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Title of Project: 
Editable Artefact: Stonehenge Megalithic Puzzle
Background

Process

Conclusions

The project

3D modelling and Virtual Reality in the context of heritage sites and archaeolo-
gy is a very active field. Photogrammetric and Geomatic data gathering mean 
that 3D modelling can provide a high degree of fidelity, which the additional 
benefit of generating data sources which can be used for a variety of model-
ling purposes including lighting, animating, non destructive testing.

There is a great deal of interest in 3D VR of archaeological sites for education 
and promotion. In simple ways it allows the public who pay for the archaeol-
ogy to experience the heritage sites without the erosive effects of visitor footfall. 
The intention is to draw attention to the capabilities of digital 3D tools to extract 
multiple products through adaptive reuses of a single data source. Thus giving 
several opportunities to learn about the capabilities of software and 3D 
methodologies. The vehicle for this process is the workflow of design and the 
production of a scale model puzzle of Stonehenge. 

The model  is intended to be accurate enough to be archaeologically interest-
ing and useful. (e.g. for trialing theories.) 

Background

Stonehenge is a Stone Age megalithic construction that evokes wonder and 
curiosity in all who come to know it.  Built on a site that has signs of use from 
over 10,000 years, this Stone Age monument was begun around 5000 years 
ago with a circular ditch and earthen embankment. Initially 56 wooden posts 
were erected. Within the ditch enclosure are remains of cremations and burials.

The linteled sarsen stones were built 1000 years later at the same time as the 
inner horseshoe shaped megaliths. The largest stones are in the horseshoe and 
stand nearly 7 meters tall. The builders had stone tools, water, levers, wood, 
bone, rope, and ingenuity. Most impressive is the installation of the lintels. 

The circles were further reconfigured during this phase so the site axis was 
aligned to the east. The avenue is oriented towards sunrise on the summer 

solstice. The Heel Stone was once part of a pair forming a gateway, from the 
centre of the circle you could look through the entrance and see the sunrise 
framed.

The real puzzle is what was it built for? 
An astronomical instrument? A temple? A festival site? There are many theories. 
The monument represents an incomplete proposition, We are compelled to try 
and complete it’s embodied narrative. The puzzle designed aims to engage 
this compulsion as a way of focusing attention onto the monument’s signifi-
cance in the landscape.

The design focus was to make an object that doesn’t necessarily spell out the 
answers, but, which leaves room for the mind to experiment and speculate. 
In this way one of the main outcomes of the project is to connect to the primal 
curiosity that the monument inspires.

The Geomatic scan data (Laser scans) of the stones came from a recent sur-
vey by English Heritage and hand drawn images of 1920’s and sourced from 
the English Heritage archive. The Scans are point clouds which have no sur-
face or volume data. Each stone has up to 4 clouds associated with it. The 
clouds are registered, merged and wrapped. Areas without data are filled.
The products of the wrapping process are files containing surface patches 

and .STL meshes. The Meshes were imported into Maya (3DSMAX would also 
be usable) for layout and design. Meshes we re reduced in polygon count 
for handleability. These scaled .STL meshes were Output from Maya using a 
script and tested by using solidworks diagnostics. 
A solid modelling package was used to make various parts of the puzzle. The 
dimension driven nature of the software made it useful for scale registration. 

Elements were exported to polygon modellers and vector drawing software 
for design purposes. 

Drawing on a broad skill set and experience in including Product design, 
Sculpture, Fashion, 3D digital modelling and more, the puzzle of Stonehenge 
acted as a vehicle to explore the potential usages of 3D digital design and 
prototyping tools. 
Within this exploratory process some of the practices adopted were experi-
mental and there was a deliberate use of software in ways that it wasn’t 
intended for. The problems generated by this, or rather the solutions devel-
oped have greatly extended understanding of the relationship of 3D model-
ing methodologies and the manufacturing output devices.  

The sophisticated puzzle based on the stonehenge data with a high degree 
of fidelity to the “original’ stone forms has been designed and produced. 
Scale model.  The 3D model components and the 2D graphical components  

produced by the process were then  translated to real world objects using 
a variety of software, to  produce 3D Renders, 3D printing and laser cutter 
technologies. A number of file types were used and considerable attention 
was given to working around the inconsistencies in file standards.

