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UCL - ANTHROPOLOGY BUILDING wh|tbyb|rd
Effects of Construction of Crossrail Tunnels

1 INTRODUCTION

A new building for the Anthropology Department of University College London (UCL) is being
constructed by Mansell Construction Services Limited. The new structure is supported by two

groups of 18 piles. The piles are 450mm diameter and 24m long when measured from the top of
the pile cap.

The protected route of Crossrail Line 2 tunnels passes through the site. Therefore it was

necessary to assess the impact of the construction of these tunnels on the displacements of the
new building.

In the early stages of the design development Geotechnical Consulting Group (GCG),
commission by Martin Stockley Associates on behalf of UCL, undertook a similar assessment of

impact of the proposed Crossrail tunnels construction on the new UCL Anthropology building

This analysis is therefore an independent check of the work carried out by GCG, which was a
result of reviewing their earlier report.

2 KEY AVAILABLE INFORMATION

2.1 Ground Conditions

Ground level at road level on site is approximately +24.6 mOD but the level of the top of the pile
cap in the basement is about 21m OD. One borehoie was drilled at the location of each of the
two pile caps and the results are given in the factuai report by STATS, (Stats 20¢4). The site
investigation shows Made Ground over Terrace gravels and London Clay. The top of London
Clay averaged at +18.5 mOD. The average thickness of the London Clay was 12.3 and the

Lambeth Group was praven to an average thickness of 17.5m. Thanet Sand beneath over the
Chalk is around 5m thick. The ground stratigraphy is represented in Figure 1 below.

+24 .6 mOD Ground Level
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Figure 1 Schematic ground stratigraphy showing the cross rail tunnel at the top of
construction tolerance zone at UCL Department of Anthropology
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The proposed structure is an exam building of the department of Anthropology. it is a four storey
building whose foundations comprise two pile groups of 450mm diameter piles constructed from

the existing basement level. The pile caps, which are 13m apart, are approximately 5m square
and 1.5m thick.

2.3 Crossrail’s Tunnels Construction

The two tunnels forming the north and south bound running tunnels are assumed to be
constructed at some time in the future following the completion of the building. Each tunnel will
have an outside diameter of 7m. Settlement predictions in the analysis assume a volume loss of
1.7% due the construction of the tunnels. This value is within the range proposed by Crossrail
and has been used to coincide with the earlier calculations by GCG (Martin Stockley 2002)

Figure 2 shows locations of the tunnels in relation to the two pile caps. The western tunnel will
run directly beneath the centre of the eastern pile cap and some 7m east of the eastern pile cap’s

centre. The eastern tunnel is about 30m away from the centre of the eastern pile cap and 37m
from the western pile cap.

Level information for the tunnels in the vicinity of the development is given in a copy of an e-mail
from Crossrai! reproduced in Appendix 1. The proposed crown level is at -17 mOD (some 42m
below ground level). However, as Appendix 1 shows, the top construction tolerance is -12n; QD,
l.e. a deviation of 5m vertically, therefore the piles can only go down to -8m OD to allow for the
6m vertical exclusion zone (Figure 3). The horizontal tolerance is 3.5m in either direction.

L]
S

3 METHOD OF ANALYSIS

" Settleménts due to Tunnel construction have been computed using the method described in Mair
et al (1996), which is also outlined in Crossrail's information for developers, January 2001,

‘Crossrail Line 2, Chelsea-Hackney Line’. Settlements ahead of the tunnels face, were assess
as described in Attewell and Yeates (1984).

Despite the fact that the tunnels will either be constructed in the Chalk or Thanet Sands, it has

-been assumed for the purposes of calculation that the settlements will be those appropriate for
clay.

The effec_;‘is of individual tunnels and the two tunnels together during and post construction were

calcutated on each pile cap. Then differential movements between the centres of the caps were
deduced.

