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SECTION 1 INTRODUCTION

1.1 B Woolwich Ltd proposes to redevelop an area of land located adjacent to Beresford

Street, Woolwich currently occupied by a disused Catholic Club. The proposed

redevelopment of the site comprises a 14-storey student accommodation tower

block.  The proposed development also includes:

i. Underground basement,

ii. Outdoor roof terrace atop the south-eastern half of the building

1.2 A section of Crossrail asset, the Elizabeth underground line, comprising two tunnels

running in an east to west direction lies approximately 22 m below ground level and

15.4 m away from the proposed building. Crossrail requires a tunnel impact

assessment due to the proposed development.

1.3 IDOM Merebrook (IDOM) has been appointed by B Woolwich Ltd to carry out a

Ground Movement Assessment (GMA) to assess the impact of the proposed

development on the Elizabeth underground line assets, and to check this against

ground movement criteria set by London Underground to prevent disruption of its

operations.

1.4 This report presents the findings of the Tunnel Impact Assessment which has been

carried out in accordance with the guidelines set out in the relevant London

Underground (LU) standards and manuals.

1.5 This report has been prepared for B Woolwich Ltd for the sole purpose described

above and no extended duty of care to any third party is implied or offered. Third

parties making reference to the report should consult B Woolwich Ltd and IDOM as

to the extent to which the findings may be appropriate for their use.

SECTION 2 DEVELOPMENT PROPOSALS

2.1 The site is located approximately 13.7 km east of London City centre to the northeast

of Beresford Street, Woolwich. The National Grid Reference (NGR) for the

approximate centre of the site is 543678 179059.

2.2 The site occupies an area of approximately 0.10 hectares. The south-eastern

boundary and part of the north-eastern boundary is formed by a wooden fence. The

south-western and north-western boundaries are formed by the existing building that

covers most of the site. The remaining part of the north-eastern boundary is formed

by recently erected Heras fencing.

2.3 Beresford street is located immediately southwest of the site whilst the surrounding

areas comprise recently constructed residential tower blocks, particularly to the

north, and areas of public open space with some commercial buildings.

2.4 The site is almost completely occupied by an existing building that was formerly used

as a Catholic Club. As the subject site lies within the footprint of a pre-existing
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building, the site topography is flat. The existing site building is not adjoined to any

other structures.

Figure 1: Recent satellite imagery of site (red boundary) and surrounding land.

2.5 The proposed development comprises a 14-storey high rise building with a

basement. A raft foundation is proposed, with small clusters of piles in more heavily

loaded areas to control settlement.

2.6 A contiguous pile wall will be installed along the north-east corner of the building to

be used for gravity and lateral loads.

SECTION 3 CROSSRAIL ASSET

3.1 A portion of the Elizabeth Line Crossrail asset comprising two tunnels running in an

east to west direction lies approximately 15.4 m to the northwest of the proposed

building, as indicated in Figure 2, which is an extract from a drawing in Appendix 1.

The west bound line is closer to the new building and the invert level is 22 m below

ground level at +1.89 m AOD. Layout plan showing the point of the building closest

to the tunnels is given in Figure 3.

3.2 Details of the tunnels are given on drawings in Appendix 2. Only the westbound

tunnel was assessed.

3.3 The design load of the existing building has been provided by the structural engineer

(Form Structural Design) as 90 kN/m2. The cross section drawing showing the

assumed load spread from the existing building onto the west bound tunnel is

indicated in Figure 2.

Temporary Berkeley
construction
office/welfare units

Premier Inn
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Figure 2:  Crossrail Asset overview layout plan relative to proposed development

Figure 3: Crossrail asset relative to closest point to the proposed development

SECTION 4 RELEVANT LU STANDARDS AD MANUALS

4.1 The relevant LU Standards and manuals are given in Table 1.
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Table 1: LU Standards and Manuals

Document
Reference

Title Version

S 1023 Infrastructure protection A5

S 1050 Civil Engineering – Common Requirements A9

S 1055 Civil Engineering – Deep Tube Tunnels and Shafts A5

S 1158 Track – Inspection and Maintenance A10

S 1159
Track – Dimensions and Tolerances A4

G 0050
Civil Engineering – Common Requirements A4

4.2 ASSESSMENT OF LU TUNNELS

4.2.1 The summary of assessment of the running tunnels was carried out in accordance

with recommendations set out in LU Standard S1055. The following assessments

are required:

i. Longitudinal assessment: minimum radius or curvature along the tunnel.

