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Together we are stronger -
collaborations in bridge design
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Presenter Notes
Presentation Notes
Good afternoon! My name is Martin Knight and it is an honour to be asked to talk on a subject close to my heart – the role that positive collaborations play in the best bridge design and why this is vitally important. I am grateful to Guðmundur Guðmundsson for this invitation and I hope my talk resonates in a country as special as Iceland. 
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To begin with I should explain that I am architect who has specialised for most of my career in the design of bridges. Over that time my understanding of bridges has evolved, from being sculptural objects, expressive of their structural form and system…
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…towards rich objects creating and defining space, place and identity, as much for the people who use them – especially footbridges and cycle infrastructure, experienced up close and slowly, intimately, daily – as for the clients or cities who commission them.
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They form and facilitate a dynamic world, experienced by people on the move. Every bridge is the same and every bridge is different. Whether bridges are the iconic centrepiece in a deliberate act of urban placemaking or…



Knight ArchitectsKnight Architects

Presenter Notes
Presentation Notes
…the launchpad for interaction and social engagement, or... 
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…more likely, the quietly understated backdrop to everyday lives, they are an extraordinarily rich, nuanced and rewarding subject for an architect to explore. 
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Knight Architects has been designing bridges for seventeen years – bridge design is all we do, all day, every day – and we have worked around the world, in the US and Canada, in China, New Zealand, the Nordic countries, mainland Europe and of course in the UK. On the right is our next bridge to be completed, for tram, cycle and pedestrian traffic between Lidingo and Stockholm.
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I particularly like this picture of our Town Centre Link bridge in Stratford, which is 12m wide and 130m long, spanning eleven of the busiest railway tracks in London. But the little girl in the foreground is oblivious to this – she is safe and happy and enjoying the public realm. She has no idea she is on a bridge and, to me, that is perfect!
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The best bridges are associated so positively with their location and its cultural identity that the world is unimaginable without them. We all recognise the historic old bridge in Mostar, destroyed gratuitously in the Bosnian war of the 1990s and painstakingly and accurately rebuilt, as a powerful symbol of both survival and renewal. Such harmony with a place and its people should not be taken for granted and requires skilled design from the earliest stage. What we build defines us as a society, now and for future generations. 
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This is especially true of transport infrastructure, whose benefits to society can be so far-reaching and whose networks and structures shape our everyday lives and sense of place. As this image of our footbridge at Karehe in Rwanda – part of the amazing Bridges to Prosperity programme – illustrates so well, this does not have to mean grand or big, or iconic or special, but useful, in harmony with the landscape and valued by its people. 
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Yet too many bridges fail to properly acknowledge both the place they are built and the permanent change they are causing to that place. This was an award-winning bridge on the outskirts of Oxford, in the UK, completed in 2008. It was a road widening project that carries the A34 over the A40, and the Grand Union Canal and the London to Birmingham railway line, all within the beautiful countryside of the Thames Valley. Thousands of people experience it every day.
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In focusing on simplifying construction, reducing programme, minimising disruption to highway users and cutting cost, the design completely fails to respect the place it is built and ignores the people who will thereafter experience its disharmonious design. The structure doesn’t even care whether it stands inside or outside the field. Yet this damaging example is far more common than good examples. In fact, it is the norm. This is usually the fault of the engineer.



Knight ArchitectsKnight Architects

Presenter Notes
Presentation Notes
Poor judgement is just as applicable to architects as it is for engineers, where the desire for the extraordinary, the iconic, the outrageous is no longer justified or acceptable (if it ever was) and is equally careless. But I would speculate there are a hundred poor engineering designs, conceived and built without proper care, for every one of these overambitious architectural follies. Yet these are the easy target, often used to justify the default conservative, thoughtless approach.
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When it comes to our attitude to future generations, this lack of care speaks just as loudly, and bad design lasts just as long, as a good example does. We have to do better. When it comes to creating good experiences, now and for the future, it is not enough only to be good designers – to enjoy our jobs in quiet luxury – we have to be advocates, ambassadors and agitators for good design in all areas of life, including bridges. Most obviously, engineer and architect must collaborate in a positive spirit.
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In the last twenty years the world has changed and, looking to the future, the pace of that change will only accelerate.  Most obviously, the Climate and Biodiversity Emergency will impact increasingly upon our lives and there are few who don’t recognise the responsibility upon all of us to act, and to act now.
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By far the most powerful three words I heard spoken in the past few years remain those by a 16-year old in New York in September 2019.  “How dare you…?”  and it seems to me that, with respect to sustainability, if we are not part of the solution then we are a part of the problem. As designers in the field of transport infrastructure our capacity to make change is far greater than for most people.
