No No
[11] RTD CZ 20,0(24,00f 2,0 |0,0 - -1 - No No No
12 RTD CZ_Cu 20,0 0,00 | 83,0 |0.0 - -1 - No No No
13|Starter Layer (Class 6c) 20,035,000 0,0 |0,0 - - - No No No
Soil layers (cont.
Name Colour Fvll'c I'tan(g) Cohesion type|0urve
1 ALV CZ - - Effective Linear
2 KLB-SV 8V - - Effective | Linear
3 KLB-CZ - - Effective Linear
4 | GOG (CB, PMB, WHL) - - Effective Linear
5] Fill - Effective | Linear
16| ALV CZ_Cu - Undrained  Linear
7 KLB-CZ_Cu - - Undrained  Linear
8 KLB-SV SV_Cu - - Effective Linear
9 RTD SV 8V - - Effective Linear
10 RTD SV SV_Cu - - Undrained  Linear
11 RTD CZ - - Effective Linear
12 RTD CZ_Cu - - Undrained  Linear
13| Starter Layer (Class 6¢) - - Effective Linear
Points
X Y X Y X Y X Y X Y X Y
2 (60,000 0,000 § 3 | 0,000 -2,800Q 4 (60,000|-2,800 11| 0,000 5,900 §43|22,000 5,900 §64| 0,000 |-4,000
65(60,000 -4,000 §68| 0,000 -6,000 §69(60,000|-6,000 § 70| 0,000 -8,500 § 71/60,000 -8,500 §75| 0,000 | 0,300
76( 0,000 -0,300 §80 33,284 0,219 §83(34,337|-0,277 j§ 84|33,800 -0,000 85| 0,000 -10,500 §8660,000|-10,500
Segments
Point 1|Point 2 Point 1|Point 2 Point 1 Point 2 Point 1| Point 2 Point 1 Point 2 Point 1| Point 2 Point 1| Point 2
51 4 3 132| 65 64 144| 68 69 145 71 70 147 43 11 1683| 75 80 165 80 43
167 76 83 170| 80 84 171| 83 84 172 84 2 173| 86 85
Distributed loads
Name | Xleft | Y left|q left|X right| Y right|q right|Ang/horizontal
1 10 kPa 19,343/5,900| 10,0 | 21,500| 5,900 | 10,0 90,00
|2/  57kPa | 0,000 5,900 57,0 19,344| 5900 | 57,0 90,00
3 20kPa 0,000 |5,900| 20,0 |21,500| 5,900 @ 20,0 90,00
4|30 kPa Seismic| 0,000 |5,900 30,0 19,344 | 5,900 @ 30,0 90,00
N
c rerrasol Printed on : 15 mars 2022 12:35:50
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Data of the situation 1

Stage name : Short term - Undrained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 20,000

Search type : Imposed passage point

Imposed passage point : X= 32,500; Y= 0,000

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in Starter Layer (Class 6c)
Results

Minimum safety factor : 1,1497

Coordinates of the critical centre and radius of the critical circle : N°= 496; X0= 31,54; Y0= 21,06; R= 20,58
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Stage: Short term - Undrained - Static / Situation: Skin stability
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Data of the situation 2

Stage name : Short term - Undrained - Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Page 315

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000
Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 31,000
Search type : Imposed passage point
Imposed passage point : X=26,000; Y= 1,500
Number of slices : 100
Seismic properties : No
Passage conditions through soil layers : Must pass in in ALV CZ_Cu
Results
Minimum safety factor : 1,2722
Coordinates of the critical centre and radius of the critical circle : N°= 165; X0= 31,87; Y0= 15,06; R= 15,27
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5| Stage: Short term - Undrained - Static | Situation: Ganeral sitability
I I L)
|7
' Calculation method : Bishop
. Safety factor set | EC7 Dasian Approach
| Fmin = 1,2722 '“!m_.
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Data of the situation 1

Stage name : Short term - Drained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 17,000

Search type : Imposed passage point

Imposed passage point : X= 32,235; Y= 0,124

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in Starter Layer (Class 6c)
Results

Minimum safety factor : 1,1515

Coordinates of the critical centre and radius of the critical circle : N°= 451; X0=31,03; Y0= 18,96; R= 18,37
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Scale 1:131

Stage: Short term - Drained - Static / Situation: Skin stability
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Data of the situation 2

Stage name : Short term - Drained - Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 0,500
Search type : Imposed passage point

Imposed passage point : X= 32,500; Y= 0,000
Number of slices : 100

Seismic properties : No

Results

Minimum safety factor : 1,0553

Coordinates of the critical centre and radius of the critical circle : N°= 1044; X0= 30,65; Y0= 14,48; R= 16,09

‘ rerrasol Printed on : 15 mars 2022 12:35:52
’ ;';azlqgn v5 Calculation made by : SETEC INTERNATIONAL 9 @
o Project : 080-L1 Twyford Embankment- Profil 3
setec
o~
1/4-WORK41492V_HS2-Stage-DD\i_Calvert_Detailed_Designii_Tech\Twyford_Embankment\_GE OTECHANNEXES\Talren_15.03.2022\CHB1+600GMZ Profli3 with Starter Layeri5p Pag|
4

Page 319 \/



asC»

A High-Speed Design Partnership

MARCADIS G =

Cowt

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR

1MCO06-CEK-GT-REP-CS06_CL10-000002

Rev.C04

Stage: Short term - Drained - Static / Situation: General shability

Scala 1:116
Ty e R T
gl § R i .
[ e |y.-w-'f”|'ml
I 12
AT 1,06 "
s

c’ rerrasol

Talren v5
5,210

Printed on : 15 mars 2022 12:35:52
Calculation made by : SETEC INTERMATIOMAL

Project : 080-L1 Twyford Embankment- Profil 3

(—L) ] —
ARTHITA LABZY_WS2-5ingn HO0_Gahver_Draiied_Deeiq|_TacsTeylom_Embank mant,_GECTE GUANNE S Toimn_25 03 21220 #5062 PRk wis Sianer Layee 160

Page 320

Pagn 823



/’ High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
4 i North Portal of Chiltern Tunnels to Brackley

A High-Speed Design Partnership Twyford Embankment GDR
MAARCADIS -  COWI 1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04

Data of the situation 1

Stage name : Long term - Undrained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 20,000

Search type : Imposed passage point

Imposed passage point : X= 32,500; Y= 0,000

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in Starter Layer (Class 6c)
Results

Minimum safety factor : 1,1538

Coordinates of the critical centre and radius of the critical circle : N°= 491; X0= 31,54; Y0= 21,06; R= 20,58
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Data of the situation 2

Stage name : Long term - Undrained - Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient

rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400

ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000

rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000
Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 31,000
Search type : Imposed passage point
Imposed passage point : X=26,000; Y= 1,500
Number of slices : 100
Seismic properties : No
Passage conditions through soil layers : Must pass in in ALV CZ_Cu
Results
Minimum safety factor : 1,2444
Coordinates of the critical centre and radius of the critical circle : N°= 187; X0= 31,63; Y0= 23,92; R= 24,11
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Data of the situation 1

Stage name : Long term - Drained -Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 17,000

Search type : Imposed passage point

Imposed passage point : X= 32,235; Y= 0,124

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in Starter Layer (Class 6c)
Results

Minimum safety factor : 1,1591

Coordinates of the critical centre and radius of the critical circle : N°= 500; X0= 31,20; Y0= 20,97; R= 20,37
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Data of the situation 2

Stage name : Long term - Drained -Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient

rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400

ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000

rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000
Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 0,500
Search type : Imposed passage point
Imposed passage point : X= 32,500; Y= 0,000
Number of slices : 100
Seismic properties : No
Passage conditions through soil layers : Must pass in in ALV CZ
Results
Minimum safety factor : 1,0579
Coordinates of the critical centre and radius of the critical circle : N°= 554; X0=30,14; Y0= 14,56; R= 16,75
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Data of the situation 1

Stage name : Seismic + 2500

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 14,500
Search type : Imposed passage point
Imposed passage point : X= 32,500; Y= 0,000
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

avlg coefficient (vertical acceleration) : 0,012
Passage conditions through soil layers : Must pass out in Starter Layer (Class 6¢)
Results
Minimum safety factor : 1,1774
Coordinates of the critical centre and radius of the critical circle : N°= 496; X0= 31,54; Y0= 21,06, R= 20,58
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Data of the situation 2

Stage name : Seismic + 2500

Situation name : General stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 33,000
Search type : Imposed passage point
Imposed passage point : X=26,000; Y= 1,000
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

avlg coefficient (vertical acceleration) : 0,012
Passage conditions through soil layers : Must pass in in ALV CZ_Cu
Results
Minimum safety factor : 1,2916
Coordinates of the critical centre and radius of the critical circle : N°= 268; X0= 31,97; Y0= 10,30; R= 10,54
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Data of the situation 1

Stage name : Seismic - 2500

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 16,000
Search type : Imposed passage point
Imposed passage point : X= 32,365; Y= 0,000
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

av/g coefficient (vertical acceleration) : -0,012
Passage conditions through soil layers : Must pass out in Starter Layer (Class 6¢)
Results
Minimum safety factor : 1,1837
Coordinates of the critical centre and radius of the critical circle : N°= 486; X0= 30,71; Y0= 19,05, R= 18,62
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Data of the situation 2

Stage name : Seismic - 2500
Situation name : General stability
Calculation method : Bishop
Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin | 1,000 rs1 1,000 r's1 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 33,000
Search type : Imposed passage point
Imposed passage point : X=27,000; Y= 0,208
Number of slices : 100
Seismic properties : Yes
ahl/g coefficient (horizontal acceleration) : 0,037
av/g coefficient (vertical acceleration) : -0,012
Results
Minimum safety factor : 1,1689
Coordinates of the critical centre and radius of the critical circle : N°= 226; X0= 36,30; Y0= 32,90, R= 32,99
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Project data

Project reference : HS2

Calculation title : 080-L1 Twyford Embankment- Profil 4
Location : H = 5.80m - Ch. 81+ 687 - Ground model 4
Comments : N/A

Units : kN, kPa, kN/m3

yw: 10.0
Soil layers
Name Colour | y ("] ¢ |Ac|gs nails |pl|KsB |Anisotropy|F: Specific safety factors

1 ALV SV sV 20,0/25,00f 0,0 |00 - -1 - No No No
2 ALV SV 8V_Cu 20,0( 0,00 | 40,0 |0,0 - -1 - No No No
3 ALV CZ 20,0(24,00f 2,0 [0,0 - -1 - No No No
4 KLB-SV SV 20,0/25,00f 0,0 [0,0 - -1 - No No No
5 KLB-CZ 20,0(28,00| 3,0 |0,0 - -1 - No No No
6 | GOG (CB, PMB, WHL) 20,0/25,00| 3,0 |0,0 - -1 - No No No
7 Fill 20,0/26,00f 5,0 [0,0 - -1 - No No No
8 ALV CZ_Cu 20,0] 0,00 | 49,0 [0,0] - -l - No No No
9 KLB-SV SV_Cu 20,0] 0,00 [250,0{0,0] - -l - No No No
[10] KLB-CZ_Cu 20,0 0,00 |207,0/0,0 - -1 - No No No
[11]starter Layer (Class 6c)| 20,0/35,00f 0,0 |0,0 - -1 - No No No
12| ALV SV SV vadose 18,0|22,000 1,0 |0,0 - -1 - No No No

Soil layers (cont.

Name Colour |Fy|c|Itan(g)|Cohesion type|Curve

1 ALV SV 8V - - - Effective Linear

2 ALV SV 8V_Cu - - - Undrained  Linear

3 ALV CZ - - - Effective Linear

4 KLB-SV SV - |- - Effective Linear

5 KLB-CZ - Effective | Linear

| 6 | GOG (CB, PMB, WHL) - Effective | Linear

7] Fill - Effective | Linear

8 ALV CZ_Cu - - - Undrained  Linear

9 KLB-SV SV_Cu - - - Undrained  Linear

10 KLB-CZ_Cu - - Undrained  Linear

11|Starter Layer (Class 6c) - - - Effective Linear

12| ALV SV SV vadose - - - Effective Linear
Points

x [ ¥ X Y X [ Y X Y X [ ¥ X Y

30,000 -4,500 | 4 |60,000|-4,500 |11]0,000| 5,800 || 12| 16,000 5,800 |J13|27,600 0,000 || 26/30,600| 0,000
[2735,000-1,500 28| 33,629 -1,500 |{64 0,000 -6,000 |{65|60,000 -6,000 | 66| 0,000 -8,000 67 |60,000(-8,000
|71|60,000|-1,500 74| 0,000 | 0,300 |§76|0,000 -0,300 ||7760,000| 0,000 || 78|27,000/ 0,300 |j7938,000|-0,143
80|31,253]-0,308 {81 | 25,235 |-0,300 || 82| 0,000 -2, 700 || 83| 60,000 -2,700

Segments
Point 1|Point 2 Point 1|Point 2 Point 1| Point 2 Point 1| Point 2 Point 1 Point 2 Point 1|Point 2 Point 1|Point 2
51 4 3 54 28 27 89 12 1" 129 13 26 130| 67 66 132| 65 64 151 78 13

152| 78 12 j153| 78 74 Q§154| 77 79 Q156| 79 27 ||158| 80 26 J159| 80 28 160 80 81
163| 81 76 Q§164| 83 82

Distributed loads

Name | Xleft | Y left|q left|X right| Y right|q right|Ang/horizontal
1|  10kPa  |13,300/5,800 10,0 |15,500| 5,800 | 10,0 90,00
2| 57kPa | 0,000 5,800 57,0 13,300| 5,800 | 57,0 90,00
3| 20kPa | 0,000 5,800 20,0 15500| 5800 20,0 90,00
4]30 kPa Seismic| 0,000 5,800 30,0 |13,300] 5,800 | 30,0 90,00 @

?\ ‘
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Data of the situation 1

Stage name : Short term - Undrained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 14,500

Search type : Imposed passage point

Imposed passage point : X= 25,627, Y= 0,000

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in Starter Layer (Class 6c)
Results

Minimum safety factor : 1,1589

Coordinates of the critical centre and radius of the critical circle : N°= 345; X0= 25,34; Y0= 19,96; R= 19,46
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Data of the situation 2

Stage name : Short term - Undrained - Static
Situation name : General sltability
Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Coefficient]| Name

Coefficient]] Name

Coefficient||

Coefficient]]  Name

Coefficient]| Name [Coefficient

'min

1,000 rs1

1,000 Ms1

1.000 |

p

1250 W Te

1250 N Tou 1,400

ra

1,300 |Tgsl.nail;ab

1,000 Wrgsl,nail,es

1,000

Irqsl.anchor.ab

1,000 WFgsl,anchor,es

1,000 WTaslstip| 1,000

rpl

1,000 | Tanail

1,000 | Ta,anchor

1,000 |f

a,strip

1,000 || Tstut

1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 26,000
Search type : Imposed passage point

Imposed passage point : X=24,500; Y= 0,000

Number of slices : 100
Seismic properties : No
Passage conditions through soil layers : Must pass in in ALV SV SV_Cu

Results
Minimum safety factor : 1,0627
Coordinates of the critical centre and radius of the critical circle : N°= 513; X0=19,17; Y0= 12,50; R= 15,09

c’ terrasol

setec

Talren v5
v5.2.10

Printed on : 15 mars 2022 16:10:50
Calculation made by : SETEC INTERNATIONAL
Project : 080-L1 Twyford Embankment- Profil 4

- WORK\41492V_HS2-Stage-DD\1_Calvert_Detailed_Designi1_Tech\Twyford_Embankment_GEOTECHIANNEXE S\ Talten_15.03.2022\CHB1+687GM# Profil 4 with Starter Layer.tsp Pag

Page 340



High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

A High-Speed Design Partnership Twyford Embankment GDR

@ARCADIS - COWI 1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04
Scale 11110
P T A I S e I S P A S S
F T T
| |
k %E:ILJ‘10§E}Z‘9_‘|.$;¢3 i
i 1
L, 241
I
R E
& v |
T s
I | ! o .
L SEMLGmI  p
I / i
B ;
a ! 73]
Ll ] o] T 4,50 2
1.0
4 25
i ([T -
|1
i -mmmm
n»*ww wmdone
? _i\_.uigu‘q‘n eth d E‘Isi.\_f.u;
Safaty factor set | ECY Dasign Approach|
Fmin = 1,0627 i y A
|c; terrasal Talren v5 Printed on © 15 mars 2022 16:10:50 Project : 080-L1 Twyford Embankment- Profil 4
VE2.10 Calculation made by : SETEC INTERNATIONAL
(ST —
HAWORKAT452Y_HS2-5inge OO_Catver_Oeeatied_Dweigm|_TechiTwytord_Embank ment,_GEDTEC-ANNE XE S/ Tolan_15.00 2022100015576 Proal 4 wﬂlﬂ(\.“.h Pagn 2%

Page 341




/’ High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
4 i North Portal of Chiltern Tunnels to Brackley

A High-Speed Design Partnership Twyford Embankment GDR
MAARCADIS -  COWI 1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04

Data of the situation 1

Stage name : Short term - Drained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 9,500

Search type : Imposed passage point

Imposed passage point : X=25305; Y= 0,126

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in Starter Layer (Class 6c)
Results

Minimum safety factor : 1,1622

Coordinates of the critical centre and radius of the critical circle : N°= 365; X0= 24,24; Y0= 18,01; R= 17,41
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Data of the situation 2

Stage name : Short term - Drained - Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Page 344

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000
Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 1,500
Search type : Imposed passage point
Imposed passage point : X=33,000; Y= -1,500
Number of slices : 100
Seismic properties : No
Passage conditions through soil layers : Must pass in in ALV CZ
Results
Minimum safety factor : 1,0043
Coordinates of the critical centre and radius of the critical circle : N°= 174; X0=27,81; Y0= 16,30; R= 19,03
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Data of the situation 1

Stage name : Long term - Drained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 9,500

Search type : Imposed passage point

Imposed passage point : X=25305; Y= 0,126

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in Starter Layer (Class 6c)
Results

Minimum safety factor : 1,1695

Coordinates of the critical centre and radius of the critical circle : N°= 417; X0= 24,50; Y0= 19,89; R= 19,28
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Data of the situation 2

Stage name : Long term - Drained - Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 26,000
Search type : Imposed passage point

Imposed passage point : X=22,272; Y= 0,000
Number of slices : 100

Seismic properties : No

Results

Minimum safety factor : 1,0044

Coordinates of the critical centre and radius of the critical circle : N°= 370; X0=27,64; Y0=19,12; R= 21,85
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Data of the situation 1

Stage name : Long term - Undrained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 14,500

Search type : Imposed passage point

Imposed passage point : X= 25,627, Y= 0,000

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in Starter Layer (Class 6c)
Results

Minimum safety factor : 1,1657

Coordinates of the critical centre and radius of the critical circle : N°= 63; X0= 23,96; Y0= 17,82; R= 17,39
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Data of the situation 2

Stage name : Long term - Undrained - Static
Situation name : General sltability
Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Coefficient]| Name

Coefficient]] Name

Coefficient||

Coefficient]]  Name

Coefficient]| Name [Coefficient

'min

1,000 rs1

1,000 Ms1

1.000 |

p

1250 W Te

1250 N Tou 1,400

ra

1,300 |Tgsl.nail;ab

1,000 Wrgsl,nail,es

1,000

Irqsl.anchor.ab

1,000 WFgsl,anchor,es

1,000 WTaslstip| 1,000

rpl

1,000 | Tanail

1,000 | Ta,anchor

1,000 |f

a,strip

1,000 || Tstut

1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 26,000
Search type : Imposed passage point

Imposed passage point : X=24,500; Y= 0,000

Number of slices : 100
Seismic properties : No
Passage conditions through soil layers : Must pass in in ALV SV SV_Cu

Results
Minimum safety factor : 1,0388
Coordinates of the critical centre and radius of the critical circle : N°= 513; X0=19,17; Y0= 12,50; R= 15,09
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Data of the situation 1

Stage name : Seismic + 2500

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 9,000
Search type : Imposed passage point
Imposed passage point : X=25,820; Y= 0,000
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

avlg coefficient (vertical acceleration) : 0,012
Passage conditions through soil layers : Must pass out in Starter Layer (Class 6¢)
Results
Minimum safety factor : 1,1937
Coordinates of the critical centre and radius of the critical circle : N°= 349; X0= 24,74; Y0= 18,25, R= 17,78

c rerrasol Talren v5 Printed qn 115 mars 2022 16:10:53
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Data of the situation 2

Stage name : Seismic + 2500
Situation name : General stability
Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach

Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 1,000
Search type : Imposed passage point
Imposed passage point : X= 30,255; Y= -1,000
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

avlg coefficient (vertical acceleration) : 0,012
Results
Minimum safety factor : 1,0748
Coordinates of the critical centre and radius of the critical circle : N°= 946; X0=22,77; Y0= 17,38, R= 21,84

c rerrasol Talren v5 Printed on : 15 mars 2022 16:10:53
’ v5.2.10 Calculation made by : SETEC INTERNATIONAL 9
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Data of the situation 1

Stage name : Seismic - 2500

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 12,000
Search type : Imposed passage point
Imposed passage point : X=25,603; Y= 0,000
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

av/g coefficient (vertical acceleration) : -0,012
Passage conditions through soil layers : Must pass out in Starter Layer (Class 6¢)
Results
Minimum safety factor : 1,1978
Coordinates of the critical centre and radius of the critical circle : N°= 391; X0= 24,86; Y0= 20,03; R= 19,54

c rerrasol Talren v5 Printed qn 115 mars 2022 16:10:53
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High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002

Data of the situation 2

Stage name : Seismic - 2500

Situation name : General stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 9,000
Search type : Imposed passage point
Imposed passage point : X= 32,840, Y= -1,680
Number of slices : 100
Seismic properties : Yes
ahl/g coefficient (horizontal acceleration) : 0,037
av/g coefficient (vertical acceleration) : -0,012
Passage conditions through soil layers : Must pass in in ALV SV SV_Cu
Results
Minimum safety factor : 1,0944

Coordinates of the critical centre and radius of the critical circle : N°= 1225; X0= 22,22; YO= 16,87; R= 21,37
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-
Project data
Project reference : HS2
Calculation title : 080-L1 Twyford Embankment- Profil 5
Location : H = 5.1m - Ch. 81+920 - Ground model 5
Comments : N/A
Units : kN, kPa, kN/m3
yw: 10.0
Soil layers
Name | Colour [ v | @ ¢ |Ac]|gs nails|pl|KsB|Anisotropy|F Specific safety factors
1 ALV SV sV 18,0/25,00{ 0,0 |0,0 - -1 - No No No
2 ALV CZ 20,0/24,00f 2,0 |0,0 - -1 - No No No
3 KLB-SV SV 20,0/25,00f 0,0 [0,0 - -1 - No No No
4 KLB-CZ 20,0/28,00f 3,0 [0,0 - -1 - No No No
5 | GOG (CB, PMB, WHL) 20,0|25,00| 3,0 |0,0 - -1 - No No No
6 Fill 20,0/26,00f 5,0 |0,0 - -1 - No No No
7 OXC-w 20,0/25,00f 2,0 [0,0 - -1 - No No No
8 OXC-u1 20,0/28,000 50 [0,0] - -l - No No No
9 ALV CZ _Cu 20,0/ 0,00 | 49,0 [0,0] - -l - No No No
[10] OXCw_cu 20,0( 0,00 | 54,0 |0,0 - -1 - No No No
[11] 0OXCu1_Cu 20,0 0,00 |100,0/0,0 - -1 - No No No
12 KLB-CZ_Cu 20,0 0,00 {207,000 - -1 - No No No
13 KLB-SV SV_Cu 20,0 0,00 |250,0(0,0 - -1 - No No No
14 |Starter Layer (Class 6c) 20,035,000 0,0 |0,0 - -l - No No No
Soil layers (cont.
Name [ Colour [Fy[Fc[Ftan(g)[Cohesion type Curve
1 ALV SV 8V - - - Effective | Linear
2 ALV CZ -1- - Effective Linear
3 KLB-SV sV - - - Effective Linear
[4| KLB-CZ P Effective | Linear
|'5 | GoG (CB, PMB, WHL) - Effective | Linear
6 Fill - - - Effective Linear
7 OXC-w - - - Effective Linear
8 OXC-u1 -|- - Effective Linear
9 ALV CZ_Cu - - - Undrained  Linear
10 OXCw_cu - - - Undrained  Linear
11 OXCu1_Cu - - - Undrained  Linear
12 KLB-CZ_Cu - - - Undrained  Linear
13 KLB-SV 8V_Cu - - - Undrained | Linear
WS:aﬂsrLaysr(Classﬁc)i - - Effective | Linear
Points
X [ Y X Y X Y x| Y x [ Y X [ Y
2 (60,000 0,000 § 3 | 0,000 | -4,000 @ 4 60,000| -4,000 f§11| 0,000 | 5,100 §13|32,200| 0,000 §32|60,000-2,000
43(22,000 5,100 §50| 0,000  -2,000 §55| 0,000 | -0,300 64| 0,000 |-5,700 }§ 65|60,000|-5,700 §68| 0,000 -9,200
69(60,000 -9,200 §70| 0,000 -10,600§7160,000|-10,600 § 72|60,000/-0,200 § 74| 0,000 | 0,300 §76|60,000 -0,300
77(31,600 0,300 §79|32,703| -0,300
Segments
Point 1|Point 2 Point 1|Point 2 Point 1| Point 2 Point 1| Point 2 PointﬂPoinlz Point 1|Point 2 Point 1|Point 2
51| 4 3 107| 32 50 §132| 65 64 f142| 2 13 J144| 68 69 f145| 71 70 Q147 43 11
[180| 74 | 77 J151| 77 | 43 Q52| 77 | 13 [[157] 79 13 158 79 55 | | B
Distributed loads
Name | Xleft |Y left|q left|X right|Y right|q right Ang/horizontal
1 10 kPa 19,343/5,100| 10,0 | 21,500| 5,100 | 10,0 90,00
2 57 kPa 0,000 |5,100| 57,0 19,344 | 5,100 @ 57,0 90,00 C)
3 20 kPa 0,000 5,100 20,0  21,500| 5,100 = 20,0 90,00 0
430 kPa Seismic| 0,000 |5,100| 30,0 |19,344| 5,100 | 30,0 90,00 v
N
c rerrasol Printed on : 15 mars 2022 16:21:45
’ ;';?2!55“ v5 Calculation made by : SETEC INTERNATIONAL 9 @
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Data of the situation 1

Stage name : Short term - Undrained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 15,500

Search type : Imposed passage point

Imposed passage point : X=32,102; Y= -0,145

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in Starter Layer (Class 6c)
Results

Minimum safety factor : 1,1872

Coordinates of the critical centre and radius of the critical circle : N°= 429; X0= 31,04; Y0= 20,30; R= 19,96
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Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002

Data of the situation 2

Stage name : Short term - Undrained - Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Page 365

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000
Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 8,306
Search type : Imposed passage point
Imposed passage point : X= 32,500, Y= -0,265
Number of slices : 100
Seismic properties : No
Passage conditions through soil layers : Must pass in in ALV CZ_Cu
Results
Minimum safety factor : 1,3060
Coordinates of the critical centre and radius of the critical circle : N°= 976; X0= 23,83; Y0= 12,24; R= 16,21
c rerrasol Talren v5 Printed qn 115 mars 2022 16:21:46
’ v5.2.10 Calculation made by : SETEC INTERNATIONAL
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Data of the situation 1

Stage name : Short term - Drained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 18,000

Search type : Imposed passage point

Imposed passage point : X=31,000; Y= 0,000

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in Starter Layer (Class 6c)
Results

Minimum safety factor : 1,1819

Coordinates of the critical centre and radius of the critical circle : N°= 403; X0= 29,89; Y0= 17,83; R= 17,36
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Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002

Data of the situation 2

Stage name : Short term - Drained - Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set
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Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000
Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 31,500
Search type : Imposed passage point
Imposed passage point : X=24,000; Y= 0,277
Number of slices : 100
Seismic properties : No
Passage conditions through soil layers : Must pass in in ALV CZ
Results
Minimum safety factor : 1,0775
Coordinates of the critical centre and radius of the critical circle : N°= 219; X0= 28,83; Y0= 10,88; R= 12,65
c rerrasol Talren v5 Printed qn 115 mars 2022 16:21:46
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Data of the situation 1

Stage name : Long term - Drained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 18,000

Search type : Imposed passage point

Imposed passage point : X=31,000; Y= 0,000

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in Starter Layer (Class 6c)
Results

Minimum safety factor : 1,1913

Coordinates of the critical centre and radius of the critical circle : N°= 436; X0= 28,70; Y0= 16,07; R= 15,73
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Data of the situation 2

Stage name : Long term - Drained - Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient

rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400

ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000

rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000
Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 31,500
Search type : Imposed passage point
Imposed passage point : X=24,000; Y= 0,277
Number of slices : 100
Seismic properties : No
Passage conditions through soil layers : Must pass in in ALV CZ
Results
Minimum safety factor : 1,0729
Coordinates of the critical centre and radius of the critical circle : N°= 344; X0=28,93; Y0=13,11; R= 14,74

c rerrasol Talren v5 Printed qn 115 mars 2022 16:21:47
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Data of the situation 1

Stage name : Long term - Undrained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 15,500

Search type : Imposed passage point

Imposed passage point : X= 31,500; Y= 0,000

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in Starter Layer (Class 6c)
Results

Minimum safety factor : 1,1883

Coordinates of the critical centre and radius of the critical circle : N°= 429; X0= 29,09; Y0= 16,29; R= 15,96
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Data of the situation 2

Stage name : Long term - Undrained - Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient

rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400

ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000

rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000
Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 15,500
Search type : Imposed passage point
Imposed passage point : X=31,315; Y= 0,000
Number of slices : 100
Seismic properties : No
Passage conditions through soil layers : Must pass in in ALV CZ_Cu
Results
Minimum safety factor : 1,2553
Coordinates of the critical centre and radius of the critical circle : N°= 739; X0= 23,40; Y0= 10,85; R= 14,42

c rerrasol Talren v5 Printed qn 115 mars 2022 16:21:48
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Data of the situation 1

