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Puttin% passion back
e profession

New ICE president Mark Whitby believes ICE members should be more passion-

ate about their Institution if they want to raise their status in society. He sets

out six ways to make this happen.

I am passionate about engineering and I am
passionate about our Institution. As I take up
my presidency, however, I feel that we risk los-
ing our way. The global warming, energy and
transport debates are raging but we are speak-
ing so softly as to be all but inaudible.

We are in danger of becoming decoupled
from the political process that has helped to
build this country. We must not forget that the
engineering institutions—the ICE and the other
33—have a strategic role to play not only with-
in the national economy but within the national
consciousness.

We are part of the ‘visions and solutions’
business. Institutions are where ideas are
formed and tested and they should produce
connected intelligence. However, if this is to
happen, we must all engage with this process.
There are real consequences when we fail to do
this.

No more wobbly bridges

If we had had a meeting to address the engi-
neering principles of lightweight bridges, the
underlying knowledge that existed might have
surfaced. Still more recently, we have all been
surprised by the vulnerability of buildings.
While we have designed buildings to withstand
the impact of an aircraft collision, we have
failed to take our thinking further and consider
the effects of an aircraft’s fuel.

We are losing our way as institutions
because we have become over-specialised and
we don’t spend enough time working with one
another. At the ICE, we spend the Council’s
time talking about management issues rather
than engineering and we find it hard to manage
the plurality of views that exist in any con-
tentious area.

The result is that it is usually easier to say
something bland and balanced than to be chal-
lenging. This, in turn, fuels the cycle of disen-
gagement that exists between the membership
and the Institution in its organisational sense.
This disengagement is serious.

A plan for re-engagement

As members, however, we can reverse this
process and begin to engage more fully with
our Institution, and through it with the other

engineering institutions. I would like to suggest
the following six-point programme as a way of
doing this.

e Refocus ICE Council activities

The ICE Council’s time is precious. At present,
we scrutinise but do not really address any of
the big engineering questions of the day. We
need to put the big issues on the agenda but we
must also feel that there are consequences to
how issues fare in debate. If Council’s activities
are refocused, we can set the priorities for the
profession and send clear messages to the
Government. We can become more project-
centred and use the Council to set budgets for
the projects it agrees.

e Strengthen the regional contribution

We are too centralised and have become too
used to having staff at Great George Street act-
ing for us — the members. There are many
practical reasons why we have allowed this sit-
uation to develop, which are to do with effi-
ciency, expertise and speed of response.
However, as a result, we—the members—have
become disconnected from what is being done
in our name. We must ensure that the regions
are celebrated, have the
power and are the source of
the ideas and projects
debated by Council.

e Celebrate the
Institution’s role as a
learned society

The sharing of knowledge

is the reason we exist. To

be effective in a multi-disci-
plinary world we need to
see beyond the walls of our
respective silos but we
need our Institution to help
us do this. We must ensure
the continued development
of the Institution’s learned
society function, so that it
will be able to feed us with
the necessary information in
ways that fit modern work-
ing patterns.

e Remove the barriers between institu-
tions
To be effective in a multi-disciplinary environ-
ment we need to make it easier for engineers
to move between institutions and to belong to
more than one. This enriches debate and cre-
ates better engineers. We have taken the big
step with the transfer arrangement. We now
need to extend this thinking and encourage
other institutions to introduce similar reforms.

e Develop a joined-up approach to the

major problems engineering can address.
The big issues that face engineering are gener-
ally wider than the remit of any one institu-
tion. We need to find ways of working
together to develop collective solutions. The
Urban Design Alliance is a useful model in
this respect. We need to apply it to other areas
of pressing concern, such as sustainability and
education.

e Reform the role of president

If Council is to be refocused on engineering
issues, we need presidents for whom these are
also of central concern. We need people who
are prepared to be ambassadorial and evangel-
ical about engineering. The presidency, how-
ever, can make such severe demands on
people’s personal and professional lives.
Reform of the role is necessary in order to
attract the widest possible range of candi-
dates.

The full text of Mark Whitby's address can
be found at on the ICE website at
www.ice.org.uk/rtfpdff MWhitbyaddress.pdf.
For further information, please contact Adam
Poole on 077 7918 8713 or
adam@fairseat4.freeserve.co.uk.

River Lune Millennium Bridge at Lancaster — meetings at the
Institution can help to push engineering boundaries forward with
more confidence (courtesy of Richard Bryant, www.arcaid.co.uk)
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Waste management
removing the barriers

It is estimated that construction and demolition waste account for nearly 20% of

all UK waste. George Fleming, chairman of the ICE waste management board,

argues for wastes to be redefined, for landfill taxes to be raised and for better

guidelines to be produced.

The National Waste Management Strategy for
England and Wales' published in May 2000 sets
out to break the link between economic growth
and increased waste arisings by improving overall
resource management and reducing the amount
of material disposed of as waste each year.

Construction and demolition produces over 70 Mt
of waste a year, much of which could be re-used
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The strategy also aims to ensure that the UK
meets its obligations under the EU Landfill
Directive (99/31/EC) to reduce progressively
the amount of material disposed of to landfill. It
includes a number of targets

e by 2005, to reduce the landfill of industrial
and commercial waste to 85% of 1998
levels

e by 2020, to reduce the landfill of
biodegradable municipal waste to only
35% of its 1995 level

e by 2010, to recover value from 45% of
municipal waste (at least 30% by recycling
or composting).