The 3D modelling process is a labour intensive process, but it produces an 
editable artefact. The 3d files are editable at multiple levels. This makes 
the uniqueness of a finished form a casual matter almost a snapshot of the 
much more involved creative process.
Instances of the various file types uses were created at each level of design 
translation, each with their own history. This means that the process by which 
the various outputs are made is traceable and editable and can be revis-
ited  for further exploration.
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STONEHENGE RITUAL SOUND

The team are interested in creating experimental multimedia archaeology artworks that provide a phenomenological exploration of 
archaeological sites. They set out to create an accurate digital replica of Stonehenge as it may have looked several thousand years 
ago. They draw on Johnson's ideas of ecological understandings of perception, in which we perceive through a combined act of 
looking and listening, and thus want to produce works that have sonic content as well as visual imagery. Many archaeological 
reproductions take great care in ensuring that the imagery is as accurate as possible, but then use generic music and sound. This 
work takes a different approach, illustrating the dramatic sound effects possible at Stonehenge.

Research has shown that Stonehenge has complex acoustic effects present. Aaron Watson's work with David Keating showed that 
the current site has complex acoustic effects, including standing waves and Þltering. However this is only part of the story. Half of 
the stones at Stonehenge are missing or fallen. This project aimed to create an accurate digital model of what the last phase of 
Stonehenge looked like when all the stones were present. Digital modeling was also used to create an accurate acoustic model of 
the sound of the space. 

Stonehenge seems to be about the ancestors, the dead 
and their spirits, and ethnographic research suggested that 
a relevant ritual might involve trance, some kind of journey 
of the soul and consciousness, triggered by repetitive 
music and dancing. This Þts in with concepts of 
Stonehenge as a site of healing, which again may have 
involved possession or shamanistic trance.

We knew from stone chips found in the space that 
Stonehenge was often Þlled with the percussive sound of 
stone on stone, as well as antler on stone and earth. We 
knew from traditional music cultures that music is often 
based on physical activities and work; that trance is a 
universal practice; and that percussion sounds are 
common in ancestor rituals. We knew that echoes in the 
space encourage one to play at a very speciÞc tempo 
(78bpm), in time with echoes, and that the space adds a 
double time repeat, producing a 156bpm feel. We knew 
that prolonged dancing at such a tempo could cause heart 
rates of a very similar speed, aiding entrainment and 
entrancement. We had also discovered that playing in time 
with the echoes in the space could set up very low 
frequency standing waves (at 48Hz), inside the circle, a low 
audible hum, and a sound like thunder, something that 
would not normally be heard in prehistory without rain. This 
echoed the archetypal thunder god found in so many 
cultures, including that of those who carved his hammer 
symbol on Stonehenge’s sarsen stones. 

The project imagines a musically based ritual happening within the stone circle, on the winter 
solstice, at sunset. This, rather than the summer solstice, is the time that archaeologists tell us 
was the most signiÞcant at Stonehenge in prehistory. Members of the Stonehenge Riverside 
Project, led by Mike Parker Pearson, gave us insight into prehistoric activities at Stonehenge. 

The project imagines a group of people travelling from Durrington Walls, where they had 
watched the sun rising, to Stonehenge. Walking up the avenue, to watch the sunset as an 
important moment in the rituals surrounding the winter solstice, a day of the ancestors, of the 
dead, one can experience what they might have seen and heard as they approached.

The light is dim as sunset approaches. It is the shortest day of the year. The sun has been 
falling away, the moon, the night, the darkness has been winning in the battle of the skies. But 
today is a day of hope, a day marking the return of the sun (later Christians would mark the 
birth of the sun at the same time of the year). In the distance a group of people are making 
sounds in the stone circle. As we approach these sounds become clearer, changing as we 
move forward. 

Stonehenge comes into view up the hill as we walk up the avenue, the ritual approach to the 
site. We walk to the heelstone, pausing to hear strange echoes, before walking up to the stone 
circle. Entering the circle the sound changes dramatically, enclosed by a ring of Stone. It is like 
being in a cave, but with the sky open above. The stones seem to have voices, adding their 
own sound to that made by the musical participants inside. 

We approach the centre of the circle, and then our spirit rises up into the sky, soaring around 
the space. Finally we come back down to earth before leaving the way we came. 

We therefore created a percussive sound playing inside Stonehenge, and illustrated how this sound would change as one approached the space using modeled 
impulse responses. We created a sound storyboard that was matched by visual digital modeling. Sounds used focused around experimental replicas made by 
archaeologist Simon Wyatt. This included TRB culture clay drum replicas. At Stonehenge we found that these small hand drums excited the acoustic of the space 
best. Other percussive sounds, voices, breathing, footsteps, a cow horn, bullroarer and a replica of the Wilsford bone ßute also feature.

