
A Modular Wooden Bench



This modular design developed by the students of the Department of Architecture Sciences at Ryerson University. They proposed a 
public space to sit and relax that works as an extension of the walkway, appropriating and giving a new meaning to the parking spaces in 
the streets of Toronto.
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Social Interaction
• Creates siting areas for a large amount of people
• Adds greenery to the sidewalk
• Connects education, food, and businesses nearby



· Ice cream sticks shape
· Removable modules
· Accoya wood
· Light and flowers
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Modular Bench Section



Each piece of Accoya wood is cut into a concave 
and convex radius to accommodate for horizontal 
and vertical movement. They are attached in 
layers with an extreme attention to detail.

Structure



ICD ITKE Research Pavilion 2011 



In summer 2011 the Institute for 
Computational Design (ICD) and the 
Institute of Building Structures and 
Structural Design (ITKE), together with 
students at the University of Stuttgart have 
realized a temporary, bionic research 
pavilion made of wood at the intersection 
of teaching and research. The project 
explores the architectural transfer of 
biological principles of the sea urchins 
skeleton plate morphology.



Site Analysis
Institutional
Medical
Green Space

The installation seeks to attract the sournding 
builds to create a better quality of life. It seeks to 
help patients and worker from the hospital and 
university to destress and rejuvenate. The installa-
tions also want to attract people from the green 
space to provide rest and shade.

Foot Traffic
Vehical Traffic



Social Interaction
• Used to destress and create a better quality of 

life for the Hospital and University nearby. 
• Acts as a rest place for the large nearby green 

spaces.
• Demonstrates the skills and creativity of the 

students
• Brings together students and facility



Modular bionic construction  (Sea urchin)

Heterogeneity - Cells vary in size and adapt to various curvatures and continuity

Level - double, the first layer of plywood bonded to form the basic unit.
The second layer with a simple card slot allows the unit connected together for easy 
assembly and disassembly.



Computational design and robotic production



Structural analysis



Material Study 
Accoya Wood





Parklet Concept
Target goals of Parklet
• Temporary 
• Easy Installation
• Affordable
• Easy and secure connections

Garland Pub & Grill

Garland Sandwich 

Garland Animal Clinic

Maxamps Garland Auto Service

Northwest Organ

Garland Ave LaundryFood MArket

Analysis
• Pet clinic
• 80% women own businesses
• Older customers in 30 to 50 

age group
• Various pieces of art
• Resident around this area

Important Events
• Music Day
• Garland Street fair



Temporary installation （Chinese Wood Joints）



Parklet Guidelines

Parklets are permitted on streets with speed limits of 25 mph or less. 

In general, parklets must be located at least one parking space away from an intersection or street corner.  A curbextension (bulb-
out), or some other physical barrier that would protect the parklet in a corner location may allow the city to consider corner parklets. 

Metered parking spaces only 

Parklets are prohibited in front of active driveways, on street curves or hills where horizontal or vertical sight-distance is an issue.  

Parklets are prohibited in bus lanes, in front of fire hydrants, at utility access points (like manholes), and at high turnover parking spots 
(like banks, post office, and reserved take out/ delivery service parking). 
Street slope. Parklets are generally permitted on streets with a running slope (grade) of five percent or less. 

Parklets can’t block public utilities, fire hydrants, bus stops, or driveways. Parklets located next to driveways must be set back two feet 
from the outside edge of the driveway. 

Parklets cannot be installed in locations where traffic congestion is an issue or where congestion could be an issue in the short term.  

Parklets cannot be installed in existing marked parking lane that becomes a travel lane at any time of the day. That is, no rush hour 
restricted spaces 



Design and Siting Requirements:

Setbacks. All parklets are required to include 4-foot setbacks on either side to buffer the parklet from adjacent on-street parking spaces and driveways. 
Parallel parking spaces in the District typically measure 8 feet wide by 20 feet long. Additionally, the outer edge of the parklet must have 2’ clear zone 
from the adjacent travel lane. With standard setbacks, the dimensions of a parklet in one space would be 6’ x 12’. 

Buffer the edges. Depending on the location, the parklet should have an edge to buffer the street. This can take the form of planters, railing, cabling, or 
some other appropriate buffer. The height and scale of the buffer required will vary depending on local context. For example, on some low-traffic streets, a 
continuous edge may not be required. (If cable railing is used, spacing between cables cannot exceed six inches  Minimum height is 36”, max is 42” 

Maintain a visual connection to the street. Parklet design should maintain a visual connection to the street. Continuous opaque walls above 42” that 
block views into the parklet from the surrounding streetscape are prohibited. You are allowed to include columns and other vertical elements.  84” is the 
minimum overhead clearance that must be provided for any parklet enclosure that has a canopy, etc.  –visually permeable – should not obstruct line of 
sight 

Platform surface. The top of the parklet platform must be flush with the sidewalk with a maximum gap of one-half inch. 