ii. Radial assessment: bending moments and hoop forces induce radial

deformation, i.e., ovalisation.

iii. Track and clearance assessment: Track geometry and tunnel clearance

changes due to induced ground movements

iv. Leakage at joints

4.3 TRACK CATEGORY

4.3.1 The running tracks are categorised to ensure that the requirements of inspection and

maintenance activities can be determined based on the track category. The track

category is defined in LU Standards S 1158 and each track section is allocated a

track category A, B, C, and depending on the Loading Factor, to ensure the

requirements of maintenance activities.

4.4 MAINTENANCE REQUIREMENTS

4.4.1 The maintenance requirements are given in LU Standards S 1159. On maintenance

requirements, Track Category A and Category B values are more onerous and were

therefore used for the assessment of the running and crossover tunnels. The values

are summarised in Table 2.
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Table 2: Geometric standards – manual measurements

SECTION 5 GEOTECHNICAL INPUT PARAMETERS

5.1 EXISTING GROUND INVESTIGATION INFORMATION

5.1.1 IDOM carried out a preliminary intrusive ground investigation at the site in July 2023.

The investigation comprised one cable percussion borehole (MBH01) and Standard

Penetration Tests (SPTs) at approximate 1.0 metre intervals, to a depth of 40 metres

below ground level (m bgl). The findings of the investigation are presented in IDOM

report reference GEA-22277-23-283.

5.2 SURFACE LEVELS

5.2.1 According to the borehole levels reported in the geo-environmental report, current

ground level at which the borehole was progressed from is +10.55 m AOD.

5.3 STRATIGRAPHY AND SOIL PARAMETERS

5.3.1 The stratigraphy and soil parameters at the site were estimated from site-specific

ground investigation carried out by IDOM in 2023.

5.3.2 Table 3 summarises the ground profile developed from the respective borehole log.

Table 3: Ground profile

Strata
Depth to Top of
Range (m AOD)

Thickness
Range (m)

Made Ground 10.55 2.20

Superficial – Head deposits 8.45 1.50

Solid – Thanet Sand Formation 6.98 14.10

Solid – Undifferentiated Chalk -7.15 22.20
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5.3.3 Figure 4 is a representation of the variation of SPT results with depth from the

investigation and historic data from nearby sites that was reviewed. The following

are the recommended SPT values adopted for correlation to obtain the geotechnical

parameters.

i. Made ground N = 3

ii. Heads Deposits N = 20

iii. Thanet Sand Formation N = 80

iv. Undifferentiated chalk N = 30

5.3.4 The SPT values for Thanet Sand formation and undifferentiated Chalk are too low

to directly correlate with soil stiffness. As such, reference was made to published

literature and experience with the material types as discussed below.

5.3.5 Table 4 gives a summary of the stratigraphy and the relevant soil parameters used

in the calculations.

Figure 4 – SPT N-value vs depth including historic data.
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Table 4: Soil parameters for ground movement analysis

5.4 GROUND WATER

5.4.1 No groundwater was encountered to a depth of 40 m below ground level.

SECTION 6 LOAD INPUT PARAMETERS

6.1 PERMANENT RAFT LOADS

6.1.1 A raft foundation is proposed, with small clusters of piles in more heavily loaded

areas to control settlements. The load distribution across the basement foundation

footprint was determined iteratively following change in soil’s spring stiffness

(modulus of subgrade reaction) to keep the predicted settlement below 25 mm.

Settlement piles are used where the predicted settlement is more than 25 mm. Figure

5 shows the raft load distribution contours and Figure 6 shows the idealized load

zones A to F used in the model.