This sound was integrated with a digital 3D model of Stonehenge that had been made using 3d scan data sourced from English Heritage archives. We used existing 
stones to replace the fallen and missing ones, raising fallen stones and creating a realistic digital 3D model of the original Stonehenge site. High quality textures from 
photographs of the stones, taken on site, were mapped onto a 3D model of each stone. The Þnal Stonehenge model is aligned exactly with GIS data, and placed 
onto LIDAR aerial laser scan data, so that during animation of the model, the ground contours are accurate. A digital Þlm was then generated, putting together sound 
and image.

The Team
Rupert Till. Direction and Composition. Rupert is Senior Lecturer in Music Technology at the 
University of HuddersÞeld. As a composer he has released a number of recordings, and has written 
music for a number of Þlms. He has over 20 years of experience as a composer, performer and 
producer. His muscilogical work includes a recent book ŒPop Cult¹ published by Continuum. His 
work on the Sounds of Stonehenge has been published by Archaeopress and Journal@IASPM. 
Having led a research network on the Acoustics and Music of British Prehistory he is now editing a 
book of the same name. 

ÒThis short 3D Þlm tries to provide an immersive 
experience, in order to allow us to consider what it 
would have felt like to be at Stonehenge in 
prehistory.” 

Andrew Taylor. 3D animation.  Andrew is Senior Lecturer in Design at the University of 
HuddersÞeld, also currently undertaking a PhD. His recent work explores experimental approaches 
to learning and teaching, which attempt to make space for the diverse experience, and tacit skills of 
the learner through, and around the use of real spaces, and 3D virtual interactive tools and virtual 
environments. Both his individual and collaborative research has been published in art & design 
journals and he has presented widely at UK, and at international art, design & architecture 
conferences. His industrial experience includes work as a design colourist and textile designer, and 

Ertu Unver. 3D modelling. Ertu is Senior lecturer and specialist in 3D Design contributing on 
Product Design and Transport Design courses. He is a Mechanical Engineer and computer 
programmer and has worked collaboratively as a software developer and 3D modeler on a range of 
internationally exhibited research projects ʻPost Industrial Manufacturing Systemsʼ, ʻFuture 
Factoriesʼ and ʻAutoMAKEʼ. Blending code with 3D design, his work focuses on the random and 
customisable generation and mutation of product designs and the building of complex craft forms 
within user speciÞed 3D meshes. 
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Stonehenge Stone Circle Access: August, 2009 6-7 am. Stone circle access granted by English Heritage.
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History has shown that, by their actions, people can manifest and model 
monumental architecture by physically sculpting extraordinary materials. 
These people have sculpted and fabricated worlds that remain powerful and 
compelling experiences even in modern times. 

People have created ritual spaces in structures like Stonehenge for millennia 
and these places have contributed to shaping of our interconnected global 
societies, our material culture and our wider human environments. 

Stonehenge was an immense act of communication and collaboration – 
social, political, and religious collaborative. It was intended as a social 
instrument; for hosting performances or rituals and designed as a place 
where collectively people came together to transform ideas, perceptions and 
behaviour of those who chose to populate and experience ritual sites. 

The research presented in the poster for the Materials Transition Exhibition 
at Transition conference explores tools and technologies for material 
transformation and transcendence in Textiles and Surfaces. Having 
previously collaborated on a AHRC/ESPRC funded Stonehenge 3D digital 
acoustic modelling and visualisation project. 

The researchers from the School of Art, Design & Architecture continued to 
experiement with the 3D data from the heritage site in Wiltshire, England, as 
the setting for these new experiments in teaching and learning to further 
explore digital fabrication, space and place theories and physical installation. 

The researchers tested various software, free fabrication apps and 3D 
character animation tools to explore digital fabrication using cardboard to 
compose and construct 2D and 3D simulations of this well-known built 
environment. By using dedicated spaces, fabricated physical models 
integrate with 3D visual projection a new combination of art and technology 
was tested live with students. 

The 2D and 3D simulations that the team envisioned facilitate a more 
kinaesthetic experience of learning where students are able to walk around, 
draw upon and interact with theoretical concepts and card-board stones. 

This evolving research demonstrates that these animations and fabrications 
have the potential to be used together as a catalyst to explore a number of 
place identity and cultural built environment concepts for art, design and 
architecture students at undergraduate and postgraduate level. 




