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Originally conceived in connection with Berlin's bid to host the 2000
Olympics, the new Rad- und Schwimmsporthalle in what was East
Berlin is a symbol of the reunited Germany. Arups carried out the
structural, geotechnical, mechanical, electrical, and acoustic design,
as well as undertaking further aspects like communications, controls,
commissioning, water treatment, specialist lighting and, for the
services, the quantity surveying, cost control, and construction
management. This article describes the 115m clear-span velodrome,
the first part of the complex to be completed.

Also linked to an Olympic bid - this time Cape Town'’s for 2004 - the
Bellville indoor sports and entertainment facility was designed and
completed within six months for the July 1997 World Junior Track Cycle
Championships. Arup (Pty) Ltd designed the 120m span arch structure
enclosing an existing open air cycle track, as well the acoustic panel
treatment to the roof.

As one of the fastest-growing airports in the world, East Midlands
needed expanded facilities to cater for the anticipated increase in
passenger traffic. Ove Arup & Partners was appointed for the full
engineering design and procurement of Phase 1, the major constituents
of which are a new Departures Building and extension to the Arrivals
Building. Arups' commission included designing the new baggage
handling system - 32 check-in desks with all the associated

conveying equipment and screening processes.

The Wandoo ‘B’ offshore oil installation on Australia’s North West Shelf is
the first concrete gravity substructure in Australian waters. The project
was also the first in the Australian oil and gas business to proceed on
an alliancing basis. Ove Arup & Partners, designer of the CGS and
casting basin, was a member of the Wandoo Alliance. This article
describes the design, construction and installation of the CGS,

and shows how construction cost was reduced through making
consideration of buildability integral to the design.

This refurbishment of a facility in north-east Scotland for building off-
shore oil rigs drew upon expertise from many parts of Arups: for the
structural design of the quay wall, the dock slopes, and other minor
elements; the design and specification of the dock gate bearings and
seals; draughting and reinforced concrete detailing; computer
modelling of earthworks; advice on treating contaminated soils; design
of rock armouring and fendering specification; advice on concrete mix
design, concrete repairs and steel pile corrosion; finite element
modelling of the quay wall; and abseil inspection of the dock gate.

This article looks at developments, in various contexts, of ‘smart’
technology. These include the sensing of changes in structural
performance; the modifying by actuators of structural behaviour; the
combination of both sensors and actuators in active control systems;
and the development of ' smart' materials which can sense and
respond to external change. All these are assessed against the
background of continued requirements for safety, durability, low cost,
low maintenance, and predictable properties.



Radsporthalle, Berlin

Mike Banfi David Deighton Paul Nuttall
Raj Patel Alan Tweedie Mohsen Zikri

Introduction

In November 1989, West and East Germany were no more, following the symbolic destruction
of the Berlin Wall. Now, bounded by the old Lenin Allée and Ho Chi Minh City StraBe in

what was East Berlin, stands the new Rad- und Schwimmsports- halle, a monument to the
city’s determination to show the external world its new face. After 1989, things moved quickly.
In 1990, it was announced that Berlin could once again be the capital of a reunited Germany.
What better way to confirm this to the world but to be its focus in the new Millennium and host
the 2000 Olympics? In summer 1992, international competitions were announced for the
design of the new facilities needed for such a prestigious event. Primarily, the competitions
were for Olympic facilities, but the sites were chosen so that the new buildings could play
key roles in the urban regeneration of areas of Eastern Berlin.

1
The 140m diameter
Berlin cycling hall

ST

The architect Dominique Perrault asked Ove Arup & Partners to assist him in his
competition entry for the new Olympic cycling and swimming facilities, on a 500m x 500m
site then occupied by an old Communist meeting hall and a cold store for an adjacent
abattoir. In October 1992, the team was notified that it had been declared the winner,

with a daring approach to the site that added significantly to its urban quality.

In November 1992, contracts were signed, with Arup GmbH being responsible for the
structural, geotechnical, mechanical, electrical, and acoustic design, as well as all the
interdependent disciplines such as communications, controls, commissioning, water
treatment, specialist lighting and, as far as the services were concerned, quantity
surveying, cost control, and construction management.

The initial programme was tight. The decision about the host city for the 2000 Games
was to be made in September 1993, with the Olympic Committee visiting Berlin in June
1993. It was imperative that several large value construction contracts be let and that
work had started on site to demonstrate Berlin's commitment.

The race had begun.

The concept

To avoid the urban problems associated with
inserting two Olympic-scale sports facilities into

an environment dominated by housing, Dominique
Perrault chose to sink the stadia below ground.
Long-span roofs would cover them and have their
upper surface at ground level. The rest of the site, at
ground level, would be turned into a Normandy apple
orchard and the two roofs would be covered with a
shimmering stainless steel chain mail surface to
represent two lakes within a park.

Simple. But the scale of the project was huge: the brief for
the cycling hall was for 5800 fixed seats, and flexible
enough to accommodate 10 000 - 12 000 people and
associated retail facilities during non-cycling indoor
events. The swimming hall was to have 4000 fixed seats,
with the possibility of adding temporary seating for

10 000 more during the Olympics.

The water table in Berlin is generally very
high, at about 2.5m below ground. This
site, however, was on a small hill
(Prenzlauer Berg), which permitted
the halls to be sunk below ground
without encountering the water
table - though not deep
enough to accommodate
the four storeys necessary.
Ground level has, there-
fore, been built up by
approximately 5m over
the complete area of the
site to give the effect
Perrault required

The servicing require-
ments for the under-
ground halls were both
exceedingly complex
and onerous. Berlin
has dramatic climate
conditions, with long
-15°C winters and +35°C
summers; spring and autumn
are just rites of passage

The television requirements for
the Olympics meant that the

lighting design had to be world
class. The ‘requirement’ that world

records are to be broken in the Olympic
Pool when it is open meant that the pool
water filtration design had to be better than
world-class: quite simply, the best.