Environment Agency figures suggest that in
1999, 72 Mt of construction and demolition
waste were produced in England and Wales.?
Government figures suggest that total waste
arisings for the UK as a whole—including
municipal, commercial and industrial, mining,
agricultural and construction waste—are
around 420 Mt a year and rising.’

Creating a market for recycling

To assist with the implementation of the
strategy, the government has formed the waste
and resources action programme (WRAP) to
operate on both the supply and demand sides of
the economy, helping to create strong markets
for recycled products while ensuring a continu-
ous supply of high quality feedstock to repro-
cessing industries.

Landfill tax was introduced in 1996 and
currently stands at £12/t for non-inert waste
and £2/t for inert waste. The landfill tax credit
scheme introduced in October 1996 allows
landfill operators to redirect, as part of a vol-
untary donation, up to 20% of their landfill
tax liability for the year to registered environ-
mental bodies. Operators can then claim a tax
credit worth 90% of that contribution.
Environmental bodies must use these funds for
projects that encourage more sustainable
waste management practices, including recy-
cling or to deliver lasting environmental and
community benefits.

An aggregates levy will be introduced in
April 2002 set at £1.60/t of extracted sand,
gravel and crushed rock from April 2002. The
revenue from the levy will be used to cut
employers’ national insurance contributions as
well as to finance a sustainability fund, the use
of which is currently the subject of a consulta-
tion exercise.

Barriers to be removed

One of the major barriers to delivering the
waste strategy is the legal definition of waste
and the guidelines and interpretation of the
exemption scheme for waste licensing. The
construction industry deals with particularly
large volumes of soil and sub-soil materials
that, under the current classification, are firm-
ly treated as waste. Removing soil and sub-soil
from the list of materials classified as waste,
with the necessary controls over quality, would
facilitate the cost-effective re-use of this natural
resource.

The current level of landfill tax on inert
materials is appropriate and the current level
of aggregate tax about to be introduced is also
appropriate. However, the current level of
landfill tax for non-inert materials is too low
and inhibits the re-use of construction and
demolition waste as new products within the
construction industry, for example glass, plas-
tic, wood, brick, masonry, tile, slate, tarmac
and general excavation material as they exist
within the mixed waste stream. A raising of
the landfill tax would be seen as a great incen-
tive to recycling.

The exemptions covering re-use of waste
material, while representing a reasonable initial
framework, need to introduce more practical
guidelines that control the standard and specifi-
cation of waste streams which can be re-used,
and the necessary treatments to make them fit-
for-purpose for recycling. There is also a lack of
a co-ordinated research strategy to enable the
standards and specifications for the re-use of
recyclate to be established and incorporated in
the procurement process for new build.

References

1. Department of the Environment, Transport
and the Regions, Waste Strategy 2000 for
England and Wales, National Assembly for
Wales, May 2000

2. R&D Technical Report P402, Construction
and Demolition Waste Survey, Environment
Agency, Spring 2001

3. Department of the Environment, Transport
and the Regions, The Environment in Your
Pocket 2000, January 2001

For further information please contact
Andrew Crudgington on 020 7665 2219 or
andrew.crudgington@ice.org.uk
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SAFETY

A successful health, safety, environmental and security policy means never turn-

ing a blind eye, according to

of Foster Wheeler Energy, a company

whose no-compromise approach has resulted in over 50 safety awards in 10 years

and a phenomenally low injury rate.

Walking along a main London thoroughfare one
Sunday morning, I passed a major hotel where
work had been recently completed to the facade.
The scaffold canopy temporarily erected over the
pavement to protect the public during the work
was being dismantled.

While a steady stream of the general public
continued to pass under the structure, scaffold
poles were loosened and lowered from above
onto the pavement for loading onto a lorry. It
was a scene that filled me with horror — but one
which seemed perfectly acceptable to the scaf-
folders, scaffold company and, presumably, the
main contractor allowing the work to be per-
formed during the least busy time of the week,
but at a time which still put people at risk. I did
not walk on by, action was taken!

The incident reminded me of the need for
constant vigilance throughout the duration of a
construction project in order to ensure all mem-
bers of the team share and work to acceptable
standards.

Hazard elimination Difficulty of
opportunity implementation
'
! | \com
, Roles
Principal designer
g
Project
phase
Construction
Project timeline

Safety chart — designers can eliminate
construction hazards much more easily and
readily than contractors

should be part of
every contractor’s training programme

My own company is well experienced in the
application of health, safety, environmental and
security (HSES) procedures designed to min-
imise exposure to potential site incidents and to
ensure that there is adequate response capability
in the event of such occurrences. This is no
more in evidence than in the approach to the
civil engineering phase, of necessity at the front
end of an oil and gas, refining, pharmaceutical,
power or petrochemical project, and in parallel
with general overall project mobilisation.

A ‘no-compromise’ approach has been adopt-
ed, involving the application of planning, super-
vision, training, motivation, monitoring and
reward. Nothing is new here — it is just
rigorously applied.

The company’s lost-time injury frequency rate
for 2000 was 0-05, based on the industry stan-
dard of number of lost-time injuries multiplied
by 200 000 and divided by the number of at-risk
man-hours worked. Lost time is considered if
the injured person does not report for work on
the following shift duty. A rate less than 2 is
considered very good by the Engineering
Construction Industry Association and a range
of awards over the years recognises our continu-
ing achievements in regard to this.

