Citybanan Rail Link, Stockholm

PILING & FOUNDATIONS

When an
meets an

Predrilling for jet
grouting – safer and
environmentally friendly

Those of us looking forward to the London
Olympics in 2012 have ﬁrst to negotiate
the pressing issue of incorporating
Structural Eurocodes into everyday design
practice, writes Dr Andrew Bond

A

Description of the project:
A subproject of the Citybanan Rail Link project is the
construction of a working tunnel at the track areas adjacent to Stockholm Central Station. The contractor
used W100 water-powered hammers for jet grouting
of a total of 500 holes 10 to 20 metres deep. When a
number of holes had been drilled, the technique was
switched to jet grouting. The same rig and pump are
used for Wassara drilling and for jet grouting. The
client is Banverket/Projekt Citybanan, consultants include Golder Associates, the contractor is Züblin-Oden
Constructors HB and the drilling contractor is Züblin/
Insond. The reasons for choosing Wassara were:
• The ground conditions were extremely difﬁcult, with
old spoil masses, high groundwater and polluted
ground. Since the ground is polluted, the water must
be pumped to a treatment plant before it is discharged into Stockholm Water’s wastewater system.
• The proximity of Stockholm Central Station and track
areas means that pneumatic drilling is risky.
Wassara is a company in the LKAB group. Distributor in UK is Sandvik.

“For geotechnical
engineers,
whose
practice has
been far
less codiﬁed
than in other
sectors, the
introduction
of Eurocode
7 represents
a marked
change in
UK practice"

S OF today, 42 of the 58 Eurocode parts
can be purchased from British Standards
Online (www.bsonline.bsi-global.com)
and the remaining 16 parts are due out
anytime soon. The UK National Annexes
to accompany these codes will appear over the next
18 months, so that by 2009 everything will be in
place to design structures – in concrete, steel, timber,
masonry, and aluminium – to engineering rules and
principles that are common throughout Europe.
For structural engineers, the changes required to
existing practice are relatively minor. As Chris Hendy,
head of bridge design and technology at Atkins has
said,1 the impact of Structural Eurocodes can be
summed up as: “Same principles, diﬀerent rules.”
However, for geotechnical engineers, whose
practice has been far less codiﬁed than in other
sectors, the introduction of Eurocode 72 represents
a marked change in UK practice.3 The impact can be
summed up as: ‘Same rules, diﬀerent principles’.
So, how can engineers prepare for the day when
an irresistible force (Structural Eurocodes) meets an
immovable object (our natural reluctance to alter
existing design practice)?

1. EMBRACE LIMIT STATE DESIGN

The Structural Eurocodes are ﬁrmly based on limit
state principles – each design must be veriﬁed for a
range of ultimate limit states (ie, situations involving
the safety of people and/or the structure) and a range
of serviceability limit states (ie, situations involving
the functioning of the structure, the comfort of
people, and the appearance of the construction
works). Limit state design has replaced the older
concept of permissible stress design in most forms of
civil engineering. Notable exceptions are geotechnical
engineering and transportation engineering.4
Eurocode 7 ﬁnally commits geotechnical
engineers to the limit state approach, bringing the
design of the substructure into line with that of the
superstructure. We should not underestimate the
importance of this step – it oﬀers the opportunity
to analyse a building and its foundations as a single
entity, without a conceptual barrier at ground
surface.

2. EMBRACE PARTIAL FACTORS

Another key change that Eurocode 7 requires to our
design practice is the introduction of partial factors.
When I last counted, there were 112 partial factors
to choose from in EN 1997-1 (with a further 34
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Publication of Eurocode parts to March 2007
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correlation factors for pile design) – although a third
of these are numerically equal to one and hence can
be ignored. This is a major complication compared
with the handful of lumped factors geotechnical
engineers have traditionally used in the permissible
stress approach.
But wait – there is more justiﬁcation for partial
factors than for lumped. Partial factors can take
account of unfavourable deviations of loads from
their anticipated values, unfavourable deviation
of material properties from measured values, and
unfavourable deviations in dimensions from those
given on the drawings. Lumped factors do what they
say on the tin – they just lump all these together.
And worse – large lumped factors (for example, 3.5
on bearing capacity) attempt to limit settlement
by mobilising a small proportion of the available
bearing resistance. But why 3.5? Why not 3.8? Or 4.0?
In the ‘limit state + partial factor’ philosophy
of the Structural Eurocodes, these issues are
treated separately. Safety is ensured by avoiding
ultimate limit states with partial factors applied
to key unknowns; function is ensured by avoiding
serviceability limit states with partial factors set to
unity (ie, by looking at the anticipated behaviour of
the structure).