Berlin was not successful in its bid for the 2000 Olympics.
After the decision in September 1993 for the Games to go
to Sydney, the project was re-evaluated and the budget
reduced to DM550M

This was done by eliminating some surface area of

the complex primarily associated with the pools, but the
technical design remained untouched; it was too late by
then to change fundamentally the cycling arena. The
retaining walls and excavation were progressing on site,
the detailed design of the roofs was complete and the
contract let.
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Excavation and substructure

The site geology consists of some 4m of fill on top
of 15m of boulder clay containing sand lenses and
perched water. Below this lie the typical Berlin sand
layers. The general depth of excavation on site was
13m from existing ground level, with some deeper
basement areas requiring a further 2m of dig

The lowest level therefore lies some 20m below
final ground level, so substantial earth-retaining
structures would be required

The most efficient design would combine
temporary works requirements with the needs

of the final structure, and it was decided to use a
combination of anchored contiguous and secant
pile walls. Along the line of the adjacent railway a
secant pile wall was adopted to limit movements.

In the remaining areas outside the circular arena,
contiguous pile walls were used. The 450m long
secant pile wall consists of 900mm diameter piles
and has one row of permanent anchors. The
contiguous piled walls are also of 900mm diameter
piles typically at 1.9m-2.25m centres with four
layers of permanent anchors. A 200mm thick
shotcrete panel then spans between the piles.
Permanent monobar anchors (Gewi) with working
loads up to 550kN were used. Each wall was
designed to cope with the failure of a single anchor,
with earth pressures redistributed to neighbouring
anchors via arching or a capping beam if the top
anchor should fail. 5% of the anchors are monitored
by load cells to check the anchor force during
excavation, the effect of the 5m build-up of the
garden, and their long-term performance.

o)
Clockwise construction of the radial trusses approximately one quarter complete, October 1995
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Secant pile walling (shown here) supporting the railway,
and the contiguous piled walls to the entrance ramps, are left exposed in the finished building

4 above
Before roof construction, June 1995

Suitable excavated material was stored on site for
later use in building up the garden level, but lack of
space limited this. Material removed from site was
transported to fill sites (an ex-opencast lignite
mine) via the adjacent rail link - which helped
relieve congestion on the already busy Berlin road
network. During the project 1077 trains, each with
23 wagons full of excavated material, left the site - a
total length of 300km of train. 330 000m? of material
was excavated at the Radsporthalle alone.

The main structure of the Radsporthalle is a
reinforced concrete braced frame with those
parts of the structure below the water table or in
contact with the earth designed as watertight
concrete. There is no external waterproof layer.

In the circular area under the steel roof, a different
approach to the temporary works and building
stability was taken, as it was decided that the
circular shape of the building could be used to
advantage. In this area a conventional retaining
wall was used, propped by the floor slabs. The
circular floor plates work in diaphragm action as
compression rings which resist the earth pressures.



6
The site in its urban context

This had the advantage that large stability walls

at right angles to the perimeter walls could be
avoided in the main circulation and occupied
areas, contributing significantly to the quality of the
public spaces. Floors were designed as flat slabs
with a theoretical structural grid of 7.2m x 7.2m, but
the effect of the circular shape and the asymmetric
ellipse for the track meant that this simple grid

was never reproduced in practice

The seating in the Radsporthalle consists of a
series of precast L-shaped beams spanning
circumferentially onto precast toothed beams more
or less at right angles to the track. These toothed
beams in turn span between the top of the track
wall and the upper floor slabs. Precast elements
were used, as the seating area is visible and a
better finish quality could be guaranteed

Moreover each unit is repeated several times, with
a consequent significant saving on construction
time gained from offsite production

Roof design
The shape of the roof was dictated by the architec-
ture of the whole scheme, and the main task was to
find an efficient structure for the 140m diameter flat
disk that would seem to hover above the cycling
track. The top surface of the structure was fixed by
its relationship to the surrounding ground, so there
was a large incentive to minimise its depth to avoid
an increase in excavation. At the early stages of
design the depth had been 5m: 3m had been
considered, but this was structurally extremely
inefficient and did not provide the depth needed
for roof plant and plantrooms. The final depth was
approximately 4.1m overall, giving a span/depth
ratio of about 28:1

Various numbers
were investigated bef

olumns between 6 and 32
ore 16 was decided upon

which gave reasonable economy in the roof

and could be accommodated architecturally in

the spectator areas below. The various options of
framing the roof in terms of number of radial trusses
and the type of circumferential structure were
studied at the same time

The final structure consists of 48 radial trusses,
connected together via a 14.4m radius ring truss
at the centre of the roof. At 57.6m radius 57.6m
the trusses are supported either directly by one of
the 16 concrete columns or indirectly via a circum-
ferential truss. The tie downs which restrain each
truss are located at a radius of 65.16m, beyond
which there is a relatively lightweight canopy
structure. Secondary beams in both the top and
bottom surfaces are spaced at typically 3.6m
centres and span between the radial trusses

The inner ring is in fact two rings, positioned at radii
of 10.8m and 14.4m. These are connected together
by horizontal bracing in the top and bottom planes
as well as by radial members and diagonals. The
inner ring also has vertical bracing which occurs
typically only in the top third of the truss to permit
access routes. Inside there is a central rooflight
with a movement joint between it and the inner ring
to prevent it forming a link across the eye of the roof
and attracting forces

Between the roof and concrete columns, bearings
allow relative horizontal movement between the
steel roof and the concrete substructure. 12 of the
bearings allow movement in both directions and
four are restrained in a horizontal direction to
provide a means of stability to the roof