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We have to think and act differently and that means caring much more about the planet, more about people and more about design.  I expect the future will be most radically defined not by technology, but by our attitudes to design and the society we serve. Technology – including standardisation and automation – will facilitate this but we must apply our creative, leadership and communication skills intelligently if our quality of life, and that of future generations, is to be protected.  As designers, it is how we behave that will count.
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Looking at the 17 UN Sustainable Development Goals it might appear to bridge designers that we can only directly influence one… 
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or perhaps three if we consider water and sanitation and energy infrastructure alongside transport infrastructure. 
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But how much bigger could our thinking be?  For millennia, great infrastructure has been the basis for sustainable cities and communities… 
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From which flows the critical components of social sustainability… 
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Giving us the means and momentum towards environmental sustainability… 
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And ultimately bringing economic sustainability.  Now of course any one of these goals can and should be thought of as the catalyst for such urgent change, but the message must be clear: as designers in the world of infrastructure, we have the ability – and responsibility – to shape the future experience positively. And it would be wrong to view this future only through the lens of carbon. Vital though it is, the reduction of our carbon footprint is part of a bigger picture of social equity and Quality of Life and we must satisfy a broad range of demands.
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So, what are we going to do about it? At Knight Architects we believe in the power of design to address these demands. Over the years we realise there are a number of recurring themes in infrastructure that led me to publish these five posters. They started as catchphrases in my studio, but many a true word is spoken in jest and they are helpful reminders of the basics of our trade. 
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Not everyone 'gets' design and that is why it is often defined as a short stage in a process, set apart from and following other activities. It is sometimes even a responsibility that is avoided, or kicked down the road, for the Contractor to do.This is dangerous as design is a creative response that is influenced by everything that comes before it. Great design improves people’s lives, adds value and is long lasting. Design thinking should start at the beginning of a project and continue until the end because to achieve great design, timing is everything. 
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But we need to look up from our computer screens, too. We need to understand psychology, politics (large and local), finance and economics and procurement if we are to succeed. Much of this is alien or difficult or boring, but it is the environment within which we operate. We need to communicate well with audiences who don’t speak our language or understand our logic. We have to educate our clients and the public so they are part of the change to sustainable design, indeed that they demand it, and that design is therefore valued at the right time and not too late.
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It is misleadingly straightforward to design a bridge if it is only thought of as a structural challenge or a sculptural form in isolation of its context. The best bridges address the complexities imposed by their location, where forces flow to ground with visual clarity and the architectural spaces around the bridge are naturally legible and welcoming for users. Lasting value comes when we understand that bridges define our everyday lives – shaping a dynamic network of social interaction and reinforcing a sense of identity. It is the ends which make the bridge.
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It is vital that bridges contribute to their place, as they change the lives of those around for evermore. The provision of ramps and a natural, universal inclusive approach is essential – a bridge is incomplete if it does not fit well with the city or work well for everyone – and as we have learned on many projects, this is frequently not understood by clients or designers, nor allowed for in masterplans, where the hard red line of the project boundary cuts off responsibilities and opportunities. 
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You don’t need an architect to design a basic bridge, but you do need architectural skill and sensitivity to design a great bridge which adds lasting value to a place and serves the people who live there well. Bridges designed without this cheat the public who rely upon them thereafter. Applied with care and respect, architects’ skills are different yet complementary to those of engineers. They allow us to consider the user and the context and to bring a vital new perspective to bridge design. Together we are stronger. 
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Collaboration is one of the strongest messages in industry initiatives to achieve Net Zero, yet why are we still so scared of collaboration and inclusion. Is it about prestige, or position, or competition or commercial success. Really? It is 100% clear that we have to be collaborative and open-minded if we are going to succeed. And that means inviting and embracing alternative points of view. These are Ove Arup’s hand drawings of his Kingsgate Bridge in Durham, his last work and one which stands as a striking example of his vision for ‘total design’ – the seamless integration of engineering and architecture.
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The challenges of form and function often collide in bridge design, where there is no decoration to hide an imbalance. To broker the best deal between form and function, it is essential to switch seamlessly and constantly between a third person and a first person understanding: The View Of and View From. It is difficult or even impossible to see both at once, yet an intelligent dialogue between the two ensures that the engineering and aesthetic demands of the bridge form, and the needs and sensitivities of the bridge user are combined harmoniously. 