3. MIND THE SUBSCRIPTS

To cope with 112 partial and 34 correlation factors,
geotechnical engineers will need a greater degree
of rigour in their calculations than has hitherto been
the case.
Basic variables, such as actions, material
properties, and geometrical dimensions, are

converted from
characteristic
values to design
Unpublished values by the
application of
16
speciﬁc factors.
Permanent (G), variable (Q)
and accidental (A) actions are
multiplied by γG, γQ, and γA. The
soil’s shearing resistance (tan φ), cohesion
(c’), and undrained strength (cu) are divided
by γφ, γc, and γcu. Nominal dimensions (anom)
are adjusted by ±Δa.
Eﬀects of actions (eg, bending moments, shear
forces, and prop forces) may be increased by partial
factors γE if that is more sensible than factoring
actions directly. Resistances (eg, bearing resistance,
shear resistance) may be divided by partial factors γR.
Ultimate limit states are veriﬁed by demonstrating
that eﬀect of actions (E) are not larger than the
structure’s corresponding resistance (R). In Eurocode
notation:

5. SELECT YOUR MATERIAL PROPERTIES
CAREFULLY

Throughout the Structural Eurocodes, material
properties are represented by what is termed their
‘characteristic values’. For man-made materials, this
characteristic value can be deﬁned statistically as
the 5% fractile of a normal distribution – a value we
expect to exceed in 95% of cases.

Ed,dst – Ed,stb ≤ Rd
Here, the subscript ‘d’ signiﬁes design values
(after factoring), ‘dst’ stands for destabilising, and ‘stb’
for stabilising.
The purpose of showing you this equation is
to illustrate the simplicity of the fundamental
requirements of Eurocode 7 and to recommend
attention to detail when decoding the subscripts.

4. DEMAND A GOOD SITE INVESTIGATION

I know it. You know it. If only the client knew it. A
good site investigation pays for itself many times over.
Eurocode 7 Part 2 – covering ground investigation
and testing – helps engineers by establishing
minimum requirements for geotechnical
investigations that vary with the type of structure.
Advice is given on the suitability for obtaining
design parameters from various tests in various
ground conditions.
The requirements for and deﬁnition of the ‘ground
investigation report’ and ‘geotechnical design
report’ will result in today’s best practice becoming
tomorrow’s standard practice. Key features of these
reports include an assessment of risk, discussion
of known limitations of the results, and a plan of
supervision and monitoring.
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This deﬁnition is diﬃcult to apply to geomaterials.
Soil properties are not as well-behaved as those of steel
and concrete (ie, not normally distributed) and – to
make matters worse – we rarely get suﬃcient data in
one stratum to do the statistics properly. Consequently,
Eurocode 7 redeﬁnes the characteristic value as ‘a
cautious estimate’ of the value likely to aﬀect the limit
state. Understanding what a cautious estimate is will
require re-education of the profession – as I discovered
in a recent study,5 interpretation of site investigation
data can be more variable than the data itself!

CONCLUSION

‘Comparing old and new codes of practice … [is] like
comparing an old and a new pair of shoes; you become
so familiar and comfortable with the old shoes that you
compensate for their limitations … the new shoes will bring
a period of discomfort before they are properly bedded in’ 6
Dr Andrew Bond is a UK delegate on the Eurocode
7 Committee, a former member of the UK’s National
Strategy Committee, and co-author of BSI’s ‘Guide to
the Structural Eurocodes’. In November 2006, he ran
a two-day Decoding Eurocode 7 course on behalf of
the Singapore Building Authority.
Along with Andrew Harris and David Norbury,
he is running a series of training courses in 2007
on ‘Decoding Eurocode 7’ (with separate days
on introduction, design, and investigation) and
‘Understanding Pile Design’ – in Newcastle,
Bristol, Birmingham, Glasgow, Belfast, Leeds (or
Warrington), and London
Full details of these courses can be found at:
www.geocentrix.co.uk/training
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