T

majority of the truss members are HD section
olled by Arbed. Together with suitable Arbed HE
sections these offered a wide range of section
weights with the same internal dimension between

flanges. By turning the chord members on their
sides the web members and chord members could
be easily connected by welding and the need for
stiffeners was also reduced. The size of the truss
members varies from HD400 x 287kg/m for the
chords at the column line to HD260 x 54kg/m for
web members near the centre. The secondary
beams are HE sections either 240mm, 280mm

or 300mm deep

In addition to loads from cladding, maintenance
snow, and wind, the structure has to support

the construction of plantrooms in the 14.4m wide
annulus of roof inside the columns. The four main
plantrooms enclose 10 tonne air handling units
There are also smaller plantrooms in the canopy
supporting fans. Hanging equipment for events
was allowed for by incorporating 50 separate

1 tonne loads in the design

The roof was erected in winter 1995-96 during
persistent temperatures of -14°C. Erection followed
the principles described in the tender documents
and the structure was precambered by 240mm to
compensate for dead load deflection and provide a
level roof in the final condition. A temporary support
was erected in the centre of the Radsporthalle and
the inner ring was erected on top of it

The roof was built in a clockwise direction, firstly
by erecting the circumferential ring truss between
the columns, followed by the radial trusses and
secondary beams. After erecting all the steelwork,
the tie downs were stressed.and the central
temporary support lowered using 32 hydraulic
flatjacks. A check on the roof level showed it to be
within 9mm of the theoretical level once depropped

T

THE ARUP JOURNAL 4/199



oo oo

Y

oo oo oo

Condenser water

Vent plant

(K

g’ I%] l% Cooling towers
VAVAVAVAVAN

N i

"

lﬁllﬂwk@wﬁ

Waste heat circuit

Olympic
competition
pool
AVAVAVAVAN
\ Swimm / ] Diving poo!
Vent plant v
o |® Training pool
Open as _J—[
necessary
> Refridgeration M/Cs Lot e
- I I Il Il
Normall ['_Jl—ﬁ/ [ ] ] [ I [ ]
%{m Y @) &) &) @ &)
[ ] J Il . ] J
I | I I
Chilled water

TELET

7. Central cooling, heating, and heat recovery plant

Air diffuser

Air plenum

8. Underseat air supply.

9. Seating units showing air diffuser holes.

6 THE ARUP JOURNAL 4/1997

From Berlin district heating system

Plant strategy

The overall strategy is based on centralising heating
and cooling plant, but decentralising air systems to
meet the individual needs of the spaces served.

Air distribution system

The strategy aimed to achieve three key objectives;
to minimise energy use, to achieve good comfort
conditions, and to fit with the architectural concept
of the roof. An important roof feature is daylight
penetration and this led to limiting the amount of
plant and ductwork therein.

The traditional method of overhead air supply, often
used in similarly large spaces, was considered but
rejected due to its high energy use, unpredictable
comfort conditions, inflexibility, and the need for
large plant and ductwork. Instead, a low-level air
supply system was conceived to convey the air
gently beneath the seats in order to create a local
microclimate in the occupied zone, rather than a
‘blanket’ pool of air to treat the whole space.
Computational Fluid Dynamics (CFD) was used at
the conceptual stage to confirm the viability of this
proposal and to analyse comfort criteria. This was
performed for different occupancy levels, against
a complex matrix involving climatic variations,
changes in internal loads, and different occupancy
patterns, arising from multi-use of the space.

The design was rationalised so that two systems
only could handle the wide spectrum of uses.
These are:

e Seating/foyer air supply - two units
provide 56 000m3/hr each, and two units
66 000m>hr each.

Low-velocity air is supplied beneath the tiered seat-
ing areas to create a comfortable microclimate.
Extract is at high level and is assisted by natural
buoyancy. Frequent and lengthy intervals involve
the use of the adjacent foyer area. To deal with this
economically, air serving the seating area is
temporarily transferred to the foyer.

® Piste air supply - four units capable of
34 000m3/hr each.

Air is supplied all round the piste area at low level
using a dedicated low velocity system and is
extracted in the same manner as described above.
The main ventilation plant is at the lowest level and
linked to outside via dedicated fresh air shafts.
Supply air to tiered seating is via plenums
connected to individual outlets beneath the seats.
Smoke extract from the main space uses the air
intake shafts in reverse to save space and costs.

® Main extract - via eight roof units capable of
45 000m3/hr each.

1}
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Heating

The prime source is 1800kW available from the
combined heat & power plant (CHP), whilst the
base source is 13 200kW available from Berlin's
district heating company (BEWAG) via five plate
heat exchangers.

Cooling

The total cooling capacity is 3600kW provided by
five centrifugal refrigeration machines capable of
delivering two different capacities, in order to
match the cooling load profile. Three machines
provide 900kW each and two machines deliver
450kW each.

All machines are capable of heat recovery.

Heat plant

The refrigeration plant is served by five close-
circuit cooling towers with total heat rejection of
5000kW. Towers are suitable for heat recovery.

CHP

The heating and electrical power demand of the
Schwimmhalle, as well as the emergency power
requirements of both the Radsporthalle and the
Schwimmhalle, were used as a basis for selecting
the CHP plant. It consists of three electrical
generators driven by spark-ignition gas-fuelled
engines (Otto cycle engines). The generators are
capable of generating 310kW of electricity each
and the total heat recovered from the engines is
1800kw approximately. Although the full heating
capacity from three engines was allowed to be
exploited, in the case of the generators the team
were only permitted to allow for two in their
emergency power calculations. However, under
non-emergency conditions electricity is available
from all three generators.