However, such merits have been achieved by
attention to the systems rather than solely the his-
torical results. The highly HSES-conscious
approach to all aspects of construction has spread
from the attitude necessarily adopted when work-
ing with inherently volatile hydrocarbon materials
association with the oil and gas, refining and
petrochemical industries. This starts with a thor-
ough planning phase, involving the construction
group from the outset, usually within the concept
design phase of a project.

Early contributions from installation experts
are an important factor in ensuring engineering
maximises construction safety features, designs
out dangerous installation requirements and mit-
igates the risks involved with the work ahead. At
this stage, a comprehensive risk analysis and
appropriate method statement development may
save lives and prevent damage to property and
the environment.

General civil engineering companies are usu-
ally first in the field and so often start while
development of plans and procedures has yet to
be completed. Nevertheless we owe it to our-
selves to be fully prepared in all respects prior to
entering into a potentially dangerous situation.

The Construction Design Management (CDM)
regulations of the UK are moving the civil engi-
neering industry a long way towards adequate
planning, forcing the industry to ‘think before it
acts’, and are likely to be applauded further once
statistical evidence can be tracked to record actual
effects of their introduction. However, it is already
recognised that removing a hazard is easiest early
in the project phase when opportunities for elimi-
nation are at their peak (see chart).

This theme is further developed as the con-
struction teams enter the installation phase. It is a
fortunate contractor which has a fully trained
compliment of employees conversant with all the
requirements of the latest contract. Reality is that,
however good the team, it will include a number
of new personnel, trainees, promoted personnel in
new roles and personnel who simply need a
refresher course. Site training must start with a
project induction course and continue through
daily briefings, specialist courses and on-the-job
training. The more structured the approach, the
less will be forgotten and the more trust will be
placed in the system to capture all requirements.

While training takes effect, supervision must
be adequate to protect individuals from naive
unsafe acts. This is no different to the principles
of child education and it should come as no sur-
prise that many of the techniques are the same.
The process continues to the end of the project,
acknowledging that new personnel will start on
site and new environments will emerge through-
out the construction phase.

A range of audits must verify that good HSES
practices are observed, ranging from daily obser-
vation walks to regular structured detailed
inspections. Each serves a different purpose.

Motivation techniques, to promote good per-
formance, are found in many forms and are gen-
erally understood. However, all must be applied
as people all respond to different factors on dif-
ferent days. Similarly, recognition of good
achievements and application of good practices
must be directed towards individuals, groups
and companies if they are to be successful.

Once the site is an HSES showpiece, do not
let up - the slide towards mediocrity and worse
will be swift. ‘No compromise’ can be the only
attitude. Never walk past an unsafe act, never
pass an opportunity to plan ahead. Good HSES
practices are actually not rocket science, but
sometimes common sense needs a helping hand.

For further information, please contact
Victoria Martland on 020 8971 6406 or
VMartland@EuroPRGroup.com.
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MARKETING

Measuring

The Association of Consulting Engineers has teamed up with Government, ICE,

RIBA and RICS to develop key performance indicators for UK construction con-

sultants. ACFE’s assistant director, Craig Beaumont, says it pays to measure up.

Clients in the construction industry are look-
ing harder and harder for the best deal and
they are getting cleverer. The days of simply
seeking the cheapest consulting engineer (but
with the best name) are gradually dying out
as selection methods become more sophisti-
cated in nature and longer term in scope.
Welcome to the age of ‘smart selection’.

Consultants themselves need to make sure
that they are ahead of the game when clients
select smartly. Striving for Business
Excellence, a project led by the Association of
Consulting Engineers to develop key perfor-
mance indicators (KPIs) for consulting engi-
neers, architects and surveyors, is laying the
foundations for a system that will do just that
— promoting firms that demonstrate the best
and most consistent performance, and help-
ing others work out where they are falling
behind.

The first set of indicators have just been
published and consultants across the country
are grappling with them and
attending seminars to see where
they stand against their competi-
tors. The initial data is not cur-
rently being used by clients for
selection, but it is being used as a
platform for dialogue between
consultants and their potential
(and, in some cases, existing)
clients. The list of curious public
and private sector clients attend-
ing our KPI seminars is growing
longer by the day; ranging from
local authorities to Sainsbury’s
and the Welsh Assembly.

Why the project is
working

At present, the performance
data is useful for consultants to
test themselves internally against
the industry to see how well they
are doing. As soon as underper-
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formance is identified, steps need to be taken
to improve that performance gap. The
scheme is annual, so it is simple to check 12
months later as to whether those steps have
been successful—and to what degree.

There are a number of initiatives aimed at
the industry, some of which are related to
performance measurement and benchmark-
ing. So, in an era of initiative fatigue what
makes this project special? There are two
fundamental reasons. Firstly, the project is
precisely focused on improving a firm’s bot-
tom line. Many other initiatives have
appeared to be nebulous and worthy, but
without measurement have not met expecta-
tions.

Secondly, and unlike other initiatives, this
project was born in the industry itself, not on
the crowded desk of a well-meaning civil ser-
vant. Industry has bought into it. Far from
being a civil service initiative focused on
industry, this is an ACE-led exercise backed

The ACE’s ‘Striving for Business Excellence’ handbook enables consul-
tants to benchmark their performance

by government.

Using survey data from architects, char-
tered surveyors and consulting engineers,
plus information held at Companies House,
performance of consultants was mapped
across performance indicators including prof-
itability, productivity, training and repeat
business. There is also a healthy and compre-
hensive focus on client satisfaction, dealing
with timely delivery, quality, value for money
and health and safety. With the results plot-
ted on easy-to-use graphs, firms of all sizes
can quickly check out how they measure up
to their competitors, and the best in the
industry.

