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In the gardens of the Natural History Museum, a new resident stands tall over 
the Jurassic vegetation. 

 

 

 

Over the past four years, Structure Workshop has collaborated with scientists at 
the Natural History Museum and Madrid-based art fabricators Factum Arte to 
design and make the world’s first and only post-tensioned bronze dinosaur. 

Based on Dippy, the Museum's famous and much-loved Diplodocus cast, the 

new attraction is a free-standing, 25m long, life-size bronze dinosaur.  Newly 
named Fern, it was officially unveiled in July 2024 in the revamped museum 
gardens as part of the Urban Nature Project, which has transformed the gardens 

into a biodiverse green space 

 

The mission 

It is a unique structural challenge, and nothing like it has ever been done before. 
The new dinosaur was to be life-size, made up of 292 cast bones. Bronze is 

heavy, and it had to go outside, in all weather, for 100 years - not protected 
inside a gallery. And unlike a gallery specimen, it had to be designed to be 
climbed on. On top of all this, the structure had to be largely invisible, and most 

importantly without props under the neck and tail, which is how these 
specimens have always been supported.  

When the Museum asked us, “is it possible?”, we had to say “yes!” because it 
was such an amazing project to be involved in. But then we had to work out how 
to do it.  

At this point, we genuinely didn’t know if it could be done. 

  
The original Dippy replica 



The design 

The living dinosaur was an engineering marvel: an incredibly elegant and 

efficient natural structure. The neck and tail cantilevers are held aloft by thick, 

strong ligaments under great tension, running along the spine and anchored 
back to the hip.  

In the final design, each bone is a separate hollow casting, and they form the 

primary structural elements. The vertebrae are held together with stainless steel 
structural ‘tendons’ running along the spine. The tendons have been post-
tensioned to compress the bronze, holding the separate vertebrae together and 
forming the main structural spine. Just like the real animal, the tendons are 

anchored to the hip bone, and the two cantilevers largely balance each other. 

Conceptualising 

Despite the similarities between the real dinosaur and our engineered design, 
conceptualising a solution was the most intellectually challenging part of the 
entire design process. We were working largely without precedent, and most of 

our preferred techniques proved impossible.  

Our first, and favoured, approach was to incorporate a steel beam, hidden 
inside the bones. This would have been straightforward to design and fabricate 
and would have ensured the bronze castings were non-critical. But the variation 
in the shape of the bones meant this approach was impossible. Their cross-

section became too narrow to fit any significant internal structure. 

Our next idea was to weld each bone together, forming a continuous stressed 
structural member in bronze. But welds on such a complex share would have 

been almost impossible to properly inspect, and the stresses would have been 
high. With every weld being potentially critical, this felt far too risky.  

We eventually realised that we had to pre-stress the bones with tensioned steel 
bars. Key to this approach was the position of these bars: by moving the tendons 
away from the neutral axis, you create negative bending. This bending can be 

calibrated to match the positive bending from any applied loads. The effect of 
the prestress, added to the effect of gravity, largely cancels out. This reduces the 
peak stresses in the bronze, while eliminating net deflection. 

Developing the concept felt momentous, but we still had a long way to go to 
complete the design in detail.  

A pop-up toy, illustrating the central structural concept 

     Hand-drawn concept design 



Detail  

How do you take a complex biological form and apply engineering logic and 

rigour to it? First, a team of scientists at the museum digitally scanned each 

bone with extreme precision. Factum Arte then assembled these bones virtually, 
with input from engineers and palaeontologists, to create a new, lifelike pose for 

Fern. 

We then modified versions of each scan, applying geometric logic that we could 
define and design. We flattened the ends of each vertebrae and created elliptical 
bearing faces, which match exactly to the adjacent face of the next bone. We 
cleaned the messy scan data, and remeshed it to create an analysis model for 

use in our FEA software.  

We did this for the whole dinosaur, comprising over 50 unique vertebrae. We 

used this model to predict the behaviour of every structural element that formed 
our design. 

Bone structure 

Our early analysis revealed that the bronze vertebrae failed in the most extreme 

design situations. The bronze just wasn’t strong enough. The solution we found 

incorporated internal strengthening fins inside the hollow bones. Nature had a 
similar solution: a CT-scan of a fossil sauropod vertebrae shows that dinosaur 

bones had hollow voids. This minimises the bones’ weight, while maintaining 
strength, and is absolutely critical for the long cantilevers. 

 

 

  

FEA modelling sequence Sectional comparison of engineered bronze bone and real sauropod vertebrae 

Our final analysis model 



Tendons 

The vertebrae become smaller and more delicate towards the head and the tip of 

the tail. But to overcome the increased bending moment at the base, we must 

apply a large prestress to prevent gapping in the bones. That high prestress 
would crush the more delicate bones towards the end.  

The breakthrough came when I realised we could use multiple prestressing 

tendons in series, joined with couplers, stepping down in size and tension along 
the neck or tail. By applying a decreasing tension to each bar, we could apply a 
negative bending to match the positive bending from gravity at each point in the 
cantilever. 

After months of effort, we had a design. But nothing like this had ever 

been built before, so a big question remained: could be realised in 

the physical world? 

Production 

The physical world is far messier than the virtual world. It was only through 

unusually close collaboration with the fabricator that we were able to 

successfully realize the ambitious design, solving dozens of problems on the 
way.  

             

            

 

 

 

 

  

Key steps in the casting process 

The final design in section 



Problem solving 

One such problem involved the casting itself; it is a process that is fraught with 

issues. As molten bronze cools it shrinks, risking distortion and porosity. Yet the 

engineering requirements were exceptionally demanding; several bones had to 
be rejected due to dimensional issues.  

The bearing faces could not be cast as flat as the design required. We developed 

a solution where every cast bone was rescanned digitally and compared to the 
design geometry. This data was used to position the cast bone on a 6-axis CNC 
machine, which was programmed to mill the bearing faces flat, based on the 
original design geometry. While not initially planned for, this step was essential 

to create surfaces capable of transferring the compressive forces safely.  

Assembly and testing 

Fern was painstakingly assembled, and piece by piece, a dinosaur started to 
emerge in the workshop. 

We then hung a quarter of a tonne off the end of the neck and tail. Despite all 
our calculations, we couldn't be 100% sure the unique design would work as 

predicted until it had been physically tested. This was a heart-in-mouth 
moment for everyone involved in the project. When the load was released, it 
creaked, but it held. 

We let out a breath that had been collectively held for over a year. There was 
some additional deformation as we hadn’t fully accounted for the effects of 
torsion in the neck, but we were able to adjust our model and give the OK for 

delivery.  

Delivery 

We are delighted with how the project has turned out. We built the replica 

without props, and the result is that it really does look and feel more alive, 
giving you an appreciation for the real animal. 

At the beginning, the Museum asked us: is it possible to create this dinosaur in 
bronze, without external supports? 

My experience over the last few years tells me that the sensible answer would 

have probably been no. Our solution was complex, difficult, and time-

consuming. But it was worth it. 

Fern was only possible because of the talented and dedicated people 
collaborating on the project, who recognised chance to contribute to something 
significant. Millions of people will see Fern every year and it is an opportunity to 

inspire like no other. 

 