The CHP plant is designed to run continuously and

its heat and electricity output will be fully utilised to
heat the pool water and serve the pool ventilation
fans. Efficient operation of the CHP plant is
assured, given that the Schwimmhalle requires a
fairly constant level of heating of fresh water
makeup all year round to maintain a normal pool
temperature of 28°C. Fans run continuously to
control humidity and temperature levels.
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From Berlin district heating system

There are no written regulations covering this type
of installation and each design has to be discussed
with the certifying authorities. The Otto cycle engines
cannot load up as quickly as diesel engines and
accept only 30% of their full load capacity after 15
seconds. To meet the DIN requirements for places
of public assembly, two engines always have to be
run during occupation, regardless of load demand,
so that under emergency conditions power is
immediately available.

The final major consideration was how ‘black
starting’ - ie no electricity available at all - was
controlled. Given the stage load acceptance of
the generators, it was necessary to prioritise the
loads into 90kW blocks and switch them on line as
generator capacity became available. This control
was totally under the central load management
system of the CHP plant.

Energy-saving measures

© The CHP plant deals with base heating load and
offers on-site electricity generation.

e Fresh air rates and hence total ventilation
loads are reduced whenever extreme external
conditions occur.

 Refrigeration machines are coupled to three plate
heat exchangers to recover waste heat. This
amounts to 1300kW and is used for pre-heating
the pool water. This system is also used in reverse
to protect the cooling tower circuit during extreme
cold weather.

* Cooling towers are used in mid season/mild
winters to generate ‘free’ chilled water at 6°C
via plate heat exchanger.

* A BMS with fully addressable DDC outstations
monitors and controls energy use.

Electrical systems

The electrical systems were divided into two:
strong and weak current. Strong current includes
normal power distribution, lighting, emergency
lighting, and lighting control. Weak current covers
the remainder, a very broad set of uses including
fire alarms, intruder detection and CCTV monitoring,
clocks, voice alarm, sound reinforcement,
telephones, data, the ticket systems, the disabled
toilet alarms, the timing and results systems, and
multi-access TV and display boards.

Total site electrical demand for the Radsporthalle
and Swimming complex is 6.5MVA, of which 6MVA
is supplied from the electricity company via two
10kV incomers and 0.5MVA is supplied from the
on-site CHP system; the latter also acts as the
emergency generation required for the life safety
system. The electrical distribution is TNC-S,

with the combined neutral installed to the local
distribution board.

Incoming 10kV supply

/
T

/

T Incoming 10kV supply switchboard

« | ©

.

J
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AN/AF

J
Meters é
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3
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X

)

CHP generators

13. Main electrical distribution.
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Lighting

The arena lighting in the Radsporthalle is achieved
by using two different types of floodlights arranged
concentrically, in keeping with the roof structure

Al floodlights are fixed to the side of maintenance
walkways in the roof. The architectural restraints
encountered (ie limited location for the positioning
of the floodlights, and the fact that no floodlights
can be angled) made the design of the asymmetric
reflector very specific

Floodlights, each fitted with two 400W lamps
are used to provide the general illuminance for the
e 4

he televised events
The design illuminance for the television broad-
casting was about 1000 lux vertical. These design
figures were below the standard requirements for
the high definition television (HDTV) broadcast

(4]
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but advice at the time was that this illuminance
requirement would be reduced as new technology
for HDTV developed. All lamps are metal halide
types with colour temperature of 4000K and colour
rendering index (Ra>65) to conform to the CIE
standard for television broadcasting

A computerised scene-setting lighting control
system is provided to allow different lighting scenes
to be created and selected according to functions
in this multi-use arena. Each lamp is controlled by
an addressable contactor to provide complete
flexibility for different settings to be programmed in
prior to the staging of any events.

To avoid lengthy black-outs and minimise disruptions
to major events following a power interruption, 50%
of the arena lighting is on maintained supply back-
up by CHP generators and instant restrike facilities
are incorporated in the rest of the lighting installation

Fire detection
The fire detection system was a basic addressable
system with mainly manual break glass alarms

This appears surprising considering the number of
people that are potentially located underground;
however, the strategy is that the building is manned
continuously, and should an alarm be initiated the
fire brigade anticipate being on site in less than five
minutes. The use of automatic alarms was not
thought appropriate, as it could result in frequent
false alarms

Drainage

Being an underground facility, the drainage
aspects of the design were critical. The depressed
location of the Radsporthalle entrance meant that
the surface water system had to be designed for
1in 50 year storm with a peak intensity of 170mm/hr.

The design criteria was 300 I/s/ha and a restriction
of 80 I/s/ha was imposed on the local discharge
Because of this, rainwater storage was required
prior to discharge into the sewer.This was provided
via a 0.5km long 1.2m diameter retention pipe,
which provides a storage capacity of approximately
600m3. The roof drainage system is of the syphonic
type. All sanitation water is collected in a series of
below ground dry well chambers and pumped to
the external system

Water systems
The sports complex features central and local as
well as point-of-use hot water systems

The central system has a capacity of 21 000 litres
per hour and serves the Radsporthalle and
Schwimmhalle to cover normal events

For special events a local system provides a
capacity of 4000 litres per hour. When events are
not staged the in-house areas are served by point-
of-use systems to save energy.The cold water
installation serves directly all domestic appliances
and fire systems. The installation is zoned to allow
intermittent use of the complex

Acoustics
Three key design issues were addressed to
achieve the required acoustic performance
» Room acoustic response
The reverberation time of the arena bowl was
analysed to ensure an appropriate room
response, whilst the geometry and acoustic
performance of the arena bowl finishes were
studied to prevent late echoes and reflections
The building-wide acoustic response was
analysed to meet the voice alarm system
design standards
Sound insulation
The performance of the building envelope
was analysed to ensure that noise break-out
from the building does not result in any significant
change in the environmental noise at the
nearest residences
Electro-acoustics
In the case of the voice alarm systems, the
correct room acoustic response coupled with
the type, location, orientation, and performance
characteristics of the individual loudspeaker
types was essential
In general, the materials used within the arena bowl
environment were acoustically reflective. Achieving
acoustic absorption is often limited to choosing an
absorptive seat and through design of the roof
absorption, and the Radsporthalle is no different in
this respect
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In addition, the roof is also the main sound
radiating surface of the building, and hence the
main influence on the noise radiated externally.
The roof design consists acoustically

of two elements:

« The external roof deck: Through optimised
mass this provides a level of sound insulation
and some low frequency absorption through
panel resonance

A liner tray system: This consists of 65% open
wire mesh panels suspended 1.5m below the
ceiling, with 100mm of acoustic insulation located
in the tray. The combined system provides a high
degree of mid and high frequency absorption
whilst the hanging system optimises the low
frequency performance.