Using performance as a
marketing tool

The announcement of the project results
has created an attentive ripple across the
industry, as consultants come to grips with
the reality that performance measurement is
the central driver to performance improve-
ment. With clients also searching for consul-
tants committed to performance
improvement, those that can demonstrate
that they have a definitive mechanism to
benchmark themselves against others have a
distinct commercial, competitive advantage.

Having set the pace, the ACE is itself using
performance improvement on the project.
The KPIs over the next year will be refined in
a number of ways—how and when the data is
collected, whether to develop an online ques-
tionnaire, how to strengthen the results’ relia-
bility further, and looking at which
professions and organisations the KPIs cover.
Government has pledged its full and financial
backing in 2002 and the questionnaire and
details are included in the pre-
sent handbook.

KPIs, performance measure-
ment and benchmarking together
make up the biggest shake-up
that industry has seen in some
time. The original 1970s US
management concept has at last
been molded into an essential
best practice mechanism.
Leading UK businesses have
been measuring themselves inter-
nally on a regular basis and over
a number of criteria over time.
Striving for Business Excellence
provides a means for these firms
to test and demonstrate defini-
tively just how good they actually
are. Don’t get left behind!

For further information please
contact Craig Beaumont on 020
7222 6557 or
cbeaumont@acenet.co.uk.
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S Not rocket science

It has now been demonstrated that construction meetings work better when they
are not dominated by a few individuals. Jason Foley and Sebastian Macmillan of
Cambridge University reports on a study of meetings on the National Space Centre
project, which concluded that a cultural shift to collective decision making is needed.

‘What happens when people are locked
together by force of circumstance in a work-
ing association into which not one with any
advanced knowledge would have entered
freely?’

Belbin’s question illustrates very clearly the
problems which new teams face when they are
formed to tackle a complex construction project.

As part of a jointly funded DETR and EPSRC
research project at Cambridge University, enti-
tled ‘measuring the effectiveness of interdiscipli-
nary teamwork in construction’, we set out to
discover what happens in project team meetings
when consultants come together during a com-
plex construction programme.

During the year-long construction phase of the
National Space Science Centre in Leicester (see
page 15 for full article), we were able to monitor

four different types of meetings, with the aim of
identifying interactions between the parties.
Table 1 and Fig. 1 illustrate variations in team
interactions across the different meeting types.

Mapping interaction patterns

The combined communication input for the
three main players in the team—the contractor,
architect and project management—amounted to
78%. Surprisingly, a clear pattern emerged in the
form of a triangle focussing on these three team
members. The triangulation of interaction in a
team averaging eight consultants is surprising if
only for its very defined pattern (see Fig. 2).

However, the apparent total domination of
three team members suggest that purely con-
struction issues may not be the reasons for such
a defined pattern. After all, there were four dif-
ferent meeting types and three distinct types set

up by the team itself. Could it be the nature of
the project that the team were involved with, or
was it the nature of the individual parts that
made up the team?

Work undertaken with our industry partners
suggest that these are common findings in team-
working during the early stages of a project, as
this quote from a team member indicates.

‘Early in the project was when team
members didn’t know each other; and when
respective organisations were being more
protective of themselves regarding their own
interests. There was, therefore more polari-
sation and less positive teamworking.’

Encouraging a cultural shift

So, how can we forge teamworking interac-
tions that are based on integration and support?

The dominance of particular interests is, in
part, an inevitable consequence of the informa-
tion that has to be transmitted from one key
party to another. However, when proceedings
are dominated by a few interests and the com-
munication pattern is too restricted (Fig. 1c),
conflict in the team is more likely.

In the strategy/problem solving meeting
(Fig. 1d) the communication patterns are more
elaborate and rich. More players had the oppor-
tunity to contribute to ideas, suggestions and
solutions. At the conclusion of this particular
meeting, it was suggested by the whole team
that they had performed more satisfactorily than
during any other meeting type.

(a) Team progress meetings

Project
management Q.S.

Structural
engineer

Funding

Project

(b) Team technical meetings

Funding

body management ©XS body

Structural
engineer

o

Contractor User
client

Sub-contractor

Project
management Q.S

Structural
engineer
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Sub-contractor Contractor
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(<) Interim technical meeting
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(d) Strategy/problem-solving meeting
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management Q.S.
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Fig. 1 Different interaction patterns hetween parties in each meeting type - (a) team progress, (b) team technical, (c) interim technical,

(d) strategy/problem-solving

ClIVvIL ENGINEERING

Downl oaded from http://ftp. nowpublishers.conjcien/article-pdf/150/1/3/2502208/ci en_2002_150_1_3. pdf by guest on 04 July 2026



8

MANAGEMENT pgEET

Sub contractor

—¢—— Quantity

surveyor
Project

management

N g A

client

Site ~4—>

engineer

Fig. 2. The 'golden triangle' pattern, showing

the core group within the team and communi-
cation interaction with other team members

How individuals act within a team is affected
by the uncertainty surrounding individual behav-
iour in the context of the integrated group. If the
‘project team’ is to be more than a symbolic ref-
erence to a set of individuals working on the
same project, then the process and success of
communication rely on interaction where rela-
tionships are based on the contributions and
skills of each other.