Setttements at the level of top of the pile cap (+21mOD), 16m below the top of pile cap,
equivalent raft level (+5mOD) and base of the piles (-3mOD) have been examined. However, we
concur with GCG that the most appropriate level to estimate settliement of the group of piles is at

‘equivalent raft level’ which is at a depth of 2/3 of the pile depth (=2/3*24=16m, 5mOD). The
various levels used in the analysis are shown in Figure 3.

4 RESULTS AND CONCLUSIONS

The hand calculations carried out for this exercise are attached in Appendix 2. Results of
caiculations at the (5.0 m OD) are summarised below:

. Maximum settiement of the pile group nearest to the eastern tunnel post construction
would be less than 26mm

* Maximum settlement of foundation due to the construction of the western tunnel would
be 21mm

. Maximum differential settiement between the two foundations during construction of the
western tunnels would be 10mm.

- Maximum permanent differential would be less than 5mm.

At its nearest point the tunnels would be 9m below the bottom of pile group and their construction
would not significantly affect the capacity of the piles.

Effects of Construction of Crossrail 2-1 Page 3
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As our findings are similar to those of GCG, we concur with their conclusion as in-

. The affect of the differential settlement due to the advance of the tunnel would be to
cause the frame to tilt towards the tunnel as it advanced by less than 20mm.
. Since the new structure is steel frame on the two pile caps, the differential movements of

the above magnitude will be accommodated by the frame

From the above, it is not concluded that we agree with the predictions made by GCG in their
report, reproduced here in Appendix 3.
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APPENDIX 1

_'-?_,Crossrail Tunnel level information
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| Trevor Sharrock
Sent: - i 24 June 2002 15:03

n: Julian Broster; Leena Dabee; Martin Stockley
FW: Taviton Street development -

This information means we atluatly have an approximate piding zone of 27m below basetnent (say_ 26m bejow pile

Cap). | -
ce: file 188/01 . | o - EMAWL sEnDd 1D e o2
6 o | - sdeeloV¥ . [WWE 2002.7]

——0Onginal Message- - _
Froam: | Black Mike [SMTP:MikeBlack@CrossRall.co.uld
Sent: Moanday, June 24, 2002 259 PM. -
To Trevor Shamock
Cc: Edwards Huw
Subject: Taviton Street development

| Trevor,

g at Crossrail's offices last week, | am Ffdmarding the

.
L
]

Tunnel Crown  83mTD (-1 7mOD) .
Tap of constniction tolerance zone 88mTD (-12MOD)

Top of {oundation clearance zone 94mTD 6moOD)
Ground Level 125mTD (+25moOD) -

These levels give a 31m deep possible construclion zone between ground fevei
and tunnel exclusion Zone. o ’

| hape this iutﬂrmaiiﬂ_rf s useful. 1f { can be of any further assistance,
please do not hesilate to give me a call.

-

tAike Rlack

Sennr Geotechnical Design Manager
Crossrail

© Tel. 020 7841 7664 (int.688 7664F—
. Fax. 020 7941 7703

* Post. Cross London Rail Links Lid
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of the contents of this e-mail and any altached transmitted files, 1§
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APPENDIX 2

CALCULATIONS
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SUMMARY
wb Resutls
Post Construction settlements (mm)
Levels _ _ _ Tunnels A* 8™ Differential
Itrtnp piI;c':ap {+2 1—555) Eastern 18 37 19
Westem 14.3 133 1.0
Total 16 17 09
At quivalent raft level (+5mQD) Easten 0.0 04 0.3
Western 255 20.2 5.3
Total 26 21 5.0
At base of the piles (-3mOD) Eastern 0.0 0.0 0.0
Western 41.8 22.3 19.5
Total 47 22 19.5
* A - represent the centre of the western pile cap
** B - represent the centre of the eastern pile cap
During Construction Settlements (mm)
Level Differential settlement
Altoppilecap (+21mOD) e 45 .
Atquivalentraftlevel (+6m00) R 103 .
At base of the piles {-3mQD) 18.8