The result of using this system is a mid-frequency
reverberation time of 2.1 seconds flat across the
frequency spectrum, avoiding the common low
frequency ‘boom’ associated with arena spaces

The large flat vertical surfaces within the bowl had
to be minimised to avoid the unwanted reflections
which, due to the curved geometry, can be focused
and thus result in distinct echoes. Where possible,
panels were made sound absorptive. At the upper
levels of the seating bowl, where the envelope is
glazed, the panels were angled such that reflections
were directed onto the absorptive roof panels.

The voice alarm system design criteria ensured
a speech transmission index (ST1) of 0.45 in all
areas of the building. This not only required the
introduction of acoustic absorption within the
different building spaces but also attention had
to be paid to the design of the loudspeakers.
In spaces where it was not functional or cost-
effective to introduce absorption, for example
in non-performance and non-public circulation
areas, directional column loudspeakers were
installed to ensure that the design targets
could be met.

The performance sound system in the arena bowl
consists of a fully distributed, high power, full
frequency range system capable of the highest
quality reproduction. Three different types of
loudspeaker are used in the bowl, positioned in a
concentric ring arrangement covering the event
floor, lower bowi seating, and upper bowl seating.
The system is controlled by a central computer;
this allows the user to select the type of event which
is to occur and the system signal processing is

automatically set up to allow for that event
configuration. This facility is particularly useful

in the concert modes, where a side stage or end
stage arrangement is used. In this situation,
specific time delay relative to the stage location is
required in order that the listener places the source
of the sound on the stage and not the nearest
loudspeaker. This function allows the system to be
used in conjunction with touring sound systems
(as used by rock / pop bands) to improve the
sound coverage, particularly at the upper levels
of the bowl.

Organisation

The architect was based in Paris up to the end of
scheme design. All technical design work was
handled from London during this phase, with a small
client liaison team based in Arups’ Berlin office.

At the end of scheme design the architectural
focus moved to Berlin and the Arup Berlin team
was increased to handle client and architect
co-ordination, the main Arup production team still
being based in London. In summer 1994 an Arup
project office was set up on site with IT links to the
London office to facilitate the transfer of drawings
and other information. A team is still on site dealing
with the construction of the Schwimmhalle. In all,
over 340 Arup staff contributed to the whole project,
spending more than 32 000 man-days on design,
co-ordination, and management. Space does not
permit all to be credited below, but they have not
been forgotten.

Conclusion

The Radsporthalle officially opened on 23 January
1997 by hosting the 86th Six-Day race. This is not
only a sporting event but an occasion for a party,
with plenty of beer and music. The fact that local
hero Olaf Ludwig led and eventually won the first
event in the new Radsporthalle on this historical
cycling site added to the general air of excitement
around the new venue and the huge success of the
event. The arena has since accommodated both
rock and classical music events and at the time of
writing is hosting an indoor windsurfing event. In
September 1997 the Radsporthalle roof was
awarded the ECCS 1997 Steel Award for Germany.

All this is, of course, only half the story. The structure
of the Schwimmhalle complex is now finished on
site and services installation well under way. The
combined complex will be more than simply the
sum of the two halves.

Watch this space!
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When complete, the whole Rad- und
Schwimmsportshalle complex should
complement rather than dominate its
urban context. The swimming hall, still
under construction in the foreground
will feature in a future Arup Journal




The Bellville Multipurpose Stadium, Cape Town
Andrew Hakin Neil MaclLeod ' Ugo Rivera

Introduction

The Bellville Multipurpose Stadium is an indoor
sports and entertainment facility enclosing an
existing 250m cycle track and providing additional
spectator seating. The initial priority was to meet
the requirements of the July 1997 World Junior
Track Cycle Championships, but the facility was
ultimately designed to cater for Olympic track
cycling competition (if Cape Town's bid to host the
2004 Olympics was successful) and a yet-to-be-
defined brief as a multipurpose indoor hall for
sporting and entertainment functions, exhibitions,
conferences, etc

The two significant factors which guided the
design of the structure were the speed with which
it had to be designed and erected to be ready for
the international cycling event, and the stringent
acoustic requirements for the building envelope.
The velodrome is in a valley surrounded by
residential areas and commercial hotels, and
correct acoustic treatment of the building
envelope had to be designed into the project to
allow its future use as a pop concert venue. Tina
Turner became the design standard for the team!

Background

In the early 1990s the then Bellville Municipality
(located some 20km east of the centre of Cape
Town) built a sports centre consisting of an athletics
track back-to-back with a cycle track. The dividing
pavilion provided spectator seating for each of
these and other facilities such as club rooms,
changing rooms, toilets, administrative offices and
a small gymnasium. The 250m cycle track was
accepted by the UCI, the world cycling governing
body, and for some time it was the only accredited
track in Africa. It was thus the obvious venue for
cycling in Cape Town's 2004 Olympic Bid, although
it was acknowledged then that for the city's climate
it would require a roof and that ultimately a timber
track would be desirable.

In 1993/94, when Arups was deeply involved in
Cape Town’s Olympic Bid', the firm was
approached by an architect who had plans for a
large roofed stadium in a different part of the city
Arups diverted him into exploring the possibility of
roofing the Bellville Velodrome, which they then
pursued together. The result of these endeavours,
as well as the desire of the City of Tygerberg (which
the Bellville Municipality had now become) to
create an indoor facility at the venue, was that a
proposal call was prepared by Tygerberg to find

1. The completed interior, July 1997

a private sector financier and operator for the
complex, who would also develop some 4.2ha of
commercial land.