Stage name : Seismic + 2500
Situation name : Skin stability
Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach

Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 31,600
Search type : Imposed passage point
Imposed passage point : X=28,789; Y= 0,000
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

avlg coefficient (vertical acceleration) : 0,012
Results
Minimum safety factor : 1,2069
Coordinates of the critical centre and radius of the critical circle : N°= 118; X0= 33,39; Y0= 24,89; R= 24,81
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Data of the situation 2

Stage name : Seismic + 2500

Situation name : General stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 31,500
Search type : Imposed passage point
Imposed passage point : X=21,112; Y= 2,364
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

avlg coefficient (vertical acceleration) : 0,012
Passage conditions through soil layers : Must pass in in ALV CZ_Cu
Results
Minimum safety factor : 1,2924
Coordinates of the critical centre and radius of the critical circle : N°= 411; X0= 29,92; Y0= 20,62; R= 20,76
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Data of the situation 1

Stage name : Seismic - 2500
Situation name : Skin stability
Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach

Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 31,332
Search type : Imposed passage point
Imposed passage point : X=29,113; Y= 0,166
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

av/g coefficient (vertical acceleration) : -0,012
Results
Minimum safety factor : 1,1935
Coordinates of the critical centre and radius of the critical circle : N°= 526; X0= 31,45; Y0= 14,51, R= 14,53
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Data of the situation 2

Stage name : Seismic - 2500

Situation name : General stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 31,600
Search type : Imposed passage point
Imposed passage point : X=21,500; Y= 3,000
Number of slices : 100
Seismic properties : Yes
ahl/g coefficient (horizontal acceleration) : 0,037
av/g coefficient (vertical acceleration) : -0,012
Passage conditions through soil layers : Must pass in in ALV CZ_Cu
Results
Minimum safety factor : 1,3312
Coordinates of the critical centre and radius of the critical circle : N°= 164; X0= 29,33; Y0=19,73; R= 19,97
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Project reference : HS2

Comments : N/A
Units : kN, kPa, kN/m3

Project data

Calculation title : 080-L1 Twyford Embankment- Profil 6
Location : H = 4.3m - Ch. 82+100 - Ground model 6

yw: 10.0
Soil layers
Name Colour | y ("] ¢ |Ac|gs nails |pl|KsB |Anisotropy|F: Specific safety factors
1 KLB-SV SV 20,0/25,00f 0,0 |00 - -1 - No No No
2 KLB-CZ 20,0/28,00{ 3,0 |0,0 - -1 - No No No
3 | GOG (CB, PMB, WHL) 20,0/25,00f 3,0 [0,0 - -1 - No No No
4 Fill 20,0/26,00f 5,0 [0,0 - -1 - No No No
5 KLB-8V SV_Cu 20,0| 0,00 |250,0/0,0 - -1 - No No No
6 KLB-CZ_Cu 20,0| 0,00 |207,0/0,0 - -1 - No No No
7 |Starter Layer (Class 6c) 20,0|35,00| 0,0 |0,0 - -l - No No No
8 OXC-w 20,025,001 2,0 [0,0] - -1 - No No No
9 OXC-u1 20,0(28,00] 50 [0,0] - -1 - No No No
[10] OXCw_Cu 20,0( 0,00 | 54,0 |0,0 - -1 - No No No
[11] 0OXCu1_Cu 19,0| 0,00 {100,00,0 - -1 - No No No
12 RTD CZ 20,0/24,00f 2,0 |0.0 - -1 - No No No
13 RTD CZ_Cu 20,0 0,00 | 80,0 |0,0 - -1 - No No No
14 RTD SV 8V 20,0(27,00f 0,0 |0,0 - -1 - No No No
15 RTD SV SV_Cu 20,0 0,00 |108,0/0,0 - -1 - No No No
16 OXC u2 20,0/28,00| 5,0 |0,0 - -1 - No No No
17 OXC u2_Cu 20,0| 0,00 |150,0{0,0 - -1 - No No No
18 ALV CZ_Cu 20,01 0,00 | 49,0 |0,0 - -1 - No No No
19 ALV CZ 20,0(24,00] 2,0 0,0 - -1 - No No No
Soil layers (cont.
Name Colour |ly|lc|Itan(g)| Cohesion type|Curve

1 KLB-SV 8V - - - Effective Linear

2 KLB-CZ - - - Effective Linear

3 | GOG (CB, PMB, WHL) -~ - Effective Linear

4 Fill - - - Effective Linear

5] KLB-SV SV_Cu - - - Undrained | Linear

6 KLB-CZ_Cu - - - Undrained  Linear

7 |Starter Layer (Class 6c) - - - Effective Linear

8 OXC-w - - - Effective | Linear

19| OXC-u1 -T-1 - Effective | Linear

[10] OXCw_Cu - - - Undrained  Linear

[11] 0XCul_Cu -1 - Undrained  Linear

12 RTD CZ == - Effective Linear

13 RTD CZ_Cu - - - Undrained  Linear

14 RTD SV 8V - - - Effective Linear

15 RTD SV SV_Cu - - - Undrained  Linear

16 OXCu2 - |- - Effective | Linear

17 OXC u2_Cu - - - Undrained  Linear

18 ALV CZ_Cu - - - Undrained | Linear

19 ALV CZ - - - Undrained | Linear
Points

X [ vy X [ ¥ X [ ¥ X [ ¥ x [ ¥ X [ v

2 (60,000 0,000 § 3| 0,000 | -3,000 § 4 60,000 -3,000f11| 0,000 | 4,300 §13|30,600| 0,000 §32|60,000-2,000
43(22,000 4,300 §50| 0,000 | -2,000 §73| 0,000 -7,000 §76|60,000|-7,000 78| 0,000 |-9,000 §79|60,000 -9,000
80( 0,000 -10,500§81|60,000-10,500 §82| 0,000 -2,500 §83|60,000|-2,500 § 84| 0,000 |-5,000 §85|60,000-5,000
86| 0,000 -14,000#87|60,000 -14,000 488 0,000 | 0,300 §89| 0,000 (-0,300 §91(60,000 -0,300 §94 30,000/ 0,300
95|31,000/ -0,300
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Project data

Distributed loads

Name | Xleft |Y left|q left|X right|Y right|q right
1 10 kPa 19,340/4,300| 10,0 | 21,500| 4,300 | 10,0 90,00
2 57 kPa 0,000 |4,300| 57,0 |20,000| 4,300 57,0 90,00
3 20 kPa 0,000 |4,300| 20,0 20,000 4,300 @ 20,0 90,00
4|30 kPa Seismic| 0,000 |4,300 30,0 |20,000| 4,300 @ 30,0 90,00

Segments

Point 1[Point 2] [Point 1]Point 2]  [Point 1]Pcint 2]  [Point 1]Point 2]|  [Point 1[Point 2 Point 1[Point 2]|  [Point 1[Point 2
51| 4 3 Jo7] 32 | 50 W42| 2 13 Wi147| 43 | 11 |148] 73 | 76 [156[ 81 79 W157| 79 | 78
159] 81 | so [l1e0[ 32 | 83 N6l 4 83 [l162| 83 | 82 [i163| 4 85 J164| 76 | 85 165| 85 | 84
[166] a7 | e J177| 94 | 43 J178| 94 | s8 |f179| 94 | 13 ||180| o1 | 95 J181| 89 | o5 |j182[ 95 | 13
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Data of the situation 1

Stage name : Short term - Undrained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 12,000

Search type : Imposed passage point

Imposed passage point : X=29,681; Y= 0,000

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in Starter Layer (Class 6c)
Results

Minimum safety factor : 1,2278

Coordinates of the critical centre and radius of the critical circle : N°= 552; X0= 27,56; Y0= 14,09; R= 13,74
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Data of the situation 2

Stage name : Short term - Undrained - Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Page 391

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000
Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 30,000
Search type : Imposed passage point
Imposed passage point : X=27,500; Y= 0,086
Number of slices : 100
Seismic properties : No
Passage conditions through soil layers : Must pass in in ALV CZ_Cu
Results
Minimum safety factor : 1,3320
Coordinates of the critical centre and radius of the critical circle : N°= 393; X0=29,92; Y0= 19,53; R= 19,59
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Data of the situation 1

Stage name : Short term - Drained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 14,500

Search type : Imposed passage point

Imposed passage point : X=29,702; Y= 0,000

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in Starter Layer (Class 6c)
Results

Minimum safety factor : 1,2265

Coordinates of the critical centre and radius of the critical circle : N°= 550; X0= 27,58; Y0= 14,09; R= 13,75
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Data of the situation 2

Stage name : Short term - Drained - Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 30,000
Search type : Imposed passage point

Imposed passage point : X=26,376; Y= 0,135
Number of slices : 100

Seismic properties : No

Results

Minimum safety factor : 1,0839

Coordinates of the critical centre and radius of the critical circle : N°= 411; X0=28,14; Y0=10,78; R= 12,78
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Data of the situation 1

Stage name : Long term - Drained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 14,500

Search type : Imposed passage point

Imposed passage point : X=29,702; Y= 0,000

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in Starter Layer (Class 6c)
Results

Minimum safety factor : 1,1502

Coordinates of the critical centre and radius of the critical circle : N°= 504; X0= 27,54; Y0= 12,60; R= 12,28
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Data of the situation 2

Stage name : Long term - Drained - Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 30,000
Search type : Imposed passage point

Imposed passage point : X=26,376; Y= 0,135
Number of slices : 100

Seismic properties : No

Results

Minimum safety factor : 1,0381

Coordinates of the critical centre and radius of the critical circle : N°= 411; X0=28,14; Y0=10,78; R= 12,78
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Data of the situation 1

Stage name : Long term - Undrained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 12,000

Search type : Imposed passage point

Imposed passage point : X=29,681; Y= 0,000

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in Starter Layer (Class 6c)
Results

Minimum safety factor : 1,1515

Coordinates of the critical centre and radius of the critical circle : N°= 506; X0= 27,52; Y0= 12,60; R= 12,28
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Data of the situation 2

Stage name : Long term - Undrained - Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 30,000
Search type : Imposed passage point

Imposed passage point : X=27,500; Y= 0,086
Number of slices : 100

Seismic properties : No

Results

Minimum safety factor : 1,1698

Coordinates of the critical centre and radius of the critical circle : N°= 487; X0=29,14; Y0= 19,23; R= 19,21
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Data of the situation 1

Stage name : Seismic + 2500

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 16,500
Search type : Imposed passage point
Imposed passage point : X=29,852; Y= 0,000
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

avlg coefficient (vertical acceleration) : 0,012
Passage conditions through soil layers : Must pass out in Starter Layer (Class 6¢)
Results
Minimum safety factor : 1,2453
Coordinates of the critical centre and radius of the critical circle : N°= 492; X0= 27,66; Y0= 12,66, R= 12,34
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Data of the situation 2

Stage name : Seismic + 2500

Situation name : General stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 15,000
Search type : Imposed passage point
Imposed passage point : X=29,635; Y= 0,000
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

avlg coefficient (vertical acceleration) : 0,012
Passage conditions through soil layers : Must pass in in ALV CZ_Cu
Results
Minimum safety factor : 1,4109
Coordinates of the critical centre and radius of the critical circle : N°= 365; X0= 26,83; Y0= 12,07, R= 12,38
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Data of the situation 1

Stage name : Seismic - 2500

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 18,000
Search type : Imposed passage point
Imposed passage point : X=29,855; Y= 0,024
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

av/g coefficient (vertical acceleration) : -0,012
Passage conditions through soil layers : Must pass out in Starter Layer (Class 6¢)
Results
Minimum safety factor : 1,2515
Coordinates of the critical centre and radius of the critical circle : N°= 489; X0= 27,64; Y0= 12,67, R= 12,33
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Data of the situation 2

Stage name : Seismic - 2500

Situation name : General stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 10,000
Search type : Imposed passage point
Imposed passage point : X=30,000; Y= -0,042
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

av/g coefficient (vertical acceleration) : -0,012
Passage conditions through soil layers : Must pass in in ALV CZ_Cu
Results
Minimum safety factor : 1,2242
Coordinates of the critical centre and radius of the critical circle : N°= 751; X0= 29,56; Y0= 15,95, R= 15,99

c rerrasol Talren v5 Printed qn 115 mars 2022 16:34:24
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[Calculation method : Bishop.
Safety factor set | ECY Dasian Approach
Fmin = 1,2242 | e
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Project reference : HS2

Comments : N/A
Units : kN, kPa, kN/m3

Project data

Calculation title : 080-L1 Twyford Embankment- Profil 7
Location : H = 5.5m - Ch. 82+289 - Ground model 6

yw: 10.0
Soil layers
Name Colour | y ("] ¢ |Ac|gs nails |pl|KsB |Anisotropy|F: Specific safety factors
1 KLB-SV SV 20,0/25,00f 0,0 |00 - -1 - No No No
2 KLB-CZ 20,0/28,00{ 3,0 |0,0 - -1 - No No No
3 | GOG (CB, PMB, WHL) 20,0/25,00f 3,0 [0,0 - -1 - No No No
4 Fill 20,0/26,00f 5,0 [0,0 - -1 - No No No
5 KLB-8V SV_Cu 20,0| 0,00 |250,0/0,0 - -1 - No No No
6 KLB-CZ_Cu 20,0| 0,00 |207,0/0,0 - -1 - No No No
7 |Starter Layer (Class 6c) 20,0|35,00| 0,0 |0,0 - -l - No No No
8 OXC-w 20,025,001 2,0 [0,0] - -1 - No No No
9 OXC-u1 20,0(28,00] 50 [0,0] - -1 - No No No
[10] OXCw_Cu 20,0( 0,00 | 54,0 |0,0 - -1 - No No No
[11] 0OXCu1_Cu 19,0| 0,00 {100,00,0 - -1 - No No No
12 RTD CZ 20,0/24,00f 2,0 |0.0 - -1 - No No No
13 RTD CZ_Cu 20,0 0,00 | 80,0 |0,0 - -1 - No No No
14 RTD SV 8V 20,0(27,00f 0,0 |0,0 - -1 - No No No
15 RTD SV SV_Cu 20,0 0,00 |110,0/0,0 - -1 - No No No
16 OXC u2 20,0/28,00| 5,0 |0,0 - -1 - No No No
17 OXC u2_Cu 20,0| 0,00 |150,0{0,0 - -1 - No No No
18 ALV CZ_Cu 20,01 0,00 | 49,0 |0,0 - -1 - No No No
19 ALV CZ 20,0(23,00] 2,0 0,0 - -1 - No No No
Soil layers (cont.
Name Colour |ly|lc|Itan(g)| Cohesion type|Curve
1 KLB-SV 8V - - - Effective Linear
2 KLB-CZ - - - Effective Linear
3 | GOG (CB, PMB, WHL) -~ - Effective Linear
4 Fill - - - Effective Linear
5] KLB-SV SV_Cu - - - Undrained | Linear
6 KLB-CZ_Cu - - - Undrained  Linear
7 |Starter Layer (Class 6c) - - - Effective Linear
8 OXC-w - - - Effective | Linear
19| OXC-u1 -T-1 - Effective | Linear
[10] OXCw_Cu - - - Undrained  Linear
[11] 0XCul_Cu -1 - Undrained  Linear
12 RTD CZ == - Effective Linear
13 RTD CZ_Cu - - - Undrained  Linear
14 RTD SV 8V - - - Effective Linear
15 RTD SV SV_Cu - - - Effective Linear
16 OXCu2 - |- - Effective | Linear
17 OXC u2_Cu - - - Undrained  Linear
18 ALV CZ_Cu - - - Undrained | Linear
19 ALV CZ - - - Effective | Linear
Points
X [ vy X [ ¥ X [ ¥ X [ ¥ x [ ¥ X [ v
2 (60,000 0,000 § 3| 0,000 | -3,000 § 4 60,000 -3,000f11| 0,000 | 5,500 §13|33,000| 0,000 §32|60,000-2,000
43(22,000 5,500 §50( 0,000 |-2,000 §73| 0,000 -7,000 §76|60,000|-7,000§ 78| 0,000 |-9,000 §79|60,000 -9,000
80( 0,000 -10,500§81|60,000-10,500 §82| 0,000 -2,500 §83|60,000|-2,500 § 84| 0,000 |-5,000 §85|60,000-5,000
86| 0,000 -14,000#87|60,000 -14,000 488 0,000 | 0,300 §89| 0,000 (-0,300 §91(60,000 -0,300 §92 60,000/ 0,300
93|32,185| 0,407 J94|33,500 -0,300

c’ terrasol
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Project data

Segments
Point 1[Point 2] [Point 1]Point 2] [Point 1[Pcint 2]  [Point 1]Point 2]|  [Point 1[Point 2 Point 1|Point 2]|  [Point 1[Point 2
51| 4 3 Q107 32 50 W142] 2 13 47| 43 11 J148] 73 76 N158] 81 79 157 79 78
159 81 8o J160] 3z 83 J161| 4 83 [Jl162| 83 82 [l163] 4 85 [164| 76 85 [l165] 85 84
[166] 87 86 177 88 93 WN178| 93 43 178 93 13 J180] 8o 94 181 o1 94 J182| 94 | 13
Distributed loads
Name | Xleft | Y left|q left|X right| Y right|q right
1 10kPa  [19,340(5,500] 10,0 |21,500| 5,500 | 10,0 90,00
2|  57kPa 0,000 |5,500| 57,0 |20,000| 5,500 | 57,0 90,00
3|  20kPa 0,000 |5,500| 20,0 |20,000| 5,500 | 20,0 90,00
4|30 kPa Seismic| 0,000 |5,500 30,0 (20,000 5,500 | 30,0 90,00
‘ rerrasol Printed on : 15 mars 2022 16:52:05
’ ;';azlqgn v5 Calculation made by : SETEC INTERNATIONAL 9
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Data of the situation 1

Stage name : Short term - Undrained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 13,000

Search type : Imposed passage point

Imposed passage point : X= 31,650; Y= 0,062

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in Starter Layer (Class 6c)
Results

Minimum safety factor : 1,1732

Coordinates of the critical centre and radius of the critical circle : N°= 406; X0= 30,22; Y0= 18,45; R= 17,94

‘ rerrasol Printed on : 15 mars 2022 16:52:05
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pod - Static / Situation: Skin stability

| Calculation method : Bishop |

| Safety factor set : EC7 Dasian Approac
| Fmin = 1,1732 |
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Data of the situation 2

Stage name : Short term - Undrained - Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000
Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 10,000
Search type : Imposed passage point
Imposed passage point : X=32,000; Y= -0,200
Number of slices : 100
Seismic properties : No
Passage conditions through soil layers : Must pass in in Starter Layer (Class 6c)
Results
Minimum safety factor : 1,1528
Coordinates of the critical centre and radius of the critical circle : N°= 517; X0=32,24; Y0= 22,29; R= 21,98
c rerrasol Talren v5 Printed qn 1 15 mars 2022 16:52:06
’ v5.2.10 Calculation made by : SETEC INTERNATIONAL
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Data of the situation 1

Stage name : Short term - Drained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 15,500

Search type : Imposed passage point

Imposed passage point : X=31,725; Y= 0,000

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in Starter Layer (Class 6c)
Results

Minimum safety factor : 1,1753

Coordinates of the critical centre and radius of the critical circle : N°= 391; X0= 31,05; Y0= 20,34; R= 19,85

‘ rerrasol Printed on : 15 mars 2022 16:52:06
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Data of the situation 2

Stage name : Short term - Drained - Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 32,000
Search type : Imposed passage point

Imposed passage point : X=22,000; Y= 0,358
Number of slices : 100

Seismic properties : No

Results

Minimum safety factor : 1,0496

Coordinates of the critical centre and radius of the critical circle : N°= 684; X0=29,42; Y0=12,21; R= 13,98
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Data of the situation 1

Stage name : Long term - Undrained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 13,000

Search type : Imposed passage point

Imposed passage point : X= 31,650; Y= 0,062

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in Starter Layer (Class 6c)
Results

Minimum safety factor: 1,174

Coordinates of the critical centre and radius of the critical circle : N°= 406; X0= 30,22; Y0= 18,45; R= 17,94
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Data of the situation 2

Stage name : Long term - Undrained - Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient

rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400

ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000

rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000
Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 10,000
Search type : Imposed passage point
Imposed passage point : X=32,000; Y= -0,200
Number of slices : 100
Seismic properties : No
Passage conditions through soil layers : Must pass in in ALV CZ_Cu
Results
Minimum safety factor: 1,1811
Coordinates of the critical centre and radius of the critical circle : N°= 394; X0= 34,44; Y0= 27,99; R= 28,29
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Data of the situation 1

Stage name : Long term - Drained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 15,500

Search type : Imposed passage point

Imposed passage point : X=31,725; Y= 0,000

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in Starter Layer (Class 6c)
Results

Minimum safety factor : 1,179

Coordinates of the critical centre and radius of the critical circle : N°= 343; X0=30,89; Y0= 18,37, R= 17,88
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Data of the situation 2

Stage name : Long term - Drained - Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 32,000
Search type : Imposed passage point

Imposed passage point : X=22,000; Y= 0,358
Number of slices : 100

Seismic properties : No

Results

Minimum safety factor : 1,0092

Coordinates of the critical centre and radius of the critical circle : N°= 684; X0=29,42; Y0=12,21; R= 13,98
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Data of the situation 1

Stage name : Seismic + 2500

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 14,500
Search type : Imposed passage point
Imposed passage point : X= 31,570; Y= 0,000
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

avlg coefficient (vertical acceleration) : 0,012
Passage conditions through soil layers : Must pass out in Starter Layer (Class 6¢)
Results
Minimum safety factor : 1,1686
Coordinates of the critical centre and radius of the critical circle : N°= 335; X0= 30,03; Y0= 16,43, R= 15,99
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Data of the situation 2

Stage name : Seismic + 2500

Situation name : General stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 32,000
Search type : Imposed passage point
Imposed passage point : X= 30,500; Y= 0,000
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

avlg coefficient (vertical acceleration) : 0,012
Passage conditions through soil layers : Must pass in in ALV CZ_Cu
Results
Minimum safety factor : 1,3403
Coordinates of the critical centre and radius of the critical circle : N°= 521; X0= 25,33; Y0= 13,24, R= 15,21
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Data of the situation 1

Stage name : Seismic - 2500

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 16,500
Search type : Imposed passage point
Imposed passage point : X= 31,683; Y= 0,000
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

av/g coefficient (vertical acceleration) : -0,012
Passage conditions through soil layers : Must pass out in Starter Layer (Class 6¢)
Results
Minimum safety factor : 1,1699
Coordinates of the critical centre and radius of the critical circle : N°= 341; X0= 30,86; Y0= 18,35, R= 17,86
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Data of the situation 2

Stage name : Seismic - 2500

Situation name : General stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 16,500
Search type : Imposed passage point
Imposed passage point : X= 31,500; Y= 0,000
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

av/g coefficient (vertical acceleration) : -0,012
Passage conditions through soil layers : Must pass in in ALV CZ_Cu
Results
Minimum safety factor : 1,3646
Coordinates of the critical centre and radius of the critical circle : N°= 722; X0= 25,46; Y0= 11,67, R= 13,64
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Project data
Project reference : HS2
Calculation title : 080-L1 Twyford Embankment- Profil 8
Location : H = 2m - Ch. 81+ 420 - Ground model 2
Comments : N/A
Units : kN, kPa, kN/m3
yw: 10.0
Soil layers
Name Colour | y ("] ¢ |Ac|gs nails |pl|KsB |Anisotropy|F: Specific safety factors
1 ALV CZ 20,0|24,00f 2,0 |0,0 - -1 - No No No
2 KLB-SV SV 20,0/25,00{ 0,0 |0,0 - -1 - No No No
3 KLB-CZ 20,0/28,00f 3,0 [0,0 - -1 - No No No
4 | GOG (CB, PMB, WHL) 20,0/25,00f 3,0 [0,0 - -1 - No No No
5 Fill 20,026,000 5,0 |0,0 - -1 - No No No
6 ALV CZ_Cu 20,0 0,00 | 49,0 |0,0 - -1 - No No No
7 KLB-CZ_Cu 20,0 0,00 |207,0(0,0 - -1 - No No No
8 KLB-SV SV_Cu 20,0( 0,00 |250,0{0,0 - -1 - No No No
9 RTD 8V sV 20,0(27,00] 0,0 0,0 - -1 - No No No
[10] RTD SV SV_Cu 20,0 0,00 |108,0/0,0 - -1 - No No No
[11] RTD CZ 20,0(24,00f 2,0 |0,0 - -1 - No No No
12 RTD CZ_Cu 20,0 0,00 | 83,0 |0.0 - -1 - No No No
13|Starter Layer (Class 6c) 20,035,000 0,0 |0,0 - - - No No No
Soil layers (cont.
Name Colour Fvll'c I'tan(g) Cohesion type|0urve
1 ALV CZ - - - Effective Linear
2 KLB-SV 8V - - - Effective | Linear
3 KLB-CZ -1- - Effective Linear
4 | GOG (CB, PMB, WHL) - - - Effective Linear
5] Fill -T-1 - Effective | Linear
16| ALV CZ_Cu [ I Undrained  Linear
7 KLB-CZ_Cu - - - Undrained  Linear
8 KLB-SV SV_Cu - - - Undrained  Linear
9 RTD SV 8V -|- - Effective Linear
10 RTD SV SV_Cu - - - Undrained  Linear
11 RTD CZ - - - Effective Linear
12 RTD CZ_Cu - - - Undrained  Linear
13| Starter Layer (Class 6¢) - - - Effective Linear
Points
X Y X Y X Y X Y X Y X Y
2 |60,000| 0,000 §§ 3 | 0,000 | -4,000 §l 4 |60,000|-4,000Q411| 0,000 | 2,000 §13|26,000/ 0,000 §32|60,000|-2,800
43(22,000 2,000 §50| 0,000 | -2,800 §64| 0,000 -6,000 §§65|60,000)-6,000 68| 0,000 |-8,500 §69|60,000 -8,500
70| 0,000 -10,500§71|60,000-10,500 §80 25,400 0,300 §82| 0,000 (-0,300 § 83 (30,000 -0,000 §84| 0,000 | 0,300
86(26,531 -0,280
Segments
Point 1|Point 2 Point 1|Paint 2 Point 1| Point 2 Point 1|Point 2 Point 1 Point 2 Point 1|Point 2 Point 1|Point 2
51 4 3 107| 32 50 132| 65 64 144 68 69 145 71 70 147| 43 11 172| 80 43
173| 80 13 §177| 83 2 178 83 13 181 80 84 J186| 86 13 J§187| 86 82
Distributed loads
Name | Xleft [ Y left|q left|X right| Y right|q right
1 10 kPa 19,343/2,000| 10,0 | 21,500| 2,000 | 10,0 90,00
2 57 kPa 0,000 |2,000| 57,0 | 19,344 | 2,000 @ 57,0 90,00
3 20 kPa 0,000 |2,000| 20,0 21,500 2,000 @ 20,0 90,00
4|30 kPa 0,000 |2,000| 30,0 19,344 2,000 @ 30,0 90,00 c)
N
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High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002

Data of the situation 1

Stage name : Short term - Undrained - Static
Situation name : Skin stability
Calculation method : Bishop
Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000
Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 20,000
Search type : Imposed passage point
Imposed passage point : X=26,315; Y= -0,292
Number of slices : 100
Seismic properties : No
Results
Minimum safety factor : 1,3313
Coordinates of the critical centre and radius of the critical circle : N°= 814; X0= 24,85; Y0=5,80; R= 5,74
c rerrasol Talren v5 Printed qn 1 15 mars 2022 17:05:04
’ v5.2.10 Calculation made by : SETEC INTERNATIONAL
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Stage: Short term - Undrained - Static / Situation: Skin stability 137
[/ calculation method : Bishop
Safaty factor set | ECT Dasian Approach
i Fmin = 1,3313
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High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002

Data of the situation 2

Stage name : Short term - Undrained - Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Page 442

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000
Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 20,000
Search type : Imposed passage point
Imposed passage point : X= 26,000, Y= -0,076
Number of slices : 100
Seismic properties : No
Passage conditions through soil layers : Must pass in in ALV CZ_Cu
Results
Minimum safety factor : 1,4615
Coordinates of the critical centre and radius of the critical circle : N°= 481; X0=24,57; Y0=4,91; R=5,18
c rerrasol Talren v5 Printed qn 1 15 mars 2022 17:05:05
’ v5.2.10 Calculation made by : SETEC INTERNATIONAL
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|| Caleulation method : Bishop
Safaty factor set | ECT Dasian Approach
|Fmin = 1,4615
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High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002

Data of the situation 1

Stage name : Short term - Drained - Static
Situation name : Skin stability
Calculation method : Bishop
Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000
Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 17,000
Search type : Imposed passage point
Imposed passage point : X=26,000; Y= -0,300
Number of slices : 100
Seismic properties : No
Passage conditions through soil layers : Must pass out in ALV CZ
Results
Minimum safety factor : 1,3296
Coordinates of the critical centre and radius of the critical circle : N°= 291; X0= 24,68; Y0=5,73; R= 5,67
c rerrasol Talren v5 Printed qn 1 15 mars 2022 17:05:05
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Stage: Short term - Drained - Static / Situation: Skin stability
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High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002

Data of the situation 2

Stage name : Short term - Drained - Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Page 446

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000
Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 4,000
Search type : Imposed passage point
Imposed passage point : X= 23,837, Y= -0,500
Number of slices : 100
Seismic properties : No
Passage conditions through soil layers : Must pass in in ALV CZ
Results
Minimum safety factor : 1,1587
Coordinates of the critical centre and radius of the critical circle : N°= 80; X0= 24,02; Y0= 5,38; R= 6,87
c rerrasol Talren v5 Printed qn 1 15 mars 2022 17:05:05
’ v5.2.10 Calculation made by : SETEC INTERNATIONAL
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Data of the situation 1