A willingness among the parties to communi-
cate ideas and proposals across discipline bound-
aries needs to be acknowledged as necessary to

EDUCATION

Team member Communication input

Discipline Progress Technical
meetings meetings
Contractor 46% 37%
Project Management 15% 14%
Architect 16% 33%
Structural Engineer 9% 7%
Quantity Surveyor 8% 5%
User Client 3% 3%
Funding Body 1% 1%
Sub-contractor 1% 0%
Other 1% 0%
Total time observed  14h 25min 2h 55min

in meetings

the whole enterprise—in short a cultural shift to
collective thinking. As Nick Raynsford suggested,
writing in the IUKE-Construction brochure

‘The one ingredient vital to the
improvement of competitiveness is
the creation of networks of firms to
share practices that have made them
successful. By pooling the collective
practice of the industry, individual
companies can continuously improve
their performance.’

Table 1: Communication input

Interim Strategy All
technical meetings meetings
meetings
29% 27% 40%
15% 21% 17%
37% 16% 21%
6% 18% 10%
6% 2% 6%
0% 9% 3%
0% 0% 1%
7% 7% 2%
0% 0% 0%
2h 40min 4h 24h

Arising from the study, the researchers have
devised a simple self-assessment tool to help
teams identify whether they are pooling their
resources effectively and harnessing the com-
bined expertise of all the parties.

For further information please contact
Sebastian Macmillan on 01223 331713 or
sgm24@cam.c.uk

Civil engineers and maths

the changing relationship

Mathematics has always been vital to civil engineering. However, Arup chairman

Duncan Michael believes it is no longer necessary for every individual engineer to

have a high level of mathematical ability to be good at their job.

Mathematics is an essential tool for civil engi-
neering and this will always be so. Mathematics
is beautiful and many engineers are brilliant
inventors and users of mathematics. However, to
have inverted the logic—and arranged that every
would-be engineer needs a lot of mathematics as
a precondition for even studying to be an engi-
neer—was a serious error and is a greater error
today.

In their work, many engineers do not need to
be especially competent in mathematics. There is
a significant lack of correlation between mathe-
matical competences and engineering abilities. To
survive and flourish in today’s world one needs a
fair level of mathematics.

We have to ask how much more mathematics
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are needed to enable a person to be a successful
civil engineer, beyond the mathematics that goes
with general success in life.

Communication skills more
important for some engineers

One has to face up to whether language skills
and communication skills are in real life a higher
priority for some or even many engineers. When
scanning the great engineering achievements and
also the dramatic failures of engineering works,
one does not conclude that a key cause was
either a flood or a deficiency of mathematics.
Failures arise sometimes as a gap in knowledge,
occasionally as illogic in procedures and most
often in the area of relationships and communi-

cations. There can also be what we call human
failure, deliberate or unintended, but these cases
can be seen as part of the relationships class.

It is a nett weakness for engineering that
mathematics had become established as the no-
go gate for every individual who wants to start
studying to become an engineer. We can safely be
much more free and the profession, the industry
and the nation would all benefit from such a
change. It is not necessary today for every engi-
neer to have a high competence in mathematics.

The young seem to have worked that out
already instinctively. But the reducing school
interest in mathematics is not the same as the
Roman Empire failing from the inside due to
the corruption of its leaders’ lifestyles. It is
not the end.

Older generation inhibiting change

We operate in a dramatically different knowl-
edge context to that of our immediate predeces-
sors, so that anyone over 50 today is unlikely to
be able to break out sufficiently from their
acquired beliefs and presumptions.

The power and control over university course
content and over the pre-qualifications of would-
be qualified engineers remain largely with the
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EDUCATION continued

older generation. This inhibits a serious and free
look at what matters for our future.

There is too much career success and loving
achievement to be defended. How can we get the
baton not to be so-smoothly passed on to the
newly arriving leaders, to the between-generations
cohort, so that they can use their arrival to move
us all on? How can we avoid choosing the ones
who are highly in tune with the old thinking?

An example of changing attitudes
To illustrate how far the context has moved,

here are quotations from two outstanding

brains. Ove Arup in 1957 said of shell structures

‘there is the problem of calculation, for a
rigorous analysis requires that the structural
forms be expressed as some fairly simple
mathematical function. If the functions are
too complicated one has to approximate
which affects safety and inhibits the realisa-
tion of the possibilities of a chosen shape.’

By 1998 Martin Manning was lecturing on
lattice shells, saying

‘we have the ability to perform sophisti-
cated structural simulations, all well and
good for final justification but no one should
pretend that this constitutes a design
method. Our ability to analyse is now largely
based on the analyst’s skill and time, rather
than the ability to perform calculations’.

Arup found the supply of mathematics to be a
limit on his engineering; Manning inhabits a
world which takes the mathematics for granted,
a commodity to be procured from whomever
and not necessarily or exclusively from inside
himself. Manning today is no less an excellent
engineer than Arup was in his day.

The relativity of expertise

Knowledge is for practical purposes a relative
or comparative substance. To be a specialist or
expert is relative to what the populace knows.
As against the general public, all engineers are
great experts. Within engineering, we each rely
for maybe 99% of what we use on the superior
knowledge of colleagues sitting physically near
us or electronically near us or through books
and magazines.

Expertise is as
much relative to one’s
colleagues as relative
to the problem. In no
single activity is it
essential that each and
every engineer is com-
petent. We are hugely
diverse and the open
society, where many
are accessible to most,
is an essential founda-
tion of healthy engi-
neering.

So it is with mathe-
matics. The holding of
knowledge and skill
not only need not be
highly or equally held
by each person; indeed
it is a benefit if the
knowledge and skill
holding is highly differ-
entiated as amongst
engineers. Mathematics
is a language that engi-
neers use to think and
to communicate with
each other, but it is not
our only available lan-
guage. We have words
and images also.