Various submissions were received but ultimately
no deal could be struck with the leading
contenders and the process was unsuccessfully
repeated. At this stage Arups was part of the team
that had the favoured solution, but with whom a
commercial agreement could not be concluded

The resultant time loss in this abortive process left
the City with little alternative if they were to host the
World Junior Cycling Championships, scheduled to
commence on 29 July 1997. Arups, together with
other members of the favoured team and others,
were called to a meeting on 21 December 1996
and asked whether they considered it possible to
complete the project in time. The short answer was
that if the proposal call design and the team were
kept substantially unchanged it would be possible.
This included negotiating the contract with the
contractor

The city councillors met the next day and on 23
December the team was summoned to a meeting
and advised that they were appointed. This was a
brave and extraordinary decision by a public
sector client.

The penalty for failure would have been a severe
blow to Cape Town's Olympic aspirations, with
the Championships occurring just before the
September decision by the International Olympic
Committee. In addition the Bid Company’s R5M
contribution towards the cost of the venue would
be forfeited. The challenge now facing the team
was to complete the facilities - for 2500 spectators,
some 30 teams, media, and officials - in just

over six months by 6 July 1997, ready for the
Championships to begin three weeks later.

Design

The structural solutions chosen for the various
elements of the new stadium enclosure were all
informed by the need for swift erection procedures
and simple construction methods, whilst maintaining
elegant, economic, and efficient overall structural
systems. As Arups was also responsible for
engineering the panelised acoustic cladding
treatment, an integral design was developed
which greatly speeded the erection and closing

of the roof.

The building can be split into component parts

for simplicity of description: the foundations; the
brickwork fagades; the reinforced concrete framed
fagades; the reinforced concrete buttresses to

the arches; the steelwork roof structure; the
closure to the existing stadium; and the acoustic
panel installation

Foundations

Two significantly different foundation conditions
occur at the site: weathered Malmesbury rock in
the western and central areas, and deep fill in the
east. The buttresses restraining the main roof
arches receive significant horizontal and vertical
forces and are founded on large diameter oscillator
piles, some of which are raked to resist the horizontal
loads. The perimeter wall foundation solution varied
with the site conditions, pad footings being used
where possible on the rock, and small diameter
driven piles in the fill areas to the east.

To reduce costs and maintain trade consistency,
retaining walls were constructed in reinforced
cavity brickwork.

2. The original Bellville sports facility in 1992
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3. Erection of the first arch, April 1997

Facades
Part of the overall structural proposal was to
separate the fagade structure from the roof support
structure to ensure that the fast pace necessary

for roof erection was not compromised by the
slower activity of constructing the brickwork
facade. A system of piers and precast lintel
horizontal support beams was developed for the
self-supporting brick fagade walls, using the
staggered plan configuration of the fagade and the
buttresses for out-of-plane stability. Regular returns
in the brickwork limited the need for movement
joints, further saving time and construction costs.
The wall, which in places is up to 9m high, was
also designed to incorporate an acoustic inner liner
as part of the future construction phase and also
offer support to the fibreglass gutter system at the
roof eaves.

The highest part of the fagade of the building is to
the north, where the central area is up to 16m
above ground level. A reinforced concrete
‘colonnade’ of columns and beams support this
wall. The columns were cast in situ to their full
height with special brackets designed to be cast in
to receive precast beams erected later between
them - a solution which the contractor was able to
implement swiftly and cleanly.

The top 4m-6m of the north fagade is supported by
a light steelwork frame stabilised in the plane of the
wall by cross-bracing. The steel columns support
the end rafters spanning onto the wall from the
northern-most arch, and the fagade is sheeted
above the level of the first colonnade beam, an
arrangement which enables the structure to
accommodate the temperature movements of the
long-span steelwork roof structure. Generally, this
fagade was designed as an inexpensive temporary
structure to allow a change to a final solution in the
next building phase, as this would in future become
the principal entrance to the stadium

THE ARUP JOURNAL 4/1997

LT W A N
A A AN AN AN L A

5
Interior,
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Reinforced concrete buttresses

The size and shape of the reinforced concrete
buttresses were developed to contain the air-
conditioning plant, and thus consist of box
structures with main load-bearing side walls
550mm thick. Cross-walls link the side walls and
enable the buttresses to do their job in giving the
roof lateral stability in both directions. The shape of
the buttresses was further constrained by the close
proximity of the site boundary, particularly to the
east, and the need to maintain access routes
around the building.

To reduce costs and speed up construction there
are only two buttress configurations, with four
repetitions of each making up the eight buttresses.
Use was made of permanent decking for swift
construction of the top slab, obviating the need

for falsework construction within the 10m
high buttresses.

6. Structural concept

The roof

The roof structure consists of four main

support arches with a system of closely spaced
triangulated trusses between them. The centre
two arches span approximately 120m with a rise of
13m, whilst the northernmost and southernmost
both extend 85m with a rise of 7m. The roof steps at
each arch position by an amount equal to the arch
depth (2.25m) enabling the roof to follow the
general rise in slope of the ground level to the
north, as well as to allow additional space for the
projected future spectator grandstand. The overall
effect is of a series of four barrel vaults.

\\

o

\VAVAAY,

X

\VAVAAY
VAYAYAW
V X\

W\
AW
WA
VAN
¢/
i
\

W\
il
AVYAA
VAN
W\ W\ \
A WA
A W\ W\
W\ WV
7\ W\
W\ WA
WA/
VIV
A'avn

WA
VALY,

7

%

i
R\

\

<

W
§
7/ \/
%
i)
\
@

v

-
W\
\/
.
Vi
\"

!