ADA compliance. A minimum 36” ADA accessible entryway to the Parklet must be maintained for all parklets. 

Access. The space underneath the platform surface must be accessible for maintenance through access panels, removable pavers, etc. 

Structural details..  Parklets should be finished with quality materials and must support 100 pound per square foot live load. All rails must be capable of 
withstanding a 200 pound horizontal force. Applicants interested in utilizing fabric sails or other architectural features which may “catch” wind, must 
provide proof of wind loads. 

Safety devices. A three-foot wheel stop must be installed one foot from the curb at the edge of the front and back parking spaces. 
Wheel stops should be setback four feet from the parklet structure. There must be reflective soft hit posts at the outside corners. They must align with the 
end of the platform and not encroach on the travel lane. 

Table Service. Parklets are free and open to all members of the public to use.  You will be responsible for ensuring that there is no table service on your 
parklet, including the placement of condiments or napkins.  Table service is also prohibited at parklets; as is the placement of condiments or napkins. 
Furniture must be distinct from any other used by a sponsoring business. 



Thank you!

• Alberto Cervantes
• Sheng Chen



 The role of urban spaces in the built environment is to create a beautiful and interac-
tive space that bene�ts the community as a whole rather than the individual. These urban 
spaces provide both social and psychological bene�ts along with functionality. They 
create positive environment that produces a better quality of life for the community, also 
bene�ting the nearby businesses by attracting attention. Urban spaces are used to relax, 
meet others, escape the city, and much more in order to boost the economy and social 
interactions. Urban spaces are used by every age group allowing everyone in the commu-
nity to enjoy these spaces. With the rising pollution throughout cities, another huge ben-
e�t of urban spaces is encouraging citizens to walk through the city rather than using 
vehicles that pollutes our earth. Along with encouraging walking they also encourage 
neighborhood interaction. These spaces create zones to socialize and talk along with 
meeting new people.  Probably the most bene�cial aspect of urban spaces is that it helps 
support local businesses around the area. It increases pedestrian foot tra�c that helps 
bring in customers from inside and outside of town. Also urban spaces can give local 
businesses more space for customer to sit and enjoy. This also allows the owner to be able 
to help more customers and produce a better turn-over. Urban spaces are popping up 
more all around the world and are bene�ting the community’s economy and businesses.
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 Temporary installations are one of the best way to design an urban space or urban 
installation. They are strong and can be custom made for di�erent types of applications. 
Along with emerging technology like 3d printing, these temporary installations are be-
coming easier and faster to manufacture and construct. They create a sense of liveness 
that makes the built environment feel alive. It can easily create new experiences and 
become highly immersive.
 Temporary architecture can be achieved in multiple ways and its designs continue to 
evolve along with technology. In the Article “Temporary Architecture: An Urban Mirage” 
Sukainah Adnan Almousa talks about how digital technology, art, and architecture all 
merge to form one of the most immersive types of installations. Since the invention of 
digital technology spaces have become highly in�uential in the perception of memory. 
This is because they create a belonging with the environmental space while provoking a 
body and emotional response. This is done by making the audience both an observer and 
performer at the same time. Digital technology has now blende with architecture seam-
lessness. The reason they blend so well is because “they do not exist on their own. Just like 
a painting concept and painting colors need a canvas, these environments need a back-
ground to “hold” them; their background is the building or urban space.” The article de-
scribes an art installation where a 60 cm jar became a screen and sound enhancers with 
technology. This made the jar a messenger and more meaningful.
 With new manufacturing method temporary installations are becoming easier to pro-
duce and assemble. In China, they developed a high canopy that functions as shading and 
as a sculpture. It is made out of 3d printed smart nodes that allow for mass customization 
and modularity to provide distinct performance. With rhino plug-ins they were able to test 
wind loads to assure strength. This installation provide inspiration to improve manufactur-
ing by using recent technology. In order for the smart node to sustain a canopy they did 
slow prints with a higher density. This cut cost and allow the installation to be constructed 
by three people in a few days.
 These two article give a glimpse into what’s in store for the future. It shows that with 
creativity and technology we can build cheaper, safer, and more immersive installations 
and buildings.  