There is no useful
upper bound to the
mathematics that we
could know, use and

A high level of mathematical ability should no
longer be a pre-requisite for becoming a civil
engineer

enjoy. Then it seems that the current quantity of
mathematics held to be essential cannot be a
natural or absolute or demonstrable matter. It is
just what we have previously agreed upon. Our
next review and agreement on the essential
mathematics to be held by every engineer could
easily reach a big reduction in the demanded
mathematics for and from each separate engi-
neer. This could possibly be associated also with
a welcome for individuals with a vastly greater
mathematical fluency but less of other skills.

Electronic computation reduces
errors

Electronic computation has hugely changed our
mathematical landscape. The facilities are so clever,
available, reliable and cheap as to be irresistible o,
as we are coming to describe them, essential. For
practical purposes much of the material is black
box, but this is not as dangerous as it might seem.
The overall error rates in engineering work have
reduced from when mathematics was purely a
manual activity, and probably the risks also.

The distribution of errors has changed as well
as the amount. We should feel great freedom
and empowerment in this new mathematical
world. However we seem to spend a lot of effort
regretting the loss of the old world, though even
that memory is a selective one. We are through
the entrance to a new state and we can settle
into exploiting, sharing and enjoying it if we
drop some more of the customs and certainties
from our pasts.

To the angry reader I say do not be angry—the
anger hurts you not me. Try to build a superior
alternative view for our future and publish it. If T
turn out to be more wrong than right I will be
delighted and we will all be the beneficiaries.

For more information please contact Duncan
Michael on 020 7636 1531 or
duncan.michael@arup.com
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MATERIALS

Concrete

A new type of concrete has been developed in France which combines the benefits

of very high performance, fibre-reinforcement and self-compaction. Rob Williams

of the French Technology Press Bureau introduces the new material.

High performance concretes first appeared in
the early 1970s but have been slow to catch
on. The benefits of reduced materials and
increased durability have not really compensat-
ed for the extra time for preparing the precise
mixes as well as lingering doubts over fire per-
formance.

On the other hand, the tremendous growth
in self-compacting concrete over the past five
years shows that what the construction indus-
try really wants is materials that can offer time
savings and improved aesthetic qualities.

A new concrete called BSI has been
developed by the Eiffage group in France to
offer the benefits of high peformance and
self-compacation in addition to increased
ductility from fibre-reinforcement. The
material was originally developed to meet the
requirements of Electricité de France, and was
first used in 1997 to renovate four cooling tow-
ers at the nuclear power station at Cattenom.

Similar ductility to steel

BSI has a compression strength of up to 150
MPa and, thanks to its fibre reinforcement, a
tensile strength up to 10 MPa. It has a ductile
performance approaching that of steel, which—
in addition to eliminating the need for passive
reinforcement—allows the possibility of using
pre-stressing by adhesive reinforcement.

In December 2000 the material successfully
passed a full fire test. The ISO test, which
took place in laboratories of the University of
Ghent in Belgium, demonstrated full resistance
for 90 minutes to temperatures greater than
1000°C. Low porosity concrete of this nature
tends to split in high temperatures as moisture
is unable to escape. However, by using
polypropylene fibres which melt at 150°C, a
network of capillary voids is formed to allow
steam to vent safely.

Following a performance assessment, BSI has
now been adopted by the French Ministry of

BSI concrete beams are being trialled by the French Government on new motorway bridges
near Valence

ClIVIL ENGINEERING

Transport and its Roads Department for con-
struction of two raised sections of motorway
close to the city of Valence in the Drome
region. The results of this project will make it
possible to validate the cost-benefits of the
material as well as help to refine design codes.

Glass finish is possible

Other possibilities for increased use of BSI
could stem from its creative potential. Its self-
compacting properties and mechanical perfor-
mance allow prefabrication of large but
lightweight facade panels that compete directly
with stone facing. Such panels can be up to
10-20 m? in area but just 15-30 mm thick.

Regarding surface treatment, Eiffage is
exploring the possibilities offered by various
types of formwork—such as PVC, wood, alu-
minium—as the high fluidity of the mix allows
faithful rendition of the slightest relief. Casting
tests performed with glass plates have, for
example, made it possible to obtain true glazing
in concrete, while placing sheets of crumpled
paper in the bottom of the formwork produces
surprising and novel facing.

In summary, BSI appears to represents an
opportunity for complete architectural
freedom that could also open up the design
of elements of street furniture. It is a
concrete for the third millennium that can
consign to the past all the connotations of
dreariness and ugliness that are so often
associated with this material.

For further information, please contact Rob
Williams 020 7235 5330 or
rob.williams.ftpb@cfme-actim.com.

The fibre-reinforced material has a compres-
sive strength of up to 150 MPa and tensile
strength of 10 MPa
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Global collaboration
needs better software

A recent study of major civil engineering design firms in the US and Europe

reveals a massive growth in cross-company and cross-border working. Jim Paton

of Infrasoft reports on the findings and concludes there is a real need for better

collaborative IT systems.

As an international supplier of civil engineer-
ing design software, we wanted to get a bet-
ter understanding of how the profession is
changing in the light of increasing globalisa-
tion. In August last year we commissioned a
survey of nearly 150 of the larger civil engi-
neering design firms in Europe and the US.