Stage name : Long term - Undrained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 20,000

Search type : Imposed passage point

Imposed passage point : X=26,000; Y= 0,000

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass in in Starter Layer (Class 6c)
Results

Minimum safety factor : 1,4170

Coordinates of the critical centre and radius of the critical circle : N°= 709; X0= 24,09; Y0= 8,80; R= 9,00
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.| Safety factor set : EC7 Dasign Approach
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High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002

Data of the situation 2

Stage name : Long term - Undrained - Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient

rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400

ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000

rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000
Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 7,684
Search type : Imposed passage point
Imposed passage point : X= 26,127, Y= -0,280
Number of slices : 100
Seismic properties : No
Passage conditions through soil layers : Must pass in in ALV CZ_Cu
Results
Minimum safety factor : 1,6481
Coordinates of the critical centre and radius of the critical circle : N°= 691; X0=22,36; Y0=6,07; R=6,38
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High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002

Data of the situation 1

Stage name : Long term - Drained -Static
Situation name : Skin stability
Calculation method : Bishop
Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin | 1,000 rs1 1,000 r's1 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Results
Minimum safety factor : 1,4123
Coordinates of the critical centre and radius of the critical circle : N°= 448; X0= 24,02; Y0= 8,80; R= 8,97

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 17,000
Search type : Imposed passage point

Imposed passage point : X=25946; Y= 0,027
Number of slices : 100
Seismic properties : No

Passage conditions through soil layers : Must pass out in ALV CZ
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Data of the situation 2

Stage name : Long term - Drained -Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 0,500
Search type : Imposed passage point

Imposed passage point : X= 32,500; Y= 0,000
Number of slices : 100

Seismic properties : No

Results

Minimum safety factor : 1,1607

Coordinates of the critical centre and radius of the critical circle : N°= 1218; X0= 24,32, Y0= 6,21, R=7,77
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Data of the situation 1

Stage name : Seismic + 2500
Situation name : Skin stability
Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach

Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 14,500
Search type : Imposed passage point
Imposed passage point : X=26,000; Y= 0,000
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

avlg coefficient (vertical acceleration) : 0,012
Results
Minimum safety factor : 1,5046
Coordinates of the critical centre and radius of the critical circle : N°= 884; X0= 25,32; Y0=4,90; R= 4,94
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Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002

Data of the situation 2

Stage name : Seismic + 2500

Situation name : General stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 2,500
Search type : Imposed passage point
Imposed passage point : X=26,213; Y= -0,280
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

avlg coefficient (vertical acceleration) : 0,012
Passage conditions through soil layers : Must pass in in ALV CZ_Cu
Results
Minimum safety factor : 1,9299
Coordinates of the critical centre and radius of the critical circle : N°= 652; X0= 23,20; Y0=7,95; R= 8,26
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1MCO06-CEK-GT-REP-CS06_CL10-000002

Data of the situation 1

Stage name : Seismic - 2500
Situation name : Skin stability
Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach

Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 16,000
Search type : Imposed passage point
Imposed passage point : X=26,145; Y= -0,165
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

av/g coefficient (vertical acceleration) : -0,012
Results
Minimum safety factor : 1,5864
Coordinates of the critical centre and radius of the critical circle : N°= 1024; X0= 24,74; Y0= 3,85; R= 3,75
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Data of the situation 2

Stage name : Seismic - 2500

Situation name : General stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 4,500
Search type : Imposed passage point
Imposed passage point : X=26,115; Y= -0,181
Number of slices : 100
Seismic properties : Yes
ahl/g coefficient (horizontal acceleration) : 0,037
av/g coefficient (vertical acceleration) : -0,012
Passage conditions through soil layers : Must pass in in ALV CZ_Cu
Results
Minimum safety factor : 1,8831

Coordinates of the critical centre and radius of the critical circle : N°= 516; X0= 23,28; Y0=6,07; R= 6,36
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1MCO06-CEK-GT-REP-CS06_CL10-000002
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-
Project data
Project reference : HS2
Calculation title : 080-L1 Twyford Embankment- Profil 9
Location : H = 5.6m - Ch. 81+ 560 - Ground model 3
Comments : N/A
Units : kN, kPa, kN/m3
yw: 10.0
Soil layers
Name Colour | y ("] ¢ |Ac|gs nails |pl|KsB |Anisotropy|F: Specific safety factors

1 KLB-SV SV 20,0/25,00f 0,0 |00 - -1 - No No No

2 KLB-CZ 20,0/28,00{ 3,0 |0,0 - -1 - No No No

3 | GOG (CB, PMB, WHL) 20,0/25,00f 3,0 [0,0 - -1 - No No No

4 Fill 20,0/26,00f 5,0 [0,0 - -1 - No No No

5 KLB-CZ_Cu 20,0| 0,00 |207,0{0,0 - -1 - No No No

6 KLB-8V 8V_Cu 20,0| 0,00 |250,0/0,0 - -1 - No No No

7 RTD SV SV 20,0(27,00f 0,0 [0,0 - -1 - No No No

8 RTD SV SV_Cu 20,0( 0,00 [108,0{0,0 - -1 - No No No

9 RTD CZ 20,0/24,000 2,0 [0,0] - -l - No No No

[10] RTD CZ_Cu 20,0 0,00 | 80,0 |0,0 - -1 - No No No
[11]starter Layer (Class 6c)| 20,0/35,00f 0,0 |0,0 - -1 - No No No
Soil layers (cont.)

Name Colour |Fy|c|tan(g)|Cohesion type|Curve

1 KLB-SV SV -1- - Effective Linear

2 KLB-CZ - - - Effective Linear

3 | GOG (CB, PMB, WHL) - - - Effective Linear

4 Fill - - - Effective | Linear

5 KLB-CZ_Cu - - - Undrained  Linear

6 KLB-SV SV_Cu - |- - Undrained | Linear

|7 RTD SV SV P Effective | Linear

[8| RTDSVSV cu -1 - Undrained  Linear

9 RTD CZ - - - Effective Linear

10 RTD CZ_Cu - - - Undrained  Linear

11 |Starter Layer (Class 6c) - - - Effective Linear
Points

X | Y X Y X Y X Y X | Y X Y

2 |60,000 0,000 §f 3 | 0,000 -2,800 4 |60,000|-2,800 11| 0,000 | 5,600 §13|33,200 0,000 §43|22,000| 5,600

64| 0,000 -3,700 165 60,000 -3,700 §68| 0,000 |-5,000 16960,000|-5,000 §70| 0,000 |-6,200 §71|60,000|-6,200

75| 0,000 | 0,300 j§76| 0,000 |-0,300 J§78|60,000|-0,300 |§80|32,666| 0,267 |§8133,712/-0,300
Segments

Point 1|Point 2 Point 1|Point 2 Point 1| Point 2 Point 1|Point 2 rPoInH\Poinlz |Point 1|Paint 2 |Point 1 Point 2|
51 4 3 132| 65 64 142, 2 13 144| 68 69 145| 7 70 147| 43 11 163| 75 80
164| 80 13 165, 80 43 166, 76 81 167| 78 81 168' 13 81
Distributed loads
Name | Xleft |Y left|q left/X right|Y right|q right|A

1 10 kPa 19,343|5,600| 10,0 | 21,500| 5,600 | 10,0 90,00

2 57 kPa 0,000 |5,600| 57,0 19,344 5,600 57,0 90,00

3 20 kPa 0,000 |5,600| 20,0 |21,500| 5,600 | 20,0 90,00

4|30 kPa Seismic| 0,000 |5,600| 30,0 | 19,344| 5,600 | 30,0 90,00
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Data of the situation 1

Stage name : Short term - Undrained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 20,000

Search type : Imposed passage point

Imposed passage point : X= 32,500; Y= 0,000

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in Starter Layer (Class 6c)
Results

Minimum safety factor : 1,1654

Coordinates of the critical centre and radius of the critical circle : N°= 476; X0= 29,80; Y0= 17,03; R= 16,74
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1MCO06-CEK-GT-REP-CS06_CL10-000002
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Data of the situation 2

Stage name : Short term - Undrained - Static
Situation name : General sltability
Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Coefficient]| Name

Coefficient]] Name

Coefficient||

Coefficient]]  Name

Coefficient]| Name [Coefficient

'min

1,000 rs1

1,000 Ms1

1.000 |

p

1250 W Te

1250 N Tou 1,400

ra

1,300 |Tgsl.nail;ab

1,000 Wrgsl,nail,es

1,000

Irqsl.anchor.ab

1,000 WFgsl,anchor,es

1,000 WTaslstip| 1,000

rpl

1,000 | Tanail

1,000 | Ta,anchor

1,000 |f

a,strip

1,000 || Tstut

1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 3,000
Search type : Imposed passage point

Imposed passage point : X=33,000; Y= -0,797

Number of slices : 100
Seismic properties : No
Passage conditions through soil layers : Must pass in in RTD SV SV_Cu

Results
Minimum safety factor : 1,3233
Coordinates of the critical centre and radius of the critical circle : N°= 423; X0=28,87; Y0= 15,72; R= 16,02
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Data of the situation 1

Stage name : Short term - Drained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 17,000

Search type : Imposed passage point

Imposed passage point : X= 32,235; Y= 0,124

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in Starter Layer (Class 6c)
Results

Minimum safety factor : 1,1665

Coordinates of the critical centre and radius of the critical circle : N°= 449; X0=30,71; Y0= 18,83; R= 18,26
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North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002

Data of the situation 2

Stage name : Short term - Drained - Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Page 471

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000
Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 0,500
Search type : Imposed passage point
Imposed passage point : X= 32,500; Y= 0,000
Number of slices : 100
Seismic properties : No
Passage conditions through soil layers : Must pass in in RTD SV SV
Results
Minimum safety factor : 1,0805
Coordinates of the critical centre and radius of the critical circle : N°= 473; X0=30,92; Y0= 14,24; R= 15,82
c rerrasol Talren v5 Printed qn 115 mars 2022 17:19:32
’ v5.2.10 Calculation made by : SETEC INTERNATIONAL
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Data of the situation 1

Stage name : Long term - Undrained - Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 20,000

Search type : Imposed passage point

Imposed passage point : X= 32,500; Y= 0,000

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in Starter Layer (Class 6c)
Results

Minimum safety factor: 1,1701

Coordinates of the critical centre and radius of the critical circle : N°= 470; X0=29,80; Y0= 17,03; R= 16,74

‘ rerrasol Printed on : 15 mars 2022 17:19:32
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Data of the situation 2

Stage name : Long term - Undrained - Static
Situation name : General sltability
Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Coefficient]| Name

Coefficient]] Name

Coefficient||

Coefficient]]  Name

Coefficient]| Name [Coefficient

'min

1,000 rs1

1,000 Ms1

1.000 |

p

1250 W Te

1250 N Tou 1,400

ra

1,300 |Tgsl.nail;ab

1,000 Wrgsl,nail,es

1,000

Irqsl.anchor.ab

1,000 WFgsl,anchor,es

1,000 WTaslstip| 1,000

rpl

1,000 | Tanail

1,000 | Ta,anchor

1,000 |f

a,strip

1,000 || Tstut

1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 31,000
Search type : Imposed passage point

Imposed passage point : X=26,000; Y= 1,500

Number of slices : 100
Seismic properties : No
Passage conditions through soil layers : Must pass in in RTD SV SV_Cu

Results
Minimum safety factor : 1,3105
Coordinates of the critical centre and radius of the critical circle : N°= 550; X0= 31,20; Y0= 20,89; R= 21,08

[7-WORK\41492V_HS2-Stage-DD\1_Calvert_Detailed_Designi1_Tech\Twyford_Embankment_GEOTECHIANNEXE S\ Talren_15.03.2022\CHB1+560 GM3 Profil Swith Starter Layer.tsp
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Data of the situation 1

Stage name : Long term - Drained -Static

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 17,000

Search type : Imposed passage point

Imposed passage point : X= 32,235; Y= 0,124

Number of slices : 100

Seismic properties : No

Passage conditions through soil layers : Must pass out in Starter Layer (Class 6c)
Results

Minimum safety factor: 1,1714

Coordinates of the critical centre and radius of the critical circle : N°= 88; X0= 29,89; Y0= 18,50; R= 18,02

‘ rerrasol Printed on : 15 mars 2022 17:19:33
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Data of the situation 2

Stage name : Long term - Drained -Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular

Number of intervals : 10

Increment for circle radius : 0,500

Min abscissa of the circle emergence point : 0,500
Search type : Imposed passage point

Imposed passage point : X= 32,500; Y= 0,000
Number of slices : 100

Seismic properties : No

Results

Minimum safety factor : 1,0871

Coordinates of the critical centre and radius of the critical circle : N°= 1112; X0= 29,89; Y0= 14,40; R= 16,13

‘ rerrasol Printed on : 15 mars 2022 17:19:33
’ ;';azlqgn v5 Calculation made by : SETEC INTERNATIONAL 9 @
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Data of the situation 1

Stage name : Seismic + 2500

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 14,500
Search type : Imposed passage point
Imposed passage point : X= 32,500; Y= 0,000
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

avlg coefficient (vertical acceleration) : 0,012
Passage conditions through soil layers : Must pass out in Starter Layer (Class 6¢)
Results
Minimum safety factor : 1,2015
Coordinates of the critical centre and radius of the critical circle : N°= 486; X0= 31,20; Y0= 20,92, R= 20,45

c rerrasol Talren v5 Printed qn 115 mars 2022 17:19:34
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Data of the situation 2

Stage name : Seismic + 2500

Situation name : General stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 33,000
Search type : Imposed passage point
Imposed passage point : X=26,000; Y= 1,000
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

avlg coefficient (vertical acceleration) : 0,012
Passage conditions through soil layers : Must pass in in RTD SV S8V_Cu
Results
Minimum safety factor : 1,3121
Coordinates of the critical centre and radius of the critical circle : N°= 355; X0= 30,86; Y0= 16,77, R= 17,00

c rerrasol Talren v5 Printed qn 115 mars 2022 17:19:34
’ v5.2.10 Calculation made by : SETEC INTERNATIONAL 9
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Data of the situation 1

Stage name : Seismic - 2500

Situation name : Skin stability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 16,000
Search type : Imposed passage point
Imposed passage point : X= 32,365; Y= 0,000
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

av/g coefficient (vertical acceleration) : -0,012
Passage conditions through soil layers : Must pass out in Starter Layer (Class 6¢)
Results
Minimum safety factor : 1,2048
Coordinates of the critical centre and radius of the critical circle : N°= 433; X0= 30,22; Y0= 16,90, R= 16,53

c rerrasol Talren v5 Printed qn 115 mars 2022 17:19:34
’ v5.2.10 Calculation made by : SETEC INTERNATIONAL 9
Project : 080-L1 Twyford Embankment- Profil 9
setec
~

[7-WORK\41492V_HS2-Stage-DD\1_Calvert_Detailed_Designi1_Tech\Twyford_Embankment_GEOTECHIANNEXE S\ Talren_15.03.2022\CHB1+560 GM3 Profil Swith Starter Layer.tsp

Page 485 \/

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Rev.C04



asC»

A High-Speed Design Partnership
MARCADIS == COWI

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04

Scala 1:119
- 5

A — S— . — —" S S O 3 i

nnﬁ oo | ooo| 000 | and | a0 |ogo ) oo
Stage: Seismic - 2500 / Situation: Skin stability

MY Ty

133292300 30 s s,

- !
121

s "-“7":-.4*1.._.-/

ey

Printed on : 15 mars 2022 17:19:35
Calculation made by : SETEC INTERMATIOMAL

‘; rerrasol

Talren v5
5,210

Project : 080-L1 Twyford Embankment- Profil 8

(—L) ] —
A DI TSV _HS -5 e TON1_Caten_Drmatied_Treigr|_TaceTeytom_Embank ment, GECTECANNE XESTainn_t5 5 SIE2H 1550 SU3 Profl Swi Smner Layen tfp

Page 486

Pagn 21z



asC»

A High-Speed Design Partnership

A ARCADIS

e COWI

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002

Data of the situation 2

Stage name : Seismic - 2500
Situation name : General stability
Calculation method : Bishop
Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin | 1,000 rs1 1,000 r's1 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 33,000
Search type : Imposed passage point
Imposed passage point : X=27,000; Y= 0,208
Number of slices : 100
Seismic properties : Yes
ahl/g coefficient (horizontal acceleration) : 0,037
av/g coefficient (vertical acceleration) : -0,012
Results
Minimum safety factor : 1,1573
Coordinates of the critical centre and radius of the critical circle : N°= 348; X0= 32,43; Y0= 21,48, R= 21,45
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MARCADIS G -
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High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
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Twyford Embankment GDR

1MCO06-CEK-GT-REP-CS06_CL10-000002

Rev.C04

Project reference : HS2

Comments : N/A
Units : kN, kPa, kN/m3

Project data

Calculation title : 080-L1 Twyford Embankment- Lundscape - Profil 10
Location : H = 5.5m - Ch. 81+660 - Ground model 4

setec

yw: 10.0
Soil layers
Name Colour Y L] ¢ |Ac|qgs nails pITKsB [Anisotropy|Favorable|Specific safety factors|
1 ALV CZ 24,00| 2,0 10,0 - -1 - No No No
2 KLB-SV SV 25,00] 0,0 |0,0 - - - No No No
3 KLB-CZ 28,00| 3,0 10,0 - -1 - No No No
4 |GOG (CB, PMB, WHL) 25,00] 3,0 |0,0 - -1 - No No No
5 Landcape Bunds 23,00] 1,0 |0,0 - -1 - No No No
6 ALV CZ_Cu 0,00 | 49,0 |10,0 - -1 - No No No
7 KLB-SV SV_Cu 0,00 |250,010,0 - -1 - No No No
8 KLB-CZ_Cu 0,00 |207,0f0,0] - -l - No No No
9 OXC-w 25,00 20 [0,0] - -l - No No No
[10] OXC-u1 28,00| 50 |0,0 - -l - No No No
[11] OXCw_Cu 0,00 | 54,0 |0,0 - -1 - No No No
12 OXCul_Cu 0,00 |100,0]0,0 - - - No No No
13 RTDCZ 24,00] 2,0 10,0 - -1 - No No No
14 RTD CZ_Cu 0,00 | 80,0 |0,0 - -1 - No No No
15 RTD SV 8V 27,00| 0,0 10,0 - -1 - No No No
16 RTD SV SV_Cu 27,001110,010,0 - -1 - No No No
17 OXC u2 25,00] 5,0 10,0 - -1 - No No No
18 OXCu2_Cu 0,00 |150,0]0,0 - -l - No No No
19 ALV 8V 8V 25,00 0,0 [0,0] - -l - No No No
[20] ALvVsvsv-cu 0,00 | 40,0 (0,0 - -1 - No No No
Soil layers (cont.)
Name () Cohesion type|Curve
1 ALV CZ Effective Linear
2 KLB-SV 8V Effective Linear
3 KLB-CZ Effective Linear
4 (GOG (CB, PMB, WHL) Effective Linear
5 Landcape Bunds Effective Linear
6 ALV CZ_Cu Undrained |Linear
7 KLB-SV SV_Cu Effective  |Linear
8| KLB-CZ Cu Undrained | Linear
El OXC-w Effective  |Linear
[10] OXC-ut Effective | Linear
1 OXCw_Cu Undrained |Linear
12 0OXCul_Cu Undrained |Linear
13 RTD CZ Effective Linear
14 RTD CZ_Cu Undrained |Linear
15 RTD SV 8V Effective Linear
16 RTD SV SV_Cu Effective Linear
17 OXC u2 Effective | Linear
18 OXCu2_Cu Undrained | Linear
[19] ALV 8V SV Effective  |Linear
[20|  ALVSVSV-Cu Undrained |Linear
Points
X Y X Y X Y X Y X Y X Y
2 (60,000 0,000 § 3 | 0,000 |-4,500Q 4 (60,000(-4,500 §11/0,000| 5,500 §13|44,000 0,000 §32|60,000(-2,700
43 (22,000 5,500 §50( 0,000 -2,700§63( 0,000 | 0,000 §73|0,000-8,000 § 76 60,000 -8,000 j§ 83(60,000-2,500
84| 0,000 |-6,000 §85|60,000 |-6,000
c rerrasol Tal 5 Printed on : 15 mars 2022 17:33:31
’ vsg_qg“ v Calculation made by : SETEC INTERNATIONAL

Project : 080-L1 Twyford Embankment- Lundscape - Profil 10
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Project data
Segments
Point 1[Point 2] [Point 1]Point 2]  [Point 1[Pcint 2]  [Point 1]Point 2]|  [Point 1[Point 2 Point 1|Point 2]|  [Point 1[Point 2
51| 4 3 Q107 32 50 [126] 43 13 J128] 13 63 J142[ 2 13 W147[ 43 11 48] 73 76
160 32 83 J163] 4 85 164 76 85 |J165| 85 84 ||167| 4 32 [l1e8| 83 2 |
Distributed loads
| [Name | Xeft [Y left|q left|X right|Y right| q right|Ang/horizontal|
|1/10 KPa|18,500|5,500 | 10,0 |21,500| 5,500 | 10,0 90,00
‘ rerrasol Printed on : 15 mars 2022 17:33:31
’ ;';azlqg“ v5 Calculation made by : SETEC INTERNATIONAL 9
o Project : 080-L1 Twyford Embankment- Lundscape - Profil 10
setec
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High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04

Data of the situation 1

Stage name : Long term - Static
Situation name : Skin stability
Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach

Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient

rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400

ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000

rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000
Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 19,000
Search type : Imposed passage point
Imposed passage point : X=44,000; Y= 0,000
Number of slices : 100
Seismic properties : No
Results
Minimum safety factor : 1,5078
Coordinates of the critical centre and radius of the critical circle : N°= 907; X0= 38,49; Y0= 24,75; R= 26,35

c rerrasol Talren v5 Printed qn 115 mars 2022 17:33:31
’ v5.2.10 Calculation made by : SETEC INTERNATIONAL
Project : 080-L1 Twyford Embankment- Lundscape - Profil 10
setec
~

Page 491

[ WORK\41492V_HS2-Stage-DD\1_Calvert_Detailed_Designi1_Tech\Twyford_Embankment\_GEOTECHANNEXE S\Talren_15.03.2022\CH81+660GM4 Profil 10 Landscape.t5p

&



A High-Speed Design Partnership
MARCADIS G-« COWI

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —

North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002

Rev.C04

| Situation: Skin stability

Scale 1:182

| Calculation method : Bishop
[« Safety factor set | ECY Dasign Approach,

h—Fﬂ!in-h--l,Ec?a ]

‘; rerrassl

Talren v5
v5.2.10
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Project : 080-L1 Twyford Embankment- Lundscape - Profil 10

PARITRICA TARZY_NS2-5ingn D00 _Caber_Orea ien_Deei|_TaeniTeeylom_Embankment,_GECTE CHUNNE KE S Tmimn_t5 00 H1Z2 I +GRIGWE PRl 10 Lansssapn i

Page 492

Pagn 414



asC»

A High-Speed Design Partnership

A ARCADIS

COWIL

‘E,.ﬂ”

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
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Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002

Data of the situation 2

Stage name : Long term - Static

Situation name : General sltability

Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Page 493

&

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000
Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 8,000
Search type : Imposed passage point
Imposed passage point : X=44,000; Y= -0,643
Number of slices : 100
Seismic properties : No
Passage conditions through soil layers : Must pass in in ALV CZ
Results
Minimum safety factor : 1,5419
Coordinates of the critical centre and radius of the critical circle : N°= 152; X0= 37,06; Y0= 19,19; R=22,01
c rerrasol Talren v5 Printed qn 1 15 mars 2022 17:33:32
’ v5.2.10 Calculation made by : SETEC INTERNATIONAL
Project : 080-L1 Twyford Embankment- Lundscape - Profil 10
setec
~
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! Situation: Gaeneral sitability

|+ Calculation method : Bishop
Safety factar set | EC7 Dasign Approach
Fmin = 1,5419 :

Printed on : 15 mars 2022 17:33:32
Calculabion made by : SETEC INTERNATIONAL

‘; rerrasol

Talren v5
5,210
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A High-Speed Design Partnership

A ARCADIS

e COWI

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002

Data of the situation 1

Stage name : Seismic + 2500
Situation name : Skin stability
Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach

Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 18,000
Search type : Imposed passage point
Imposed passage point : X=43,719; Y= -0,286
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

avlg coefficient (vertical acceleration) : 0,012
Results
Minimum safety factor : 1,3565
Coordinates of the critical centre and radius of the critical circle : N°= 640; X0= 40,60; YO= 38,08, R= 37,99

c rerrasol Talren v5 Printed on : 15 mars 2022 17:33:32
’ v5.2.10 Calculation made by : SETEC INTERNATIONAL
Project : 080-L1 Twyford Embankment- Lundscape - Profil 10
setec
~
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Scala 1:257
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ituation: Skin stability

L —E »—
| Calculation method : Bishop i
= Safaty factor set | ECT Dasign Approach=
| Fmin = 1,3565

Printed on : 15 mars 2022 17:33:32 Project : 080-L1 Twyford Embankment- Lundscape - Profil 10
Calculation made by : SETEC INTERMATIOMAL
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1MCO06-CEK-GT-REP-CS06_CL10-000002
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Data of the situation 2
Stage name : Seismic + 2500
Situation name : General stability
Calculation method : Bishop
Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient

rmin | 1,000 rs1 1,000 r's1 100 f To 1250 I Ie 1250 N Tou 1,400

ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000

rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000
Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 8,000
Search type : Imposed passage point
Imposed passage point : X=44,000; Y= -0,159
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

avlg coefficient (vertical acceleration) : 0,012
Passage conditions through soil layers : Must pass in in ALV CZ_Cu
Results
Minimum safety factor : 1,6654
Coordinates of the critical centre and radius of the critical circle : N°= 208; X0= 32,47; YO= 18,04, R= 22,54

N’
c rerrasol Talren v5 Printed qn 1 15 mars 2022 17:33:32
’ v5.2.10 Calculation made by : SETEC INTERNATIONAL 9 @
Project : 080-L1 Twyford Embankment- Lundscape - Profil 10
setec
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Scale 1:158
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ituation: Genaral stability

‘; rerrasol

Talren v5
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High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002

Data of the situation 1

Stage name : Seismic - 2500
Situation name : Skin stability
Calculation method : Bishop

Safety factor set for this situation : EC7 Design Approach

Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin| 1000 § Tsi 1,000 | st 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 18,000
Search type : Imposed passage point
Imposed passage point : X= 43,846, Y= -0,286
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

av/g coefficient (vertical acceleration) : -0,012
Results
Minimum safety factor : 1,3546
Coordinates of the critical centre and radius of the critical circle : N°= 637; X0= 40,69; YO= 38,19; R= 38,10

c rerrasol Talren v5 Printed qn 115 mars 2022 17:33:33
’ v5.2.10 Calculation made by : SETEC INTERNATIONAL 9
Project : 080-L1 Twyford Embankment- Lundscape - Profil 10
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~
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fuation: Skin stability

Calculation method : Bishop

Fmin = 1,3546

Safaty factor set | EC7 Dasian Approach

‘ terrasol
; Lazllggn v5

Printed on : 15 mars 2022 17:33:33
Calculation made by : SETEC INTERMATIOMAL

Project : 080-L1 Twyford Embankment- Lundscape - Profil 10

PARITRICA TARZY_NS2-5ingn D00 _Caber_Orea ien_Deei|_TaeniTeeylom_Embankment,_GECTE CHUNNE KE S Tmimn_t5 00 H1Z2 I +GRIGWE PRl 10 Lansssapn i

Page 500

Pagn 1211




asC»

A High-Speed Design Partnership

A ARCADIS

e COWI

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002

Data of the situation 2

Stage name : Seismic - 2500
Situation name : General stability
Calculation method : Bishop
Safety factor set for this situation : EC7 Design Approach
Details of the safety factor set

Name|Coefficient]] Name [Coefficient]] Name [Coefficient]] Name |Coefficient]] Name |Coefficient]] Name [Coefficient
rmin | 1,000 rs1 1,000 r's1 100 f To 1250 I Ie 1250 N Tou 1,400
ra 1,300 Wrgslnailab] 1,000 Wrgslnailes| 1,000 [gslanchorabl 1,000 WFgslanchores| 1,000 Wrgslsirp| 1,000
rpl | 1,000 | Tanail 1,000 | Taanchor| 1,000 [ Tastip 1,000 || Tstut 1000 || Ts3 1,000

Type of failure surface : Automatic circular
Number of intervals : 10
Increment for circle radius : 0,500
Min abscissa of the circle emergence point : 10,000
Search type : Imposed passage point
Imposed passage point : X=44,000; Y= -1,000
Number of slices : 100
Seismic properties : Yes

ahl/g coefficient (horizontal acceleration) : 0,037

av/g coefficient (vertical acceleration) : -0,012
Results
Minimum safety factor : 1,3589
Coordinates of the critical centre and radius of the critical circle : N°= 601; X0= 39,82; Y0= 35,97; R= 35,70

c rerrasol Talren v5 Printed on : 15 mars 2022 17:33:33
’ v5.2.10 Calculation made by : SETEC INTERNATIONAL 9
Project : 080-L1 Twyford Embankment- Lundscape - Profil 10
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MARCADIS G =« COWI 1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04
HS2-C2- Calvert Area - Detaled Design
Profile 1- GM1a - Ch. 80940 - Embankment Impact
ar (kNJm?) 20,00 Embankment geometry for calcuating the influence factor at the mds
HF {m) 270 distance to the axis (m):
Hr (m) 2.7 c1
Side slope (H/V) 200 2
‘Width PF (m) 44,00 d1
Surcharge of the embankmant (kPa) 54,0 dz2
Static surcharge (kPa) 30,00
Sr (kPa) 8
Groundwater level 02m
1 - ESTIMATED SETTLEMENT
z B 5 =
£2 £g E _ g2 z 5 |8 §
i e . 5 Ezo B 3 AR
B E g < 2 £ = 5C = Ebsc|5=28%5
] 5| i i | o= or Bip| lmo|sfigpiEd
= é‘ 2 §E ig = g H E’ E £ EEEE gE°s
5 v @ B s g 8% - £ 13 z°
£ Ex = = 2 2 vg | E @
28 5% B £ Lg |E ¥
£ ]
Fil Material 00 0.0 1,000 84,0 20 o] 02 10000, 0,0 0.0 0,0
ALV 00 2.7 1,000 84,0 20 16| 02 B, 37,7 339 38
[OXC W b 4.1 0,999 839 20 36| 02 7, 151 75 7.5
[OXC U ] 0,993 834 20 68| 072 17 234 9.4 14.0
KLB VSV 11 0,976 820 20 102| 0,2 85, 19 0.2 1.7
KLB CZ 1 14, 0,958 804 20 1271 02 34.4 7.0 28 42
(GOC 1 14, 0,944 79,3 20 42| 02 133.3 0.0 0.0 0.0
I Total setflement at 0 m from the (mm’ 85 54 31
nb iteraton 0 Stress nc. / sv0 56% w Rail Load 8 54 31
Convergence m wo Rail Load 54 34 19]
difference -31 =20 12

2 - CONSOLIDATION BY TIME (without vertical drains)

month

Layers

number of days

Fill Material

ALV

OXC W

[OXC U

KLB VSV
KLB CZ
GoC

Setlement without surchar ge

anlicpation over 12 afler a hold peniod of 6 months (mm).