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For both architects and engineers, the View Of has predominated in design – how a structure stands in its landscape, the true elevation view, which never truly exists but is front and centre in competition boards. But bridges are more powerful and important than that – they are part of our identity and invoke strong feelings. Whether a place for a private rendezvous or a public display of support for Ukraine, there is meaning in bridges beyond the everyday, and we should consider the View From, the first hand user perspective, how bridges make us feel, every day, just as much as how they look.
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As bridge designers, our creative approach must ask questions in this specific order: First, Why? and Who? …and only then What? and How? Meaning Why is this project necessary? and Who will it affect? should be fully understood before finding the best answers to What is the design solution? and How is it built?. The first two questions are open, outward, creative and empathetic. They lead naturally to the latter two, which are increasingly reductive, inward and focused on delivery. This order ensures the needs of people come first. And after all, we are people designing for people.
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Too early a focus on the design solution or the process of construction, risks undermining or even reversing this powerful logic, with a focus on processes rather than places, and on products rather than people.  How and What are addressed without reference to Why and Who, placing the cart before the horse!  ��It is not always inappropriate, as this clever ad for the Porsche 911 illustrates, but to achieve the best solutions for standardisation will require Porsche levels of design creativity and refinement!
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This rule is probably the most important, whether in terms of bridge design or of carbon, and should be obvious. If we don’t understand the first two questions we cannot answer the latter two. How can we know what to design and how to build if we don’t understand COMPLETELY why it is necessary and who it is for? And if we don’t understand this then how dare we use up other people’s carbon and money and resources? How dare we sell short the experiences of people now and for future generations? How dare we change their world? 
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So, if I am going to talk the talk, I had better try to walk the walk, too. To try and illustrates the previous points, I offer one of our recent bridges as an example for criticism…
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The bridge is located in New Zealand, some 16,666km away from Reykjavik!
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In the Northland city of Whangarei, some 160km north of Auckland
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Crossing the mouth of the Hatea River as it broadens towards the ocean, the project was a 2km-long relief road designed to take traffic away from the city centre, reducing congestion and improving air quality and public spaces. Funding came equally from the local District Council and the New Zealand Transport Agency, with the latter stating there was no budget for architecture, aesthetics or culture.
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It included a 265m-long bridge which required an opening section to allow yachts to navigate to the destination marina at the heart of the community. In apparent contradiction with the NZTA, the District Council stated they wanted the project to represent the art and culture of the place and its people, especially the Maori first-Nation settlers, and established the Iconic Bridge Design Committee to oversee the project. And to complete the challenge, we were told the bridge had to open in 7 seconds. When we suggested this was not possible, our client said it was and – with a glint in his eye – said he knew it was as he’d seen it on the internet…
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Obviously a highway bridge that is open for shipping is a barrier to traffic, so we interpreted this need for speed as a wish to avoid upsetting the community, as they sat in their vehicles waiting for the bridge. In other words, our client had a political need for a bridge which appeared to open as quickly as possible, and we turned to the rocking horse for inspiration
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Which moves backwards as it rises
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And the rolling bascule form does exactly the same, with the red part of this diagram illustrating how much difference there is between a regular bascule, which simply hinges, and a rolling form which moves backwards as it rises…
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There are three essential parts to a rolling bascule – the deck, which is a simply supported beam when lowered and becomes a cantilever when raised
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The rolling surface, which acts as the bearing
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And a counterweight to minimize the drive energy used in operation
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In exploring our ideas, we spent considerable time as the structural engineer, mechanical engineer, contractor and architect discussing mechanisms that were appropriate for a highway bridge of this scale. This is a vital detail – and the heart of my presentation – because we spent time together at the beginning, with a blank piece of paper, we were able to co-create a solution that allowed each party to bring their skills and experience, and which ultimately addressed the client’s many needs for the project.
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We were enthusiastic about the rolling bascule because it appeared to offer a solution which was faster in operation
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In parallel we made studies into Maori art, sculpture and iconography, which were informed by time spent in Auckland Art Gallery and at the Waitangi Treaty Grounds
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We were particularly taken with the fish-hook – a vital element in Maori culture. Historically they are a fishing people – which avoided banal symbolism or cultural appropriation, which as an outsider we were very aware of, and aligned with the sensitivity of the bridge location as a historic fishing grounds.
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The structural system, mechanical action and fish-hook motif combined into a distinctive and memorable diagram, which we had never seen before but which made sense to us and, crucially to our client and to local people.