The survey covered 77 chief executive offi-
cers, 82 IT directors and 91 project managers
in 142 organisations with over 50 design
engineers. In Europe, 27% of respondents
were from organisations with over 1000
design engineers and 25% were from organi-
sations with between 121 and 500.

The distributed nature of projects and
engineers was a common theme throughout

the research findings: 44% of the European
respondents had design engineers located at
multiple sites in different countries; 42 were
operating in more than seven countries and
62% had more than seven sites operating in
their own country. This contrasts with the
US, where only 15% operated outside the
country, with a similar 63% with more than
seven sites in the home country.

Sharing information—the big
problem

Nearly every organisation questioned was
involved in partnering agreements with other
companies—88% of European respondents
said they partnered with other companies. In

Over half of the major design firms in the US and Europe say that sharing project information is the
biggest problem

Europe, 46% of projects actually involved
more than six partners (compared with only
28% in the US).

We quickly built up a picture of the way
the industry operates today—large numbers
of engineers in many different locations and
countries working together on complex engi-
neering projects including design, build and
operate and public/private partnerships.
Clearly the one big challenge they all face is
sharing information and drawings—more
than 50% of those we asked said this was the
biggest problem they face.

Improved communications and sharing of
information are perceived to be vital to the
goal of managing projects profitably with
61% of chief executive officers interviewed
stating that the ability to work collaboratively
is vital to winning new business. While US
companies are looking to expand their geo-
graphical reach to gain business success,
European companies are more interested in
working with partners and utilising informa-
tion technology to improve communications
and reduce costs.

Fewer designers and better
communication

The survey shows that in Europe, improv-
ing project communication is ranked just
behind using fewer design engineers as the
most important influence on project prof-
itability. Eliminating re-design and reduced
design time are also important.

The trend towards collaboration looks
likely to accelerate. When asked how they
think their companies will evolve in the
future, 78% of all respondents predicted an
increase in the occurrence of engineers work-
ing together across multiple sites and 75%
saw an increase in partnering agreements
with other companies. According to the
European chief executive officers who
responded, over 80% saw growing their glob-
al presence as key to ensuring the future suc-
cess of their organisations.

With the survey results clearly pointing to
massive growth in collaborative, cross-com-
pany and cross-border working, it is obvious-
ly encouraging from the IT sector’s point of
view that 54% of European respondents are
looking to IT to improve communication and
to help reduce costs. The challenge is now for
IT suppliers to develop and deliver new
collaboration technology that gives the indus-
try the greater flexibility and faster sharing of
engineering project designs and information
they really need.

For more information please contact Jim
Paton on 01403 259511 or jim.paton@infra-
soft-civil.com.
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ENVIRONMENT

New approacnes

Organic waste from a variety of sources including supermarket produce waste

looks set to become a valuable resource in the future. Ben Purcell of WS Atkins

reports on a pilot study that demonstrates the potential economic and environ-

mental benefits of co-digesting organic matter with sewage sludge.

By the year 2020, the management of house-
hold, commercial and industrial wastes is likely
to be considerably different from today’s waste
management operations. Waste minimisation
schemes will be stabilising waste generation
and greater proportions of organic wastes will
be recycled for beneficial use by technologies
such as in-vessel composting and anaerobic
digestion.

In addition, the continued development of
energy-from-waste plants will raise energy
recovery from household wastes and landfill
will have become increasingly more engineered,
providing both treatment and disposal for a
number of waste streams.

Six month trial proves benefits of
co-digestion

WS Atkins Research and Development has
been involved in investigating the potential
process benefits of co-digesting supermarket
wastes with sewage sludge in a six month labo-
ratory-scale project. The project was funded by
landfill tax credits from Waste Recycling
Group plc managed by Waste Recycling
Environmental.

A total of eight reactors were operated
through the project and comprised four control
reactors and four co-digestion reactors. All
eight digesters were contained in a water bath
maintained at 35°C using a heat pump with a
20-day hydraulic retention time.

The control cells were fed with primary
sludge from Yorkshire Water’s Mitchell Laithes
wastewater treatment works. The co-digestion
cells were fed with a combination of supermar-
ket organic wastes and primary sludge.
Supermarket wastes were collected weekly
from a local Asda supermarket and
homogenised prior to feeding and blended with
primary sludge to achieve the design organic
loading rates.

Solids destruction rate doubled

The co-digestion cells were found to main-
tain considerably higher rates of organic matter
destruction when compared to the control cells
(Fig. 1).

Average total solids destruction rates were

I2Z civiL ENGINEERING

27-7% for the control reactors and 53-7% for
the co-digestion cells. This substantial increase
is related to higher organic loading rates and a
more degradable feed stock. Volatile solids
destruction rates for the control reactors aver-
aged 37% and 63% for the co-digestion cells.
Gas composition for the co-digestion reac-

tors was typically 60-65% CHy4 and 35% CO».

The average biogas generation and methane
production rates from the control and co-diges-
tion cells are presented in Fig. 2. The results
show that the specific biogas generation rates
(m> biogas / kg volatile solids added) were
70% greater in the co-digestion cells than the
control cells.

In terms of specific methane generation, the
co-digestion cells produced 50% more
methane per kg of volatile solids added than
the control cells, which indicates the highly
digestible nature of the supermarket produce
wastes.

Full scale trial likely to show
further benefits

The results from the experimental trials indi-
cate the potential of co-digestion for increasing
organic waste recycling and recovery of energy
through biogas utilisation. A full-scale trial to
treat supermarket produce waste and sewage
sludge has now been developed with Waste
Recycling Group, Yorkshire
Water and Asda. These trials

the effectiveness of this system for providing a
more sustainable waste-treatment technology
for the recycling and energy recovery from
high-moisture-content organic wastes.