Smartnodes Pavilion in China Role of Urban Spaces

Carroll/Fletcher Gallery In London

ITKE Pavilion 
Construction

Modular Wooden Bench 
Diagram and Activities

Spokane Parklet Design



 

 

 

TEMPORARY ARCHITECTURE: AN URBAN MIRAGE 

Tracing the journey of digital installations in the (mind/ body) memory 
 

SUKAINAH ADNAN ALMOUSA     
 

The University of Sheffield, UK 

Email address: s.almousa@sheffield.ac.uk 

Abstract. One of the emerging multidisciplinary contemporary art practices is interactive 
installation art, which is concerned with constructing a temporary artistic environment 
that is digital, responsive and engaging. It is usually displayed within existing 
architectural context whether indoor in a gallery space or outdoor in a public space. 
Recent examples of such art projects show that interactivity and illusion are effectively 
present and highly influential in the perception and memory of the place. A digital display 
on a building façade can remain attached to the history of the site in the spectator‘s 
memory even after the display is removed. An interactive space that involves body 
response and emotional sensory interaction can determine the narrative perceived from 
the experience. These trends seemingly bring together the physical context and the digital 
space to contain the spectator. The two mediums are merged to provide a new genre of 
space, hence a new mode of perception where the art space mediates people‘s movement 
and overlay the context with new meanings. Multiple backgrounds are involved in the 
creative process of interactive installation art, all of which involve examining various 
concepts through artistic engagement with temporary spaces. Here, particularly because 
of interactivity and immerseveness, the spectator becomes part of the performance (the 
subject); with his moving and reacting he activates the narrative and probably gives it its 
shape. This paper aims to explore the potentials of the digital spatial display to enhance 
or weaken our sense of belonging to the surrounding environments while creating an 
illusionary space within the real physical one. It also aims to discuss how this influence 
would affect the memory of the mixed experience; the installation being digital, 
temporary and illusive and the space being physical, permanent and real. What happens 
to the ―spectator‖ when contained by the digital-interactive and the physical medium(s)?. 
In order to unfold the mentioned questions, the study uses theories of perception and 
performance reflected on live case studies of recent art projects where the researcher 
becomes a member of the audience and an observer at the same time in order to trace the 
journey inside this new medium. In an era where time is being more difficult to grasp and 
identities of visual culture is becoming more difficult to define, temporary responsive 
environments can provide some openings where space becomes durational, yet, 
influential, and where people‘s movements become more meaningful in the visual terrain. 

 
 
 

mailto:s.almousa@sheffield.ac.uk
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1. Installation Art Place Among Art-Architecture Complex: A Brief Background 

Installation art is a term that encapsulates a realm of art practices that may seem different 
from the outside but share common qualities. Within installation art, a wide range of specific 
art types occur (interactive art, site specific art, virtual installation, land art…etc.) yet these 
categories are claimed to be characteristics rather than types, which means that some works 
may be digital site specific, interactive land art, and so on. Despite the ambiguity that 
accompanies categorizing installation art, most of them tend to be temporary. According to a 
number of dedicated critical studies, temporality seems to be a phenomenon that mediates the 
experience of any artwork of such (Bonnemaison and Eisenbach 2009) (Kwon 2004) 
(Saltzman 2006) 
Digital technologies have been widely involved in the development of these temporary 
structures that are the concern of this paper. Digital installations -in which new temporary art 
spaces are shaped and formed by objects, screens, lights and sounds- are emerging 
architectural environments that can be encountered indoors or outdoors, anywhere at 
anytime. These environments of objects enclosed with lights and sounds create multimedia 
mediums or surroundings that the spectator can enter, walk through and explore. Moreover, 
they do not exist on their own. Just like a painting concept and painting colors need a canvas, 
these environments need a background to ―hold‖ them; their background is the building or 
urban space, which in this case acts like a canvas being the context of the work-of-art without 
which the perception of the installation cannot happen. Reading this statement backwards, 
one can also say that because these multimedia installations are spatial, they create a lens or a 
window from which the background (the urban) can be re-viewed. 
Within these two complexities, come the question of belonging that Christopher Alexander 
describes as a necessity and an emotional fact of life and the question of the stability of 
visual identity (Alexander 1978). In a complex medium where the spectator is contained by a 
temporary architecture that acts as an illusion over the permanent architecture, how can the 
spectator differentiate between the two mediums and their embedded messages, or does he or 
she need to? Does the spectator in such event belong to the real surroundings, or is 
consciousness taken completely and shifted to the virtual story?