W

X

NX

v
Qn
A"
\/\/
V\

7
'

\/

/)
&/

VA

v,
A

\

\/)

\V/\
X
A/
)
AN
\/
V\

4

/\/
\V/a\

\/
A
)
AVA

v/
VAl
\V\ N/
0
| V/AVA
V)

//\
\//
\/

WA \
A
& /
\
N/
\/
%
v
V/\
/A

SRS
SR IR S
RS

N

'
‘—
(77
W\ 7
V
\ 7



7. View of completed exterior, July 1997

Each arch consists of standard section, hot-rolled,
grade 300W steelwork in a framed box girder
format with vertical I-sections linking top and
bottom chords. The horizontal lattice between
bottom chords and between top chords is trussed
with light I-section bracing. The verticality of the
members linking the top and bottom chords
enabled the transfer of consistent dimensions
between steps at arches and a high degree of
repetition was achieved in the trusses linking the
arches. The vertical members are positioned at
2.25m spacings as chords of the main arch
radius of 150m.

Throughout the design, consistency and

simplicity in setting out the roof was a high priority;
its success would depend on the ease and speed
with which both fabrication and erection could take
place. The triangulated trusses between arches are
made up of angle section twin top chords and
single bottom chords; the configuration in section
is a 2.25m top chord to top chord spacing with a
1.125m truss depth. The bottom chord angle was
thus used on its back to make unnecessary the
use of cleats at the lattice-to-bottom-chord
connections. Simple repetitive connection details
were developed for all other connection points.

With these secondary trusses spaced at 4.5m,
their top chords provided support lines at 2.25m
centres across the surface of the vaults, making a
tertiary layer of purlins unnecessary. This led to
time savings in erection through fewer large
‘pieces’ of structure having to be lifted
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For lateral stability the roof relies on the trusses and
arches forming a large vierendeel structure on plan
with an overall depth of 90m. Calculations showed
the arrangement to be suitably stiff under wind
loads and stable against arch buckling effects.

Acoustic panel installation

The strict regularity of the grid not only produced
time and cost savings due to the repetition in the
steelwork, but also facilitated a prefabricated,
industrialised approach to designing and installing
the acoustic cladding system.

For the new stadium to be truly multi-purpose -
able to host concerts as well as sporting events -
a high degree of acoustic protection was required.
The building fabric had to insulate the stadium
operations from the surrounding residential areas
as well as afford a reasonable sound quality for
those within the building. The resultant acoustic
requirement was a build-up of material to be
incorporated within the fabric of the roof which
increased its normal self-weight by 150%

The approved acoustic sandwich, weighing
60kg/m2, was engineered into a unitised framing
system, partially pre-installed onto the triangulated
trusses and erected with them. The intermediate
panels between trusses were designed as drop-ins
as part of the secondary fix, in situ on the roof.

The pre-installed panels provided access bridges
for safe and smoothly-handled fixing.

Two additional acoustic layers were then applied
to the roof surface before the roof sheet installation.
The profiled metal roof sheet was rolled in single
lines of up to 130m length directly from the on-site
mill up onto the roof surface. The sheet is the
clip-on type, with brackets connected through

the acoustic sandwich for a full fix onto the steel
structure below. The clip system enables the
thermal movement of the roof sheet to be
accommodated without distress to fixings

Closure to existing stadium

The structural closure between the southernmost
arch and the existing stadium is a simple system

of vertical posts with top hat section girts spanning
horizontally to carry acoustic panels and side
cladding. The posts join to a transfer beam at the
level of the existing roof structure and brackets
from the beam connect to the existing trusses. The
brackets are designed to accommodate differential
vertical movement between the new and existing
roof structures whilst transferring lateral forces from
wind on the new vertical face to the existing roof
below. The existing roof structure was strengthened
to accommodate the additional loading.

The structural steel for the new roof construction
weighed in at an economic 32kg/m? with standard
plated sections used throughout and no tubular
sections. Excellent economy of structure was
therefore achieved by vigorous analysis, judicious
choice of standard (and thereby inexpensive) steel
sections, and careful consideration of erection
procedures during the design period. The roof
steelwork was fabricated in nine weeks and the
whole roof of 400 tonnes erected in eight weeks

Conclusion

The special achievement of this building was

its realisation from commencement of design to
construction in six months - a remarkable
combined effort from a committed design and
construction team. The project also represented a
good example of inter-office co-operation between
Arups in Cape Town and Johannesburg to ensure
that the relevant expertise was applied and the
deadlines met.

The R45M (£5.5M) project was successfully
handed over on the due date and has proved
a major marketing asset for the bid company.
The World Junior Track Cycling Championships
were very successfully held from 29 July to

3 August 1997 and the building was praised
highly by the visiting teams and officials.

Earlier in July, Cape Town was host to the Fencing
World Championships, also held in a new venue
built on a similar timescale and for which Arups
was the structural engineer. These two events did
much to show Cape Town's ability to host major
sporting competitions successfully and made good
impressions on those whose votes counted in the
September election in Lausanne. Even so, sadly *
Cape Town did not win the 2004 Olympics, but as a
spin-off from the bid, the city now has a world-class
championship cycling venue.

Reference

(1) BOSTOCK, M et al. Cape Town's Olympic
Games bid. The Arup Journal, 293), pp10-14,
3/1994.
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Introduction

East Midlands Airport (EMA) lies close to Britain's
M1 motorway within the triangle defined by Derby,
Nottingham, and Leicester, and serves these three
cities and the surrounding region. The runway

was laid down in World War 2 and the commercial
local airport opened in 1965. The facilities grew
steadily over some 30 years while in joint
ownership of the three local authorities;

more recently, significant expansion has happened
as the regional importance of air travel and
particularly freight traffic has increased, coinciding
in 1995 with privatisation. East Midlands is the third
largest airport in the UK for pure freight and one of
the fastest-growing in the world.