Figure 5: Raft foundation load distribution at the basement (+5.48 m OD)
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Figure 6:  Indicative raft load arrangement at basement level (+5.48 m OD)

6.1.2 The estimated equivalent loads for each zone are summarised in Table 5.

Table 5:  Dead load due to raft and superstructure

Zone
Dead Load

(kN/m2)
Invert level

(mOD)
Comment

A 420.7 4.20

Raft deepened such that the tunnel
above (outside)  the 45-degree
“zone of influence”   load from the
building

B 324.6 5.48 Basement level

B1 324.6 5.48 Basement level

C 288.5 5.48 Basement level

C1 348.5 4.20

Raft deepened such that the tunnel
above (outside)  the 45-degree
“zone of influence”   load from the
building

D 252.5 5.48 Basement level
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Zone
Dead Load

(kN/m2)
Invert level

(mOD)
Comment

E 216.4 5.48 Basement level

E1 276.4 4.20

Raft deepened such that the tunnel
above (outside)  the 45-degree
“zone of influence”   load from the
building

F 180.3 5.48 Basement level

6.2 DEMOLITION LOADS

6.2.1 The existing superstructure on site is to be demolished to make way for the new

development. The demolition loads were determined in the context of the following

proposed construction sequence:

i. Demolish existing building superstructure own to grid floor level. This will

partially reduce load on existing tunnel as the existing structure does

surcharge the tunnel .

ii. Demolish existing ground floor slab and in sequence, backfill to existing

basement retaining walls to give the required passive resistance and lateral

support.

iii. Level the backfill to give suitable piling mat for sheet piling to rear section and

suit cut off level for settlement control piles. Break out voids in existing slab as

required beforehand to suit pile arrangement.

iv. Install contiguous pile wall and any settlement control piles from lower-level

piling mat. (No bored piles to be within 3.0 m of any tunnel zone.)

v. Excavate to basement formation the section to the east beyond the existing

building.  The contiguous pile wall installed along the north-east section the

new building will be used for gravity and lateral loads.

vi. Install lateral propping system between sheet piling and existing basement

wall to front and flank. Excavation is now top supported laterally.

vii. To rear area firstly, demolish and excavate down to formation level, breaking

out existing reinforced concrete wall and existing basement slab to an agreed

extent. Batter back to maintain lateral support to existing basement retaining

wall to front elevation, to maintain support. Existing tunnel is now unloaded

from existing building.

6.2.2 From the second point on the construction sequence, the basement will be backfilled

and therefore, there is a reduction in the stress unloading associated with demolition

of the superstructure.
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6.2.3 The net stress unloading accounting for the backfilling of the basement was

calculated as follows:

i. Existing ground level = 10.55 mOD

ii. Existing basement level = 7.53 mOD

iii. Density of platform material = 22 KN/m3

iv. Load due to backfill = (10.55 - 7.53) x 22 = 66.44 kN/m2

v. Load due to existing building = 90 kN/m2

vi. Therefore, net stressing unloading = -90 +66.44 = -23.56 kN/m2

6.2.4 The new building extends beyond the footprint of the existing building towards the

east by approximately 10 m. This footprint of the new building will be excavated by

5.05 m to 10.5 mOAD. Assuming soil density of 19 kN/m3, the net stress unloading

= -5.05 x 19 kN/m3 = -95.95 kN/m2.

6.3 PILING PLATFORM

6.3.1 The piling platform will comprise backfill to existing basement retaining wall level,

designed to also provide the required passive resistance and lateral support.

Therefore, there is no additional load due to piling platform.

6.4 PILING PLANT

6.4.1 The piling rig for the installation of the contiguous pile wall and any settlement piles

will be positioned within the building footprint and far away from the 3.0 m Crossrail

boundary zone. Therefore, no further consideration of the piling plant is necessary.

6.5 MODELLING LANDSCAPE

6.5.1 The existing ground level is at approximately +10.55 mOD and mostly paved.

Therefore, there is no net loading arising from landscaping.

SECTION 7 ASSESSMENT METHODOLOGY

7.1 ASSESSMENT TOOL

7.1.1 The assessment of the ground movements and impact of the redevelopment on the

site was carried out using Oasys PDISP software. PDISP is a pressure induced

displacement analysis and is a program which can calculate the displacements (and

stresses if required) within a linear elastic or non-linear soil mass, arising from

uniform normal or tangential pressure, applied to rectangular and circular loaded

planes.
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7.1.2 The stages of the redevelopment that were modelled are demolition and hence

installation of the piling platform and excavation for basement extension,

construction of the new building, and long-term conditions.

