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COLLI MATE - Col | aborative Solutions for Menbrane Structures

The project, COLLIMATE, is proposed to facilitate the exchange, devel opnent
and enhancenent of the activities of both participating organisations in the
anal ysis and design of nmenbrane structures. In this context the follow ng ains
are identified:

1. To transfer research expertise developed at Newcastle University to Ove
Arup & Partners such as to enhance the latter’s international
commer ci al conpetitiveness.

2. To receive from Ove Arups & Partners engi neering expertise and experience
to enable the continued devel opnment of highly informed and rel evant
research.

3. To COLLI MATE research and engi neering devel opnent for the nutual benefit
of both organisations and, ultimately, the UK s international standing
and conpetitiveness.

At the University of Newcastle-upon-Tyne, Dr. GCosling has continued to
develop a strong research theme in the field of the nunerical nodelling of
structural nenbranes. Most notably, the papers Lewis & Gosling (1993), CGosling &
Lewis (1996a), CGosling & Lewis (1996b), Cosling (1996e) and CGosling (1997d) have
contributed significantly to this area of research. An additional valuable
extension into pneumatic structures’ research has also been made (Riches &
CGosling (1998c), Riches & Gosling (1998d), GCosling (1998e)). OQutcones have
concentrated predom nantly upon finite elenent fornulations, solution algorithns
(in particular the Dynamic Relaxation Algorithm) and nunerical studies. A
limted nunber of physical investigations have been undertaken at the Institute
of Lightweight Structures at the University of Stuttgart, Germany, using mnininal
surfaces developed from scale nodels and surface tension effects. Gven the
topic of research, little opportunity has existed for its practical realisation,
i mpact assessnent and denonstration of contributions outside the academc
envi ronment .

Ove Arup & Partners (‘‘Arups’’) designed its first nmjor |ightweight roof for
the Hotel and Conference Centre at Mecca in 1968. Realising the architectural
and conmercial potential, Arups invested in the devel opnent of nunerical nethods
applicable to this type of structure. Mst significantly, the Dynami c Rel axation
Al gorithm as devised by Day ' was devel oped further and applied at Arups to solve
mechani cs probl ens exhibiting strong geonetric nonlinearity (as in the case of
structural nenbranes). This algorithm continues to be used as the solution
met hod for the analysis of Arups’ nenbrane structures. Sone thirty years after
the conpletion of its first exanple, an inpressive portfolio of internationally
renowned nenbrane structures constructed worldwi de now includes, for exanple:
the Schlunberger Research Centre, Canbridge, UK ?* San N cola Stadium Bari,
Italy ®>; dynborne Opera House, Lewes, UK® anongst several others. In addition,
the Dynamic Earth Project, Edinburgh, serves as a good exanple of an Arup
menbrane structure nost recently conpl et ed.

COLLI MATE is extrenmely timely. In the 4" February 1999 issue of New G vil
Engi neer a special feature appeared under the title ‘“Creative tension - wring
into tented structures’’. The muin article, witten in the context of the
M1l ennium Done construction, opened with the following - ‘‘Are giant tents
domed? Tensile fabric structures are anong the nost spectacular of the 20
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century - and the nost controversial” . This statement was made with

reference to the collapse of the new fabric roof over Montreal’s dynpic Stadium
early this year (NCE 28" January 1999). The actual cause of the failure is yet
to be published. This event, which is not unique, does, however, reflect the
need for further research in all aspects of nmenbrane structure design, not |east
in the refurbishnent of fabric roofs now approaching their design life (30
years). It is in this environnent that the proposed project is set.

Two primary activities will be undertaken. One will be the enhancenment of
exi sting Arups software and the devel opment and inpl enmentati on of new numeri cal
fornmul ati ons and capabilities. The needs in this area will be past and present
project inforned. The transfer of acadenic research to Arups, the host
organisation, wll be facilitated by this activity. The other primary activity
will be the integration and involvement of Dr. Gosling into an in the

engi neering of comm ssioned nmenbrane structure projects, from conceptual design
to final adoption by the client. Practical engineering concepts, constraints and
opportunities will be transferred to inform acaden c research.
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