In the UK, the development of combined
anaerobic digestion with sanitisation for organ-
ic wastes from commercial and industrial
sources is an exciting opportunity to raise the
level of organic waste recycling with energy
recovery.

For further information please contact Ben
Purcell on +44 (0)1372 726140 or
bepurcell@lineone.net
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Fig. 1. Total solids (TS) and volatile solids
(VS) destruction rates are more than doubled

in the trial co-digestion reactors
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Fig. 2. Biogas and methane (CH,) production is
also nearly doubled in the trial co-digestion
reactors

are expected to start Spring
2002 and will evaluate
process performance at full-
scale and investigate new
waste handling techniques
for organic waste.

At full-scale, it is antici-
pated that further improve-
ments in digester
performance will be
achieved through higher
feeding frequency (to reduce
the peaks in biogas genera-
tion) and greater operational
control and buffering capaci-
ty. The aim of the proposed
full-scale trials is to evaluate

Supermarket waste can significantly improve the financial and
environmental aspects of sewage treatment
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PROFESSION

Civil engmeermg graduates

are |ust the |ob

A new report on graduate employment reveals that civil engineering graduates

ride high in employability stakes but the sector is losing ground to 'new’

industries. Mike Hill of the Higher Education Careers Services Unit explains.

Civil engineering graduates are hot property
and are achieving amongst the highest employ-
ability rates of all graduates. According to
What Do Graduates Do? 2002,! which exam-
ined the final destinations of the 2000 UK
graduate cohort, nine out of ten employed civil
engineering graduates secured professional jobs
within six months of graduation.

The report reveals that 80-9% of civil engi-
neering graduates found work within six months
of graduation, second only to the employment
rates achieved by accountancy graduates at this
stage. And of these employed civil engineering
graduates, 89-8% achieved jobs of professional
status, that is a job requiring a degree or equiva-
lent academic qualification.

Nearly two thirds remain in
engineering

Further, 63-9% found employment as engi-
neering professionals — comprising structural,
municipal, mining and quarrying engineers
(54:7%); design and development engineers
(3-7%) and mechanical engineers (1:4%).

A further 9-8% were employed as commer-
cial, industrial and public sector managers
while 7-9% used their degree to work in other
professional, associate professional and techni-
cal occupations and 2-5% secured jobs in IT.

A small proportion, around one in ten civil
engineering graduates, embarked on further

education or training. This includes graduates
who are now studying for an MBA; a PhD in
coastal engineering; or an MSc in a variety of
subjects including civil and environmental engi-
neering, structural engineering, transport, civil
& earthquake engineering, computing,
advanced concrete studies, concrete structures
and business & management.

Just 3% of civil engineering graduates are
believed to be unemployed — compared to the
overall graduate average of 5-5%.

Number of graduates down by a
third

Clearly civil engineering offers attractive and
immediate career opportunities for graduates;
not only are the vast majority finding profession-
al employment in their chosen profession but
they are doing it quickly following graduation.

However, although still a popular choice, the
number of students graduating in civil engi-
neering has dropped by a third over the past
five years to 1,602. By comparison, electrical
engineering is down 13% and building down
29%.

In addition the report includes details of
average salaries offered to graduates.
According to Prospects Today, which is pub-
lished by the Careers Services Unit, in the year
to May 2001 the average salary for graduates
from ‘any engineering’ subject was £18,309,

|

Over 80% of civil engineering graduates got jobs within 6 months

above the £17,786 average for all subjects.
Opverall the employment picture across all
subjects showed that 68:4% of graduates found
work within six months of graduation. Although
the employment rate has stabilised, more gradu-
ates have secured professional jobs this year
with 68% of employed graduates now in profes-
sional positions, a 2% increase on last year.

Employment levels now at a peak

Generally speaking, the graduate employ-
ment market has never looked healthier but it
is hard to envisage unemployment rates falling
any lower than the current 5:5%. Current pre-
dictions suggest that graduate employment has
now peaked and students should beware of
complacency. Even for subjects like civil engi-
neering and building, where the unemployment
rate is below average, it is likely that this time
next year a graduate job will not be a foregone
conclusion.

Overall, 56% of the graduating cohort were
women. This has grown from 53% five years
ago. As before, there are stark differences in the
gender balance between subjects. IT, science and
particularly engineering subjects were dominated
by men - less than 8% of electrical and electron-
ic engineering graduates, 9% of mechanical
engineers and 15% of civil engineers were
women. Women were more concentrated in arts
and social sciences such as psychology, sociology,
modern languages, and English.

Whatever the subject, vocational or tradi-
tional, a degree is still a worthwhile invest-
ment. Recent graduates aged between twenty
and 24 earn on average 25% more than their
age peers with A-level or equivalent qualifica-
tions and just 21% of graduates aged 25-29
are in non-professional occupations.

The report tracked the career destinations of
first degree and HND graduates and examines
the employment market by occupation and aca-
demic qualification. Data was gathered through
the annual first destination survey comprising
information compiled by careers advisers on
170,751 graduates, representing 81% of the
total (UK domiciled) graduating force of
210,943 in 2000.

For further information please contact Mike
Hill at the Higher Education Careers Services
Unit ¢/o Pat Hindley, Twelve Consultancy, tel
+44 (0)20 8879 1234 / 07770 500 194, email
pat@twelvepr.co.uk
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