7.1.3 The OASYS software program PDISP was used to set up models reflecting each

stage of construction to estimate the ground movement during the development of

the site.

7.1.4 The size of the tunnel is such that the vertical and lateral movements of soil at the

crown and invert of the tunnel were computed using PDISP. In the software

analyses, the Boussinesq method is used to predict the movements of the ground.

7.2 MODEL GEOMETRY

7.2.1 The west bound tunnel is closer to the new building and was therefore modelled and

analysed. The tunnel is circular with the following dimensions.

i. Outer diameter = 6.8 m

ii. Internal diameter = 6.2 m

7.2.2 The tunnel displacements have been calculated at approximately 1.0 m intervals

along the line of the running tunnel and to at least 50 m outside the portion that is

closest to the new building, see Figure 7.

7.2.3 Ground movements have been calculated at 4 locations at the running tunnel

forming a square in which the tunnel sists, as illustrated in Figure 7.

7.2.4 The crown and invert levels of the tunnel at portion closest to the new building are

as follows:

i. Crown level -6.847 mOD

ii. Invert level -13.647 mOD
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Figure 7:  Model geometry

7.2.5 The PDISP programme uses Bousinesq stress distribution and elastic soil

parameters. It is therefore possible to carry out analyses for different loading cases

and sum the displacements.

7.2.6 Throughout this report, heave (upwards movement) is denoted as a negative value

and settlement (downwards movement) is denoted as a positive value. PDISP uses

the same sign convention. Figure 8 is a model geometry of points of displacements

along the tunnel. Displacements at each of the 464 points were measured during the

analyses.
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Figure 8:  Modelling of settlement points along the running tunnels

7.3 CONSTRUCTION SEQUENCE

7.3.1 Modelling the construction sequence has been modelled in PDISP as a series of

loading cases given below. The cases provide the load conditions likely to give the

maximum heave or settlement movements at the tunnels during and after the

construction phase.

7.3.1.1 Case 1 Existing Loading

i. Application of 90 kN/m2 surcharge to simulate existing building on site.

7.3.1.2 Case 2 Demolition and construction of piling platform - undrained condition

i. Application of -23.56 kN/m2 surcharge to simulate demolition and construction

of pile platform.

ii. Application of -95.95 kN/m2 surcharge to simulate excavation for basement

extension to the east.

7.3.1.3 Case 3 Construction stage - undrained condition

i. Application of -23.56 kN/m2 surcharge to simulate demolition and construction

of pile platform.

ii. Application of -95.95 kN/m2 surcharge to simulate excavation for basement

extension to the east.

iii. Construction of the new building (application of raft design loads)
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7.3.1.4 Case 4 Long-term - drained condition (drained parameters)

i. Application of -23.56 kN/m2 surcharge to simulate demolition and construction

of pile platform.

ii. Application of -95.95 kN/m2 surcharge to simulate excavation for basement

extension to the east.

iii. Construction of the new building (application of raft design loads)

7.3.2 Results from PDISP analyses for the three stages analysed are presented in this

section. Both the loading regime and the resultant displacements are provided. The

displacements are presented in shaded format around the site to visually show the

extent of the displacement beyond the site.

SECTION 8 ASSESSMENT APPROACH

8.1 The effect of the induced ground movements on the existing tunnel structures was

assessed by considering the following at the three stages of construction:

i. Calculation of the change in tunnel radius of curvature.

ii. Calculation of ovalling (or squatting) induced.

8.2 RADIUS OF CURVATURE

8.2.1 The following formula has been used to calculate the imposed radius of tunnel

curvature based on the ground movements calculated in the PDISP ground

movement model:

i. The diameter of the circumcircle can be computed as the length of any side

of the triangle, divided by the sine of the opposite angle. (As a consequence

of the law of sines, it does not matter which side is taken: the results will be

the same.)

ii. The triangle's nine-point circle has half the diameter of the circumcircle. The

diameter of the circumcircle of the triangle ABC is given below.
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Where a, b, c = the lengths of the side of the triangle

s = (a + b + c)/2 is the semi-perimeter

8.3 OVALLING (OR SQUATTING)

8.3.1 Calculation of ovalling (or squatting) induced in the tunnel is the difference between

the movement of the crown (top) of tunnel and invert (bottom) of the tunnel.