GCG Resutls

GCG results indiate a maximum settiement of 21mm at 6.7mOD and a maximum differential
settiement of 9.3mm {advancing tunnels) at this level

Comparison
Settlement GCG* wh Difference
Maximum Post Construction Settement (n) 1 20 85 45
'Ma-:ct-imum.[]uﬁﬁg Construction Differential Settlement (mm) 9.3 10.3 1.0

-
-----------------------------------------------------------------------------------------------------

Conlcusion

As the results of the our analysis and GCG are comparable and having reviewed their

assumptions and the application of the method of analysis, we concour with their findings
and conclusion.

UCL - Anthropology Department
Effect of Construction of Crossrail's Tunneis Project No:; 3517
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UCL ANTHROPOLOGY BUILDING

CHECK OF EFFECT OF FUTURE CONSTRUCTION OF CROSSRAITL 2
TUNNELS ON BUILDING

ol im_j hi

- MARTIN STOCKLEY ASSOCIATES

July 2004
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:
|

1. INTRODUCTION

S

\
It 1s proposed to construct a new building for the Anthropology Department of University
College London (UCL) at the location in fig 1, adjacent to the SSEES building which is
- currently under construction. The building is to occupy the site of an existing basement
(which 1s to be retained) and will rise to five levels above ground floor level. The
construction will comprise a steel frame as shown in fig 2 supported on two pile caps
constructed from within the basement using minipiles approximately 20 metres long. A
plan of the foundations is shown in Appendix 1. ' |

| BTN %J

- The protected route of the tunnels of the projected Crossrail Line 2 passes under the site.
This route is shown in fig 3. The crown of the tunnels will be at a minimum depth of
around 36 metres below the existing ground level.

GCG have been appointed by Martin Stockley Associates (MSA) on behalf of UCL to
check the possible effects of the construction of the tunnels at some time after the
completicn of the building. MSA have supplied GCG with drawings of the proposed
structure and tunnel alignment together with the information supplied by Transport for
London (TtL) on the tunnel construction. MSA have also supplied copies of the site
Investigations carried out for this development and the adjacent development for the
School of Slavonic and Eastemn European Studies (SSEES) carried out by Stats.

LR

i

2. GROUND AND WATER CONDITIONS

B ol B I"'l(

Ground level at the site (in Tiverton Street to the north east) is approximately +24.6 m
OD. The site investigations show made ground over Terrace gravels and the London
Clay. The surface of the London Clay is at approximately +18.1 mOD. The London Clay
is between 12.3 and 15.5 metres thick. Below the London Clay is the Lambeth Group
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which was proved to around 10 metres thick and was found to comprise very stiff clay.

The information _supplied by TiL suggests that the base of the Lambeth Group is at
around -12 mOD, and the Thanet Sand beneath over the Chailk is around 5 metres thick.
The TfL cross section shows the tunnel entirely in the Chalk.

« Information on the aquifer suggests that the water table in this area is at below the level '

of the surface of the chalk. There will be a perched water table in the Terrace Gravels.

- The borehole information suggests that this only amounts to a small head of water over
the London Clay.

3. DESCRIPTION OF THE FOUNDATIONS AND STRUCTURE.

The foundations will comprise two groups of minipiles constructed from the existing
‘basement level each incorporated in a pile cap approximately 5 metres square and 1.5
metres thick. This will support the frame of the structure on a number of columns

formning the legs of the frame, as shown in fig 2. The centres of these pile caps are
approximately 13 metres apart.

The existing basement is at approximately +21.5 m OD. It is assumed for the purposes of
calculation that the tops of the piles are at +20 mOD.

4 It has been assumed, for the purposes of calculation, that the piles are approximately 20

metres long.

4. TUNNEL CONSTRUCTION

The two tunnels forming the north and southbound running tunnels are assumed to be

constructed at some time in the future following the completion of the building. Each

tunnel will have an outside diameter of 7 metres. Sertlements due to tunnelling are to be
constructed assuming a volume loss of 1.7%.