2

Residual settlement with time

g

&
g

——Residual Settlsment without su
anticipation after a hold pariod of & months
(mm):

Residual settlemant ater hold periode without
surcharge anticipation (mm)

——Residual settlement with surcharge

Deferred settiment (mm)
g8 8

3

25 30 35 a0 45 50
Time (month)

——Rosidus satlernert () with curcharge
antiipation after hold peris

Project Execusion/05 - C2 Calverti09 - Twyford Embankment (MDNOS - GT - Gectechnical/S eliem ents ransiton viaduet/. FNAL ANALYSISO1 GM1a - B0S4D_PAD.séam - EMB (0} < O

v
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High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

A High-Speed Design Partnership Twyford Embankment GDR
MAARCADIS -«  (COWI 1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04

HS2-C2 - Calvert Area - Detaded Design

Profie 1 - GM1a - Ch. 80840 - Superior Landscape Impact

ar (kNJm?) 1950 Embankment geometry for calcuating the influence factor at the mds
HF {m) 320 distance to the axis (m):
Hr (m) 32 c1
Side slope (H/V) 4,00 2
‘Width PF (m) 300 d1
Surcharge of the embankmant (kPa) 62,4 dz2
Static surcharge (kPa) 0,00 -
Sr (kPa) 624 e e
Groundwater level 02m
1 - ESTIMATED SETTLEMENT
5 & 5 =
£2 £g E _ g2 z 5 |8 §
i H - - 5 & = E BT |2 i
= =5 58 o = P TEE -~ =
g £ £ iz H E S P o3y BEi| Er |sEflgsmil
g g § b= 8 s =2 § =2 L gE SR EIREE
" & gs =3 H 5 i 853 g% ] 83 |E %
ey g2 = = = ] 22 1E =
£t 53 ge | = LT
g8
Fill Material 0,0 0.0 0,000 0,0 20 ol 02 10000, 0,0 0,0 0,0
ALY 00 27 0,000 0,0 20 16| 02 B, 0,0 00 0,0
[OXC W v 4.1 0,001] 0,1 20 36| 02 7. 0,0 0.0 0,0
[OXC U E] 0,007 0,5 20 68| 02 a7, 0.1 01 0.1
KLB VSV 11 0,021] 1.3 20 102 0,2 85, 0,0 0.0 0,0
KLB CZ 1 14, 0,033 21 20 1271 02 34.4 0.2 0.1 0.1
[GOC 1 14, 0,042 2,6 20 42| 02 1333 0.0 0.0 0.0
I Total setiement at 27,26 m from the axis (| 0 0 0
nb iteration 0 Stress nc. / sv0 2%
Convergence m

2 - CONSOLIDATION BY TIME (without vertical drains)

Time

w ()

Toyers

Fill Material -

OE -

1,20E-07
0CE-08

Duration aiter hold period (months) 1

Residual settlement with time

o

o

°

——Residual Settlement without su
anticipation after ahold period of 0 months
(mm):
Residual semdement after hold periode without
surcharge anticipation (mm)

o

——Residual settlement with surcharge
anticipation (mm)

Deferred settiment (mm)
s o

°

e Residual setlement (mm) with surcharge

anticipation after hold period : \@

a

a0

=

-
)
¥

Fl

i

3%

H
e
&
g
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A High-Speed Design Partnership
MAARCADIS -  COWI

HS2-C2 - Calvert Area - Detaded Design

Profile 1 - GM1a - Ch. 60940 - Inferior Landscape Impact

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR

1MCO06-CEK-GT-REP-CS06_CL10-000002

Rev.C04

ar (kNJm?) 1950 Embankment geometry for calcuating the influence factor at the mds
Hf {m) 270 distance to the axis (m}: 27,26
Hr (m}) 2,7 o1 1
Side slope (H/V) 4,00 2
‘Width PF (m) 3340 d1 e
Surcharge of the embankmant (kPa) 52,7 dz2 ~
Static surcharge (kPa) 0,00 i
Sr (kPa) 52,7
Groundwater level 02m
1 - ESTIMATED SETTLEMENT
7 I} s -
22 2g e sz | 2 £5 |8 0§
BE %y - - 5 I B3.| % AR B
- = 55 @ = P TEE -~ =
g £ £ iz H E S P o3y BEi| Er |sEflgsmil
2 g : : EE £ 5§ Bf fs2| g |Bzigslsiis
@ g ‘w8 o o ] w e E 835" |4 B
B ] s g 8% 3 ] g 2
i Bx < =i AR
€ § 5§ ] - L8 E L
P8
Fill Material 0,0 0.0 0,022 12 20 ol 02 10000, 0,0 0,0 0,0
ALY 00 27 0,052 27 20 16| 02 B, 12 11 0.1
[OXC W v 4.1 0,108] 57 20 36| 02 7, 1.0 05 0,5
[OXC U E] 0,184] 97 20 68| 02 a7, 27 11 16
KLB VSV 11 0,246] 129 20 102 0,2 85, 0,3 0,0 0,3
KLB CZ 1 14, 0,279 14,7 20 1271 02 34.4 1.3 05 0.8
(GOC 1 14, 0,294 15,5 20 42| 02 1333 0.0 0.0 0.0
I Total setiement at 27,26 m from the axis (| 7 3 3
nb iteration 0 Stress nc. / sv0 1%
Convergence m
2 - CONSOLIDATION BY TIME (without vertical drains)
30KFa]
Layers Uv (%) w (mm)

Fill Material

Duration aiter hold period (months) 1

Residual settlement with time

——Residual Settlement without su
anticipation after ahold period of 6 months
(mm):
Residual semdement after hold periode without
surcharge anticipation (mm)

@

~

~

——Residual settlement with surcharge
anticipation (mm)

Deferred settiment (mm)

e Residual setlement (mm) with surcharge
4 anticipation alter hold period :
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A High-Speed Design Partnership

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR

AARCADIS - COWI 1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04
HS2 - C2- Calvert Area - Detaded Design
Profile 1- GM1a - Ch. 80940 - Embankment Impact
ar (kNJm?) 20,00 Embankment geomelry for calculaing the influence factor at the axs
Hf (m) 270 distance to e axis (m):
Hr {m}) 27 o1
Side slope (H/V) 200 c2
Width PF(m) | 44,00 dt
Surcharge of the embankmant (kPa) 54,0 d2
Static surcharge (kPa) | 30,00
Sr{kPa) 8
Groundvwater level 02m
1 - ESTIMATED SETTLEMENT
5 & 5 =
gy £s E. =22 g *f |E £
5 < c Es £3 H E§
= B ) 5 % o 7 2 e TE £ TE E 2 ==
B E g= = 5% = EStc| 3=
] 5| i i | o= or Bip| lmo|sfigpiEd
= é‘ 2 §E ig = g H E’ WE E;‘g EEEE gE°s
1] ® o " 8 E Q8 - 1 ? -] 2 @
3t gr - = = 5 ] -
28 5% B £ Lg |E ¥
8 ]
Fill Material 0,0 0| 1,000 84,0 20 121 02 10000, 0,0 0,0 0,0
ALY 20 7| 1,000 84,0 20 26| 02 B, 98 88 1.0
[oxcW 7 g 0,999 839 20 6| 02 T EEX] 75 7.5
[OXC U 0,993 834 20 68| 02 a7, 234 94 140
KLEV SV £ 0,976 820 20 02| 02 E3 1,9 02 1,7
KLE CZ 1 13, 0,958 804 20 _1z7| o2 34.4 7.0 28 42
(GOC 1 14, 0,944 79,3 20 42| 02 1333 0.0 0.0 0.0
I Total setiement at 0 m from the (mm: 57 29 29
nb iteration 0 Stress nc. / sv0 56% w Rail Load 57 28 29
Convergence m wo Rail Load % 18 18
difference =21 =11

2 - CONSOLIDATION BY TIME (without vertical drains)

month
number of days

Layers

Fill Material

ALV

OXC W

[OXC U

KLB VSV
KLB CZ
GoC

Setlement without surchar ge anicipation over 12 afier a hold period of 6 monihs (mm):

)l 4] 02 | 115 |

Residual settlement with time

@
&

-

w
&

3

=

——Residual Settlsment without su
anticipation after a hold pariod of & months
(mm):

Residual settlemant ater hold periode without
surcharge anticipation (mm)

settlement with surcharge

Deferred settiment (mm)
B

20 25

Time (month)

30

antiipation (mm)

——Rosidus satlernert () with curcharge
antiipation after hold peris

Project Execusion/05 - C2 Calverti09 - Twyford Embankment (MDNOS - GT - Gectechnical/S eliem ents ransiton viaduet/. FNAL ANALYSISO1 GM1a - B0S4D_PAD.séem - EMB (2} < O

v
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A High-Speed Design Partnership

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —

North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR

1MCO06-CEK-GT-REP-CS06_CL10-000002

MARCADIS G-« COWI
Rev.C04
HS2 - C2 - Calvert Area - Detaied Design
Profie 1 - GM1a- Ch. 80840 - Landscape Impact
or kNim?) 1950 Embankment geometry for calculating the influence factor at the mis
Hf {m) 320 distance to the axis (mi
Hr (m) 32 el
Side slope (H\V) 400 @2
Width PF () 300 dl
Surdharge of the embankmant (kPa) 624 a2
Statie surcharge (kPa) 000
Sr (kPa) 624
Groundwater |evel 02m
1-ESTIMATED SETTLEMENT
2y T B 5 T s
£ s i oz3 | 2 28 [F 2
. it it | e s & iE f:g| % NINER
3 £ H $:| 7 £ ® &% 53| g [PEibuEgii
H ez E S 5 83 Bgk £ £52 £ L
& 5 S £ = 2 g 2 E iS58 288
£ & 8 =0 - g £3 wz%| 3 Sse |28
i is TR R
BT I o
23 i g g8 & LE|E &
0.0] 0| 00|  20] 12] 02 [ _1,00E+04) 03] 0,0 0,0 0,0
Zo'l %,?l 0,0 20, 26| 02 (] 09] 0,0 0,0 0,0
7| EX] 01] 20( 36| 02 7.8] 0.5] 0,0 0,0 0,0
41 19 0, 7 0.5 20 68 0.2 34.4] 03] 0.1 0,0 0.0
9,0] 110] 0,021] 1,3] 20 02| 02 85,0 0,3] 0,0 0,0 0.0
11,0] 140 0,033 21| 20 27| 02 34.4] 03] 0,2 0,1 0,1
14.0] 14.0] 0,042 2.6 20! 142| 02 34.4] 0.3 0,0 0.0 00
Total settlement at 27,26 m from the axis. 0 0 0
o Stress inc_/ sv0 2% w Ral Load [] [] 0
m wo Rall Load 64 42 22|
difference 64 42
2-CONSOLIDATION BY TIME (without vertical drains)
Time
month o
number of days. 304
secondes 0
With surcharge anticipation (antidpation rail load 30 kPa)
Layers Cv(mYs) | dranage height H Tv Uw (%) | w {mm)
.
Fill Material 00E-08] g,gl 0, 0.0]
ALY |, 20E 07| [ikd 0.0|

Duraton after hold perlod (months) T

Residual settlement with time

Deferradsettiment {mim)
= o

osidual Seitlsmant without surcharge

— after hold peris
surcharge anticipation {mm)
1 with

{mm})

anticipation after hold period :

5 10 15 20 25 0 35 a0 a5
Tima (month)
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A High-Speed Design Partnership

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002

MARCADIS G-« COWI
Rev.C04
HS2 - C2 - Calvert Area - Detaied Design
Profie 1 - GM1a - Ch. 80840 - Landscape Impact
gr (kNim?) 1950 Embankment geomeiry for caleuating the influence factor at the s
Hf {m) 270 distance to the axis (mi
Hr (m) 27 <l
Side slope (H\V) 400 2 I B
Wiedth PF (m) 3340 @l T -
Surcharge of the embankmant (kPa) 527 a2
Static surcharge (kPa) 000
Sr (kPa) 527
Groundwater |evel 02m
1-ESTIMATED SETTLEMENT
oy 07 LI S x5 |3 &
i £ . E- 28 8 zE £
5B 5 F OES_| = 55 |5 2
= z nE iqle 7 § 35 23| ¢ FEE E_5%
£ £ EE g3 £ Z 3 tE §F Efislagit
H ez 2 £ 83 E2% £ £52 £S5t
& 5 gz = 2 g 2 E Togh g2E8s
= s g; 5|5 & & 53 433 @ S B
5 i 5 4 EI] 3 2§ 3z
BT I o
£8 [z g 8 H o L E o
0.,0] 0| 0 22| 20[ 12] 02 | _1,00E+04] 09 00 | 0,0 0,0
Zo'l %,?l 0 42 20, 26| 02 (] 09] 05 0,4 0,0
7| EX] 0 57| 20( 36| 02 7.8] 0.5] 1,0 0,5 0,5
41 90| 0,184 9.7 20 68 0.2 34.4] 03] 1.4 04 10
9,0] 110] 0,246 12,9 20 02| 02 85,0 0,3 0,3 0,1 0.2
11,0} 40| 0,279 14,7| 20 27| 02 344 03] 13 0,4 0,9
14.0] 14.0] 0,294 ] 15,5 20! 142 0.2 34.4] 03] 0.0 0,0 00
Total settlement at 27,26 m from the axis. 4 2 3
0 Stress inc_/ sv0 1% w Ral Load 4 2 3
m wo Rall Load 64 42 22|
difference 60 40
2-CONSOLIDATION BY TIME (without vertical drains)
Time
month 6
number of days 304
secondes
With surcharge anticipation (antidpation rail load 30 kPa)
Layers Cv{m'/s) | dranage height H Tv Uv (%) |w{mm)
Fill Material 00E-08]
ALV |, 20E 07|
JOXC W E-07 |
00E 08
00E-06]
E-07 |
O0E_08]

id

= 3 CAT X
Seflement with surcharge anticipation over 12 months afier a hold period & months (mm

Duraton after hold perlod (months) T

Residual settlement with time

~

osidual Seitlsmant without surcharge

Time (month)

E f — aftar hold pri
H surcharge anticipation {mm)
'E 1 i with
E 7 {mm)

o —

o

o

[ 5 10 15 20 25 ] 35 a 5 50
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A High-Speed Design Partnership

A ARCADIS

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR

. COWI 1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04
HS2 - C2 - Calvert Area - Detailed Design
Profile 02 - GM1c- Ch. HS2. 81+220 - Embankment Impact
ar (kNim?®) 20,00 Embankment geometry for calcuating the influence factor at the axis
Hf(m) 270 distance to the axis (m): [}
Hr (m) 2,7 el 54
Side slope (H\) 2,00 @ 54
Width PF (m) 44,00 d1 247
Surcharge of the embankmant (kPa) 54,0 d2 247
Stafic surcharge (kPa) 30,00
Sr {kPa) 84,0
Groundwater level 02m
1-ESTIMATED SETTLEMENT
5 F] 5 _ H =
2y 2g 2 ] E =5 |8 £
w0 w5 c §® L I ] E &
= 2 § = = H g £ ] =B 2o
£ 5 55 | g% | g F § 3z ¢ £ EEsc| -3¢
g £ ¥ | &2 | 8: | £ & ¢ i3 8E z EsSh|aEL:
3 & i 3s | 22| 2 = 5 82 i3 5 HEHEE
5 7 = - 2 28 83 £8 |3 =
R BE = §= zE K w3 £ 2
a I
8 | 8% : a i ) )
LV A 1,000 840 20 14 02 EDl 33,6 30,2 34
OXC W A 0,999 | 839 20 39| 02 7.8] 28,0 14,0 14,0
OXC U1 0,995 83,6 20 57| 032 13.9] 6,0 3,0 3,
BV SV X X 0,991 83,2 20 72| 02 85,0] ), 2,0 0,2 il
TBCZ X 0, 0,982 82,5 20 92| 02 | X 48 19 2,
[GOC 10,0} 14,0} 0,962 80,8 20 122| 02 133,3| 0.4 2.4 1,0 1,
74,0 25,01 0,664 72.6 20 212| 02 133,3] 0,4 7.6 3.0 3
I Total setfement at 0 m from the axis (mm) : 84 53 31
nb iteraion ] Stressinc. / sV0 % w Rail Load 84 53 31
Convergence m wo Rail Load 50 24 26
Rail L. Impact 34 2 5
2-CONSOLIDATION BY TIME (without vertical drains)
Time
month L
number of days /1 304
secondes
With surcharge anticipation (anticipation rall load 30 KPa)
Layers Cv (mfs) drainage Tv Uv (%) [w{mm)
height H
Am)
ALV 1,20E-07| 2 ¢
JOXC W 3,80E-07| 2,

Residual settlement with time

@
S

——Residual Settlement without
surcharge anticipation atter a hold

E

Eio

M period of 6 months (mm):

2 Residual settlement after hold
30 priodo without surcharge

H anticipation (mm)

3 Resicun satomant wih surchar
-E 20 ‘anticipation (mm)

a

——Residudl settlement (mmj with

=

viaduct/. FINALANALYSISI02 GM1c - 81220.x)

surcharge anticipation after hold
period :
0
[ 10 20 30 40 50
Time (month)
CI03 Project €2 Calvent/t9 - Twyfard (IMD}/08 - BT -

EMB (0)

Page 50
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A High-Speed Design Partnership
A ARCADIS

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR

. COWI 1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04
HS2 - C2 - Calvert Area - Detailed Design
Profils 02 - GM1c - Ch. HS2 814220 - Landscape Impact
ar (kNim?®) 18,50 Embankment geometry for calcuating the influence factor at the axis
Hf(m) 270 distance to the axis (m): -35,35
Hr (m}) 2.7 el 10,8
Side slope (HM) 4,00 @ e -
Width PF (m) 42,20 di e,
Surcharge of the embankmant (kPa) 52.7 dz ~—
Stalic surcharge (kPa) 0,00 T
Sr (kPa) 52.7
Groundwater level 02m
1-ESTIMATED SETTLEMENT
5 F] 5 _ H =
2y 2g 2 ] E =5 |8 £
w0 w5 c §® L I ] E &
- 7 B = = ] a Lo a =B 2=
E E A te | § 0§ % - £ Esfg| Ec23
§ £ = 32 i £ £ H 2z 8E H EsiE|dEgE
3 & i 3s | 22| 2 = 5 82 i3 5 HEHEE
53 75 = - 3 28 43 £8 |3 =
i | B SR S A A
prr
£ [ Q e LR
g & 5 3
v A 0,001 0.1 20 4] 02 6.0] 0.0 0.0 0.0
OXC W A 0,023 12| 20 39| 02 7.8 0.4 0,2 02
OXC U1 0,052 2,7 20 57 02 13,9 0,2 0,1 L1
BV SV X K 0,078 41 20 7zl 02 85,0] ), 0.1 0,0 1
ECZ X 0, 0,113 6.0 20 2| 02 4] X 0,3 0.1 2
[GOC 10,0} 14,0} 0,161 85 20 122| 02 133,3| 0.4 0.3 0,1 .2
2,0 28.0] 0.253 3.6 20 212] 02 133.3 04 1.4 0.6 [
I Total setiement at -35,35 m from the axis (mm) 3 1 2
nb iteration 0 Stress inc. / sv0 6%
Convergence m
2-CONSOLIDATION BY TIME (without vertical drains)
Time
month &
number of days [ 1 s
secondes
With surcharge anticipation (anticipation rall load 30 KPa)
Layers Cv (m/s) drainage T Uv{%) [ w(mm)
height H
im)
ALV 1.20E-07] X 0
[OXC W 3,80E-07] X Z

Residual settlement with time

——Residual Settlement without
surcharge anticipation ater ahold
period of 6 months (mm):
Residual settlement after hold
periode without surcharge

_— {mm)

Residual

anticipation (mm)

with g

Deferred settiment (mm)
Py
|

——Residual settlement (mm) with
surcharge anticipation after hold
period :

Y

o

2 30 40 50
Time (month)

o
=
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A High-Speed Design Partnership

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR

1MCO06-CEK-GT-REP-CS06_CL10-000002

Rev.C04

MAARCADIS -  COWI
HS2 - C2 - Calvert Area - Detailed Design
Profils 02 - GM1c - Ch. HS2 814220 - Landscape Impact
ar (kNim?®) Embankment geometry for calcuating the influence factor at the axis
Hf(m) distance to the axis (m):
Hr (m}) el
Side slope (HV) @
Width PF (m) d1 —
Surcharge of the embankmant (kPa) d2
Stafic surcharge (kPa) -
Sr {kPa) o
Groundwater level 02m
1-ESTIMATED SETTLEMENT
5 F] 5 _ H =
2y 2g 2 ] E =5 |8 £
w0 w5 c §® L I ] E &
. 2 § = & s £ £3 ] =B 2o
£ 5 g5 | 22 | 2 g § &z ¢ £ EEsc| -3¢
g = g 82 83 £ =3 5 R 5 EziE|BEE 2
g g i 8% s ER § g2 23 g zBzE| zEB:
) g ° - e 2B g3 H g2 |3 =
i | & S L R
Z
£ w0 o o Lo
g & 5 3
LV A 0,000 0,0 20 14 0.2 EDl 0,0 0,0 0,0
OXC W 4 0,001] 01 20 39 0,2 7.8| 0,0 0,0 0,0
OXC U1 0,003 0,3 20 57| 032 13.9] 0,0 0,0
LBV SV X K 0,006 0,5 20 7zl 02 85,0] ), 0.0 0,0
TBCY X 0, 0,011 70 20 2| 02 | X 0,1 0,0
[GOC 10,0} 14,0} 0,022 21 20 122| 02 133,3| 0.4 0.1 0,0 X
13,0 2.0 0,063 5,0 20 212| 02 133,3] 0,4 0,6 0,3 4
I Total setiement at -35,35 m from the axis (mm) 1 0 0
nb iteraion ] Stressinc. / sV0 3%
Convergence m

2-CONSOLIDATION BY TIME (without vertical drains)

Time

month o

number of days /1 04

secondes 0

With iurmlge anticl paaoﬂ zmaapiaoﬂ Tall load 30 EFII
Layers Cv (mfs) drainage Tv Uv (%) [w{mm)
height H
Am)

ATV 120E-07] X [
[OXC W 380E-07 X 0.0
[OXC UT 00E-07] 0.0
KLBV SV 00E-05] 0.0
KLE CZ 1.20E-07] 0.0
[Goc LOOE-08 0.0
0.0]

Residual settlement with time

0

0
E Residual without
EQ surcharge anticipation atter a hold
¥ period of 0 months (mm):
g0 Residual settlement after hold
B periode without surcharge
5 anticipation (mm)
E Residual with o
£q anticipation (mm)
a

——Residudl settlement (mmj with
o surcharge anticipation atter hold
period :
0
0 10 20 30 40 50
Time (month)
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High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

A High-Speed Design Partnership Twyford Embankment GDR
MAARCADIS -«  (COWI 1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04

HS2 - C2 - Calvert Area - Detailed Design

Profile 02- GM1¢c - Ch. HS2. 81+220 - Embankment Impact

or (kNjim?) 2000 Embankment geometry for calcuating the influence factor at the axis
H (m) 270 distance to the axis (m): [}
Hr (m) 2,7 1 54
Side slope (H\) 2,00 @ 54
Width PF (m) 44,00 d1 247
Surcharge of the embarkmant (kPa) 54,0 d2 247
Static surcharge (kPa) 3000
Sr (kPa) 84,0
Groundwater level 02m
1-ESTIMATED SETTLEMENT
o} o] = - 5 E
b £ g
B B T 3 P 1.1 &
e 25 | 5 4E  Eg z $_85 | EBE_
g E E 55 iy, | E & % 82 g E 8E5T | 333
2 - o 5 & 2 2 3 = o g Ta g sESE EEE
k) g 4 3 g E 2 & =z £% H 2z%5 | 8%
= @ 28 £ = v. & 53 wE £ 084 s 8
R EH g 32 23 H 5 21| &3
g N s I O B i
H i 5 - £ 8 ik
1l Material 0] X 1,000 84,0 20 12] 0.2 10000,0] K 0,0 0,0 0.0
ALV CZ o 4 1,000 84,0 20 24| 032 5.0] 5,6 5,0 0,6
[OXC W | 0,999 83,9 20 39| 02 7.8] 28,0 14,0 14,0
[OXC U1 | 0,995] 83,6 20 57| 02 13,9] 6,0 3.0 3.0
KBV &V 0] X 0,991 83.2 20 7z 02 85,0 5 2.0 0,2 18
KLE CZ 0] 10, 0,982 82,5 20 92| 02 Xl ) 48 1.9 29
GOC 70,0] 28, 0.889 74.7 20 19z] 02 136.3 4 10,1 3.0 6.0
| Total setfiement at 0 m fom the axis (mm) : 56 28 28
nb iteration o Stress inc / sv0 % w Rail Load 56 2 28
Convergence m wo Rail Load 36 17 19
Rail L. Impact 20 1 9

2 - CONSOLIDATION BY TIME (without vertical drains)

month
number of days /1
secondes

Tyers

w (mm)

il Material
LVCZ

C W

C U1

LBV SV
cZ

EEERE

Residual settlement with time

N
&

——Residual Settlement without
surcharge anticipation atter a hold
period of 6 months (mm):

Residual settlement after hold

periode without surcharge @
icipation (mm) \

N
S

Deferred settiment (mm)
&

Residual with
10 anticipation (mm)
Residudl {mm) with @
5 —— surcharge anticipation atter hold
period :
° O
] 10 20 30 40 50

Time {month)
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MAARCADIS -  COWI

HS2 - C2 - Calvert Area - Detailed Design

Profile 02 - GM1c - Ch. HS2 814220 - Landscape Impact

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04

or (kNjim?) 19,50 Embankment geometry for calcuating the influence factor at the axis
H (m) 270 distance to the axis (m):
Hr {m) 2,7 =
Side slope (HV) 400 @ - -
Width PF (m) 4220 d1 . e
Surcharge of the embankmant (kPa) 52,7 d2 o ~—~——
Stafic surcharge (kPa) 0,00 = T~
Sr (kPa) 82,7
Groundwater level 02m
1-ESTIMATED SETTLEMENT
o} o] = - 5 E
b £ g
H 5 T T E, g x3 :E: §
g2 2| . . 5 i@ ES g |2 s | i3
g E E 55 iy, | E & % 8= sg E 85ESG | §3%
g = o 5 & 2= = X c o g Ta g sESE ELE
g B 2 i3 g s Z H § 52 £3 £ 2z 8§ 88s
- = @ 28 e = - 8 §38 wz £ $0 34 2 8
ps | 2% £ 32 23 3 $7:1| i1
: §° 25 gs I A
H i 5 £ S i)k
1l Material 0] X 0,001 0,0 20 12] 0.2 10000,0] K 0,0 0,0 0.0
ALV CZ of 4 0,007 0.3 20 24| 02 6.0] 4 0,0 0,0 0,0
[OXC W | 0,023] 1.2] 20 39| 02 78| 0,4 0,2 0,2
[OXC U1 | 0,052 2,7 20 57| 02 13,9] 0,2 0,1 0,1
KBV &V 0] . 0,078 41 20 7z 02 85,0 5 0,1 0,0 0.1
KLE CZ 0] 10, 0,113 6,0 20 92| 02 Xl ) 0.3 0.1 0,2
GOC 10,0] 28, 0.242 128 20 19z] 02 133.3] 4 1.7 0.7 1.0
| Total setflement at -35,35 m from the axis (mm) 3 1 2
nb iteration o Stress inc / sv0 %
Convergence m

2 - CONSOLIDATION BY TIME (without vertical drains)

month
number of days /1
secondes
Layers

[Fill Material

ALVCZ

OXC W

OXC UT

BV S/
(2

lement without surcharge anfidpation over 12 afler ahold p

eriod of 6 months (mi

Residual settlement with time

== Residual Settlement without

surcharge anticipation atter a hold
period of 6 months (mm):

Residual settlement after hold

Deferred settiment (mm)
&

e

[ 10 2 30
Time (month)

40

periode without surcharge
icipation (mm)

Residual

anticipation (mm)

with

——Residual ssttlement (mm) with

surcharge anticipation after hold
period :
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A ARCADIS