8.3.2 In this analysis positions EU1, EU2 (eastbound) and WU1, WU2 (westbound) are at

crown level and positions EL1, EL2 (eastbound) and WL1, WL2 (westbound) are at

invert level.

SECTION 9 PDISP RESULTS – VERTICAL DISPLACEMENTS

9.1 GENERAL

9.1.1 Results of PDSIP analyses are presented below according to the construction stages

modelled. PDISP input data is presented in Appendix 3.

9.1.2 The load cases considered are as follows:

i. Existing loading (Case 1-Drained)

ii. Demolition of existing building (Case 2 – Undrained)

iii. Redevelopment (Case 3-undrained)

iv. Long term (Case 4-Drained)

9.2 EXISTING LOADING (CASE1-DRAINED)

9.2.1 The existing building load is 90 kN/m2 and is applied at the raft level of +5.3 m OD.

9.2.2 The vertical displacements at the top of the running tunnel are given in figure 8. The

displacements range from 0 mm to +2 mm.
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Figure 8 Existing building – vertical displacements along the running tunnel

9.2.3 Vertical displacements of the crown and invert of the running tunnel are given in

figure 9.

Figure 9 Existing loading – Crown and invert vertical displacements of running tunnel

9.3 DEMOLITION OF EXISTING BUILDING (CASE 2 – UNDRAINED)

9.3.1 Demolition of the existing building will result in stress unloading. The loads applied

in this case are as follows:

i. Load due to demolition of existing building is -23.56 kN/m2

ii. Load due to basement extension is -95.95 kN/m2

9.3.2 The incremental vertical displacements at the top of the running tunnel are given in

figure 10. The displacements range from -0.4 mm to 2 mm.
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Figure 10 Demolition of existing building and basement exaction – vertical displacements
along running tunnel

9.3.3 Vertical displacements of the crown and invert of the running tunnel are given in

figure 11.

Figure 11 Demolition of existing building and basement exaction – cumulative vertical
displacements of running tunnel

9.4 REDEVELOPMENT (CASE 3 – UNDRAINED)

9.4.1 The loads applied due to construction of the new building are given in Figure 5.

9.4.2 The incremental vertical displacements at the top of the running tunnel are given in

Figure 12. The displacements range from 0 mm to +5 mm.
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Figure 12 Redevelopment – incremental vertical displacements along running tunnel

9.4.3 The cumulative vertical displacements (case 2 + case 3) of the crown and invert of

the running tunnel are given in Figure 13.

Figure 13 Redevelopment – cumulative vertical displacements of running tunnel

9.5 LONG TERM (CASE 4 – DRAINED)

9.5.1 In case 4 the vertical loads are the same as in case 3 but with drained parameters

for cohesive soils.

9.5.2 The incremental vertical displacements at the top of the running tunnel are given in

Figure 14. The displacements range from 0 mm to +5.0 mm.
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Figure 14 Redevelopment – incremental vertical displacements

9.5.3 The cumulative vertical displacements of the crown and invert of the running tunnel

are given in Figure 15.

Figure 15 Redevelopment – cumulative vertical displacements of running tunnel

9.6 SUMMARY OF TUNNEL DISPLACEMENTS

9.6.1 A summary of the calculated vertical displacements is given in Table 6.
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Table 6:  Maximum cumulative vertical displacement

Stage details

Maximum settlement of Westbound tunnel
(mm)

Crown Invert

Current Loading (Drained) 0.10 0.10

Demolition – minimum unloading
(Undrained)

0 0

Loading – Maximum building load
(Undrained)

0.29 0.29

Loading – Maximum building load
(Drained)

0.33 0.33

9.6.2 The maximum displacement is 0.33 mm during long term and the maximum slope is

about 1:102000 also at long-term condition.

