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King’s Cross Plots
SITE LOCATION

• All Plots in this area are within the King’s Cross Central Development 

area.

• The site is located on the North of Kings Cross Station in the London 

Borough of Camden - within Kings Cross Central Development.

• These projects shall provide commercial and residential office spaces.
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King’s Cross Plots
GROUND CONDITIONS

• The Site Specified Ground Investigation for all the Plots identify a similar trend in terms of strata 

succession, namely:

• Made Ground

• London Clay

• Lambeth Group

• Thanet Sands 



King’s Cross S3
GI Scope Example

• Rotary boreholes to retrieve 

high quality core samples 

between tunnels.

• Borehole locations to be 

independently checked.

• Advanced triaxial testing with 

measurements at small 

strains.

• Plus the additional 

information gathered already 

from adjacent plots



King’s Cross Plots
Thameslink Canal Tunnels

• Thameslink Canal twin bored tunnels running directly below Plots S1, S3 and S5.

• These tunnels have an internal diameter of 6m and were built between 2004 and 2006. Tunnels 

linings are 300mm thick precast concrete segments and reinforced with steel and polymer 

fibres. The tunnels fall under the ownership of Network Rail (NR).

• The tunnels are relatively shallow at a depth of 12-13m bgl (below S1), which reduces gradually 

eastwards.

• The tunnels have designated land ownership zone around them, which forms a 3m collar of soil 

measured from the lining exterior. Any construction works within this boundary must evaluate 

the structural integrity of the lining and not compromise the serviceability of the railway line.



King’s Cross Plots
Thameslink Canal Tunnels

• Cross Sections and elevation at different 

locations for the Thameslink Tunnels



King’s Cross Plots
STRUCTURAL CHALLENGE 

• Focused on meeting the demands of the site constraints and the aspirations of the clients brief.

CLIENTS BRIEF

• Flexible

• Robust and efficient cost plan

• Well-coordinated design solution

• An innovate design that enhances 

value

• A safety and sustainable solution

CONSTRAINTS

• Mitigate impact on NR tunnels by 

reducing ground floor transfer 

structure and excavations

• Mitigate impact on the tunnel by 

providing a lightweight design 

solution

• Mitigate any impact for underground 

utilities



King’s Cross Plot S3
DEVELOPMENT PROPOSAL

• Lightweight composite steel frame

• Concrete core for stability

• Cellular beams to integrate structural and 

services zone



King’s Cross Plot S3
DEVELOPMENT PROPOSAL

Design Stage: 

• Currently developing the RIBA 
Stage 2 design

• Grids and Core alignment fixed

Key Features:

• Ground + 10 storeys

• Ground floor: Mixed

• Floors above: Office



King’s Cross Plot S3
DEVELOPMENT PROPOSAL



King’s Cross Plot S3
DEVELOPMENT PROPOSAL



King’s Cross Plot S3
FOUNDATION LAYOUT

• Grid/columns positioned away from tunnels

• Long span beams to avoid transfer

• Concrete core transfers over the tunnels and 

supported on grid



King’s Cross Plot S3
FOUNDATION LAYOUT

Southbound Tunnel

Northbound Tunnel



King’s Cross Plot S3
FOUNDATION LAYOUT



King’s Cross Plot S3
FOUNDATION LAYOUT – PILING TECHNIQUES

• CFA (Continuous Flight Auger) Technique 

• Eliminates vibration and disturbance to 

adjacent structures

• Technique limited by length of auger rig.

• Suitable for medium dense sands and gravels 

to stiff clays

• Not recommended for very soft clays or loose 

sands.

• Casing can installed for a portion of length



King’s Cross Plot S3
FOUNDATION LAYOUT – PILING TECHNIQUES

• Rotary Bored Technique

• Eliminates vibration and disturbance to 

adjacent structures

• Cases required, depending on soil properties

• Allows for longer piles (up to 65m)

• Allows for complex pile instrumentation and 

load cells

• Larger diameters



King’s Cross S3
FOUNDATION LAYOUT – NUMERICAL ANALYSIS

Plaxis 2D Studies

- HSSS Soil Model

- MC Soil Model

- Excavation depth

- Clay Permeability

- Tunnel Permeability

- Tunnel Reticulation 



• Ground Model based on S1 & S5 information

• 3D Plaxis baseline model with:

- Stage construction for all Plots

- Modelling of bored tunnels

- HSSS Soil Parameters for LC and LG

• 2D Plaxis cross-section studies

• P-Disp & Cemset validation

King’s Cross S3 & S1 & S5
FOUNDATION LAYOUT – NUMERICAL ANALYSIS



King’s Cross S3
FOUNDATION LAYOUT – NUMERICAL ANALYSIS

Tunnel Elements

• Plates with lining thickness and stiffness 

properties as defined below.

Tunnel Reticulation

• The reticulation of the lining may affect 

its stiffness (upper and lower bounds)

• Bored Tunnels (lower-bound): 12GPa

Consolidation Phase

11 years



Row of Contiguous Piles - Plates (PLAXIS3D):

Plate elements with positive and negative interfaces. Rint=0.67 

(roughness) for London Clay modelling the correct interaction 

between soil and piles.

Plate properties depending on pile diameter and spacing.

Discreet Piles – Embedded Beams (PLAXIS3D):

Stiffness properties entered per pile assuming linear 

behaviour (E=35GPa).

Coupled via interface indirectly with mesh.

Properties based on calibration of single pile 

displacements – axial skin resistance and base 

resistance. 

King’s Cross S3
FOUNDATION LAYOUT – NUMERICAL ANALYSIS



King’s Cross S3
FOUNDATION LAYOUT – MOVEMENT & IMPACT 
ASSESSMENTS

Most Relevant assessments are:

- Longitudinal Tunnel Movements of Crown, Invert and Axis

- Horizontal Tunnel Movements of Crown, Invert and Axis

- Assets Structural Assessments (based on Radius of curvature)
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King’s Cross Plots
TQ Rail Movements

• Allowable rail movements assume that the installation tolerances have been fully used. 

• Allowable rail movements comprise the maintenance tolerances minus the installation 

tolerances.



King’s Cross Plots
Tunnel Assessments



King’s Cross Plots
Structural assessments of fit-out elements (1/2)



King’s Cross Plots
Structural assessments of fit-out elements (2/2)



King’s Cross Plots
Monitoring

• Monitoring Instrumentation:

• Automated monitoring system 

operational below the tunnels

• Instrumentation used to 

monitor tunnels during ongoing 

construction works

• Primary system are a series of 

prism 5 points array attached to 

segmental linings at 10m 

intervals and pair of prisms 

attached to the rails at 6m 

intervals



King’s Cross Plots
Summary

• Numerical Analysis allowed to:

• Assess magnitudes of ground movements;

• Assess effects on tunnels

• All reported values within permitted thresholds and acceptable limits.

• Validation of Ramboll’s work, by an independent CATIII Check, also gave additional 

validity to our results and confidence to NR to proceed with the construction works



King’s Cross Plots
View of Proposed Development – PLOT S3

david.brito@ramboll.se