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR

. COWI 1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04
HS2 - C2 - Calvert Area - Detailed Design
Profils 02 - GM1c - Ch. HS2 814220 - Landscape Impact
or (kNjim?) Embankment geometry for calcuating the influence factor at the axis
H (m) distance to the axis (m):
Hr {m) =
Side slope (HV) @
Width PF (m) d1 .
Surcharge of the embankmant (kPa) dz . T
Stafic surcharge (kPa) e e
Sr {(kPa) -
Groundwater level e2m T
1-ESTIMATED SETTLEMENT
o} o] = - 5 E
b £ g
i B T Iz S N
~ gy 28 L H S8 B3 z £_B5 [ E5_
g E E 55 iy, | E & % 8= sg E 8E5T | 333
2 = H 5 & 28 2 = g e 52 ] SEEE | E5E
k) g 4 3 g E 2 & =z £% H 2z%5 | 8%
= @ Es 2 =t - ] 53 wz £ 2034 2~ 8
e Bs 5 3g ] 5 2533 L
¢ A g ZE < g 13| 82
E g 5 g £ . R
& [ = © & E
I Material 0] X 0,000 0,0 20 12] 02 10000,0] K 0,0 0,0 0.0
ALV CZ o 4 0,000 0,0 20 24| 032 5.0] 4 0,0 0,0 0,0
[OXC W | 0,001] 01| 20 39| 02 7.8] 0,0 0,0 0,0
[OXC U1 | 0,003 0,3 20 57| 02 13,9] 0,0 0,0 0,0
KBV &V 0] X 0,006 0.5 20 7z 02 85,0 5 0,0 0,0 0.0
KLE CZ 0] 10, 0,011 1.0 20 92| 02 Xl ) 0.1 0,0 0,0
GOC 10,0] 28, 0.054 5.1 20 19z] 02 136.3 4 0.7 0.3 0.4
| Total setflement at -35,35 m from the axis (mm) 1 ] 0
nb iteration o Stress inc / sv0 3%
Convergence
2 - CONSOLIDATION BY TIME (without vertical drains)
Time
month o
number of days /1 04
secondes 1]
With surcharge anficlpation (anficipation rall load 30 kPa]
Layers i w {(mm)
[Fill Material 0.0]
ALVCZ 0,0]
OXC W 0.0]
OXC UT 0.0
LBV SV 0.,0]
cZ 0,0]
0.0
0%
icy i )
Residual settlement with time
0
]
E Residual without
EQ surcharge anticipation atter a hold
:E period of 0 months {mm):
g0 Residual settlement after hold
£ periode without surcharge
5y anticipation (mm) \
H Residual with
E anticipation (mm)
E o
——Residual settlement (mm) with
o surcharge anticipation atter hold
period :
: 8
o 10 20 30 40 50
Time (month)

Page 514



A High-Speed Design Partnership

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002

MAARCADIS -  COWI
Rev.C04
HS2 - C2 - Calvert Area - Detailed Design
Profile 3. GM2 - Ch. HS2. 81+600 - Embankment Impact
gr (kN/m?) Embankment geometry for calculating the influence factor at the axis
HF (m) distance 1o the axis {m}):
Hr (m) ot
Side slope (HV) c2
Width PF (m) d1
Surcharge of the embankmant (kPa) d2
Static surcharge (kPa)
Sr (kPa)
Groundwater level 02m
1-ESTIMATED SETTLEMENT
owN 2 F 2 5= T E " E ¢
c il
w® g ® e Sw - - ]
- z [} g8 g § & 3Ef :cef| & §est |2 5%
£ £ H s s £t & 9% §5f| By [sffcp|dEi:
g g H SE c g 2 g 22 238 £ 83 k| 2ESS
- = & g2 =% > 2 5 BE w3l 8 aEs-|8 %
% i £ 3F g AR
E8 8% B RS - Lg n
8 5 Q E &4
Fill Material ]| 0.0 20 ol 02 1.00E+04 0.0 0.0
\ CZ 0 8 20 16/ 02 8, 60,4 54,4
RTD S VSV 28| 4 20 36| 02 28, 4 6.0 24
RTDCZ 4 [ 20 52| 02 6. 4 310 16.4
RIES VSV X 20 75| 02 BE K 38 15
KB CZ 105 20 97| 02 34, 4 73 29
il 300 20705 02 208, A0 EX]
Total setlement at 0 m from the axis (mm,‘n 129 82
nb iteration 0 Stress inc. /s'v0 53% w Rail Load 129 82
Convergence m wo Rail Load 116 74
Rail Load Impact 13 8
2 - CONSOLIDATION BY TIME {without vertical drains)
Time
month 6
number of days 304
secondes
With surcharge anficipation (anfiGpafion rail load 30 kPa)
Layers Cw(mis) | dranage Tv Uv (%) W {mm).
height H
Fill Material QO0E-06 0
ALV G E- 14
RTDS VSV QO0E-06 0
RTDC 20E-07] 10
LBSV SV LO0E-08 0 1.5]
KLECZ E. 0]
CB _LMST 00E-08 215 2

[ Tolal scilement at 0 m From

€ axis n 6 monihs (mmJ.

m—m

Seillement wilh surcharge mnupatmn over

o1 a hold period & months (mmi| 1] 14 | 55 |

[Diiration afier hold perfod {months] 7

Without anticpation

Residual settlement with time

——Residual Settlement without surcharge
anticipation after a hold period of 6 months.
(mm):

Residual settlement after hold periode
without surcharge anticipation (mm)

—— Residual settlement with surcharge
anticipation ()

Deferred setilment (mm)

8 8 8 8 8 3 8 8

3

=== Residual settlement (mm) with surcharge
anticipation after hold period :

e

=

Time (month)

http s:/farcadiso365.sharepoint.com/teams/HS2ASC/03 Project Execution/05 - C2 Calvert/09 - Twyford Embankment (IMD)/06 - GT -

Geotechnical/Settlements transition viaduct/. FINAL ANALYSIS/03 GM2 - 81600.xIsm - EMB (0)
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A High-Speed Design Partnership

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002

MAARCADIS -  COWI
Rev.C04
HS2 - C2 - Calvert Area - Detailed Design
Profile 3. GM2 - Ch. HS2. 81+600 - Landscape Impact
ar (kNjm?) Embankment geometry for calculating the influence factor at the axds
HF (m) distance 1o the axis {m}):
Hr (m) ol
Side slope (HV) c2
Width PF (m) di
Surcharge of the embankmant (kPa) d2 o .
Static surcharge (kPa) L -
Sr (kPa) - ~—~—
Groundwater level 02m - e
1-ESTIMATED SETTLEMENT
' 2 F - %5 S 3 » £ ¢
£t £s . B 28 a SR
3 ™ I prgy T o
- z [} g8 g § & 3Ef :cef| & §est |2 5%
£ £ H s s £t & 9% §5f| By [sffcp|dEi:
g g H SE c g 2 g 22 238 EE 83 k| 2ESS
- = & g2 =% > 2 5 BE w3l H aEs-|8 %
R 8l & B2 g g 2 Sg 2 E
£8 £ :oBs |2 i | 2
Fill Material ]| 0.0 0,400 39,0 20 ol 02 1.00E+04 0.0 0,0 0,0
\ CZ 0 8 0,400 39,0 20 16/ 02 8, 18,1 163 1,8
RTD S VSV 28| 4 0,402 391 20 36 02 26, 4 1.8 0,7 1,1
RTDCZ 4 [ 0,404 394 20 52| 0.2 8, A 125 5,0 7.5
RLIES VSV K 0,410 39,9 20 75 02 EE, E 1,2 0,5 0,7
KLB CZ 1_l‘_ 0,416 40,6 20 97| 02 34, A 24 0,9 14
1 ﬂ_ 0.439 42.8 20 205 02 208, 4 4.0 1.6 2.4
Total settlement at -32 m from ﬂleaxis(mu 40 25 15
nb iteration 0 Stress inc. /s'v0 21%
Convergence m
2 - CONSOLIDATION BY TIME {without vertical drains)
Time
month 6
number of days
secondes 15771
With surcharge anficipation (anfiGpafion rail load 30 kPa)
Layers Cw(mis) | dranage Tv Uv (%) W {mm).
height H
Fill Material LO0E-06 0
ALV CZ E-O7 14
RTDS VSV QO0E-06 0
RTDC 20E-07] 10
LBSV SV LO0E-08 0
KLECZ E. 0]
CB _LMST 00E-08 215 21
ToIa selllement al-32 m rom The s 11 6 months (mm). 89

i su
[ Residual setflement (mm)
Seilenent with surcharge aniopation over 12 months afier a hold perod 6 months (mmE]  1.0]

Surcharge anliopation after hold period -

[Diiration afier hold perfod {months] 7

Without anticpation ]
Resdual Setllement withoul surcharge anticipation after a hold X
Residual settlement with time
30
2
5 ——Residual Settlement without surcharge
Ex anticipation after a hold period of 6 months.
= {mm):
E Residual settlement after hold periode
g 5 without surcharge anticipation (mm)
—— Residual settlement with surcharge
10 anticipation ()
a
~——Residual settlement (mm) with surcharge
5 anticipation after hold period :
e
0
0 5 10 15 20 25 30 35 40 45 50
Time (month) 0

03 GM2 - 81600.xIsm
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High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR

GARCADIS - COWI 1MC06-CEK-GT-REP-CS06_CL10-000002
Rev.C04
HS2 - C2 - Calvert Area - Detailed Design
Profile 3. GM2 - Ch. HS2. 81+600 - Landscape Impact
ar (kNjm?) Embankment geometry for calculating the influence factor at the axds
HE (m) distance to the axis (m): )
Hr (m) ol 216
Side slope (HA) 2 215
Width PF (m) di 443
Surcharge of the embankmant (kPa) d2 197
Static surcharge (kPa) -
Sr (kPa) ; _
Groundwater level | 02 m
1- ESTIMATED SETTLEMENT
. 0@ & i - P
£¥ £a ] B z Ex§ § S
58 B < Bz %¢ H gEz2 | %
- 58 H g 5 5 2 35 [2% E g It B |8 £2
® T E g2 =] = - | 8=3E
2 £ 5 82 L £ £ © g7 8! i $8235|dEse
g 8 & 35 K £ ¢ § 83 IFf| gE |§iigklzess
8 33 ° v & 2E ygE| & |5s%E |§ =°
23 i £ 9% ERT g |Sgfi|i
k3 & § 2 8 8 4 -] E o
Fil Matenal 0,000 0,0 30 0] 02 | _1,00E+0: 0,0 0,0 0,0
ALV CZ 0,000 0,0 20 16| 02 6. 0.0 0,0 0,0
RIDS VSV 0,002 0z 20 5 02 26 ! 0.0 0.0 0.0
DCZ 4 0,006 0,6 20 521 02 6. 4 0.2 0,1 0,1
[BSVSV X 0,014 15 20 75 02 85 4 0,0 0,0 0,0
KLB CZ 1 0,026 28 20 97| 02 34, A 0.2 0,1 0,1
1 ﬂ_ 0,094 9.9/ 20 205| 02 2085 A 0.9 0,4 0.6
Total settlement at -32 m from the axis (mr 1 1 1
nb iteration Stress inc. /0 5%
Convergence m

2 - CONSOLIDATIONBY TIME (without vertical drains)

month
number of days
secondes

Time

Residual settlement with time

=

{mm):

=

Deferred settiment (mm}
°

o

20

25

30 45

Time (month)

03 GM2 - 81600.xIsm

= Residual Settlement without surcharge
anticipation after a hold period of 0 months

Residual settlement after hold periode
without sureharge anticipation (mm)

= Residual settlement with surcharge
anticipation (mm)

——Residual settlement (mm) with surcharge
anticipation after hold period :
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High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR

AARCADIS G-«  (COWI 1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04
HS2 - C2 - Calvert Area - Detailed Design
Profile 4 GM4 Ch. HS2 814715 - Embankment Impact
ar (kNm?)| 20,00 Embankment geometry for calculating the influence factor at the axis
H (m) 5.80 distance 1o the axis (m): o
Hr (m) 58 ol 116
Side slope (H/V} 2,00 2 118
Width PF (m) d1
Surcharge of the embankmant (kPa) d2
Static surcharge (kPa)
& (kPa)
Groundwater level 02m
1- ESTIMATED SETTLEMENT
5 E] 5 E o«
£¢ | £ g 23 E 5 [§ 2
sp | sy | 5 fF  Bi. z 8% (5 5.
= 3 58 ] g 7 H - 2% e FEE_|E_3%
8 E E 3z = | E ¢ g 8= ey £ EESs|5:28
: 3 8 sl 8z |z ¢ 5 23 EE £ cEqgs|csE5E
K] 2 & 2% 2z = 2 2 53 = k-] E;E‘ g =%
c 5 = A =3 =4
1f| g £ g2 gg” 3 £ E g
= &= ) B Lg T
E5 7} 3 In
H & 3 £ E
ALV SV SV 0.0 2 1,000 16| 0.2 6,70 6,8 52,9
AVCZ 2 2 0,997, 38| 02 44
45 X 0,992 551 02 2,1
KLE G2 60 A 0,982 72| 02 56
TOC B0 20, 0,904 42| 02 T 10,7
COC 20,0 35, 0,607 277| 072 1 6,0
GOC 350] 35, 0,601 352 02 7 0,0
TOC 350 35, 0,601 52| 02 Z 0,0
GOC 350 35,4 0,601 352 0.2 27 0,0
GOC, 350 35 0,601 352 0 27 0.0
Total seftlement at 0 m from the axis (mm) : 138 56 82
nb iteration 0 Stress inc. / sv0 | 25% W Rail Load 138 56 82
Convergence m wao Rail Load 108 44 64
difference -28 -12

2- CONSOLIDATION BY TIME (without vertical drains)

Time
month 6 6
number of days 304
secondes 1
fih surcharge anticipation (an ticipation rai a
Layers Cv (mfs) | drainage Tv Uv (%) | w (mm)
height H

g

5

5

Residual settlement with time

—— Residual Settlement without
surchar ge anticipation atter a hold
period of 6§ morths (mm):

Residual settiement ater hold
periode without surcharge
anticipation (mm)

~——— Residual settlament with surcharge

anticipation (mm)

Deferred settiment (mm)
g

= Residual settlement fmm) with
‘surchar ge anticipation atter hold

period :

20

Time (morth)

O

Project - Twyford D)6 - GT. transiion viaductl. FINAL ANALYSIS/04 GM& - 81720 xtsm - EME {0)

/

v

Page 518
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A ARCADIS

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
. COWI 1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04

HS2 - C2 - Calvert Area - Detailed Design

Profile 4 GM4 Ch. HS2 814715 - Landscape Impact

ar (kNim?) | 19,50 Embankment geomelry for calculating e influence factor at the axis
HI (m) 4,40 distance 1o the axis (m): -30
Hr (m) 44 1 176
Side slope (H/V) 4,00 o2 17,6

Width PF (m) 3,00 di 4

Surcharge of the embankmant (kPa) 85,8 d2 P 1

Static surcharge (kPa) 0,00 N
& (kPa) 85,8
Groundwater level 02m

1- ESTIMATED SETTLEMENT

5 5 . T o
£¢ | £ g 23 E 5 [§ 2
w0 ® T c - BE_ z 58 s 8
= £ 58 | 3% | &8 @§ § % T2 2 EEE_|E_%%
g € i Ei|: £ %t o9F ig: HEIEER
: 3 s | 22 [ 2|2 ¢ § 2% EE £ cEqgs|csE5E
E g i | 33 | €z | ¥ 2 3 1% b8 3 Eo28850%
58 lgy |7 7 & g2 gg” 5 g 1% 5”7
= = E =8 = n & E El
€5 @5 = 8o B E
o [
AV SV 5V 00 P 0,000 0.0 6] 0.2 | 670 0.0 0.0 0.0
ALV-CZ 7. 2 0,002 0.1 38| 02 0.0 0.0 0.0
25 X 0,005 04 55| 02 0,0 0.0 0.0
RLBCZ ) . 0,010 09 72| 02 0.1 0.0 0.0
TOC B0 20 0,048 a1 1az| 02 il 0,5 0,1 03
TOC 200 35, 0,116 99 277| 02 i 08 0.2 0.6
GOC 350] 35, 0,135 11,6 352 02 7 0,0 0,0 0,0
GOC 350 35, 0,135 11,6 352 02 Z 0,0 0.0 0,0
GOC 350 35,4 0,135 11,6 352 0.2 27 0,0 0,0 0,0
GOC, 350 35 0,135 116 352 0 27 0,0 0.0 0.0
Total settlement at -30 m from the axis {(mrm): 1 0 1
nb iteration 0 Stress inc: / sV0 3%
Convergence m
2- CONSOLIDATION BY TIME (without vertical drains)
Time
month
number of days 304
secondes 0
With surcharge anticipation (an ficipation rall [oad 30 kPa

D (%) | w (mm)

Total settlement at -30 m from the axis in 0 months (mm}:

esidual setlement (mm) with surcharge anticpation after hold peniod
surcharge anfiapation over 12 months after a hold period 0 months (mm):
[Diration afier Fold perfod fmonths) |17

Without anticipation

[fement witholl surcharge anficipation after a hold period of O months (mm

Without surcharge anficipaion over 12 alier a hold period of 0 months (mm )| 0.1}

Residual settlement with time

1

0

0
= Settlement without
E o surcharge anticipationatter a hold
2, period of 0 months (mm):
E Residual settlement ater hold
S iode without surchargs
H anticipation (mm)
30 ——— Residual settlement with surcharge
E A anticipation (mm)

o —— Residual settlement (mm) with 0

surchar ge anticipation after hold
0 period :
0
o 10 20 30 a0 50 ,
Time {month) \

sharepoint, Project - Twyford D)6 - GT. 2 transiion viaduetl. FINAL ANALYSIS/GM4 - 81720.5%sm - LAN (0.1) < O
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High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR

AARCADIS - COWI 1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04
HS2 - C2 - Calvert Area - Detailed Design
Profile 4 GM4 Ch. HS2 814715 - Landscape Impact
ar (kNm?)| 18,50 Embankment geometry for calculating the influence factor at the axis
H (m) 5,80 distance 1o the axis (m):
Hr (m) <l
Side slope (HV) 4,00 2
Width PF (m) 40,00 di 61,6
Surcharge of the embankmant (kPa) 113,1 dz
Static surcharge (kPa) 0,00
S (kPa) 1131
Groundwater level 02m
1- ESTIMATED SETTLEMENT
_ 5 - E -
ITREE g 3 E =5 |5 ¢
TR T F A -  |3.8% |§ &,
i € Sl gE|Ez|E £ 0t 95 EER | B |ifsig|agil
£ 2 2 ;
s g B | sE Bzl § ¢ §3  E3F | @ |Ezips|ziis
85 [as | ° 7 @ R gt R
8| 5% 5é - % ST -
< ] ] o £ E o
o [
AV SV 5V 00 P 0,569 513 5] 02 259 Z6 233
AVCZ 2. 2 0568 643 38| 0.2 9.3 17.3 1.9
25 X 0,567 64,1 55| 02 1,0 0.1 0.9
RLBCZ ) . 0564 638 72| 02 4.1 1.6 25
TOC B0 20 0,549 62,1 1az| 02 il 7.2 22 50
TOC 200 35, 0517 58,5 277| 02 i 49 1.5 34
GOC 350 35,1 0,498 56,3 352 0.2 F 0,0 0,0 0,0
GOC 350 35, 0,438 56,3 352 02 Z 0,0 0.0 0,0
GOC 350 35,4 0,498 56,3 352 0.2 221,60 30 0,0 0,0 0,0
TOC, 0] 35 0,438 5,3 352 0, 221,60 30 0,0 0.0 0.0
Total settlement at -30 m from the axds (mim) : 624 253 37,1
nb iteration 0 Stressinc /sv0 | 16%
Convergence m
2- CONSOLIDATION BY TIME (without vertical drains)
Time
month
number of days 304
secondes 1Z
With surcharge antlcipation (an ficipation rall [oad 30 kPa
Layers Cv (méfs) drainage T Wv (%) |w(mm)
height H
AV SV SV OOE-06
ALV-CZ OE-07
LBV SV L00E-06 K
(4 4,20E-07
0C O0E-08 1
0C DOE-08 29,
oC L00E-08 29,
OC 00E-08 29, 1.88E: £
ocC ,00E-08 200 185t 04
Total sefllement al -30 m from [he axis in 6 monhs (mmy: 88

esidual setlement (mm) with surcharge anticpation after hold peniod
surcharge anfiapation over 12 months after a hold period 6 months (mm):
[Diration afier Fold perfod fmonths) |17

Without anticipation

[fement witholl surcharge anficipation after a hold period of & months (mm

Without surcharge anficipaion over 12 alier a hold period of & months (mm )| 0.1}

Residual settlement with time
30
25
= —— Residual Settlement without
o surcharge anticipation atter a hold
z period of 6 months (mm):
E Residual settlement ater hold
B 15 iode without surchargs
H anticipation (mm)
3 ——— Residual settlement with surcharge
E 10 anticipation (mm)
—— Residual settlement (mm) with
5 surchar ge anticipation atter hold
period :
0
0 10 20 30 40 50
Time (month)
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A High-Speed Design Partnership
MAARCADIS -  COWI

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04

HS2 - G2 - Calvert Area - Detailed Design

Profile 5 GMS Ch. HS2 81+920 - Embankment Impact

ar(kNfm?%)| 20,00 Embankment geometry for calculating the influence faclor at the axis
Hf (m) 510 distance to the axis (m):
Hr (m) 5,1 ct
Side slope (HV) 200 2
Width PF (m) di 27
Surcharge of the embankmant (kPa) d2 237
Static surcharge (kPa)
{kPa)
Groundwater level 02m
1-ESTIMATED SETTLEMENT
© oy v § % s T =xc E s
£x % E_ EE E Ex§ |2 2
¢ Ty H & B2 i §E88 [E 3.
= £ 58§ 22 | @ 5 2 s Teg H ExEE_|E_3%
g £ s | sz | 85| & E £ 23 8¢ Eg |22285|8FE¢
5 g 5 |3i|eElE: s i §3 ME | 2E [3pipdliiis
[ s > 2 2 w3 e | ET .
£ | ic : R 1 |8EEz |y 3”7
£ | &g : £3 K sLE |E §
Fil Materil 00 ] 1,000 132.0 20 02 1.00E+04 10 0.0 0.0 0.0
0.0 Xi] 1,000 132,0 20 0,2 00 .50 438 219 219
ORC T 70 X 0,359 31,9 20 0,2 0 50| 338 16,9 16,9
[OXC 01 470 X 0,996 1315 20 0.2 390 40 16,1 6,4 9,6
RB VSV 5. ¥ 0,987 1303 20 0.2 14,40 .10 48 0.5 43
RIECT EF 10, 128,4 20 0.2 1,00 35 58 20 38
TCOC 105 X T10.7 20 02 47, .30 168 5.0 118
TOC X 3, 91,5 20 0,2 21040 .30 0,0 0,0 0,0
(GOC 33,0 X 91,5 20 02 21040 .30 0,0 0,0 0,0
COC 330| 330 918 20 0.2 21040 0.3 0.0 0.0 0.0
Total sefflement at_m from the axis (mm) : 121 52 | e
nb iteration Stress inc. /s\v0 | 28% W Ral Load T2 ) )
Convergence m wo Rail Load 92 40 52|
difference -29 -12
2 - CONSOLIDATION BY TIME (with out vertical drains)
month
number of days
secondes
surcharge anticipation (anficipation ral a)
LCayers Cu(mls) | dranage T U (%) [w (mm)
[ Wih surcharge antidpation ] Lendsc. | TOTAL |
Resdual sellement (mm) wih surcharge anlicipation after hold period .| 151 43 | 193 |
Surcharge anGpalion over 12 monihs after ahold penod 6 monihs (mmy:| S,1] 21 | |
ration after hold period (months] 1]
Without anficipation ] Landsc | TOTAL |

lement without surcharge anficipation after a hold p

niod of 8 months (mm):

Residual settlement with time

60

50
7 ——Residual Settlement without surcharge
Ea anticipation after a hold period of 6
F months (mm):
H Residual settlement after hold periode
i without surcharge anticipation (mm)
E idual settlement with surcharge
E \ anticipation (mm)
) $)

g0
10 \ anticipation after hold period : 0
0
0 10 30 40 50
Time {month) ,
Project Twyford T FINAL ANAL® = 81920 xism - EMB (0) O
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A High-Speed Design Partnership

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR

GARCADIS - COWI 1MC06-CEK-GT-REP-CS06_CL10-000002
Rev.C04
HS2 - €2 - Calvert Area - Detailed Design
Profile 5 GM5 Ch. HS2 814820 - Landscape Impact
ar (kNm?)| 19,50 Embankment geometry for calculating the influence factor at the axis
HI (m) 4,90 distance to the axis (m): -35,55
Hr (m) 4.9 <l 1
Side slope (HV) 4,00 c2
Width PF (m) dt 469
Surcharge of the embankmant (kPa) dz 24,3
Static surcharge (kPa) -
& (kPa) <
Growndwater level 02m
1- ESTIMATED SETTLEMENT
o n o F L s - -
£¥ &% £ 23 a 8 1E 4
_ 8Ty | o - 5 & Eiz E - g IR
= E 58 > o o = g P I —_ E = 9T
§ £ Sl iz |85 E £ P 2% e §§ Essglaeil
& & E | x5 | 25| 3 § Z3 £E2 §< |EzofElgEcs
g | sz | = ° 5 3B ER : 822 g ¥
£ | &% £ Zs 3 i3 | ¢
g8 @5 & 48 = “5 |E L
Fill Materia %ﬂ 0.0 0,000 0.0] 0.2 O0E+04 0.0 0.0 0.0
[ALV-CZ 2.0 0,000 0,0 02 6,00 0,0 0.0 0.0
[OXC W 0 20 0,000 0,0 02 0,0 0,0 0,0
[OXC U1 40 5.7 0,002 0,2 02 0,0 0,0 0,0
[RIEV SV 5.7 9.2 0,007 06| 02 0,0 0,0 0,0
RLB CZ 87 10,6 0,013 1,3 0,2 0,1 0,0 0,0
TOC, 05| 33,0 0,066 63 0.2 1,0 0.3 0.7
[COC 330 33,0 0,106 0,2 02 0,0 0,0 0.0
GOC 330 33,0 0,106 0.2 02 0,0 0,0 0,0
GOC. 330] 33,0 0,106 10,2 02 0.0 0.0 0,0
Total seftlement at -35,55 m from the axis (mm) : [ 1 0 1
b iteration 0 Stress inc. / s%0 3% W Rail Load il 0 T
Convergence m wo Rail Load a3 21 52|
difference 92 40
2- CONSOLIDATION BY TIME (without vertical drains)
Time
manth 0
number of days 304
secondes 0
ith surcharge anticipation (an ticipation rail 'a)
Layers Cv (m'/s) | drainage Tv Uv (%) | w(mm)
height H
ALVCZ T20E-07 X
OXCW 3.80E-07 A
OXCUT O0E-07 E
[KLBV 5V O0E-06
cZ 420607, 2]
0C OOE-08 23,
oC O0E-08 23,
0C O0E-08 23,
oC O0E-08 23,
Tolal setllement at -35.55 m from [he axis in 0 months (mm): 0

[ Wihsurchargeantigpation
b ‘Dd H X

Residual -setﬂanen [mm) with surcharge antici

Without anficipation
flement without surd algeannupamnn lera old period of 0 months (mmy.| 0,5}

Residual settlement with time

0

0

° —— Residual Settlement without
E surcharge anticipation atter a hold
z period of 0 months (mm):
§ 0 Residual settiement after hold
-] periode without surcharge
H o articipation (rmm)
3 ——— Residual settlement with surcharge
‘! anticipation (mm)
2o

—— Residual settlement (mm) with
° ‘surcharge anticipation after hold
period :
0
0 10 20 30 40 50
Time {month)
Pagina 2
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A High-Speed Design Partnership

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR

@ARCADIS -« COWI 1MC06-CEK-GT-REP-CS06_CL10-000002
Rev.C04
HS2 - €2 - Calvert Area - Detailed Design
Profile 5 GM5 Ch. HS2 814820 - Landscape Impact
ar (kNm?)| 18,50 Embankment geometry for calculating the influence factor at the axis
HI (m) 510 distance to the axis (m): -35,55
Hr (m) <l 2
Side slope (HV) 4,00 c2 204
Width PF (m) dt 66,9
Surcharge of the embankmant (kPa) dz 4,3
Static surcharge (kPa)
& (kPa)
Growndwater level 02m
1- ESTIMATED SETTLEMENT
o o F ] s - s <
&% % £ 23 a R g 3
_ e 3 -~ ~ H £ B = _ g 2 g 5
= = 55 L 5 7 2 s 523 _ E_|E_$S%
§ g €l 8: | i3 | ¢ £ F o3 gsl | fg |iEizslaci:
& & E | x5 | 25| 3 § Z3 £E2 §< |EzofElgEcs
gy | 83 | = T & §E gg® . Sz |9 g¥
25 | g2 g= £ 3 ©3 [g 2
g8 @5 & 48 = “5 |E L
Fill Materia %ﬂ 0.0 25,0 0.2 O0E+04 0.0 0.0 0.0
[ALV-CZ 2.0 29,0 0.2 6,00 9,6 48 48
[ORCW 0 a0 20,3 02 7.5 38 38
[OXC U7 40 5.7 26,9 02 3,7 1.5 2.2
[RIEV SV 5.7 9.2 31,4 02 1,2 0,1 1,0
RLB CZ 87 10,6 32,9 0,2 1,5 0,5 1,0
GOC T05] 33.0 38,4 0.2 58 1.7 4,1
[COC 330 33,0 40,1 02 0,0 0,0 0,0
GOC 330] 33,0 40,1 02 0,0 0.0 0.0
GOC 330] 33,0 40,1 02 0.0 0.0 0,0
Total seftlement at -35,55 m from the axis (mm) : [ = 12 17
b iteration 0 Stressinc /sv0 | 12% W Rail Load 75 1z 7
Convergence m wo Rail Load a3 21 52|
difference 84 28
2- CONSOLIDATION BY TIME (without vertical drains)
manth 6
number of days
secondes 1
ith surcharge anticipation (an ticipation rail 'a)
Layers Cv (m'/s) | drainage Tv Uv (%) | w(mm)
height H
ALVCZ T20E-07 X
OXCW 3.80E-07 A
OXCUT O0E-07 E
[KLBV 5V O0E-06
cZ 420607, 2]
0C OOE-08 23,
oC O0E-08 23,
0C O0E-08 23,
oC O0E-08 238 1
Tolal setllement at -35.55 m from [he axis in 6 months (mm): 85| 68

