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1.
The GM-Opel projects: principal working locations.

Project set up

In February 1996 Arup received an invitation from
GM-Opel in Russelsheim, Germany, to bid for the
provision of full architect / engineer services to
three new greenfield manufacturing plants in
Poland, Thailand, and China. Each was to be
broadly similar in scope and size, so it was felt that
there must be advantage in running their design
and procurement concurrently with the same team.
During the consultant selection process it was
decided that the China project in Shanghai should
be progressed independently, so the enquiry
reduced to the Poland (Gliwice, Silesia) and
Thailand (Eastern Seaboard Estate, Rayong)
plants only (Fig 1). Over the following four months
Arup reached agreement on its scope of services,
proposed method of working and commercial
arrangements, and was instructed to commence
operations on 24 June 1996.
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The works

The two projects were virtually identical in scope.
Each comprised a press shop, body shop, body
shop store, paint shop, assembly shop, assembly
shop stores, utilities building, social facilities
buildings, and an administrative office building.
Each site contained approximately 120 000m2

of built floor area. Arup’s responsibilities in both
included all but the paint shops; these were
procured through a separate ‘turnkey' package.

The Arup brief

The firm's scope of services comprised
responsibility for all site preparation and external
works (ground shaping, drainage, hard and soft
landscaping, utilities distribution); all building
design (architecture, structural, mechanical,
electrical, and public health engineering);

all process utilities design; and assistance to
GM-Opel with certain aspects of the process
design (conveyors, communications systems).

Designs were to be executed through all stages to
achieve client ‘sign off', a comprehensive set of
tender documents, working drawings, and all
technical submission material for local permitting
processes, which the firm was to manage. During
the construction phases Arup was to supervise the
contractors' technical input, provide technical
support in relation to changes and other issues
arising, and maintain a site team to supervise
quality standards for the works the firm designed.
Throughout, Arup was to be responsible for cost
management of its designed work (pre- and post-
design cost estimates; evaluation of constructed
works and variations; final accounts), and the time
management of the design processes - taking
instructions from and reporting to the client project
team in the GM-Opel International Technical
Design Centre (ITDC) in Russelsheim, Germany.

The conditions of engagement were based on

the German HOAI document, although in practice
the logical progression through the design,
procurement, and construction processes laid
down in this document had to be compromised to
achieve the concentrated timescales required.
The completion dates laid down at the outset
were start of vehicle production in Poland on

1 September 1998, and in Thailand on 31 January
1999. This gave periods for all design, construction,
equipping, and commissioning, of 26 months
(Poland) and 31 months (Thailand).
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Organisation and management

The size, speed, and multi-locational character

of the job necessitated a clear approach to
organisation and management, and key
organisational principles were established at the
outset and maintained throughout the project.

It was run as a single entity and not split up into
constituent parts, although clearly individuals
within the team had primary responsibilities relating
to specific parts. This had the advantage of
maximising the benefits of synergy between the
two locations and allowed key staff to support

each other as needed without operating constraints.

A primary leadership team was appointed at the
outset and these responsibilities were maintained
throughout the project:

¢ Project Director (PD), with overall responsibility to
the client and the Partnership for the execution of
the project

* Project Manager (PM) with overall responsibility
to the PD for the day-to-day management of the
project as a whole

e Thailand Project Manager (TPM)
with responsibility for implementing activities
in Thailand

* Poland Project Manager (PPM) with the same
responsibility for activities in that country.

Architectural sub-consultants were appointed
separately for each site to reflect their individual
suitability for, knowledge of, and experience in
each location. In both cases a lead partner was
nominated to take overall responsibility for his prac-
tice's work. During the project a third architectural
practice was engaged with specific responsibility
for the administration building in Thailand.

3 below:
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A validated acoustic prediction tool

for the design of railway bridges

Introduction

The impact of train pass-by noise

on the surrounding environment is
particularly important for new railways
and where high-speed lines are to
operate. Elevated support structures
pose a particular problem since
structural resonance can often be a
major source of radiated noise.

In response to a worldwide increase
in planning and constructing new rail-
ways, Arup's Advanced Technology
Group has developed and validated a
new methodology to predict structure-
borne noise radiated from elevated
railway structures. This article provides
some background to railway noise
and vibration issues, describes the
CAE (computer-aided engineering)
analysis method, and demonstrates
the accuracy of CAE compared with
measurements from an operating
viaduct. Predicted and measured
1/3rd octave band A-weighted
structure-borne noise levels and

total noise levels are compared and
shown to be in good agreement.
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It is usual nowadays to appraise the acoustic performance
of a new railway bridge design as early as possible, so that
noise mitigation requirements can be addressed and where
necessary implemented in the design. Consideration of
noise and vibration falls into three main categories (Fig 1):

¢ Airborne noise

This is propagated directly from the
vibration of the wheels and rails and
to a lesser extent at the pantograph.
The vibration arises from the move-
ment of wheel treads (which have
surface roughness) over railheads
(which also have roughness and
vertical undulation), and to a lesser
extent from the deflections of the rail
spanning between the sleepers as
the axle passes over.