1
 

The paper starts and ends with this moment described above in order to de-collage this from 
its attachments and thus to reveal the conditions that create the final perception of this 
moment. The aim of this paper is not concerned with the aesthetic of these digital art spaces, 
nor the history of the art movements that have influenced such digital installations. It is 

mainly addressed to the emerging conditions of the perception of architecture that emerge 
from digital occupied spaces. These conditions have been consequently realized during the 
development of temporary artistic spaces that have a digital input, where the digital display 
becomes part of the environment‘s territories.  
In live practice, these conditions are unveiled through the movement of space: because it is 
digital, the space becomes alive rather than static, and time becomes a dimension that is 
strongly present. Each moment is a new story, a new visual appearance and a new 
environment. The spectator finds a whole narrative unfolds while they are moving. Slowing 
down, speeding up, the story can change, and with its change the ―background‖ changes, with 
consequences for architecture and the urban environment already mentioned. 
This text constitutes part of a larger PhD project, where I trace the journey of ‗disappeared 
spaces‘ by tracking memories of the mind and body of spectators during and after the 
experience in such an installation, as well as tracing the footprints of the artwork to find 
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where exactly or fragmentally it remains. Here, I am considering the emerging conditions that 
were dominantly noticed as a result of the use of multimedia technologies that cause illusion 
to be a part of the space. The potentials of these meanings (concepts) that form the interest of 
this study are to firstly transform our understanding (awareness of the surroundings), and 
secondly, to affect the sense of belonging to the surrounding and to possibly displace our 
consciousness to elsewhere rather than the physical reality.  
 

2. One Context, Two Spaces within 

2.1.  CARROLL/FLETCHER GALLERY, LONDON: TWO LIVE JOURNEYS 

 
I will discuss a live field studies which I undertook in 2012 and 2013. This is a case study of 
a small contemporary art gallery in London, which hosts exhibitions of art works including 
installations. One year in between, I conducted two visits to two different artworks that I 
experienced by situating myself as a ―viewer‖, practicing the role of spectatorship in order to 
follow the changes of the image of the place in my mind, I inhabited the spaces whilst 
perceiving the interior architecture of the gallery as well as the structure of the two 
installations. 
Each installation had its own physicality residing in objects distributed within the gallery 
rooms in a certain narrative that the viewers could become aware of as they were moving. In 
addition, some parts of the gallery in both installations had digital media displays that were 
carefully embedded within the building.  
Where digital meets physical I will slowdown and re-view the surrounding of those moments 
where the gap between the gallery‘s interior and the art work nearly fades, and they become 
one. I will re-view the remaining images in my mind and the materials I have collected to see 
how it looked like at the time. After that, I will re-view how and to what extent the 
architecture has been transformed by the virtual, how the temporality of each work has 
produced a new space out of the permanent architectural layout of the gallery. 
 In 2012 Carrol/ Fletcher Gallery hosted an installation by Spanish artist Eulia Velderosa 
titled (Blood Ties). The artwork was arranged among the gallery spaces dominating the 
atmosphere by kinetic compositions, and ending with a collection of photographs before the 
final room where a film was projected on a wall of a dark space, telling stories of the special 
ties between objects and humans. 
The kinetic pieces consisted of a spinning light projection over a number of objects and that 
becomes a pattern over the first three spaces of the gallery; the middle part had multimedia 
projections but instead of using the walls as screens the artists used jars as both screens and 
sound enhancement instruments.  
Let us unfold the space here: although the rest of spaces involve elements of virtuality in the 
space, here in this spot I find the digital layer, as a spatial component, is powerfully present. 
The jars were turned into ―messengers‖ of ideas that the artist wanted to declare. The objects 
are humbled to the subject and together they become one medium (or one media). While 
watching the show, it was difficult to separate the concentration, but revising the artwork 
now, I can picture myself meditating in both mediums. I can detail the experience and 
deconstruct it. While this is useful for the analysis of what happened then, it shows that 
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liveness (when a space is performing live) can totally transform (shape) the perception of the 

space. This is a particular quality of the digital-filled-space that it adds to its architecture: 
Liveness, unrepeatability and newness. 
 

 

Figure 7. a sequence shots of the rooms with the jars. One jar (approximately 60 cm high) acts as a screen where a 
narrative of images is projected. This corner becomes the point of attention during the loop of the show and 
attention is shifted to other corners following the directions of the projection. Source: Author 

―Liveness‖, in other words, is the space moving and interacting in real time enclosing the 
complete narrative of space. This meaning is borrowed from theatre studies, particularly 
recent works that emphasize the distinction between performance art and other types of 
literature. This approach is used in this study for what it reflects on my observations from 
both visits. What I am seeing now, I know when I come back to the same (mise-en-scene) I 
won‘t be able to see. This is not a new phenomenon. Liveness has been always thought about 
as a precious fragment of time and space that cannot be stored, that can only be lived and 
inhabited (Auslander 2008). The new phenomenon here is that artists (and architects) have 
recently been able to create that quality in space by using digital technologies, such that they 
have been able to create a live space rather than a live show, something that a spectator can 
explore from within (physically being in) rather than explore it by watching as an outsider.  
Moving on, to the main hall where the main act of the installation took place, incorporated a 
combination of physical settings and virtual (light projection) carefully designed to fill the 
architectural boundaries of the hall. Unlike many artworks that use projection, the room was 
not darkened and the show was silent. Therefore the interior of the gallery at this spot was 
visible and clearly a part of the artwork. The artists designed her show for this particular 
layout. So one can understand that this type of work can highlight the surroundings whether 
indoor or outdoor by using the site as a parameter for the art installation. 
 