[ Wihsurchargeantigpation
b ‘Dd H X

Residual -setﬂanen [mm) with surcharge antici

Without anficipation
flement without surd algeannupamnn lera old period of 6 months (mmy.| 2.9}

Residual settlement with time

Deferred settiment (mm)
=

=

0 10 20 30 40 50
Time (month)

———Residual Settlement without

surcharge anticipation atter a hold
period of 6 months (mm):

Residual settiement after hold
periode without surcharge
anticipation (mm)

=== Residual settl ement with surcharge

anticipation (mm)

—— Residual settlement (mm) with

‘surcharge anticipation after hold
period :

Pagina 3
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A High-Speed Design Partnership
MAARCADIS -  COWI

ar (kN/m?) | 20,00

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04

HS2 - G2 - Calvert Area - Detailed Design

Profile 5 GMS Ch. HS2 81+920 - Embankment Impact

Embankment geometry for calculating the influence faclor at the axis

Hf (m) 510 distance to the axis (m}:
Hr (m) 5,1 =l
Side slope (HV) 200 €2
Width PF (m) d1 237
Surcharge of the embankmant (kPa) d2 23,7
Static surcharge (kPa)
(kPa)
Growndwater level 02m
1-ESTIMATED SETTLEMENT
@ N 'Y % s z x Tae E s
£x £ c E £3 a E fol<) E £
- B2l b | & - H 2& fao 3 §EET |B E_
= z 53 22 | & 5 2 s ] _ |EzgE_|E_35%
g E = T2 g2 E e £ < 558 £ EEER R
g = o 22 s | 2 < < 83 23Sk 2E |SeESE[9EsE
3 g ol g5 | BE|E 2 i E: i3 55 [3EizE|ziig
S H = o 2 2 ws R g MR S
i 5 e NN
= W Lol o n
§ bl Q =
Fil Material 0.0 0 1,000 132.0 20 02 1.00E+04 10 0.0 0.0 0.0
1.0 Xi] 1,000 132,0 20 0,2 00 .50 22,0 11,0 110
OXC W 20 X 0,359 31,9 20 0,2 750 50| 338 16,9 16,9
[OXC 0T 40 . 0,996 131,5 20 0.2 380 A0 16,1 6,4 9,6
RIB VSV 5. ¥ 0,987 130,3 20 0.2 440 .10 48 0.5 43
RIECT EF 10, 128,4 20 0.2 1,00 35 58 20 38
TCOC 105 X 1107 20 02 47, .30 168 5.0 118
TOC X 3, 91,5 20 0,2 21040 .30 0,0 0,0 0,0
(GOC 33,0 X 91,5 20 02 21040 .30 0,0 0,0 0,0
COC, 337 30 915 20 02 21040 0.0 0.0 0,0 0.0
Total settlement at_m from the axis (mm): 99 42 57|
nb iteration Stress inc. /s\v0 | 28% W Ral Load S (7 57
Convergence m wo Rail Load 75 2 43|
difference -24 -10

2 - CONSOLIDATION BY TIME (with out vertical drains)

Time
month 3
number of days 04
secondes 7t
surcharge anticipation (anticipation rail a
Gayers Cv(ms) | danage]| Tv T (%) | w ()

height H
pasy

Surcharge anfiapation [ Lancec | TOTAL |
5

Resdual sellement (mm) wih surcharge anlicipation after hold period .| 7.0 |
Surcharge aniGpalion over 12 monihs after ahold penod 3 months (mmy] 2./ 0.7 | a4 |

ration after hold period (months)

12]

| andsc | TOTAL |
i | 28 | TR
0,5] 0.7 | |

Residual settlement with time

8 R 8 8 &8 &

—— Residual Settlement without surcharge
anticipation after a hold period of 3
months (mm):

Residual settlement after hold periode
without surcharge antieipation mm)

~—— Residual settlement with surcharge

Deferred settiment (mmj)

L —

anticipation after hold period :

30 a0 50

20
Tire (month) ,

Pagna 4 O
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A High-Speed Design Partnership
MAARCADIS -  COWI

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04

HS2 - C2 - Calvert Area - Detailed Design

Profile 5 GM5 Ch. HS2 814820 - Landscape Impact

ar (kNim?) | 19,50 Embankment geomelry for calculating e influence factor at the axis
HI (m) 4,90 distance 1o the axis (m): 355
Hr (m) 4.9 1 1€
Side slope (H/V) 4,00 o2
Width PF (m) di 46,9
Surcharge of the embankmant (kPa) d2 243
Static surcharge (kPa)
& (kPa)
Groundwater level 02m

1- ESTIMATED SETTLEMENT

= k] s -
2] 2< [ 3 x5 |E £
_ | TRy | 5 - & 3F oo F B (¢ 3.
- 58 = kS o = = Plhad - E - _5F
g g Sl 3:|dg|: £ fTog3  BgP | fg |iEizgaeil
¥ g 2 35 | 82 | £ s § 23 252 §% |2z 238 gEeos
gs | g2 | = ° & §E e . SZe g g*®
8| &% 8 53 2 Ly | £ 3
z B b 8 & E o
Fill Materia 00 10 0,000 0.0] 7] 02 D0E+04 0.0 0.0 0.0
[ALV-CZ 1,0 2.0 0,000 0,0 17| 02 6,00 0,0 0.0 0.0
[OXC W 0 20 0,000 0,0 37| 02 0,0 0,0 0,0
[OXC U7 20 5.7 0,002 0,2 51 02 0,0 0,0 0.0
RCEV SV 57 9.2 0,007 0,6 77| 02 0,0 0.0 0.0
RLB CZ 97 10,8 0,013 13| 101 02 0,1 0,0 0,0
TOC, 05| 33,0 0,066 63 220| 02 1,0 0.3 0.7
[COC 330 33.0 0,106 10,2 332| 02 0,0 0,0 0,0
GOC 330] 33.0 0,106 102 332 02 0,0 0.0 0.0
GOC 330] 33,0 0,106 10,2| 332| 02 0.0 0.0 0,0
Total seftlement at -35,55 m from the axis (mm) : [ 1 0 1
b iteration 0 Stress inc. / s%0 3% W Rail Load il 0 T
Convergence m | wo Rail Load a3 21 52|
difference 92 40
2- CONSOLIDATION BY TIME (without vertical drains)
Time
manth 0 0
number of days 304
secondes 0
ith surcharge anticipation (an ticipation rail 'a)
Layers Cv (m'/s) | drainage Tv Uv (%) | w(mm)
height H
ALVCZ T20E-07 1]
OXCW 3.80E-07 1.0
OXCUT O0E-07 3.0}
[KLBV 5V O0E-06 0.0}
<z 420607, 14
0C OOE-08 23,
oC O0E-08 23,
0C O0E-08 23,
oC O0E-08 23,
Tolal setllement at -35.55 m from [he axis in 0 months (mm): 0

[ Wihsurchargeantigpation
b ‘Dd H X

Residual -setﬂanen [mm) with surcharge antici

Without anficipation
flement without surd algeannupamnn lera old period of 0 months (mmy.| 0,5}

Residual settlement with time

0

0

° —— Residual Settlement without
E surcharge anticipation atter a hold
z period of 0 months (mm):
§ 0 Residual settiement after hold
-] periode without surcharge
H o articipation (rmm)
3 ——— Residual settlement with surcharge
‘! anticipation (mm)
2o

—— Residual settlement (mm) with
° ‘surcharge anticipation after hold
period :
0
0 10 20 30 40 50
Time {month)
Pagna 5
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A High-Speed Design Partnership

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
. COWI 1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04

HS2 - C2 - Calvert Area - Detailed Design

Profile 5 GM5 Ch. HS2 814820 - Landscape Impact

ar (kNim?) | 19,50 Embankment geomelry for calculating e influence factor at the axis
HI (m) 5,10 distance 1o the axis (m): 355
Hr (m) ol 2

Side slope (H/V) 4,00 o2 204

Width PF (m) di 66,9

Surcharge of the embankmant (kPa) d2 4.3
Static surcharge (kPa)
& (kPa)

Groundwater level 02m
1- ESTIMATED SETTLEMENT

7 2 s H
g2 | gf i iz z TR
- | FE| e | s - & 3% oo F B (¢ 3.
- 58 = kS o = = Plhad - E - _5F
g g Sl 3:|dg|: £ fTog3  BgP | fg |iEizgaeil
5 g Bl w5 | 228 ¢ § g3 fE: ¥ |dzlzd|gEis
gp | 23| ° 7 & §E 0 gEF | 5 |§°ER 1§ 37
T8 | 8% : 53 & LEE L
Fill Materia 00 10 25,0 7] 02 O0E+04 0.0 0.0
[ALV-CZ 1,0 2.0 29,0 17| 02 6,00 4.8 2.4
[OXC W 0 20 293 37| 02 7.5 38
[OXC U7 20 5.7 20,9 51 02 3,7 15 2.2
[RIEV SV 5.7 9.2 31,4 77| 02 1,2 0,1 1,0
KLE CZ 8.7 10,6 32,9 101 0,2 1,5 0.5 1,0
TOC, 05| 33.0 X 220 02 5.8 1.7 a1
[COC 330 33,0 40,1 332| 02 0,0 0,0 0.0
GOC 330] 33,0 40,1 332| 02 0,0 0.0 0.0
GOC 330] 33,0 40,1 332| 02 0.0 0.0 0,0
Total seftlement at -35,55 m from the axis (mm) : [ 10 14
b iteration 0 Stressinc /sv0 | 12% W Rail Load ] 10 G
Convergence m | wo Rail Load a3 21 52|
difference 69 31
2- CONSOLIDATION BY TIME (without vertical drains)
Time
manth
number of days
secondes 78
ith surcharge anticipation (an ticipation rail 'a)
Layers Cv (m'/s) | drainage Tv Uv (%) | w(mm)
height H
ALVCZ T20E-07 1]
OXCW 3.80E-07 1.0
OXCUT O0E-07 3.0}
[KLBV 5V O0E-06 0.0}
<z 420607, 14
0C OOE-08 23,
oC O0E-08 23,
0C O0E-08 23,
oC O0E-08 238 1
Tolal setllement at -35.55 m from [he axis in 3 months (mm): | e

[ Wihsurchargeantigpation
b ‘Dd H .

Residual -setﬂanen [mm) with surcharge antici

Without anficipation
flement without surd algeannupamnn lera old period of J months (mm).] 2.5}

Residual settlement with time

—— Residual Settlement without
surcharge anticipation atter a hold \
period of 3 months (mm):
Residual settlement after hold
periode without surcharge
articipation (mm) @

Deferred settiment (mm)
=

~——Residual settlement with surcharge
a anticipation (mm)
~——Residual settlement (mm) with 0
2 — ‘surcharge anticipation after hold
period :
0
o 10 20 30 a0 50 ,

Time (month) \

sharepoint, Project - Twyford D) 06 - GT i transition viaductl. FINAL ANALYSIS/05 GMS - 81820 xlsm - LAN (1.2) O

/
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A High-Speed Design Partnership
MAARCADIS -  COWI

HS2 - C2 - Calvert Area - Detailed Design

Profie 6 - GM6 - Ch. HS2. 82+100 - Embankment Impact

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04

ar (kNjm") [ 20,00 Embankment geometry for calculaling the influence factor at the axis
Hi(m} 430 distance to the axis (m): 0
Hr (m}) 4,3 ct 86
Side slope (HV} 200 = 86
Width PF (m) 24,00 di 16,3
Surcharge of the embankmant (kPa} 86,0 d2 163
Static surcharge (kPa) 30,00
Sr (kPa) 116,0
Groundwater level 02m
1- ESTIMATED SETTLEMENT
o & 5 £ g
2] E2 i, 53 5 T HEE
T TR s SF 5= g ge 2 3
= £ 5 & = F 3 = P = EEE o g
§ E Eldx | B2 lE £ B g sl EE |fE2B§|deis
K] g g = 8= = 2 g 22 LB £E z8gE gEB8S
[ & 8% £ : @ £ 3 g g SF = ] -]
5 0 2 = ® B g R = 28 |8 =°
32 g5 o 8= ER Z 2% |2 3
ER I 3 g3 ki Ly i
g g g 5] £ L
Material 0.0 1,000 116.0 0] 02 [ 1.00E:+04 10 0.0 0.0 ]
[ALV-CZ 0,0 X 1,000 116,0 12| 02 [76,00E+00 501 38,5 19,2 9,2
RTOS VSV 70, 6,939 15,9 25| 02 Z40] .10, 24 0,2 A
RTD-C 2.5] X 0,998 115.7 30| 02 57| ;50| 10,2 5,1 1
[ORCWT 30 5 0,993 15,2 42| 02 TE 50| 205 148 148
[ORC T 50, - 0,980 113,6 62| 02 139 .50, 164 6.2 8,2
[ORC T 70 X 6,957 1,1 82 02 210 .40 0.6 4.2 6.3
RIEV SV 0.0} 1 0,932 108,1 100] 02 850 10| 19 0.2 1,7
RIBT. 05 T 0,889 10,1 25| 02 X .40 70,5 47 6.3
[COT T2 20,0 0,797 92,5 72| 02 2215 0,40, 25 1.0 1,5
[GOC 200, X 0,578 60,1 352 02 [ 7718| 030 6.1 74 5.7
Total settlement at 0 m from the axis (mm) : | Y 60 1|
nb iteration a Stress inc. / s'v0 7% w Rail Load 131 80 il
Convergence m wao Rail Load 12 51 &1 |
dfference -18 -8

2 - CONSOLIDATION BY TIME (without vertical drains)

Time
month 6 6
number of days D4
secondes 15778800
Surcharge anticipation (anticipation rai a
Layers Cv(mifs) | dranags | Tv Uv (%) |w (mm)

height H
feal

Duration after hold period (months) 12|
‘Without anticipation Landsc. | TOTAL
5 Slmmr] 75| 66 [ 520 |

;5] 04 [ 195 ]

FINAL AMAL' 82100 xism - EME (0) O

Residual settlement with time
70
60
Tso —— Residual Settlement without
£ surcharge anticipation afer ahold
E period of 6 months (mmj:
g0 Residual settlement after hold
El periode without surcharge
3 0 anticipation (mm)
—— Residual settlement with surcharge
anticipation ()
=2
i ) with
10 surcharge anticipation after hold
period
0
0 10 20 EY 0 50
Time (month)
tp: Project Twyford T

Page
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A High-Speed Design Partnership

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR
1MCO06-CEK-GT-REP-CS06_CL10-000002

MAARCADIS -  COWI
Rev.C04
HS2 - C2 - Calvert Area - Detailed Design
Profile 6 - GM6 - Ch. HS2. 82+100 - Landsoape Impact
ar (kNim?)| 19,50
HI (m) 4,30 324
Hr (m) 4.3
Side slope (HV) 4,00
Width PF (m) 48,60
Surcharge of the embankmant (kPa) 83,9
Static surcharge (kPa) 0,00
& (kPa) 839
Groundwater level 02m
1- ESTIMATED SETTLEMENT
— - - E -
@ o & o =
22 | 24 . B 23 £ 15 |§ £
L Ty - - 3 £ Eo o 3 % |8 E_
- z 58 22 & 7 £ gz TeE - EEE|E_3%F
B E £ iz | 82| ¥ ot S% ey § g;sgcﬁEEE
L & | ez | 25| 2 @ i3 cEs £ |3z:BEgtis
jglgx |0 7 &2 gE gEd | % |3TEf |3 g7
£8 | 85 z u8 2 vy [E L
_ [ [x
[F Matenal %ﬂ 00 0529 ErY! 0] 02 | _100E+04 0,0 0.0
ALV-CZ 2,0] 0,529 4.4 121 02 6,00E+00 14,7 74
[RIDSV SV 0 25 0,529 44,3 25| 02 240 0,9 0.8
RDCZ 75 3.0 0,529 4.3 30 02 57 3.9 1.9
[OXC W 30 5.0 0,528 44,3 42| 032 3 050 114 5.7
OXC UT 50 7.0 0,526 4.1 62| 0.2 13,9 0,50 6,3 3.2
OXCUZ 0 EX 0524 B9 52| 02 ik a0 [¥] 2.5
[REV SV 50 0, 0,522 438 100| 02 85 10 0.8 0,7
FLBCZ 105 74, 0,519 35 25| 02 344 40 a4 2.7
TOC 20 20, 0513 B0 72| 02 20, 30 2.1 1.5
GOC 50, 0,484 40,6 352] 0, 221 30 5.5 38
Total settlement at -32,4 m from the ais (mm): [ = 2
nbiteration 0 Stress inc./sVO | 12%
Convergence m
2- CONSOLIDATION BY TIME (without vertical drains)
Time
manth 6 §
number of days 304
secondes 1577880
[ Wih surcharge anficipation (anficipation rall load 30 kPa) |
Layers Cv (m¥ls) drainage Tv Uv (%) | w (mm)
heicht H
Py
AV-CZ i 7
RIDS VSV 7,00E-
RTDC Z 3,80E-
OXC W 380E-
OXC U1 O0E-
OXC U2 4,20E-
LBV SV OUE-06
KLBCZ 4,20E-07
GOC 00F i2
Total setllement at 32,4 m fror the axts In & months (mm] 75

With surcharge antiGipation
[ Fosdual setfarment () vih surchargs anticpation a

&rhold penod

surcharge anfidpation over 12 months after a hold period 6 months (mm’

afion
[flement without surcharge anficipation after a hold period of & months (mm):
Without surcharge aniiapalion over 12 aller a hold period of & monihs (mm): | %.7]

Residual settlement with time

]

H

Deferred settiment (mm}
o

: \—-_;

20 30
Time {morth)

e Residual Settlement without

surcharge anticipation atter a hold
period of 6 morths (mm):
Residual settlement after hold
periode without surcharge
anticipation (mm)

= Residual settl ement with surcharge
anticipation (mm)

—— Residual settlement (mm) with
surcharge anticipation after hold
period :
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A High-Speed Design Partnership

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR

@ARCADIS -« COWI 1MC06-CEK-GT-REP-CS06_CL10-000002
Rev.C04
HS2 - €2 - Calvert Area - Detailed Design
Profile 6 - GM6 - Ch. HS2. 82+100 - Landscape Impact
ar (kNm?)| 18,50 Embankment geometry for calculating the influence factor at the axis
HI (m) 5,70 distance to the axis (m): -324
Hr (m) <l 22,8
Side slope (HV) 4,00 c2 i: 228
Width PF (m) 3,00 dt 4
Surcharge of the embankmant (kPa) : dz 1
Static surcharge (kPa)
S (kPa) 1112 <
Growndwater level 02m
1- ESTIMATED SETTLEMENT
= ] = E -
£ g€ B % E x5 |§ 8
AT s £ Eic H 8% |5 I_
— £ 5 & 22 & = 2 gz TEE b EEE_|E_35%
§ E S|z | é3 | E & ET %% 8¢ § EZSE| AL
L g Flss |82 ¢ & 23 :fis §o|fzigditos
v e S ® 2 1] wE @ k: B |3 @
é & ix £ FE gs ] k: %;: 3 E
€8 | &% z 58 2 vy [E L
— = [x
[Fl Matenia %ﬂ 0.0 0,000 0.0 0] 02 | _1.00E+04 0.0 0.0 0.0
ALV-CZ 2,0] 0,000 U‘U. 121 02 6,00E+00 0,0 0.0 0.0
[RIDSV SV 0 25 0,001 0,1 25| 02 240 0,0 0,0 0.0
RDCZ 25 3,0 0,001 0.1 30| 0.2 57 0,0 0.0 0.0
[OXC W 30 50 0,003 04 a3 072 78 050 0,1 0.0 0,0
OXC U1 50 7.0 0,010 1.1 62| 02 13,9 050 0,2 0,1 0,1
OXCUZ £ EX 0,020 22 82| 02 21 40 0.2 0.1 0.1
‘Iﬂ 10, 0,030 34 100 02 85, 10 0,1 0.0 0,1
KLECZ 105 14 0,047 52 125 02 343 40 0.5 0.2 0.3
TOC T4 20 0,079 | 72| 02 221 30 0.2 0,1 0,2
GOC 50, 0,155 17,3 352] 0, 221 30 2,3 0.7 16
Total settlement at -32.4 m from the axis (mm): [ a7 1.2 24
b iteration 0 Stress inc / sV0 5%
Convergence m
2- CONSOLIDATION BY TIME (without vertical drains)
Time
month 0
number of days 304
secondes 0
[ Wiih surcharge anficipation (anficipation rall load 30 kPa) |
Layers Cv(ms) | dranage | Tv Ov (%) | w (mm)
height H
sy
ALV-CZ T20E-07 x|
RTD S VSV 1,00E 0]
RIDC Z 3.80E 5|
OXCW 3,80E 5]
OXCUT OOE- _‘gl
OXC UZ 4,20E- 2,0}
KLEV 5V O0E-06 0.0]
KLB CZ 4,20E-07, 3
GOC L00E 39,
Tolal sellement al 32,4 m from the axis in 0 months (mm}. 0

With surcharge antiGipation

Readual setlament (mm) with surc

arge antiapation after hold penod

surcharge anfidpation over 12 months after a hold period 0 months (mm’

afion
[flement without surcharge aniicipation after a hold period of O months (mm):
Without surcharge aniiGpalion over 12 aller a hold period of 0 months (mm):|__0.9]

Residual settlement with time

——Residual Settlement without
surcharge anticipation atter a hold
period of 0 morths (mm):

Residual settlement after hold

Deferred settiment (mm}
°

)

periode without surcharge
anticipation (mm)

= Residual settl ement with surcharge
anticipation (mm)

—— Residual settlement (mm) with
surcharge anticipation after hold
period :

20 30
Time {month)
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A High-Speed Design Partnership

A ARCADIS

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR

S COWI 1MC06-CEK-GT-REP-CS06_CL10-000002
Rev.C04
HS2 - C2 - Calvert Area - Detailed Design
Profile 6 - GM6 - Ch. HS2. 82+100 - Embankment Impact
ar(kNim® [ 2000 Embankment geometry for caloulating the influence factor at the axis
Hf(m} 430 distance to the axis (m): 0
Hr (m) 43 ol 86
Side slope (HV} 200 = 86
Width PF (m) 24,00 di 16,3
Surcharge of the embankmant (kPa) 86,0 d2 16,3
Static surcharge (kPa) | 30,00
Sr(kPa)  116.0
Groundwater level 02m
1- ESTIMATED SETTLEMENT
o & 5 £ g
2] E2 i, 53 5 T HEE
T TR s SF 5= g ge 2 3
= g 5 & F i E T2% H TEL E-E
§ £ Eldx | B2 lE £ B g sl Ee |fEdBs|dgcs
b g g st | B2 |2 3 8 £3 253 2E |SxH#gB|eECS
= & i % = B E] 5g w3 § 8 SEE (8§ g@
28 | £f s g 3 LR,
] @ g g 88 e - -
Waterial 0.0 116,0 7] 02 | LOGE+04 10 0.0 00 0
[ALV-CZ 1.0] X 116,0 17| 02 [76,00E+00 501 19,3 9,7 7
RTOS VSV 20 115,9 28] 02 240] ,10] 2,4 0,2 2
RTD-C 2.5] X 115.7 30| 02 57 ;50| 10,2 5,1
[CRCTT 3 - 115.2 2] 02 75 50| 205 X
[OXC U1 5.0] o 113,6 62| 02 139 ,50] 16,4 8,2
[ORC T 7 X 11,1 52 02 210 A0 106 42
RIEV SV 50 7 108,1 100, 02 85,0 .10 ] 0.2
RLET. 10,5] T 102,0 130] 0,2 344+ 40| 13,3 5,3
[GoT 5,0 0.0 514 77| 02 1236 [ 37 15
(GOC 20,0 K 60,1 352] 0.2 22 ,B' 0,30] 8,1 2,4 h.
Total seftlement at 0 m from the axis (mm) : | 115 52 YE|
nb iteraion 0 Stressinc./sV0 | 17% W Ral Load 115 52 )
Convergence m wao Rail Load a8 aa 54|
dfference -18 -8
2- CONSOLIDATION BY TIME {without vertical drains)
Time
month 6 6
number of days D4
secondes 15778800
Surcharge anticipation (anticipation rai a
Layers Cv(mifs) | dranags | Tv Uv (%) |w (mm)
height H
feal
JALvC
RTD SV SV
TOCZ
OXCW
OXC UT
OXC Uz
LBV SV 1
BCZ 638
G 12

ot seHement o 0 m fFrom the 5 i & monfrs [

83

With surchar

Sdual sellement (mm) wilh surc

antici
rge anlicipation afier hold penod -

5,0

[andsc | TOTAL
51 | 14

I surcharge anficipation over 12 months after a hold period 6 months (mm): 45] 19 65

Duration after hold period (months)

12|

Without anticipation

TOTAL

Landsc.
200 51 | 2671 |
[ _50] 19 T 169 |

Residual settlement with time

g

a
8

—— Residual Settlement without

surcharge anticipation afer ahold
period of 6 months (mmj:
Residual settlement atter hold
periode without surcharge
anticipation (mm)

—— Residual settlerment with surcharge

8

Deforred setilment (mm)
8

3

20

30

Time (month)

= Residual settlement (mm) with
surcharge anticipation after hold
period

Page
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High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

A High-Speed Design Partnership Twyford Embankment GDR
MAARCADIS -«  (COWI 1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04

HS2 - C2 - Calvert Area - Detailed Design

Profile 6 - GM6 - Ch. HS2. 82+100 - Landscape Impact

ar (kN/m?) 19,50

Hf (m) 4,30 -324
Hr (m) 4,3
Side slope (HV) 4,00
Width PF (m) 48,60
Surcharge of the embankmant (kPa) 839
Static surcharge (kPa) 0,00
S (kPa) 839
Growndwater level 02m
1- ESTIMATED SETTLEMENT
= 5 5 _ § £ e
2y 2 g _ EE F § 2B | £
e HF - : £ ES = H £_88 |2 5
= 3 5= o T ] = T E — BEEE_|E_TFE
§ < E | Ze| 858 £ B 9% st HRHIIBERE
El g & tl 2|2 o &8 ii £52 EE |gz87B|lgESE
= & g% £35 = z ] 33 wi 8 LR Sl -
FE Y 2 EED ©og"” kL % =S |3 =
-] Ve 2
28 | 4 : g8 Boolg st v
I Materia 0.0 1] 0,529 a4 7] 0.2 | _T00E+04 0,10 0.0 0,0
[ALV-CZ 1.0 2,0 0,529 44,4 17| 0,2 6,00E+00 0,50 74 37
(RO SV av 20 25 0,529 44,3 35 02 240 0,10 0,9 0.8
DT 3,0 0,529 44,3 30| 02 5.7 050 3.9 1.9
OXCW 30 50 0528 4.3 az| 02 7.8 050 14 57
[OxC Ut 50 7.0 0,526 441 62| 02 133 050 6,3 3.2
[ORC U2 70 5.0 0,524 43,9 B2 02 21,0 0,40 4,2 25
RLE V SV 9.0 10,5 0522 438 100 0.2 85, 10 0.8 0.7
RECZ 105 40 0,519 3, 125 02 344 40 a4 27
GOGC 140 20,0 0,513 43,0 172 02 120, 30 2,1 1,5
TOC, 200 50,0 0484 0.6 352 02 221 30| 55 38
Total seftlement at -32.4 m from the axis (mm): |« 27
b iteration 0 Stressinc /sv0 | 12%
Convergence m

2- CONSOLIDATION BY TIME (without vertical drains)

month
number of days

ALV-CZ T20E-07
RTDS VSV 1,00E-06
RTDC Z 380E-07
OXCW 380F-07]
OXC UT OUE-07]

Residual settlement with time

B

s Residual Settlement without
surchar ge anticipation atter a hold
period of  months (mm):

Residual settlement after hold
periode without surcharge

anticipation (mm)
—— Residual settlament with surcharge
anticipation (mm) 0
5 —— Residual settlement (mm) with
‘surcharge anticipation after hold

e period :

[ 10 20 30 40 50
Time (month) \

@

Deferred settiment {mm)

sharepoint, Project - Twyford D)6 - GT. 2 transiion viaduetl. FINAL ANALYSIS/GMS - 82100.5%sm - LAN (12) < O
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High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

A High-Speed Design Partnership Twyford Embankment GDR
MAARCADIS -«  (COWI 1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04

