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6. Pedestrian bridge — a case study

The above research was further developed through a case study, utilising the
findings and integrating them with additional architectural parameters for the
design of Pedestrian Inhabitable Bridges - A Multi Responsive Form Finding
Exploration (Figure 5), a design thesis written by architect Utssav Gupta as
part of a post-professional degree in architectural research and design, at the
Architectural Association in London. This project serves as a case study to
test, analyse and develop an experimental algorithm that looks at bending as
design tool through the use of simulations that constantly update a geometri-
cally complex model through feedback loops.

Figure 5. Pedestrian Inhabitable Bridges over
the river Thames by Utssav Gupta.

6.1. ATOOL FOR MULTI-PERFORMATIVE STRUCTURES

Bridges are transitional spaces and their design usually involves a large number
of parameters. From a structural point of view stability and damping are key
issues. Architectural and urban criteria on the other hand, require contextual
integration. In this case, with London city acting as the site for intervention,
the architect’s vision was a subtle design that would not disturb London’s sky
line, a smooth flowing corridor connection between the areas around King’s
college and South bank, over the river Thames. Since the river is navigable,
there have been certain parameters ranging from port authority to river bed
contouring that formed part of a set of design constrains. A multi branching
system was deployed having different programs for each span responding to
culture and context on each side. For a span with variable sections, each with
different contextual conditions and responses, the algorithm finds a topology
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that locally responds to constrains and yet maintains a global continuity and
flow. It embeds structural principles to generate a viable solution.

Since the tangential continuity was a major concern in the topology, princi-
ples of continuity achieved in a bent structure were adopted, hence utilising the
tools described in the first part of this paper. Through simulations and further
development of the code, the aim was to create solutions for topology and path
finding, form-finding and optimisation. For a multi-branching system with no
particular convergence points and with different architectural program, each
of the sections were unique and were required to be aligned keeping in mind
the local curvatures, rise, loads, views, context, along with the overall calibra-
tion and smooth flow of branches in and out of each other.

Most of the key issues and their translations were found to be affecting
each other, either by aiding or opposing certain parameters, for example,
navigability required height clearance and a higher apex for structural sta-
bility, however from a pedestrian and urban point of view, a steep corridor
was undesirable. Branching itself held a huge potential for achieving struc-
tural stability against self-load and wind load as well as in streamlining the
path. Collating all these variables and embedding them into the previously
discussed tool lead the simulation behaviour towards that of an optimisation
code. Though many multi-variable optimisation theories have been debated
upon, Thomas Weise’s paper on Global Optimization Algorithms: Theory and
Applications, has more extensively outlined the nature of most existing phe-
nomena. He has explained multi-variable optimisation simulations as a set
of many local minima and maxima beyond which lies a global solution. The
developed algorithm displayed a similar behaviour, it unfolds several times to
jump over local peak until it attains a final range. It produced a family of solu-
tions which when tested upon Finite Element Model, gave results that were
further optimised. A comparison of the outputs shows minor differences in
the stress levels, highlighting the optimal solution in a model that had slightly
different branch lengths.

Once topological, path finding and trajectory were embedded, parameters
for spatial definition vis-a-vis structure were also looked at. In some of the
branches, depth plane varied from that of main span and got deeper with a
simultaneous increase in stress levels. Cross sections were taken in later itera-
tions of simulations that got optimised further with structure and path flow. In
a post-process exercise using a separate code, morphology and surface geom-
etry was developed over the base skeletal grid formation (Figure 6).
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Figure 6. Analysis and design stages of Pedestrian Inhabitable Bridges by Utssav Gupta.

As a base algorithm, the code possesses a hug potential to host a plug in that
would perform various tasks and provide data to the main process. Some ana-
lytical tools have already been discussed above, but with further form genera-
tion aids, it would be possible to develop morphologies adapting to various
environmental conditions. Prospects of such a powerful tool are open and its
applications could also be versatile.

7. Conclusions and future research

This paper reports on an ongoing research, presenting for the first time some
initial results and setting the frame for future development. Throughout this
research physical experiments have always informed digital explorations to
ensure the quality of the simulations. An interactive design tool is currently
under development by the authors, aiming at producing novel design solutions
that will utilise the stored energy in elastic bending to give rise to lightweight
structures that are both elegant and structurally efficient, taking into consid-
eration material characteristics and force-flow already during the initial design
stages. The case study achieved to highlight the advantages and limitations
of this new tool for a design task of complex programmatic requirements.
The algorithm’s great potential lies in the fact that it can cater for multiple
parameters at the same time. In this case, the bridge project apart from the
structural issues also needed to respond to rise over the river for navigability,
path alignment, curvatures for slenderness, and branching; each of which are
interconnected and affect each other.
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