In September 1994 Arups were invited to assist the
Airport planning team to prepare a feasibility study
and cost plan on the basis of existing outline
proposals for future development of the passenger
terminal. In 1994 the Airport handled 1.62M
passengers, and it has an annual growth rate of
10%. The aim was to expand the facilities to cope
with the immediate demand and allow for up to

3M passengers pa by 2001. The scheme also
provides for further expansion to cater for the

4.5M passengers anticipated by 2005. The main
requirement identified at feasibility stage was to
relocate check-in desks and baggage handling
facilities in a substantial new building linked to the
existing terminal. The successful conclusion of this
initial study, prepared in three short weeks with the
help of Arup Associates, was a commission for the
full design and procurement of the phase 1 works,
described in this article.

Phased redevelopment

The existing terminal contained small-scale
check-in and departure lounge facilities, including
a basic baggage handling system. The feasibility
study identified a programme and cost plan for the
phased redevelopment required to achieve the
increased throughput while maintaining full
operation at all times.

Phase 1 included the new Departures Building
containing all check-in and baggage handling, a
new arrivals extension to the east of the terminal
with an additional baggage reclaim carousel,

and major infrastructure changes. The new hall
provides 32 check-in desks and incorporates full
hold baggage screening in an automatic handling
system. Infrastructure changes included a new
boilerhouse, gas supply to the site, upgrading of
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power supplies, a new road system, main car park
layout, and landscaping. All main water, fire main
and most drainage services were also diverted or
upgraded.

The design had to be tested against proposed
longer-term expansion plans to ensure that it would
be readily adaptable to future needs. In particular
there are proposals for extension of the apron
west of the new baggage hall and provision for
extendability of the new Departures Building at the
southern end.

Phase 1a followed on from the Phase 1 works and
involved linking the new construction at Arrivals
with the Departures Building by overcladding the
existing fagade and repaving the frontage to the
existing terminal. Phase 2 involved an interior refit
of the existing departure lounges, public areas
and catering, and did not involve Arups. The
commencement of Phase 2 followed completion of
phase 1 as the departure lounges were expanded,
making use of the space freed by relocation of
check-in and baggage handling
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Layout planning

EMA proposed positioning the Departures Building
southwest of the existing terminal. Development to
the north or west would have severely limited future
development of aircraft stands or reduced existing
apron space, whilst development to the east is
limited by the existing and future cargo handling
facilities. The requirement to develop to the south
had one severe disadvantage, however, in that it
interrupted access to both the plant areas and
servicing zones; several options for transferring
these facilities to maintain landside access were
considered. The final solution was to rationalise the
service zone and incorporate a loading dock north
of the Departures Building with distribution of
services south into the new building and east into
the existing. This required careful consideration of
security and control issues, as servicing vehicles
need to pass through the secure airside zone.

The airside baggage hall size is extremely
dependent on the layout of the baggage handling
system - described in detail on page 16 - whilst the
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3. Project timescale.

landside area is defined by queueing and circulation
space. To operate in its present form - prior to
apron extensions - baggage cart access must be
to the north to reduce the length of the external air
side boundary and travel distances to existing
aircraft stands. The building arrangement allows for
future direct access doors to be introduced to the
west, and provides the height and suspended
loading capability necessary for auto-sort machines
to be introduced in the future.

The airside security boundary runs north to south
through the Departures Building, allowing for future
apron space to the west and passenger circulation
to the east. The boundary also provides fire
compartmentation and is penetrated only by two
main baggage conveyors, and at the out-of-gauge
area. This also serves as the staff channel, so only
one security area in the hall has to be manned.

A high level of integration of architectural, building
engineering, and baggage handling constraints
was required to define the building footprint
successfully.

advertised in the Official Journal of the European
Community (OJEC), and formal procedures to be
adopted for procurement. The restricted procedure
was employed with questionnaires being prepared
so that contractors could be ranked and
shortlisted. Over 60 enquiries were processed for
the building contract and shortlisted contractors
were interviewed jointly by Arups and EMA. AMEC
Building was the successful tenderer for all Phase
1 building and civil engineering works, with Logan
Fenamec securing the baggage handling works.
Contract values were £7.4M and £1.3M respectively.

The project's timescale was constrained by a
programme for introducing hold baggage screening
agreed between EMA and the Department of
Transport (DTp) and by the practical restrictions
imposed by the seasonal demands of passenger
usage. All Phase 1 facilities had to be in use by
Easter 1996. Scheme design was completed in
February 1995 but not finally agreed by EMA until
April. Detailed design and construction was
completed in a one-year period (Fig 3 above ).

4 below: Cross-section of Departure Building.
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Arups were employed as project manager and lead  § e oled

design consultant with a broad multi-disciplinary
role and a brief to promote team working and
integration. The brief included full cost control
and monitoring. A subconsultant architect - the
Nottingham-based firm Crampin and Pring - was
appointed, following interview by Arups and the
EMA client team. The architect was required to
provide a strong design and planning lead to
ensure the integrity of the building design whilst
working as part of a fully integrated group.

All design team members were allowed direct
access to their counterparts in EMA's organisation
to develop particular requirements. Regular design
team meetings reviewed the developing scheme

to ensure full input from all disciplines and
achievement of functional requirements. Cost plans
were updated regularly to give EMA the opportunity
to assess value for money and appreciate the
allocation of cost as the design developed. This
applied particularly to the baggage handling
contracts, where EMA were closely involved in
contractor selection and directly responsible for the
choice of screening equipment.

Although the Airport is privately owned (by National

Express) it falls under the European Community
Utilities Directive. This required the works to be

baggage conveyor

Baggage carts
to/trom apron

5.

Plan showing

the two main parts
of the Departure
Building:

The baggage hall
and check-in hall.
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