HS2 - C2 - Calvert Area - Detailed Design

Profile 6 - GM6 - Ch. HS2. 82+100 - Landscape Impact

ar (kN/m?) 19,50

H (m) 570 -324
Hr (m) 5,7
Side slope (H/V) 4,00
Width PF (m) 3,00
Surcharge of the embankmant (kPa} 111,2
Static surcharge (kPa)
Sr (kPa) 1112
Groundwater level 02m
1- ESTIMATED SETTLEMENT
= k] s E -
2| 28 2 FE E x5 |§ 8
PRy | . . 5 £& Ei: 3 83 | B,
= € ) 23 ) i = gz TTE = EEE-|E_3%
4 E E ® R E o g = g B 285 gF¢ek
2 = p gz v H X c ey R ESZ8|9EGE
3 2 Flss 222 5 §B 33 Sis o |fzizs|zeis
e e = e 2 g wF k: & |2 H
2| B: € ¥= g: s |5 2 (% 2
€8 | &% z 58 2 vy [E L
= C
Pl Malerid 0.0 10 0,000 0,0 7] 02 | _1.00E+04 0,0 0.0 0.0
[ALV-CZ 1,0 2.0 0,000 00| 17| 02 6,00E+00. 0,0 0.0 0.0
RID 5V 3V K] 25 0,001 0,1 25 02 24,0 0,0 0.0 0.0
RIDC 2 25 3.0 0,001 0,1 30| 0.2 5.7 0,0 0.0 0.0
[OXC W 30 5.0 0,003 0,4 42| 032 3 0,50 0,1 0,0 0,0
OXC U1 50 7.0 0,010 1,1 62| 02 13,9 050 0,2 0,1 0,1
OXCUZ 0 EX 0,020 22| 52| 02 21 40 0,2 0.1 0.1
T 50 10 0,030 34 100| 0.2 85, 10 0,1 0.0 0,1
RLB CZ 105 14 0,047 52 125 02 343 40 0,5 0.2 0.3
TOC 120 20 0,079 C| 72| 02 120, 30 04 0,1 03
TOC 200] 50, 0,155 73 352| 0, 221 30 23 0.7 1.6
Total settlement at -32.4 m from the axis (mm} : [ e 1.3 26
nb iteration 0 Stress inc / sV0 5%
Convergence m
2- CONSOLIDATION BY TIME (without vertical drains)
Time
month [} 0
number of days 304
secondes 0
With surcharge anticipation (an ficipation rall [oad 30 kPa|
Layers Cv (m¥ls) drainage Tv Uv (%) [w {mm)
height H
oy
ALV-CZ 120E-07, 5]
RTD SV SV 1,00E- K|
RTDC Z 3,80E- 5]
OXC W 3,80E- |
OXCUT OOE- _‘gl
OXC UZ 4,20E- 2,0]
LB V SV DOE-06, 0.0]
KLB CZ 4,20E-07. 3,
GOC 00 39,
Tolal setllement al 32,4 m from the axis in 0 months (mm] 0

With surcharge antiGipation

Readual setlament (mm) valh surcharge antiapation afier hold perod

surcharge anfidpation over 12 months after a hold period 0 months (mm’

afion
[flement without surcharge aniicipation after a hold period of O months (mm):
Without surcharge aniipalion over 12 aller a hold period of 0 months (mm):|___0.9]

Residual settlement with time

——Residual Settlement without @
surcharge anticipation atter a hold
period of 0 morths (mm):
Residual after hold
periode without surcharge
anticipation (mm)
e Resiclual settl ement with surcharge C)

articipation (mm) 0

—— Residual settlement (mm) with
surcharge anticipation after hold
period :

0 10 20 30 40 50
Time {morith) \

Deferred settiment (mm}
s a2

)

sharepoint, Project - Twyford D)6 - GT. 2 transiion viaduetl. FINAL ANALYSIS/GMS - 82100.5%sm - LAN (1.1) < O
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A High-Speed Design Partnership

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR

@ARCADIS -« COWI 1MC06-CEK-GT-REP-CS06_CL10-000002
Rev.C04
HS2 - C2 - Calvert Area - Detailed Design
Profile 8 GM2 - Ch. HS2. 81420 - Embankment impact
ar (ka’) 20,00 Embankment geomelry for calcuating the influence factor at the axis
Hf (m) listance to the axis (m):
Hr (m) ] ct
Side slope (H/V) c2
Width PF (m) d1
Surcharge of the embankmant (kPa) dz2
Static surcharge (kPa)
& (kPa)
Groundwater level 02m
1- ESTIMATED SETTLEMENT
© o 5 5 _ -
£2 £a o o T ExE E
) 5% = Bz Es E 5858 | &
e 5 € 52 22 7 oz & ¥ it E. |§3Ehc|5o2%
4 E £ Bz £ £ ¢ E 5% B8 £t |23:235|dei;
g & | 35 g £ ¢ § i3 I3 & [3i%3k|zE82
[ - = - 2z 88 Y3 = §s88 |% z=°
% i $ g2 2ET| 3 S48 |% 3
E 3 & ‘E 2 R e ® o E oL
5 <
[Pl Matoral 1.000 02 | 1.00E+04 0,0 0,0 0,0
ALV CZ 1,000 0.2 [ 29,3 33
RID SV SV 0,999 02 25, A 13 1.9
[e4 4 0,996 0.2 8, 4 221 89 133
(ESVSY X 0,989 02 85 E: 2,0 0.8 1.2
KLBCZ 1 02 344 a 4.0 16 24
'@T 1 30 02 208, A 57 23 34
Total setflement at 0 m from the axis (mm 70 44 25
b iteration 0 Stressinc. /sv0 | 30% w Rail Load 70 44 25
Convergence m wa Rail Load 39 25 14
Rail Load Impact 31 19 1
2- CONSOLIDATION BY TIME (without vertical drains)
Time
Layers Uv {%) w {mm)/
[Fill Material
ALV CZ | 20E-07 A
RTD SV SV O0E-06 |
AT 0E-07 |
KLBS VSV ODE-06 ]|
KB CZ 1,20E-07 2.0] 1
CB LMST O0E-08 Z 5| 341E
[ Total setﬂenenl B10 m from he axs in 6 months (mmp ] 507]
wm. surdm anﬁciﬁm |Landsc.|TOTAL]
4_J
Setl
Duration after hold period {months| T
Residual settlement with time
50
45
40
B ——Residual Settlement without surcharge
£% anticipation after a hold period of 6 months
= {mm):
30
g Residual settlement after hold periode
E 25 without surcharge anticipation (mm)
20 ——Residual settlement with surcharge
anticipation (mm)
g1 @
10 ———Residual settlement (mmiwllﬁ surcharge
anticipation after hold period
0
0 5 0 15 20 25 30 38 40 45 50 @
Time (month) C)
/03 Project Twryford DNO8 - GT . FINAL ANALY B1420.xlsm - EMB (0} O

v
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A High-Speed Design Partnership

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

Twyford Embankment GDR

AARCADIS - COWI 1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04
HS2 - G2 - Calvert Area - Detailed Design
Profile 8. GM2 - Ch. HS2. 81420 - Landscape impact
ar (kNm?) Embankment geometry for calcuating the influence factor at the axis
HI (m) istance to the axs (m):
Hr (m) el
Side slope (HV) c2
Width PF (m) a1
Surcharge of the embankmant (kPa) d2 521
Static surcharge (kPa) - -
& (kPa) .
Groundwater level | 02 m P ~
1- ESTIMATED SETTLEMENT
© o ® 5 S _ -
£2 £a w o T Tx§ E
£y = s Bz f:_| % |[sfEF |§
_ . ) o 8 &5 5 2 Te =8 H ST E L = =
n 3 E 58 2z g F & 8% g: E: |EB3Ebg|5ei:
g = H g2 B R oy BE ST [22:235 H
g g 8s 5 £ 2 g LE] 5 28 [§59TB|2
- = k) 8% EZ = s 2 €3 +32 §= £2338) ¢ 2
g 53 = » 2z 88 8% = 5§88 |38 ”
23 i $ 4R ERY| g |8ibD |
£ @ § 2 g3 S a=o |E o
_|| Matenal 0,000 0,0 0,2 1,00E+04 0,0 0,0 0,0
ALV CZ 0,003 0,1 0.2 [ 0,1 01 0,0
RIDSV SV 0,029 1.1 0.2 26 2 0.1 0.0 0.0
[e4 4 0,061 24 0.2 8, 4 0.8 03 0,5
[BSVSV X 0,111 43 0.2 85, 4 0.1 0.1 0,1
KLB CZ 1 0,157 6,1 0.2 344 A 04 01 0,2
'@T 1 30 0,287 11,2 02 208, A 1,0 0,4 06
Total setflement at 20,6 m from the axis (m 2 1 1
nb iteration 0 Stress inc. [ $v0 | 5%
Convergence m

2- CONSOLIDATION BY TIME (without vertical drains)

Tayers Uv (%) W (mm),
heightH
[Fil Witerial X
ALV CZ 20607 2
RTD SV 8V O0E-086)
AT 0E-07
KLBSV SV O0E-08)
KLBCZ .20E-07 1
CB LWST G0E-08] Fi 341E 1 I

|
[ Tolal setllement at 205 m from he axsin 6 months (mm)] 0]

With surcharge anticipation

seflle

esidual L d patio: H
Setlement with surcharge anticipation over 12 B

Duration after hold period (months)

Residual settlement with time

= Residual Settlernent without surcharge
anticipation after a hold period of 6 months

Residual settlement after hold periode
without surchargs anticipation (mm)

= Residual settlement with surcharge
icipation (mm)

—— Residual settlement (mm) with surcharge
anticipation alter hold period :

1
£
= {mm):
i
1
]
i
8

0

0

[ 5 10 5 20 25 0 35 40 a5 50
Time {month)
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High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley

A High-Speed Design Partnership Twyford Embankment GDR
MAARCADIS -  COWI 1MCO06-CEK-GT-REP-CS06_CL10-000002
Rev.C04

HS2 - G2 - Calvert Area - Detailed Design

Profile 8. GM2 - Ch. HS2. 81420 - Landscape impact

ar (kN/m?) 19,50 Embankment geometry for calcuating the influence factor at the axis
H (m) 3,90 distance 1o the axis (m): 206
Hr (m) 39 cl 1
Side slope (H/V} 4,00 c2
Width PF (m) 3,00 d1
Surcharge of the embankmant (kPa} 76,1 d2
Static surcharge (kPa) 0,00 -
Sr (kPa) 76,1 -
Groundwater level 02m
1- ESTIMATED SETTLEMENT
@ o ® 5 S _ -
£ £g B 2oF 3 ExE | §
I 3% = Bz E2 z sEEE |5
0 5 3 5 Bz g §F 4§ 35 3 E_ [§3hb|3-3%
4 E £ Bz £ £ ¢ E 5% B8 £t |23:235|dei;
ki g & %5 gs £ ¢ &5 Bs &% & |Fifizd|zEss
R 23 @ * 5 2B 83 H §5E8 [§ =z*
i3 £ 5 2% | F $ig |t ¢
E 3 & ‘E 2 4 8 e ® o E oL
dl Maternial 0,000 0,0 0,2 1,00E+04 0,0 0,0 0,0
ALV CZ 0,000 0,0 0.2 [ 0,0 0,0 0,0
RTDSV SV 0,001 0.1 02 26, A 0,0 0.0 0,0
4 0,003 0.3 0.2 8, 4 0,1 0.0 0,0
[BESVSV X 0,009 0,7 0.2 85, 4 0,0 0,0 0,0
KLB CZ 1 0,018 1.4 0.2 344 A 0,1 0,0 0,0
'@T 1 30 0,075 57 02 208, A 05 02 03
Total setflemental 29,6 m from the axis {r 1 0 0
nb iteration o Stress inc. [ s'v0 3%
Convergence m

2- CONSOLIDATION BY TIME (without vertical drains)

Time

month
number of days 30,4
secondes 0

Tayers Uv (%) W (mm),
heightH
[Fil Witerial X 03
ALV CZ 20607 2 a
RTD SV 8V O0E-086) 4
RTDCZ 0E-07 El
KLBSV SV O0E-08) 4
KLBCZ .20E-07 a
CB LWST G0E-08] Fi Es 0

Duration after hold period (months) 1

Residual settlement with time

0
]
o ——Residual Setdemert withowt surcharge
H anticipation after a hold period of 0 manths.
H {mm):
H o Residual settlement after hold periode
H without surcharge anticipation (mm)
0
——Residual settlement with surcharge
anticipation (mm)
L
~——Residual settlsment (mm) with surcharge
° anticipation after hold period :
‘ %)

[ 5 10 5 20 25 0 35 40 a5 50
Time {month) C)
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AARCADIS - COWI 1MC06-CEK-GT-REP-CS06_CL10-000002
Rev.C04
HS2 - G2 - Calvert Area - Detailed Design
Profile 8 GM2 - Ch. HS2. 81420 - Embankment impact
ar (kN/m?) 20,00 Embankment geometry for calcdating the influence factor at the axis
Hf (m) listance to the axis (m):
Hr (m) 2,0 cl
Side slope (H/V) c2
Width PF (m) d1
Surcharge of the embankmant (kPa) 42
Static surcharge (kPa)
Sr (kPa)
Groundwater level 02m
1- ESTIMATED SETTLEMENT
© o 5 5 _ -
£2 £a w o T Tx§ E
38 B < Ew 32 H 5EEE |
_ . ) o 8 &5 5 2 Te =8 H ST E L = =
n 3 E 58 2z F 3 82 3 E: |EB3Ebg|5ei:
5 E E g2 82 £ -] o 5 s E h-ol- R ) g
4 5 3 Es ] z S H g8 Bz =E |8ERTER|=2 ]
- = & 8% £E - ] €3 =32 §= g234) 2 2
g 53 = » 2z 88 8% = 5§88 |38 ”
i1 g2 s BF 2% 3 03 |8
E 3 @ § 2 ] 8 e 2% |E o
[Fll Matenal 1,000 70,0 02 | 1.00E+04 0,0 0,0
ALV CZ 2 1,000 70,0 0,2 [ 84 0,9
RTDSV SV 0,999 69.9 0.2 26, 4 13 19
[ 4 69,7 02 6 a 8.9 13,3
TBSVSV X 69,2 02 85, K 0.8 1,2
KLB CZ 1 68.4 0.2 344 4 16 24
'@T 1 30, 60,6 0,2 208, 4 2,3 3.4
Total setflementat 0 m from the axis (mm) 46 23 23
nb iteration o Stress inc. [ s'v0 30% w Rail Load 46 23 23
Convergence m wo Rail Load 39 25 14
Rail Load Impact 7 -2 9

2- CONSOLIDATION BY TIME (without vertical drains)

Time
onth
number of days
vl
Layers Uv (%} w {mm)/
[Fil Mizteral
ALV CZ ,20E-07 A
RTD SV SV OOE-06] |
RTI 0E-07 0]
KLBS VSV 00E-06] of
KLB CZ .20E-07) 2.0] 5
CB LMST 00E-08] 215] 1.14E. 1.3 0
|
[ Total seftlement at0 m from the axisin 2 months (mm):] __75.7] &2

With surcharge anticipation

Residual sefilement.
Settlement with surcharge anticipation o

[ Landsc. [ TOTAL]
4,1 07 48

Duration after hold period (months) 1
Residual settlement with time
25
20
T ——Residual Setdemert withowt surcharge
H anticipation after a hold period of 2 manths.
= {mm):
15
g Residual sattlement after hold periode
H without surcharge anticipation (mm)
10 ——Residual settlement with surcharge
anticipation (mm)
a
5 ~——Residual settlement (mm) with surcharge
0
[ 5 10 15 20 F 30 35 40 45 50
Time (month)
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GARCADIS - COWI 1MC06-CEK-GT-REP-CS06_CL10-000002
Rev.C04
HS2 - C2 - Calvert Area - Detailed Design
Profile 8. GM2 - Ch. HS2. 81420 - Landscape impact
ar (kNim?) Embankment geomelry for calcuating the influence factor at the axis
HI (m) listance to the axis (m):
Hr (m) el
Side slope (HV) c2
Width PF (m) d1
Surcharge of the embankmant (kPa) dz2 - T e 52,1
Static surcharge (kPa) o —
& (kPa) - .
Groundwater level 02m
1- ESTIMATED SETTLEMENT
© o 5 5 _ -
2y 2o o | z Ex§ g
£y = s Bz f:_| % |[sfEF |§
_ . ) o 8 &5 5 2 Te =8 H ST E L = =
n 3 E 58 2z g F & 8% g: E: |EB3Ebg|5ei:
5 = 4 B [ = c o g %2 s E 2-E0S H
g g 8s 5 £ ] g 72 5 28 [§59TB|2
3 3 ] 3% £Z < s 2 €3 =2 §= R %
g 53 = » 2z 88 8% = 5§88 |38 ”
£3 iz £ §= g% g [858{ |3
£ @ § 2 g3 S a=o |E o
_|| Matenal 0,001 0,0 0,2 1,00E+04 0,0 0,0 0,0
ALV CZ 2 0,013 0,5 0.2 [ 0,1 01 0,0
RID SV SV 0,029 1.1 02 26 A 0.1 0.0 0,0
[e4 4 0,061 24 0.2 8, 4 0.8 03 0,5
[BSVSV X 0,111 43 0.2 85, 4 0.1 0.1 0,1
KLB CZ 1 0,157 6,1 0.2 344 A 04 01 0,2
'@T 1 30 0,287 11,2 02 208, A 1,0 0,4 06
Total setflement a1 29.6 m from the axis (| 2 1 1
b iteration 0 Stress inc. [ s'v0 5% w Rail Load 2 1 1
Convergence m

2- CONSOLIDATION BY TIME (without vertical drains)

Tayers Uv (%) W (mm),
heightH
[Fil Witerial X
ALV CZ 20607 2
RTD SV 8V O0E-086)
AT 0E-07
KLBSV SV O0E-08)
KLBCZ .20E-07
CB LWST G0E-08] Fi 0
[ Total settlement at 29.6 m from the axis in 2 months (mm): [i] ‘,ll

seflle

With surcharge anticipation

esidual L
Setlement with surcharge anticipation over 12

Duration after hold period (months)

esidual 5o
Settlement

Residual settlement with time

—— Residual Settlement without surcharge
anticipation after a hold period of 2 manths.
{mm):

Residual settlement after hold periode
without surchargs anticipation (mm)

= Residual settlement with surcharge
icipation (mm)

Deferred sottiment (mm}

—— Residual settlement (mm) with surcharge
anticipation alter hold period :

N
0
0
o 5 1 15 20 25 30 3 4 45
Time (manth)
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HS2 - G2 - Calvert Area - Detailed Design

Profile 8. GM2 - Ch. HS2. 81420 - Landscape impact

ar (kN/m?) 19,50 Embankment geometry for calcdating the influence factor at the axis
Hf (m) 390 distance to the axis (m): 206
Hr (m) 3.9 cl 1
Side slope (H/V) 4,00 c2
Width PF (m) 3,00 d1 ~
Surcharge of the embankmant (kPa) 76,1 42 L
Static surcharge (kPa) 0,00 e E——
Sr (kPa) 76,1 -
Groundwater level 02m
1- ESTIMATED SETTLEMENT
© o 5 5 _ -
£ £a 3 E 3 ExE | 8§
£ 2 < Ew %2 s sEEE |
_ — - R & = 2 Ta =32 H SzeEB | $ R
g E € i: is |2 £ F 3% Bsl| Iz ($3lfs(3eil
o 8 = c 8 = 2 B
g g i 35 if £ ¢ F E) Zf38| & |3iRzE|zfis
. e = o I 53 43 s Eg (% n*
B 25 < G= Qg k] £82 2
23 £2 g 58 g §u% |f
£ R =2 8 S » = o E oL
5 1
M Materal 0,000 0,0 02 | _1.00E+04 0,0 0,0 0,0
ALV CZ 2 0,000 0,0 02 3 0,0 0,0 0,0
RTD SV &V 0,001 0.1 0.2 25, A 0,0 0.0 0,0
4 0,003 0.3 02 6 a 0,1 0,0 0,0
[BSVSV X 0,009 0.7 0.2 85, 4 0,0 0,0 0,0
KLBCZ 1 0,018 14 02 34,4 a 0,1 0,0 0,0
'@T 1 30 0,075 5.7 02 208, A 05 0,2 03
Total setflement at 2.6 m from the axis (m 1 [} 0
nb iteration o Stress inc. [ s'v0 3% w Rail Load 1 0 0
Convergence m
2- CONSOLIDATION BY TIME (without vertical drains)
Time
onth
number of days
vl
Layers Uv (%) w {mm)’
height H
[Fil Mizteral X
ALV CZ ,20E-07 4
RTD SV SV OOE-06]
RTDCZ 0E-07
KLBS VSV 00E-06]
KLB CZ 1, 20E-07
CB LMST 00E-08] 2 g
[ Tolal setllement at 205 m from he adsin 2 months mm)] _ 01] 24
With surcharge anticipation
Residual sellement 3
Settlement with surcharge anticipation over 12
Duration after hold period (months) 1
Residual settlement with time
0
0
o —— Residual Settlement without surcharge
E anticipation after a hold period of 2 manths.
H e {mm):
H o Residual settlement after hold periode
F without surchargs anticipation (mm)
0
—— Residual settlement with surcharge
anticipation (mm)
20
—— Residual settlement (mm) with surcharge
0 anticipation alter hold period : Q
¢
[ 5 10 5 20 25 0 35 40 45 50
Time {month) C)

Page 538 \/



A High-Speed Design Partnership

High Speed 2 - 1IMCO06 - Stage One C2 - MWCC —
North Portal of Chiltern Tunnels to Brackley
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1MCO06-CEK-GT-REP-CS06_CL10-000002

MARCADIS G-« COWI
Rev.C04
HS2 - C2 ~ Calvert Area — Detailed Design
Profie 9. GM3 - Ch. HS2. 81560 - Embankm ent Imp act
ar (KNIm?) Embankment geom etry for calculating the influence factor at the axis
HF (m) distance to the axis (m)
Hr {m) et
Side slope (HV) 2
Width PF (m) a1
harge of the emb ankmant {kPa) 112,0 2
Static surcharge (kPa) 30,00
3r (kPa) 420
Groundwater level 02m
1 - ESTIMATED SETTLEMENT
= T 5 _ _
2y £g _ 23 z £z5 |§ &
sk H - = 5 $& &3 e [gZE% |§ E_
E E gs 2 g § £ : st i |5E5ig|8.i%
i £ E 2 g £ [ £ z |28 AR
: iz g3 $ = ¢ t S35 $E [3:%s3|0E5:
L} g 4 s gs ) 2 ] 5 f£f TE 85| g=%%
. . H 2t = 2 B 3F uif| i |5E3i (% 3°
2 25 s = % g 3 Sg88 ]
€3 [ ] g3 g $Le i
! © E
RTD SV 20 02 240 1 9
RTD CZ 20 0.2 57 El 2
KLB V' SV 20 02 850 1 ]
KLB CZ 20 02 344
i 20| 02 168,4|
(GOC 2 20 02 3114]
[GOC 4C 20 02 3744]
I Total settlem ent at 0 m from the axis (mm
nb iteration o Stress inc. / sv0 22% w Rail Load 65 Fx) 43
Convergence m wo Rail Load 59 21 38|
difference -6 -2

2- CONSOLIDATION BY TIME (without vertical drains)

Time
month
number of dave

With surcharge anticipation (anticipation rail load 30 kPa)
Cv{ms) | drainage heght H ™ Ov (%)
im)
RTD SV OE-06 [3|
RTD CZ 20E-07] 05
KLBV 57 O0E-06] 0,0]
KLBCZ 20E-07] 1.2]
GO OCE-0é| 200
E OOE-08| 350
G O0E-08] 350 E 0800
I Tolal sellement al 0 m from The axis i 2 monihs [mm X |
[ With surcharge anticipation ] Landsc. [ TOTAL]
Resdual setflement (mm) with surcharg e arficpaion after hold 76| 54 | 131

iod 6
[__o2f 18 | 19 ]

Residual settlement with time

M
g

[ —

Deferred settimant (mmj

o 5 E] 15 0 25 30 35 an a5 50
Time {month)

——— Resicual Settisment without surcharge
anticipation after a hold period of 2 months
{mmj:

——— Residual sottlemant after hold periode without
‘surcharge anticipation (mmj

with

{mm)

anticipation after hold period :

viaduet]. FINAL ANALY SIS/02 GWI3 - $155021sm - BB (0}

Praject Tuplerd -
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or (Kim) Embankment geom etry for calculating the influence factor at the axis
HI (m) distanee to the axis (m).
Hr {m) e
Side slope (HA) €2
Width PF (m) 1
harge of the embankmant kPa) a2
Static surcharge (kPa) -
Sr (kPa)
Groundwater level 02m
1- ESTIMATED SETTLEMENT
K B B -
22 2L . . 1| % Ezf [E &
_ - 5y ~ . 5 3f &% ] 5858 |5
{ £ £ £ g5 1§ & § cf GEE| P |3Eiig|Ecif
5 ] &2 i i = s 5 §3 $E |Sehq|GESs
3 & i 83 H £ o8 3 miv| B° |Ersif|Ecid
it is LN LS A AL S E
E3 ] g ns il 2Ly E 0
RT0 SV 0 ) 20 02 740 1 71 53
RTD CZ 8 7 20 02 57 5| a8
KLBV SV 7 0 20 02 850 1 0
KLBCZ 0 100} 20 02 344
G 10,0] 250] 20, 02 185.4]
[GoC 25_n| w__o‘ 20 02 3114
[GOC 40.0[ 40, 20 3 0.2 3744] X .0
] Total settiem ent at -25 m from the axis mn| 33 12 0|
nb iteration 0 Swessine. /sv0 | 12% W Rail Load ES) 13 3]
Convermence m wo Rail Load 64 2 41|
difference 31 i

2- CONSOLIDATION BY TIME (without vertical drains)

month
number of days

With € anticipation (anticipation rail load 30 kPa)
Cv{mls) | drinage heght H T Ov (%)

I Total sefflem ent at -25 m from the axis in 2 months {mm [ |
I With surcharge arficipation

Residual settlement (mm) with surcharge artic|

[Buration after hod period {months) T 7]

Without anticipation
Residual Setilement w thout surcharge anlicipation after a hold penod of 2 months (mm 52
Settlement without surcharge anticipation over 12 after a hold peniod of 2 m onths {mm): 18

Residual settlement with time

{mmj:

—— Rasidual Settlement without surcharge
anticipation after a hold pariod of 2 months

~—— Residual settlement after hold periods without
‘surcharge anticipation {mm)

Deferred settiment (mmj
a w

-

\ (mm)

sttlement with

0 5 10 15 20 25 0 5 a0 a5 50
Time (month)

2 anticipation after hold period :

o @ TS LA (0.1)
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MARCADIS G-« COWI
Rev.C04
HS2 - G2~ Calvert Area — Detalled Design
Profle © . GM3 - Ch, HS2. 81560 - Landscape Impact
or (kNIm?) 19,50 Embankment geom etry for calculating the influence factor at the axis
HF(m) 280 distance to the axds (m)
Hr {m) el
Side slope (HIV) ez
With PF (m) 1
harge of the embankmant kPa) a2
Static surcharge (kPa) -
St (kPa)
Groundwater level | 02 m
1- ESTIMATED SETTLEMENT
— 13 5
v v
g2 £ . s §3 | B | Ez8 |E g
. i o, . 5 2 B 1A
] £ E 3% is g £ 0§ gz § H §n§§i gggE
® g ] a5 52 H 5 E 5 E HENEIR LY
= = a g% £3 ERE-AE B+ BT 85 |2258% 571
58 iy T " 8§ 4% 5 (8:23F (1 3
2% 5% g 5 g gV § 8
] H : 5 e = W= n
5 o E
RID SV 0] ] ] 02 2} 0 00 00
RTD CZ 2| 01 20 02 57] 0 0.0 0.0
KLBV SV 37| 02 20 02 85 0. 0,0 0.0
KLB CZ 5] 1 07| 20 02 344 0, 0.0 0.1
700 25, 36| 20 02 1854 0 0.1 0.2
Goc 250) 40, 62| 20 02 3114 0 0.1 0.2
[Goc 20,0) 20,0 65| 20/ 402 02 3744 X 0 0.0 00
Total seftiem ent at -25 m from the axis {mf 1 [ [
b iteration 0 Stress inc. /£v0 | 2% W Ral Load 7 0
Convergence m wo Rail Load 84 23 41]
difference &3 2

2 - CONSOLIDATION BY TIME (without vertical drains)

Time
month 0
number of days 304
secondes 0

ith surcharge anticipaion (anticipation rail 1oad 30 KPa)
Cv(mls | drinage height H ™ Uv (%) W (mm)
im)

RT0 SV D0E-05| 00
RTDCZ 20E-07] 03]
KLBV SV DOE-06| 0]
KLBCZ 20E-07] 5]
O0E-08] 200
Goc DOE-C8| 350
Goc OCE 0| 350
1

[ Tolal selllem ent at -25 m from the axis n 0 months (mm )] o%

i

Residual settlem en!

m) with surcharge articipation after hoid period
“Selllement with surcharg e anbcipalion over 12 months after a hold period_0 months (mm

Settlement without surcharge anticipation over 12 after a hold period of 0 m onths {mm

Residual settlement with time

-

Deferred satiment (mm)
= o =

-

as 50

—— Residual Sattlsment without surcharge
anticipation after a hold period of 0 months
{mmj:

~—— Residual sottlsment attor hold periods without
‘surcharge anticipation {mm)

with
{mm)

anticipation after hold period :

L (02)

™ \@ T
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GEO_2240

GEC_2958

GEQ_3185

GEQ_3823

GEO 3824

GEO_3825

GEO_3827

GEC_3828

GEO_4092

GEC_4093

GEO_4627

GEC_4654

GEC_CA_0071

GEC_CA_0072

GEC_CA_0073

GEC_CA_0074

GEQ_CA_0075

GEO_CA_0076

GEC_CA_0077

GEC_CA_0078

GEC_CA_0079

sk I, Asset, and Status.

COM_2630

COM_2628

COM_2628

COM_1521
COM_10189

COM_2627

COM_2644
COM_2645

COM_10708

Lewel2 Asset

HS2-000001045 - Twylord
Embankment

H52-000001045 - Twylord

HE2-000001045 - Twylard
Embankment

H52-000001045 - Twylord

Risk Reducon in
Progress

Risk Reducon in
Progress

HE2-000001045 - Twylord
Embankment

H52-000001045 - Twylord
Embankment

HE2-000001045 - Twylord
Embankment

H52-000001045 - Twylord

HE2-000001045 - Twylord

Risk Reducfion in
Progress

Risk Reduefon in

Rigk Reduction in

Progress

ik ReducBon in

Rigk Reduction in

Emibankment Progress
~Twylord  Risk i
Embankment Progress.