The projected shadows were moving along the walls bending with the corners, taking the 
eyes of the spectator back and forth, distracting them from the stillness of the (other) 
surrounding and “durationalizing‖ the space in the timeframe of the journey. The starting 
and ending moments of the show govern the time that spectators spend in this gallery space. 
A spectator like me would be determined to capture what is going to disappear. The virtual 
controlled my inhabitation of the place, concluded the experience and encapsulated the piece 
in its motion and time. Moreover, to a great extent, it determined the perception and the 
impression I kept with me after leaving the space. 
 
One year later, Carroll/Fletcher Gallery hosted another installation entitled (Orange Between 
Orange and Orange) by artist Michael Joaquin Grey. I revisited the gallery with this new 
installation in it. Interiorizing the space with white and orange, the layout of the exhibits still 
allowed me to see the same small gallery in London, but now dressed in different color, 
textures and light. The space was open and bright, the walls that were previously dividing the 



SUKAINAH ADNAN ALMOUSA                                         409                                        

SECTION SEVEN:  URBAN PLANNING AND URBAN PERFORMANCE'S VISUALIZATION 

entrance area had been removed or shall I say disappeared. For the purpose of this paper, I 
will concentrate on the same main hall, where again the artist‘s most interesting work for this 
study was located. There were two video screenings on opposite walls of the room. The space 
has been darkened; I was not able to define any element of the space. The floors, ceilings and 
corners had disappeared in the dark, and the space was two floating videos (figure 2). My 
eyes had no choice but to follow the images of the display as this were the only points that I 
could relate to and could relate me to the reality despite being digital. The architecture of the 
space that I could recall from my previous visit had dissolved in this installation and became 
one tied medium that mediated my bodily presence and my spatial awareness. 
 

 

Figure 8. A number of sequence shots of one wall in the main hall show the very temporality of the visual terrain 
in this room challenging the eye to capture a seen that would remain in the memory of the spectator and at the 
same time, immersing the body in the dynamics of the dark room. Thus, the digital environment becomes the 
―reality‖ of the moment. Source: Author. 

 
Now that I am reviewing and comparing both experiences of the same physical site, they are 
in my memory two different places that belong to the same context and that I have embodied 
each once. They are distinct materially, aesthetically and immaterially. They each have their 
poetic narrative that I‘ve perceived at the time, the later installation transformed the previous 
situation of the space into a new state of presence within the dark and the moving images.  
When the two exhibitions are compared in my memory, I always start with the picture of that 
room and carry on differentiating what has happened in the two periods. The same location, 
the same place, the same building, the same inner envelope and the same spectator, leave the 
variable of this relational thought to become the space. It seems that when the space 
becomes the variable, it associates with time to change the content of what we encounter in 
experiences like those set out above. 
Digital art installation becomes a temporary space; that is a space tangled in its existence 
with time, therefore becomes a durational space. Adopting this particular description of art 
space mobility, Critic and theorist Mieke Bal emphasizes on the quality of movement and 
time. Additionally, She emphasizes on the capability of mobile art structures to challenge 
modes of coexistence carrying narrative from different origins to new cultural contexts 
(Mieke 2008). 
 

2.2 SPACE AS REVEALED AFTERWARDS: RE-VIEWING WHAT HAPPENED 

If the two narratives are put together, what happened in the two spaces appears to be an event 
space in which architecture was neither hosting an event, nor a stage for an event, but became 
an independent event that, with the power of illusion, involves the spectator to become a part 
of it.  
―In architecture‘s adaptation of event as concept, the unpredictability of what happens and 
what is experienced is related to temporality and processual becoming.‖ (Jakobsen 2012) 
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Architecture in this case is occupied by a new temporary medium that inhabits its settings 
and attach its lines to it, it is transformed to a ―space of flow‖ of images, sounds and motions 
followed by emotional (walkthrough) that enables the space to become, to arise as one 
medium, to contain and to activate the ―creative perception‖ of which I mean –referring to 
Deleuze‘s notion of perception (Deleuze 2006)— the ability of the human to unfold the 
perception of the whole into the perception of the sum by absorbing all of the components of 
the surrounding environment(s) (temporary and permanent) and recreate it as an image in the 
mind in relation to the body.  
 