SECTION 10 TUNNEL ASSESSMENT

10.1 LONGITUDINAL SESSEMENT – RADIUS OF CURVATURE

10.1.1 Radius of curvature represents the deformation of the tunnel since it was

constructed. The higher the calculated radius of curvature is, the lower the impact of

the tunnel.

10.1.2 The allowable (limiting) radius (R’lim) of longitudinal bending of the tunnel in

compression was calculated from the following two equations:

i. R’lim = E x I / M and M =  x I /y

ii. Hence R’lim = E x y / 

Where E = Young’s modulus of steel = 100 GN/m2

I   = moment of inertia

M  = moment

 = permissible compressive strength

y = lever arm (radius of tunnel) = 3.1 m

10.1.2 According to LU Standard S 1055 A5, Deep Tube Tunnels and Shafts:

i. Permissible compressive strength () = 150 N/mm2 – Grade 10 cast iron lining

ii. Young’s modulus of steel (E) = 100 GPa
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10.1.2 Therefore, the limiting or allowable radius of curvature, R’lim = 2.1 km

10.1.3 The calculated radius of curvature of the crown for the running tunnel are given in

Figure 16.

Figure 16 Radius of curvature

10.1.4 The minimum radius of curvature is 80 km (long term), and is greater that the

assessed allowable value of 2.1 km.

10.1.5 Therefore, the bending of the tunnel resulting from the proposed development is

acceptable for the westbound Elizabeth lining running tunnel.

10.2 RADIAL ASSESSMENT – SQUAT / OVALISATION

10.2.1 Squat or ovalisation of the change in shape of the tunnel measures in terms of the

difference in vertical movement between the crown and the invert of the tunnel.

10.2.2 The calculated squat/ovalisation of the running tunnels is shown in figure 17.

10.2.3 The maximum squat is 0.1 mm and maximum ovalisation of -0.45 mm for the

westbound tunnel.
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Figure 17 Squat / ovalisation of the running tunnels

10.2.4 The additional squat / ovalisation due to the proposed redevelopment is less than

0.001 % of the tunnel diameter. Therefore, the proposed redevelopment will have

minimal effect on the Elizabeth line running tunnels.

10.3 TRACK ASSESSMENT

10.3.1 General

10.3.1.1 The deformation of the tunnels should not adversely affect the safety of passengers,

vehicles, or the track itself.

10.3.1.2 According to the LU Engineering Standard S1159, the following are the key

parameters of concern:

i. Vertical profile (long undulations – 5m intervals): Maximum deviation

measured at 5m intervals.

ii. Vertical profile (short undulation – 1 m straightedge): Maximum permitted

vertical error in the rail suing 2 m long straightedge.

iii. Cross Level (cant): Maximum permitted deviation from marked cant averaged

over 5 slippers.

iv. Twist 2 metre base (cross level variation): The maximum values of twist on a

2 m base.

v. Twist 10 metre twist (cross level variation), concrete track: The maximum

values of the twist on a 10 m base.
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10.3.1.3 The maintenance requirements for Track Category A and Category B values are

more onerous, and these are given in Table 2 in Section 4.3.

10.3.2 Vertical profile

10.3.2.1 Vertical profile - long undulation

i. The vertical profiles of the track at 5 m intervals (long undulation) are given in

figure 18. The values are within the Maintenance Target (MT) value of 5 mm.

Figure 18 Vertical profile – Long undulation 5 m intervals

10.3.2.2 Vertical profile - 1 m straight edge

i. The vertical profiles of the track at 1 m straight edge (short undulation) are

given in figure 19. The values are within the Maintenance Target (MT) value

of 2 mm.
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Figure 19 Vertical profile – Short undulation (1 m straight edge)

10.3.3 Cross Level (Cant)

10.3.3.1 The cross level (cant) averaged over 5 sleepers is given in Figure 20. The values

are within the Maintenance Target (MT) value of -15/+10 mm.

Figure 20 cross level (cant) averaged over 5 sleepers

10.3.4 Twist

10.3.4.1 Twist 2 metre base cross level variation (mm)
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i. The Twist 2 metre base is given in figure 21. The values are within the

Maintenance Target (MT) value of 12 mm.