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The design was developed and communicated through sketches, models and computer visualisations
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A 3D CAD model was built and shared between the UK and NZ, with the structural and architectural teams handing it back and forth each day, taking advantage of the near 12-hour time difference. The design involved a complex relationship of geometries, including the rolling radius, the angle of the counterweight arms, the clearance for shipping, the length and rotational angle of the hydraulic actuators and so on
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Leading to us using parametric solvers for the first time, to rapidly explore and evaluate different combinations of design solutions
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This in turn allowed us to optimize the structural design, the design of the hydraulic cylinders and ultimately even the electrical and hydraulic power pack required to operate the bridge, which used the minimum material, reduced mass and minimum energy.
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As is often the case in bridge construction, to build a permanent bridge you must first build a temporary bridge, from which the piles, foundations and insitu concrete support piers were built
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The 25m-long spans were prefabricated as steel trough beams, sized to suit vehicular access to site
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Where they were preassembled into a ladder arrangement which works in combination with the slender precast concrete deck panels to form an efficient composite structure. This is the final span before the lifting section and therefore takes additional loads as the rolling bascule moves onto it during operation. You can see the post-tensioning strands in the piers and the wider pier base to accommodate the hydraulic cylinders.
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Away from site, the superstructure steelwork was fabricated in Shanghai
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And the hydraulic cylinders were built in the Netherlands. Here being tested before they were packaged for the trip half way around the world
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Where they were installed in the special pier. Incidentally, ever since the Gateshead Millennium Bridge, it has become tradition for me to highlight the parts of a moving bridge which make it work, usually in bright yellow, to celebrate one aspect of what makes these structures special – for the designer just as for the public – and communicate ‘how it works’ in a fun and accessible way 
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The teeth and curved rack forming the bearing surfaces, in effect a large gear, were also fabricated in China
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Where a trial assembly was undertaken to prove the geometry of the mechanical system
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And this included a full pre-assembly of the lifting span, here being surveyed so the as-built measurements could be shared with the team on site, some 5,000km away. An elegant example of the old rule “measure twice, cut once”
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The elements were disassembled and shipped to Auckland
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Before being reunited and reassembled on the approach span
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Before being launched across the navigation span using a simple series of strand jacks
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The curved bearing surface on the lifting span was lowered onto the flat bearing surface on the approach, locking the two together
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The hydraulic and electrical systems were connected to the structure and incrementally trialled 
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Before the client was given the honour of operating the bridge for the first time, raising it to its full extent
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Looking back on the project it is intriguing to compare the built form with the original images
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Which show remarkable consistency. Indeed, the only significant departure was the development of a stepped joint in the highway deck, to allow a greater rotational arc for the hydraulic cylinders and allow improved efficiency. This, too, is testament to the conviction in the original concept and the continuity of designers and builders from start to finish.
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Many people don’t think much about the underside of bridges but this is of course a vital part of the overall picture for a lifting bridge, when everyone looks at the underside and it is important it is as well crafted as the topsides
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And this is true by day as well as by night, both to ensure the safe passage of shipping and to provide a memorable image
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In order to deliver the iconic nature of the structure, one of the key requirements of our client. Or half of it.
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Although the object of attention whether lowered or raised is obviously the signature span, it was important the architectural design considered the harmony of the entire crossing within the estuary setting
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And as much care was taken in the design of these supporting structures, so they felt a natural fit and gave an attractive line and rhythm to the crossing. The aim of the design team, successfully achieved I believe, was for architecture and engineering to be indivisible
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Ultimately, the local District Council got their iconic bridge, celebrating the art and culture of their place and its people. And the NZTA got their highway project with no premium paid for architecture or aesthetics, as every part of this bridge is functional and no part can be removed.
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Most importantly, the people of Whangarei were given a bridge which satisfied and honoured cultural ambitions. This photograph, taken of the elders of the three iwi, or local tribes, at the pre-dawn blessing on the Opening Day shows the importance of infrastructure in our daily lives. This moment is one of the highlights of my career.
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Throughout the day, it seemed everyone in the city came to the bridge
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To cross over or sail under, using every possible vehicle from ceremonial canoes to vintage cars. Our client fulfilled an early project promise and skateboarded the length of the bridge!
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Leaving me with the powerful feeling that this was no longer ‘our’ bridge, the product of a powerful collaboration between engineers, architect and constructor, but ‘their’ bridge, belonging to the community. And if you think it took us less than three years to design and build, but is designed to last for more than 120 years, that is surely the right outcome?
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Not every bridge needs to have such a strong identity, but every bridge deserves to have such care invested in it.
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And the route to this care is through positive, early collaborations. Together we are stronger.
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Martin Knight
on +44 (0) 20 3978 1555 
www.knightarchitects.co.uk

Presenter Notes
Presentation Notes
Thank you. 
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