2.3 PERCEPTION IN THE FOLDS OF DIGITAL-OCCUPIED TEMPORARY SPACES 

―Thought as practice of immediation is not producing knowledge but edges at the verge of 
perceptual actuality into unknown potentialities of the future. It enables creative abstraction, 
as a way of being attentive to the unknown. Abstraction not in the sense of a 
transcendentalizing tendency (such would be closer to knowledge) but rather a technique‖ 
(Brunner 2012). 
 
Unlike the perceiving process of an ordinary situation of architecture, a complex of 
encounters is involved in perceiving digital art installations. When architectural space is 
digitalized -by attaching a digital display to it-, it turns into an immersive envelope. Likewise, 
when digital art is spatialized -by taking it out of the screens- it occupies its physical 
architectural space. Then, two components of the experience become necessary for 
understanding the new mode of perception of this (situation): 

- Temporality: none of what I see now is going to last like the normal building‘s life, 
what I see is going to fade within a duration of time and with it will disappear a 
narrative, a space, and an artwork. (Disappearance of the space (or part of it)) 

- Collaged space; a space that consists of different layers of materiality over-layering 
each other, merging to create the immersive environment that the spectator would 
encounter as a result. 

Cultural writer Lisa Saltzman has written a number of studies on installation art practice 
addressing in her inclusive review the above temporality of space in broader terms. She refers 
to temporary installations -being a ―gone space‖- as a tool of remembrance replacing –in 
some cases- monumental architecture (Saltzman 2006), the current work goes from the 
opposite direction exploring how mind can remember the disappeared art spaces, considering 
architecture as a tool of remembering the disappeared. In terms of collaged space, in addition 
to following my personal footprints in the disappeared installations, I revisit writings about 
digital installation art that discusses the condition of multilayers of space. Professor G. Bruno 
is one key writer in the field of contemporary art practices who describes what I call collage 
as ―Public Intimacy‖ referring to the merge between the physical and digital medium to be 
one and contain the human body and mind in an artistic illusion that may leave a long lasting 
remains (Bruno 2007). Both studies along with a number of other recent studies that lie 
between art and architecture, following a critical study on the details of a small temporary-
art-space experience, reflect on the wider context: the site that hosts the art work, and by 
reflecting on this, they give a sense of new modes of belonging to surroundings that only 
occur with the presence of such spaces. 
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It is worth noting that the situation of an indoor digital installation is read differently from an 
outdoor digital installation since each has its own poetics and politics of display. 
Nevertheless, there are certain conditions that are shared in both in addition to the two main 
components mentioned earlier; spatial quality, newness, slowness and meeting with 
architecture that can be seen in one example and taken forward along with the embedded 
theories for further investigations. Revisiting the same architectural context over a period of 
time whilst it is occupied by different content, the experiential field study has materialized to 
me as the spectator what the literature has provided as a theoretical body of work that is not 
entirely directed to these types of platforms. It helps to see with the eye, to sense with the 
body and to remember with the mind as well as to experience (what happens then) on a live 
stream of information. Thus, live-witnessing the change would be a missing tool if other 
examples of gone art installations have been studied instead.  

3. The Value of the Encounters in the Digital-Architectural-Space Experience 

What has been encountered so far suggests ways in which illusion and temporality should be 
connected as fundamental ingredients of the investigated experience. Places are important to 
us as the immediate connection with the outer world. Once this connection is strong enough 
that we retain it safe from loss, the place becomes one of our preferred zones in which we 
find ourselves. In fact, it may be possible that what we need in the present moment is a more 
immediate medium that we can fit in, one that is just there for a while to relocate us in the 
world in a way that fulfills our need to belong. Perhaps living our lives in modern cities 
within the fast moving effects of technology we need some moments of slowing down and 
entering a smaller space- of- time that would be nothing but a theatre of direct dialogue 
between our bodies as our lower-selves, and our minds as our higher-selves. These moments 
of bringing us to ourselves again are perhaps the moments of urban meditation that we need 
from time to time to free our perception from everyday restrictions created by the 
surrounding environment. 
 
These qualities appear to be crucial to provide a complete vision of today‘s architecture from 
an architecture perspective; it is reflected on three levels: the user, the site (building), and the 
architect. 
 