Figure 21 Twist 2 metre base cross level variation (mm)

10.3.4.2 Twist 10 metre concrete track base – cross level

i. The Twist 10 metre concrete track base is given in Figure 22. These are within

the Maintenance Target (MT) value of 35 mm.

Figure 22 Twist 10 metre concrete track base – cross level
10.4 SUMMARY OF TUNNEL ASSESSMENT

10.4.1 A summary of the tunnel assessment results is given in Table 7.
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Table 7:  Summary of the Tunnel Assessment

Parameter Limit/Target Value Stage

Longitudinal assessment – radius of
curvature (km)

2.1[1] 81 Long term

Radial assessment – squat / ovalisation
(%)

- 0.001 Long term

Track
assessment

Vertical profile – long
undulation at 5 m intervals
(mm)

5[2] 0.04 Redevelopment

Vertical profile - short
undulations at 1m intervals
(mm)

2[2] 0.017 Long term

Cross level (cant) –
Maximum permitted
deviation from marked cant
averaged over 5 m
sleepers (mm)

-15/+10[2] 0.004
Long term &

Redevelopment

Twist 2 metre  base -
cross lever variation (mm) 12[2] 0.005 Long term

Twist 10 metre base -
cross level variation (mm)

35[2] 0.020 Long term

Note
[1] Calculated allowable

[2] Maintenance Target [MT] adopted as most onerous

10.4.2 As shown from sections 10.3.2 to section 10.3.4 and summarised in Table 7, the

calculated deformations of the tunnels are not likely to adversely affect the safety of

the passengers, vehicles, or the track itself.
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10.4 TUNNEL LEAKAGE DUE TO LONGITIDUAL BENDING

10.4.1 The permissible stresses for gey cast iron and wrought bolts given in LU Standard

S 1055 are summarised in Table 7.

Table 7:  Material properties – grey cast iron linings and wrought iron

Property Value – Grade 10 Cast Iron

Cast iron permissible bending tensile strength (N/mm2) 38

Cast iron permissible compressive strength (N/mm2) 150

Cast iron permissible shear strength (N/mm2) 44

Cast iron Young’s modulus (N/mm2) 100000

Cast iron Poisson’s ratio 0.26

Wrought iron bolt ultimate tensile strength (N/mm2) 342

Wrought iron bolt ultimate shear strength (N/mm2) 137

Wrought iron bolt permissible tensile strength (N/mm2) 114

Wrought iron bolt permissible shear strength (N/mm2) 46

10.4.2 To review the structural impact of the redevelopment on the tunnels, the leakage

potential cause by the longitudinal bending was considered. For the 101 km

minimum radius of curvature, the theoretical width of the crack was calculated as

follows:

i. Small crack width,  = L x D /R

Where

L = segment length = 0.508 m

D = tunnel diameter = 3.2 m

R = radius of curvature = 80 km

10.4.2.2 The estimated crack width (opening of compressed segment joint ) is 0.020 mm.

10.4.3 Therefore, leakage at joints is not expected to increase.

SECTION 11 FUTURE WORKS
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11.1 CONDITION SURVEYS

11.1.1 A pre- and post-condition survey is recommended to record the condition of the

tunnels prior to demolition and to record any change of the condition following the

demotion and construction works.

11.1.2 The survey will confirm the condition of the tunnels and allow comparison to be made

with the LU Principal Inspection records.

11.1.3 Either a conventional condition survey or a 360-degree camera is proposed to be

undertaken to note defects per ring number in accordance with LU Standards S 1055

11.2 MONITORING

11.2.1 The magnitude of the estimated displacements has minimal risk to LU assets.

Therefore, it is not recommended to undertake movement or vibration monitoring

along the tunnels during the demolition or construction of the Beresford

development.
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APPENDIX 2 ▪ Crossrail Tunnel Details
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APPENDIX 3 ▪ OASYS PDisp input data



1 Soil profiles
1.1 Undrained (exiting building)

1.2 Undrained (demolition and excavation of basement)



1.3 Undrained (Redevelopment stage)

1.4 Drained (long-term)



2 Soil zones



3 Loads
3.1 Case 1 Existing



3.2 Case 2 Demolition



3.3 Cases 3 & 4 Loading and Long term



4 Grids

5 Displacement points

464 data points
