Fig 4 shows a drawing of the approximate layout of the new and existing buildings
together with the projected centrelines of the two tunnels. It can be seen that the
easternmost is some 37 metres east of the western tunnel and passes some 27 metres from

the riearest part of any foundation.

The tunnel crowns are to be at -17m OD, 1.e more than 40 metres below existing ground
level.

It is to be assumed that the tunnels may deviate by up to 5 metres vertically and 3.5
metres horizontally from the assumed alignment. |

It is assumed for the purposes of calculation that the tunnels can be constructed in any
order and can be driven 1n either direction.
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5. DESCRIPTION OF CALCUALTIONS.

Tunnels settlements have been calculated using the method described in Mair et al (1996)
and, for the purposes of assessing the effect of tunnel advance, as described in Attewell

and Yeates (1984).

Although the tunnels will either be constructed in the Chalk or the Thanet Sands, the
latter of which will be dry, it has been assumed for the purposes of calculation that, as the
majority of the overburden is clay, the settlements will be those appropriate for clay.
These calculations are likely to be conservative as tunnel volume losses are likely to be
significantly less than the assumed 1.7 %.

The calculations have initially examined the effect of the furthest tunnel from the site (the.
eastern tunnel, and then Jooked at the one that passes directly under the site. It has been
assumed that the worst condition occurs when the tunnel passes directly under the
western foundation, since this is possible within the allowable deviation and this gives the’
largest settlement.

Settleﬁients at the level of the tops and bases of the .pile:s have been examined, but it has
been assumed that the appropriate level to estimate settlements of the group is the level of
the equivalent foundation which is at a depth of 67% of the pile depth.

The relative settlement of the pile groups and the existing basement have been estimated
assurming that there is no linkage between them. : : -.

6. RESULTS AND CONCLUSIONS

The calculations are attached as Appendix 2.

The following results were obtained:

e Maximum settlement of the pile group nearest to the eastern tunnel during
construction would be less than 2 mm.

e Maximum settiement of the basement slab would be 4 mm_

e Maximum settlement of the foundation due to construction of the western tunnel
would be 21 mm. | |

s The basement slab would settle around 5 mm less than the ptle group.

e Maximum differential settlement between the two foundations during"
construction of the western tunnel would be 9 mm.

‘e Maximum permanent differential would be around S mm.
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4
1

At its nearest point the tunnels would be 12 metres below the pile croups and their
construction would not affect the capacity of the piles.

‘The effect of the differential settlement due to the advance of the tunnel would be to

cause the frame to tilt towards the tunnel as it advanced by around 20 mm at the top. The
1 tilt would reduce as the tunnel passed. |

- As the new buiiding is a steel {rame supported on the two pile caps, the significance of
the tilt caused by tunne!l construction is minor,' as the entire frame will rotate. The relative
- settlements between the basement slab and the new structure are small and are in any

case exaggerated as the piles themselves will restrict movement in the immediate vicinity
of the group. |

Regarding damage, it is not appropnate to apply the usual criteria to classify damage in
terms of strain. On the basis of the assessment of the potential differential settlements
between the basement and the foundations it seems unlikely that this would give rise to

anything other than fine cracks. This would put the damage category in the ‘negligible to
very slight’ as defined in Table 1 of Mair et al (1996).

% 7. REFERENCES.

Mair R.J.,, Taylor R.N. and Burland J.B. (1996) Prediction of ground movements and
assessment of risk of building damage due to bored tunnelling. Geotechnical Aspects of

Underground Construction in Soft Ground, Mair and Taylor (Eds). 1996 Balkeema. Pp
713-718. ' ' -

Attewell P.B. and Yeates J. (1984). Tunnelling in soil. Chapter 6 of Ground Movements

- and their effects on Structures. Attewel and Taylor (eds). Surrey University Press (1984 )
pp 132 -215. | |
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