Sylvia Lavin (2011), a contemporary architecture critic, in an essay on contemporary 
installations, offers to the reader a view of what architecture can value from projects 
involving digital display, this might not directly fall in aiding the design process but rather in 
aiding the experience of the interior or the exterior of any architectural context. Having live 
spatial event that negotiate the spectator‘s familiar territories and test them out to set 
alternatives of how the user can look, use, interact with a particular site, can bring the site to 
the front of the eye and reveal hidden aspects of its layout and thus offer the user with new 
narratives that he can inhabit. 
 
Also, as much as these installations can emerge to the viewer as an experience, it can also 
offer architecture a chance for a change. In addition to changing the architecture‘s visuals, 
the change –arguably- has the ability of changing the histories of the site too; overlaying 
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existing memories embedded in the place with others that are just new, temporary and 
different  
In 2012 an A/V festival Duration took place in Newcastle upon Thames, UK for one month 
in which I have taken part. A number of installations, screenings and performances were 
happening in different venues according to a specific timetable. The event was an illustration 
of the power of temporary-digital-themed events that occupy buildings in creating new 
connections between different sites of the city in a chosen period of time. A visitor of the 
entire event can now relate to the involved institutions in Newcastle and the routs between 
them in a new way creating a durational urban sphere that is connected by artistic temporary 
spaces occupying Newcastle. 
 
An experience like A/V festival highlights the significance of this contemporary practice to 
architectural practice. Museum design in one of the directly influenced processes in this 
matter as museums now should be always prepared to host non permanent dynamic spaces 
and this has been detailed in various multi-disciplinary studies. The relevance found to 
architecture reveals the need to extend the architectural theoretical thinking of these types of 
structures: virtual, cinematic, digital spaces meeting the physical. Designing interactive 
environments has become a multi-disciplinary field. Therefore, it has not been widely 
addressed in architecture theory. However, claiming this direct influence on the architecture 
experience encourages deeper investigations. 
 
On the practical side, designers now have the opportunity to set out public spaces that are 
open to possibilities and fluxes of spatial temporalities. Taking time dimension into 
consideration, a public space can be designed as a stage welcoming mini spaces that perform 
within it. This is said to add lenses and newness to the place and make it ever changing and 
appealing to the user (Foster 2011). As a result the user would be invited to practice certain 
patterns according to the spatial event offered which in turn can intensify the connection 
between the user and his surroundings an independent practice itself, designing the described 
digital spaces can challenge the constrains made by existing architecture as the architect‘s 
role is not always to build new places from scratch but also to challenge the weakness of the 
urban fabrics by filling it with narratives that – by staying for a short time- bring the space 
back to display 
 
Lavin concludes by naming this kind of moment Kissing Architecture (Lavin 2011), referring 
to installation art‘s intimate meeting with its context and drawing from theories in philosophy 
and art architecture history. The intention of this text has been to carry on testing the 
potential of this close overlay in the temporary/ permanent complex, focusing on the time 
dimension and the journey of the spectator between the two places which, while they may not 
define the nature of the interaction between digital and architecture, do offer to address the 
emerging issues that are involved in reading the poetics of this meeting. 
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Endnotes  
 
1 Media Theorist Marshall McLuhan in his theory ―The Medium is The Message‖ offers an insight to understand 
how the conscious presence of the human being can shift towards the inner self or be displaced to other worlds 
when the senses are engaged with one form of media (McLuhan and Fiore 2008). 
2 Mise-en-scene is a term used in theatre and film practice. It is in this paper a metaphor for the art settings 
occupying architecture, and the architecture becoming a stage for a scene (the art installation) that takes place and 
changes constantly with the movement of the narrative.  This term is used as a metaphor in an architecture study 
by William Mitchell as he describes the contemporary relational place experienced within architecture and urban 
context(Mitchell 2005)  
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Abstract. Recent developments in Additive Manufacturing are creat-
ing possibilities to make not only rapid prototypes, but directly manu-
factured customised components. This paper investigates the potential
for combining standard building materials with customised nodes that
are individually optimised in response to local load conditions in non-
standard, irregular, or doubly curved frame structures. This research iter-
ation uses as a vehicle for investigation the SmartNodes Pavilion, a tem-
porary structure with 3D printed nodes built for the 2015 Bi-City Bien-
nale of Urbanism/Architecture in Hong Kong. The pavilion is the most
recent staged output of the SmartNodes Project. It builds on the findings
in earlier iterations by introducing topologically constrained node forms
that marry the principals of the evolved optimised node shape with topo-
logical constraints imposed to meet the printing challenges. The 4m
high canopy scale prototype structure in this early design research itera-
tion represents the node forms using plastic Fused Deposition Modelling
(FDM).

Keywords. Digital Fabrication; Additive Manufacturing; File to
Factory; Design Optimisation; 3D printing for construction.