HE2-000001045 - Twylord
Embankment

Risk Reducfion in
Progress

H52-000001045 - Twylord
Embankment

H52-000001045 - Twylord
Embankment

H52-000001045 - Twylord
Embankment

H52-000001045 - Twylord
Embankment

HE2-000001045 - Twylord
Embankment

H52-000001045 - Twylord
Embankment

H52-000001045 - Twylard
Embankment

H52-000001045 - Twylord

Risk
Progress

Risk Reduchon in
Progress

Risk Reducfion in
Progress

Risk Reduchon in
Progress

Risk Reduefon in
Progress
Risk Reduction in

Progress

Risk Reduefon in

Risk Reducon in
Progress

Risk Deseription
(Thereisa threat that .}

Risk Details

Suspected geological faults and potentislly weakened ground between
Ch 814315 and Ch 324050

Salt ground, characlerised a3 having a low strength and high

Displaced geological units, brecciated ground, possible water ingress and loose ground characteristics inthis area

ALY & RTD} i

aprer
2. Perched water in superficial deposits

1. Presence of elayey Alhwial soils

i along Twylord 2 top of OXC Formation
gnif [ vl content 1. 1 ALV
1. Sullale beari resulting in agg ressive g

High levels of sulfate in OXC and KLB Formation

There i a threat that ic per 7
earthworks does not achieve the Very Short Term {Instantanesus}
perlormance eriteria sel outin Table 4.2/1 in the HS2 Standard Doe
No. H52-H52-GT-5T0-000-000001

andfor tlimeal

greater tha

. ; .
predominantly sociated withSewage Works (0,13 06} {adjacent to

2. 5ulfate in groundwater

1. Lower soil strength
2. 5lope failure

1.Di it due 1o soft d
2. Differential settlements due to varistions in ground stiffness

1 " n " r
2. Flooding
3.Sofer ground
4. High

tirme leading el

1. Instabifity embarnkment slopes

2 total or
2. Bearing requirements not achieved

3. Delay to works / langer hold periods / rulting flrafficability
4. Higher maintenance

1 total o diffe
2. Delay to works /longer hold pediods.
3. Higher maintenance

Conrete attack and defects

Inadequate subgrade support due ALV and OXC fo frill andjor oflow ” i 1 of th -

ermbarkment ear - T i ofthe Reitwa
1 total or di i

L ey superlici 2. Bearing requirements not achieved

2. Interbedded sandy layers RTD, KLB SV} vill feduce drainage path

3. Delay 1o works [ longer hold periods / rutting ftraMhcability
4. Higher maintenanes

vigw of i

eanaceumulate ske migrate across site posing a risk |

workers and the construetionworks.

There isa risk of fkoding
Brook crossing HS2 mainkine in Twylord East Cubvert

be the area of th P
i nearby LO areas {13.06 and 1307} there it i ;-;M Lo -
Greal Central Raitway adjacent to route (L0 13.07} fapprom. 60 m 1 Confines of th ; e e E sk ST ST e !
! ; g " Soils, Leachate samples. in addilion to this, further i i A iy e
were noted willin the groundwaler sampes lested. N N
contamination may be prasent
Potentinl sources of ground giies exist inchefing the Sewage Works (L0 13,06} and Dismantied Rugby to Quainton Great ) ) )
Risk of ground gases {methane, carbon dioxide and depleted oxygen)  Central Raitvay adjacent to route L0) 13.07). Gas moniloirng has been carried out across the site and indicated that the site ; ::L:L:i::'r’:': heslth durirg g“::::’" ) f devatedgas
jon. & of dstic situation 1 {C51] vary bow rigk. It s considered that confined spaces are not proposed within the . AN
in which gas could hewever i works could create prelerential pathways for ground N e .
e 3. Risk of creation of preferential pathways for gasm
gas migration.
1 y ol ¥ i minfine at Twyls uhvert 1. Ergsien
the Tritsutary v oz i ol HSZ mai 2 Skpe i ¥
3 it P Lol the werks, inkin 3. Dielay to works.
Iy the landscape bund 4. Higher maintenance:
Limited Made Ground has been i ‘within however, there & very limited GI 1. Risk to human health and controlled wa ter s during the works.

Limitations to where material can be re-usedin view of its chemical
st iteia and ma berial i

eannol be reused

Damage to Gas pipefine (CS0-03-2203)

Damage 1o exsting buikding :
- Twylord sewage treatment works building : Cha314500 214600

Damage to foul sewer ((SO-03-7102)

Damage lo private waler supply

Damage to telecom undenground cables (C23-81-0001, CS0-03-
3108,...}

There are some small existing pondsin the fields on the Down side of

conducted within the potential contamination sources of the Sewage Works (L0 13.06} {adjacent to landscape eart hworks
of asset) and Dismantled Rugby to Qusinton Great Central Raitway adjacent to route L0 13.07) {appron. 60 m southwest of

aset]. As such due to this imited amount of data available there may be potential for unforseen Made Ground and

conta.

ation 1o be present across the site.

Gas pipefine beneath HS2 fine at the Ch. 80+900 .

Potential difler entiel settlement due to the additional load of the landscape and the Mainline Embankment

1. Excessive settlements due to HS2 loading
2. Codlisi i

Private water supply pipefine passing beneath HS2 fine res pectivety at the following chainages: 814150 and 824050}

2. Risk of delays to the programme - potentially from additional G1 to elassily unexpected
material and from potential remediation

3. Failure 1o comply with regulstory guidance/ MMP
4. iith having to re-d C

sgrega mate risks

1. Darmage o pipeling.
2. Explosion
3. Delsy to works

Dairage to buikding finfrastructure

1. Damage to pipes
2. Delay 1o works

1 toeal

Potentialimpact an ill not impact mai i
the disised raitway ine approxmately 125m from HS2 mainkine. s fudl notimpact
1 Lip side of th 10m from the toe of ambankment
It i i [ H52 pond 2. water Tills
(P-fuA-0821) 3 e [
4. Rapid dravadown of water inpond
to ing animals and polential Some existing burrowing animals : presence of badger 515 on the downside of K52 mainfine . Found at 100m from the HS2

impact onstability

line alignment at Ch. 814675.Close to Twylord East Cubert.

Uneertainty in the nature of ALV soils locally ith twe fack
clayey ALV

between Ch. 814650 and Ch. 814300,
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2 Delay to works

1. Temporary sope instability
2. Water ingress dufing construction

1 Pesne shagse ins Lability and eragon
2. Unaceeptable maintenance

{Note, very ¥ yto Hs2 i i

af pondslopes 28 these are not ined).

1. Shope instability due toburrows

2. Ground mavement

3. Delays to HS2 aperations

Low risk due fo the nature of the materiaks forming the mainfine embankments Etiff ime
modified clays)

1. Longer consolidation tine
2. Longer construction hold period
3 -

&

Reduce

Eliminate

Reduce

Reduce

Reduce

Reduce

Reduce

Eliminate

Reduce

Reduce

Mitigation Description [ Notes

1. pert _

1. Review Stage 2 Gl prior at a later stage in DD {complete}

2. Held period and site ings base ol s il il s1i

3. Veril C fing to verily minimum undrained shear strengtheu of 50kPa
4. Ground improvement of 1m bGL
5. 1&M to follow settlements during construction
1. Apply Starter layer feomplete]

2. in desy

0.2 bGL} | q
3

4 e required i
5. Tempaorary we ks design to manage slope stability of sub-excavations.

1 i frefer ¥
2. Usea more cautious estimation of soil parameters inDD eakculations |complete]
3. Review Stage 261 [com pete)

4 Reduced tokerances for seltlements {15mm) do to HS2 requi

in transitions {switeh

g, faull, cubert)

5. i ling 1] fion at base lion {after il il strip) to ensure mini dr sined shear strength
of 50 kPa. Ground improvement of Lm bgL EKFB to include risk provision lor addional ground improvement.
6. Anticipa tion of rail loads e at top of

7. Hold pediod of up to & months with instrumentation and monitoring to ensure settiment 3 within tolerable fimits prior to placing the:
slab track

1. According to HS Raitways i of high E
ith e

1. Revi 2sullate testing | inparticular) at alater stage in DD to verily sulfate clas [Completed|
2. Use cautions Design Sullate Class {DS) and additional protective measures {WPM] aller BSB005-1 : sacrificial concrete layer [complete]
3. Apply D54 acros Twylord Embakment due 1o OXC Formation and water soluble sufate levels

to 3m bFL

3 testing

1. Use a more cautious estimation of soil parameters inDD caloulations [cm plete]
2. Reduced tokerances for settlements {15mm) do to HS2 requi in transitions {switeh ing, fault, cubert}

3. Verificati ling during ion at base {after i il strip) to ensure mini i sined shear strength
of 50 kPa. Ground improvement of Lm bgL EKFB to include risk provision lor additonal ground improvement.

4. Hold perind for settlement control prios to placing siab track

5. Anticipa tion of rail loads

6. Moritoring andinstrumentation plan at transition mnes to follow settlements

1 i 10 be in fine with the Ay y Li
Remedistion Dutfine Strategy 1MC06-CEX-EV-REP-C002-000200.

2. Correct characterisation of soils

a r

4 Materisks Management Flan (MMF} to be adopted

1 Further tobe oncei s availalle.
2 i be monitored for gas o
HSE guidance.

oxygen priof (o man enlry in fine with recommends liens of

1. No T st AR

2.H52 mai
3_HS2 protected by Landscape bund
1 of i soilss 1o be in fine with the Aylesbury Link and Dismantied Great Central Raitviay

Remediation Qutfine Strategy 1MC06-CEK-EV-REP-L002-000200.
2. Correct characterisation of soiks

, tested and il
4. Materials Management Plan (MMP) 1o be adopled

ER hould

treated prior to discharge.

1. Non FTX ihas been i

construction

24 il b e

at 75.6m AoD. This depthis L

1. Usecautiows soi parameters andinclude additional bbad impact due to landscape bund insettiement cakulation [complete]
2.Impact on 3rd party assetdetsiledin the DD-GMIA repor L. The risk level i low, the structure i outside the tone of influence.
3. Buikding condition survey required priot 1o works

4.15M may be required on the buiding affected by the planned i be ined with owner following buildi very)
1 within Phase 2 GMILA | 1
2 ¥ L 3 for protection
3. Results of GMLA i 1 ing to be
It assumed that the private water supplies will be removed.
(i

parary g
Temparary werks designes to manage interlaces, o necessary.
1. Perlonm stability caleuls tions | complete]
2 i ofHs2 poned. The landsea pe will ensure Talls devwn >
{away from H52} to provide adequate drainage.
3 E warter will flow away from HS2.
1. Habitat relocation or closure by Fusion [complete]
2.Survey site inspection
B
2. Antici i { topof fills}
2.18Mto during
5 p ey - R P
Toundation works.
4. Verifi I miin i 50 kPa V4
5. tuntiy of ELR if sandy s testing

Construction and
Manufacture.

Constructionand
Manufacture

Constructionand
Manulacture.

Constructionand
Manufacture

LY

Constructionand
Manufacture

Constructionand
Manulacture.

Constructionand
Manufacture

Constructionand
Manufacture

Constructionand
Manufacture

Constructionand
Manufacture

Constructionand
Manufacture

Constructionand
Manufacture

Constructionand
Manulacture.

Detailed Design

Constructionand
Manulacture.

Constructionand
Manufacture

Dperations and
Maintenance.

Operation
Main

tructionand
nufacture

Post-mitigation Risk
Assessment

Residual Risk Rating
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Risk 1D, Asset, and Status

Associated
CDM Register Level 2 Asset
RiskID

Risk Deseription
(Thereisa threat that..)

Risk Details

Current Risk

Risk Impat
(Resultingin...}

Mitigation Description [ Notes

Post-mitigation Risk

Residual Risk Rating

H52-000001045 - Twyford  Risk ReducBon in

GEO_CA_0081 omM_%3s ent
&£0_ 0, o2 com 2634 HSZ-000001045 -Twylord  Risk Reduetion in
- = Embankment Progres.
H52-000001045 - Twylord  Risk Reducton in
GEO_CA_0083 com_%29 ent
0.0 0247 H52-000001045 - Twylord  Risk Reducton in
- Ermbankmeant Progress.
50 ch 028 H52-000001045 - Twylord  Risk Reducton in
- Embankment Progres
G£0.Cn_1209 H52-000001045 - Twylord  Risk Reducton in
- Embankment Progres
0 ch 0250 H52-000001045 - Twylord  Risk Reducton in
- Embankment Progres
GE0_CA_0251 H52-000001045 - Twylerd  Risk Reduction in

Embankment Progress

Damage Highvoltage cable (C50-003-1404)

HE2 line sl ehainage 81

2017}

Ground} located at approx. Ch. 814650

Overspill from Hillesden bombing range {located approx. 700m nor th
of al ChA14550} 8 to provide a possible

former

bund and mainfing embankment

source of UND hazard 1o i B
practio and fve UMD. A8 such there i 2 Moderate sk within the
emtern LLAU between Ch. 814500 and Ch. 814700. The remaining
LLAU and LOD of theembankment i seen to beat a low risk to UXO.

wiorks There & a kow risk {gn fat the pr

e this i oulside the area of EKFB
Ch 814200 and Ch. 82+200.

Refict siip surfaces in OKCw ine-situ

geology and slope instability under |
considered to be low risk due to flat topographyl.

Refict dfip surfaces in ONCw materials leading to weakenedin-situ

geology and slope instability under L

eansiderad lo be kow risk due 19 flal lopography). Medium risk wh
shope gradient >5° between Perry Hill Road Afignement and West
Streel realignment

High velume of Class 4 soils finsulficient Class 2 soik} that are too wet
1o compact inlandseapes abutting / facing H52 leading to slope
iinstability [ deforimation

There it a risk of floading i il ¥
(Channel crossing H52 mainfine a1 Twylord Viaduct

Damage Temporary High voltage cable

1. Damage to utility
2. Eleetrocution
3. Delay o works

1 Obstructions.
2. Materisl reuse
3. Potential contaminated ground

Delays t ks il I not propedy
during i there & ial foor [atalities if an explo d
Uhvough disturbing the UKD n a1es3 of e i et U

1 Reactivation of shear sip
2 Embankment instabifity

1. Reactivation of shear siip
2. Embank ment instability

1. Poor compaction of landseape fills in Zone 1 and Zone 2
2. Instability of shapes lacing HS2

3. Diff f i ils over long term leading to irregular,
" ¢ e i
4. Disruption to mass haul

5. Lack of suitable materil for landscape Zone 1 and Zone 2 (abutting /facing HS2)
1 Erosionof earthwork dopes

2. Shope instatbility

3. Drelay to works

4. High maintenance

1. Damage to uliithy

2 Electrocution

3. Drelay to works
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oA +
;' - m‘m Py Phase Construetionand
Manufacture
1. Appropriate construction plant
2 Aekditonal testing Lo confinm 1 i { mmm:m
3. Footpath diversion to West Street Overbridge
1 Bri "
oo i P e ot
N stop work & o sl then Manufacture
employ a specialist 1o efimate the risk
1. Ground improvement to ‘Jm‘l-ﬂlflmﬂljﬂ-*ﬂﬂbﬂ:ﬂ\\-l‘ﬂ . e
2 26 Manufacture
3. Imspection of sub-excavations prior to backfilling [Withes Point]
1. Ground improvement 1o 2m bGL from Ch 814662 1o Ch. 81+470
2. Fevi i 26 for evi | Construction and
3. Inspection of sub tes backfilling wi int] Manufacture
4. Provision for any hidden shear b
a . e o h f |
2. Specily i | 1] Construction and
3. EKFB to perform suffick ip testing in fine: with i Table 1/5 Manufacture
4. Lime modifica tion, il necessary
- Construction and
1. Flood protection onembank ment slopes Maoutachre
1 Constructionand
i Manufacture
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Working in
partnership with

Level 1 Asset Group

HS2

Geology Code 3 Material in Zone of Reuse

Chainage Range

Offset Range

Depth Top Range

Earthworks - Geotechnical Design Report, Geotechnical
Parameter Plots for Earthwork Classification — Cohesive Soil

-l
asSC . »

BARCADIS - COWI

ALV-CZ v Tout v 80862 82289 994 1508 -80,93 -0,05 Reset Filters
v = - -
Twyford Embankment Data Drop Weathering Classification Report Date
SCTRI +Click to it select from above flter <7 < vendredi, février 19, 2021
Tout Tout
*CTRLClick to muli select from atove fiter
Compaction Data 2.5Kg Compaction Data 4.5Kg
Parameter Average Parameter Average Particle Size Distribution Tests a0 na
- - A—— Geology Cade 3 Key : o
Dry Density Max { Ma/m3 § 1,85 ®aV-CT
Miaisture Contert Optmum (%1 40 o o5 — °
Paricle Density { Mg/m: 263
Prosortion reteines or 20mim sieve (% ) 017
Proportion retained or 37.5mm sieve (% ] 150 18, o 0 ¢
L = = =
Compaction Data 2.5Kg Compaction Data 4.5Kg ‘E RN g £ g
Parameter Average | A Parameted Average | » = g = =
| 5 5 g
Dry Density Max { Mg/m2 } | 176 v Dry Density Max { Mgins | 4 L = g teme = = - ;_
Hoisture Content Gptimum { % 1 I 74 o = = = . - 2 g 3 g
Air Voids Lines 2.5Kg Hammer e S s e Sas LR =
k Vols Lines.2.5Ko Harme ‘Al Vaids Line 4.5kg Hammer - £ i g -
- i 3 « o -e
Particle Density Particle Density 2 »
S 30 ¢ 30 &
238 ¥ 255 v )
i i i i i ° ®
28K3 Competion Testing o Arvods 45Kg Compaction Testing § . s us : : . .
M N 0% AirVoids £ L] 2 be ] 8 i e
— 5% AlrVelds — S Aiords N " L o an . . * L . =
22 e 22 Moisture Content {% | Plastic Limit { %} Plasticity Index (%}
E 20 20 ] op Asset Specific Geotechnical Classification Testing
= < =
2 = Test Count [ Minimum [ Maximum [ Average [ Standard deviation
Zaa a2 a5 Liquid Ll % ) 55 27,00 95,00 5150 12,
E‘ 8 : TMaistun: Contont (% 74 540 2476
= P 0 Plastic Gmiz (%) 52 1400 m00|  aned 396
5% P ° : £ - Plasticity Index { % 1 54 1000 500 3102 335
x i uer oty i 1006 1000, -
% Particle Size | mm | 3o
14 - £ > = o -
Upper Plasticity Range = Route Wide Geology Code 3 Geotechnical Classification Testing
: 220k Test Count | Minimum | Maximum [ Average | Standard deviation
12, ‘ Low Intermediate High Very High Extiemely High £ - _ _ _ -
& Liguid Limil { 51 w5 27,00 98,00 1252
- Gt Moaisture Contert { % } 74 1080 7.2
AlLine Plo : Plastic Umit (%) 52 1400 356
s 2 A e 20 . - Plasticiry Index (%1 5 10,00 338
35 L
. 20 L o . § ¢
20 40 60
& é Liquid Limit (% |
° .
Y W i " T 5 -
e 00
3 3 &
= = a P
10 L4 . 05 B 080
° i o8
£ ® . 10
5 i 5 P - A E ey -
. ° k4 2 2
© ° E = Eap
IR ) a a2
ol - @ - : 2 ] 2
o 10 e e an, v (] 20 30 a0 204 £ £ =
Specified Moisture Content {31 Specified Moisture Content (% | g g-20:0 & o
By w e e e :
®CBREcse @ CBRICE T RH AR BRI @ S5
S 30 . 25 b 3
20
e : 4
25 . L. 25 ° p 20
0 20 40 ! (] 80 100 126 2 4 0 03 10 15 e oK < %K K
= Liquid Limit (% 1 Oxidisable Sulphates (% ) Total Potential Sulphates %) Water Soluable Sulphates { mgfl |
L]
» = The presented acceptability range of fine grained fill materials on the A-Line plot are taken from Figure 4.3/1 in the Technical Standard -
7 = Earthworks (HS2-HS2- GT-STD-000-000001}. The specific acceptability ranges for fill materials will be refined through Detailed Design
é 18 [ ! " = oo Asset Specific Geochemistry Testing
a e works Clz i % = =
< » Legend Earthworks Classification Count % Count Test Count [ Minimum | Maximum [ Average [ Standard deviation
10 10 May blu ;;mms_- for k52 r\-:.n‘.lw ne =:ﬂr£lm-v.;lk=k|ﬂ&;m: ; " 30 Oridiable Sulphates (%1 B e oo
S, Abf for n:v. 5 Ea‘jera Fill i Offline Works and HS2 Mainline Lewer brmbarkement B - Soil Organic Matter { % 1 Py 314
. s Sueiide Named Zones = — : : Total Potential Suphaces (%) 5 200
H Suitable for use a5 OFine FIl but Bxcluding vam 152 Mainlne Canhwork 8 Water Solable Sulphates ( mg/I] 5
B
g Yo a 30 o Note: Eume
] i 20 0 40 8 . 3 . otes: = i i
+ Route Wide Geology Code 3 Geochemistry Testing
Maisture Cantent Base { % ) Maisture Content Top (% 1 g : it 2 9
(1) The Air Voirl Lines applied ta the Compaction Plols need to be assigned using the Particle Density fiter. The value o be used is g Test Count [ Minimum | Maximum Standard deviation
dependent on the mean Particle Density value shown in the associated summary compaction results table based on the defined filters. z - .
300 300 B Oxidisable Sulphates { %1 5 002 005
ial i ida W v : Soil Organic Marter { % ¢ P TAD
(2) Material in Zone of Reuse is considered based on the following criteria: T ol S TR c i o
250 250 . ) Water Soluble Sulphales ( mgl 1 2 880,00 000
{a) Explaratory holes within 50m of the proposed track centreline.
E = o8
£ £ B) The material tested is taken T les from depths p 1o 3m below design level i
£ £ is taken from samples from depths up to 3m below design level in . o
g 2 cuttings or 3 below ground level in Embankmants of at least 3m in height. - Data Source Weathering Class Description
3 3 3 . =0 7000 | ‘Data Source Dascription A | Unified ‘Weathering class description | Reported Classes in AGS data
Bas s (3) Shear Strength Cu data from triaxial testing are plotted from the results of undisturbed samples as there were no results from Soil Organic Matter { % ) A = . Classification
-4 o 2 triaxial tests undertaken on re-moulded samples. Assel chainages L A A 07
5 5 €2 Dot €2 ¥2.0 C2 Combined DataDropbs T
i & (A) The Geology Code 3 Key does not apply 1o the aither the 2.5 and 4.5 compaction plots, CBR plots, PSD plot or the A-fine plot €30at €3 v2.0 C3 Combined DataDropbs 1 | Slightly westherer
5 1o 51w Track Elevation & ECL | PAT3 Elevation Comoarson 2| Moderately weathered (<50%]
& . 3 & {5) Alltest resuits shown are from material tested without adced stabiliser. 3 [ Highly weathered (50%)
° . 4 Completely weathered
¢ g . s oy . 5 [ Residual o
5 0 i % i, i
0 20 30 o 10 30 40

Moisture Content { % )

Moisture Content (% )
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Level 1 Asset Group

Geology Code 3 Material in Zone of Reuse

oxXc-cz W Tout g4

Chainage Range

80862

Offset Range

Earthworks - Geotechnical Design Report, Geotechnical
Parameter Plots for Earthwork Classification — Cohesive Soil

Depth Top Range
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82289 -994 1508 -80,93 -0,05 Reset Filters
Tacre 2y 2 e .
Twyford Embankment Data Drop Weathering Classification Report Date
SCTRL=Click to mult select from above filter N vendred i, février 1 9, 2021
Tout Tout %
*CTRL«Click to multi select from above flter
[ Data 2.5Kg ( ion Data 4.5Kg
Parameter Average Parameter Average Particle Size Distribution Tests 0 ° | o T
- 00 i S Geology Code 3 Key & i
Dry Density Mex { Mg/m3 ) 181 dich
Wlsture Content Optimum { %1 1350 o e e o ° o
Particla Density { Mg/m3 ) 264 2} 2 2
Proporion retanec on 20mm sieve (% | 000 e i
= Proporion retaned on 37.5mm sieve (%) | 000
< Com, { i 3 % 4 5 =
paction Data 2.5Kg Compaction Data 4.5Kg g £ a g <
Parameter Average | » Parameter Average » = * = =
5 g 5
Dry Density Max { Mg/m3 | | R Dry Density Max { Mg/m3 ) s = e o
Mosture Content Ootimum (% ) I 1744 0 = = 2 = # L § % 30
- a a
Air Voids Lines 2.5Kg Hammer ¢ 2
" : Air Voids Line & 5kg Hammer - £
- Particle Density Particle Density 4 .
LIRS & ik 2 &1 )
2.55 v 288 X : g °
5 r = 2 . .
?.51(‘9 Compaction Testing e AR A.SZQ Compaction Testing o 86 AiioRdS H o &
— 5% Airvouds — S AirVaids A L . L L u e I L e L & 4 o
--------- 22 A 22 n— 5 Moistura Content { % ) Plastic Limit { %) Plasticity Index | % )
» L, ~ 3
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- = 3 801 010 120 1000 19020, =
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14 14 z L4 L}
Upper Plasticity Range = LU Route Wide Geology Code 3 Geotechnical Classification Testing
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< 2 : 1 9 Low Intermediate High Very High Extremely High s 6 =
% - i o % 2 M ! S;ﬁmheﬂ Mnisl’u’:'e Content { ;nl * 7 v v ? g . Juid Bkt (%) = pi.e0 .t o
i Specified Moisture Content (% } - clute Content (K1 508 %50 558
i A Line Plot "9 “Plastic Limit (%) =2 33,00 4,57
....... 0 §5 2 1,00 5,00 586
25 5
°
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» 2 Lo a0 ol 9
0 %) &
Liquid Limit {%
15 15 ¢ i — — — -
o L] 10
= 2 =
2 o 2 . 2
®
10 TR 19 i % «“ o
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= i
2
5 5 £ = - ° =
8 3 . - ° ; z
* € g i £ £
g ° & o
; i 2 5 2 E
3 o 20 D 0 o 0 En) 0 £ £ £ 5 £
Specitied Moisture Cantent i % ) Specitied Maisture Content ( % ) a8 - ] &
s ion
@CBREass 8CERIOp ®CaRBase @ CBRTop - S " '
% - -
4 .
5 &} : 10 i 3 “p "
= 2 ) €0 8 100 12 ] 2 4 " [ as 10 18 20 s 113 3 3
e - Liguid Limit { %) Oxidisable Sulphates (%) Total Potential Sulphates { % | Water Soluable Sulphates ( mg/l)
0 2
B, The presentad acceptability range of fine grained fill materials an the A-Line plot are taken from Figure 4.3/1 in the Technical Standard -
z ® Earthworks (HS2-HS2-GT STD-000-000001}. The specific acceptability ranges for fill materials will be refined through Detailed Design.
) =15 =
& 5 é 7 19 Asset Specific Geochemistry Testing
o Legsnd Earthworks Classification Count % Count Test Count | Minimum I Maximum | Average | Standard deviation
10 L 0 WMoy be <uitable ‘or HSZ Mainline Earthworks | teated W[ 76a2% Ordiabic Sulphates (%] ) 506 500 5 B3
Suitable for Lsa as General FIl In Offine Works and HS2 Manline Lower Zmbankment 2 7.69% Yool Pogerdial M‘pm;es: %) = 120 3510 Sz Y5
. Suitable for use a5 Offline Fill but Exchuding from HSZ Mainiine Earthwork 8] 1538% o5 . : ; h
5 2 s
0 g SR o i~ o 10 » 30 prs Notes: E
IR L BT Maisture Content Top { %) é‘ Route Wide Geology Code 3 Geochemistry Testing
(1) The Air Void Lines applied to the Compaction Plots need to be assigned using the Particle Density filter. The value to be used is = Test Count | Minimum [ Maximum | Average [ Standard deviation
= dependent an the mean Particle Density value shown in the associated summary compaction results table hased on the defined filters. 2
20 300 S Dyidisabie Suphates (%71 ] 006 100 337 576
antial Sulhates (% ) B F ] B e}
(2) Materlal in Zone of Reuse is considered based an the fallowing criteria . TN ool bR N L 128 L A %
250 : ° 250 ¢ beaend > N )
{2) Exploratory holes within 50m of the proposed track centreline.
E B " "
E £ (b) The material tested is taken from samples from depths up 1o 3m below design level in
3 20 . 3 2 . 5 2
< £ cuttings or 3 below ground level in Embankments of at least 3m in height i Data Source Weathering Class Description
3 3 ] ¢ | Data Source Description | Unified Weathering class description | Reported Classes in AGS data
e 8..iee & - (3) Shear Strength Cu data from triaxial testing are plotted from the results of undisturbed samples as there were no results from Soll Organic Matter (% } a S cl \
o oo E triaial tests undertaken an re-moulded samples. Assel chainages PMA updated chainages 2019030/
H LA s . €2 Data ‘©O-v2.0 2 Combined DataDropdd 0
‘; i A 4 (4) The Geology Code 3 Key does not apply 1o the sither the 2.5 and 4.5 compaction plots, CBR plats. PSD piot or the A-line plot. €3 0ata L3203 Combined Databropod’ »y 1] Skghtly weachered
3 00 : E 1o Track Elevation & EGL | PMA13 Elevation Companson 2 | Moderately weathered (<50%)
- . . “ . (5) All test results shown are from material tested without added stabifiser 3| Highly weathered (>50%)
@ » 4| Completely weathered
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° °
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