Vibration grows with increasing train
speed, so airborne noise becomes
particularly important for high-speed
trains travelling at over 300kph.

The noise from this area is of course
exacerbated by resonances in the
wheels and rails, typically occurring
at frequencies of 500Hz and above.
Appropriately-positioned trackside
barriers can provide acoustic
protection to adjacent buildings by
shielding them from the direct sound
waves from the wheels and track.
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» Structure-borne noise

The vibrational forces generated at
the wheel/rail interface pass into the
bridge deck through the rail pad,
sleeper, and ballast. The panels of
deck structures are flexible at
acoustic frequencies and typically
have hundreds of modes of vibration
even below 300Hz.

The presence of these modes means
that noise can be radiated from the
deck sidewalls and soffits, and also
from trackside barriers attached to
the deck. When control of airborne
noise demands a high barrier, this
large radiating surface - effective in
reducing airborne noise - radiates
more structure-borne noise.

¢ Ground-borne noise and vibration
Railway-induced vibration propagates
through the ground and into adjacent
buildings through their foundations.
Once into building columns, the
vibration is amplified in the vibrational
modes of the walls and floors, whence
itis then radiated as noise into the
building interior and / or directly felt
by occupants.

45.5m

Noise mitigation

Mitigation is needed if predicted or
actual noise levels exceed legislative
or contractual requirements of
developing a new railway. Criteria are
often expressed as sound exposure
limits over specified time periods

(eg day / evening / night or 24 hours)
in the vicinity of the railway such

that disturbance to people living

and working nearby is minimised.
When mitigation is required, the
designer has to develop a system
that meets not just noise and vibration
targets but also cost, durability, and
other critical performance criteria
associated with railways such as
RAMS (Reliability, Accessibility,
Maintainability, and Safety).

Several measures have been
developed to reduce structure-borne
noise, such as (in order of increasing
effectiveness and cost) soft rail pads,
sleeper soffit mats, and ballast mats.
Sometimes a degree of noise
mitigation can be designed into the
bridge structureitself. Where target
noise criteria are exceeded, a choice
must be made between alternative
solutions, and compromise between
noise reduction and cost is often
necessary. It is difficult to assess this
without a reliable initial estimate of the
structure-borne noise levels.

Operational mitigations, such as
regular track grinding and polishing,
are also essential to maintain good
noise performance, particularly for
airborne noise.

Regular wheel truing is also
necessary, as wheel roughness is
also an important vibrational force
generator, particularly on power-cars
where cast-iron tread brakes are
used, causing uneven wear and
leading to high levels of air-borne
noise and higher forcing levels for
structure-borne noise.

Train pass-by measurements
To provide structure-borne noise
data to correlate with the model,
measurements were made adjacent
to a typical viaduct (Fig 2) carrying
a high-speed rail system. Four
microphones were used, positioned
mainly to separate as far as possible
direct airborne noise from structure-
borne noise (Fig 3). Three were put
close to the underside of the deck
box-girder, since the noise here
would be primarily structure-borne,
these points being entirely within the
‘shadow zone' of direct acoustic
sources emanating from the wheel /
rail interface. The fourth microphone
was placed in the field of airborne
and structure-borne noise.
Measurements here are important
because they provide data at
locations around the viaduct
representative of where people
might live or work. Fig 4 shows a
typical recording of a 10-second
train pass-by event at 270kph.

CAE analysis

For a known noise problem, several
methodologies are available to
evaluate how potential ameliorative
measures perform. A simple model
can often be used to assess a series
of design proposals to reduce the
noise, without the need to predict
absolute levels. The problem is more
difficult at the design stage when
absolute noise levels have o be
predicted for an unbuilt structure

and for a railway not yet in operation.
Though, if a reliable absolute estimate
can be made, bridge designers

can make better-informed choices
between alternative structural
designs and on the need for and
degree of mitigation required.

A detailed modelling approach, well-
researched input parameters, and an
understanding of the sensitivity of the
results to the inevitable uncertainties
in the input are required to make such
areliable estimate.

The method developed combines
time domain finite element (FE) and
frequency domain boundary element
(BE) methods. It is computationally
intensive, but it can now be solved
with a combination of modern
computing hardware and software
and efficient modelling practice.
The development of a suitable
procedure required consideration
of the following:

* proper simulation of the generation
of vibration from wheel / rail contact
roughness

¢ design of meshes valid to predict
structural waves at all frequencies
up to 300Hz

¢ developing a suitable level
of simplification of an entire
viaduct structure

e incorporation of suitable
damping models.