1. Introduction
Designing with freeform surfaces in architecture frequently leads to structural
frames with members meeting in irregular junctions in unpredictable numbers at
unpractical angles. Dealing with such nodes can involve, for instance, ubiquitous
spherical geometry with custom welded plates or fixings. Such customisable nodes
are expensive, time consuming to produce, and wasteful of material to accommo-
date every possible configuration. This adds significantly to the weight of indi-
vidual nodes relative to their essential structural performance, which in turn adds

P. Janssen, P. Loh, A. Raonic, M. A. Schnabel (eds.), Protocols, Flows and Glitches, Proceedings of the
22nd International Conference of the Association for Computer-Aided Architectural Design Research in Asia
(CAADRIA) 2017, 467-477. © 2017, The Association for Computer-Aided Architectural Design Research
in Asia (CAADRIA), Hong Kong.
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weight to the overall structure. The question arises: could a freeform structure be
made primarily from standard construction materials, with every unique node (1)
individually optimised for its structural performance in its specific location, (2)
shaped to accommodate the irregular confluence of structural members, and (3)
be 3D printed in metal, taking advantage of the mass customisation opportunities
of that technology?

Figure 1. SmartNodes Pavilion at 2015 Urbanism/ Architecture Bi City Biennale, Hong Kong.

New means of advanced manufacturing offer potential for a historical shift
from the mass-production of repetitive parts, to mass-customization on an indus-
trial scale. Mass customisation promises the combination of automation, effi-
ciency, and design freedom. This paradigm, first proposed by Davis (1987), tran-
scends the principles of mass production and extends the notion of modularity to
provide distinctive performance characteristics. Advanced manufacturing technol-
ogy allows for building components to be customised to local conditions, based
on aspects of systems of design and delivery (Exner et al. 2016).

An earlier iteration in this research project started to investigate this opportu-
nity through applying Bidirectional Evolutionary Structural Optimisation (BESO)
(Huang & Xie 2010). This technique can minimize material volume and weight
in a part. This research iteration involved the design and construction of a scaled
pavilion structure with printing of full-size metal nodes (Crolla & Williams 2015)
(figure 2). The principal issues highlighted through these included challenges in
printing with excess material required for support during the process including a)
problematic heat build-up in the printing process, b) excess support material that
was labour intensive to remove after printing.
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Figure 2. 3D Printed stainless steel node, prototyped at full-scale using Selective Laser
Melting (SLM) technology.

Here we report on a second iteration of the research. The research goal re-
mains to develop design methodologies that allow the construction of geometri-
cally unique freeform architecture, primarily built from standard available means
and requiring limited onsite skill, through the integration of all complexity into
individually customised and 3D printed nodes. This second iteration focusses on
testing practical applicability through a full-scale pavilion project and explores the
opportunities for topologically constrained node forms that marry principles of
evolved nodes with geometrical constraints imposed to meet printing challenges.
We introduced a fixed node topology for which minimal support material was re-
quired during the 3D printing process. Components of this topology were sized in
response to key constraints in additive manufacturing, including the limitation of
required printed geometry scaffolding during the applied Fused Deposition Mod-
eling (FDM) process.

2. Pavilion Design
The SmartNodes Pavilion (figure 1 and 10) is a sculpture placed in the courtyard
of the Hong Kong Heritage Discovery Centre in Kowloon Park. It operates as a
shading device and sculptural feature for the public terrace. The structure consists
of a single layered, tree like canopy that cantilevers out from a single central col-
umn. This column is anchored into a thin in-situ cast concrete slab that operates
as ballast. The structure has a trefoil-like symmetrical topology that was freely
stretched and deformed to create a more dynamic and natural looking result.

The SmartNodes research project seeks to identify and prototype a system
which could be deployed in a range of scenarios. We focussed design and research
on common the problem of customised node design and fabrication. Across the
form of the pavilion, 39 unique nodes connect 183 linear beam elements which
are unconstrained in the angles at which they meet. Three structural hierarchical
axes respond to loading. Primary structural lines run from the bottom to the top
pavilion edge and are split up into three parallel lines that are fixed into the same
end nodes. Secondary structural axis are similarly split into three parallel lines,
but commence halfway up the pavilion structure and run until the upper edge. Ter-
tiary axis are kept as single lines. The splitting up of the axis into parallel members
increases strength and permits easy fabric installation (see below). The number of
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members joining into a single node ranges from five to eleven, resulting in a total
of eight different node types.

By focussing design and fabrication primarily on the connecting node points,
these smallest components of a framing system can be produced with relatively
expensive digital fabrication techniques without resulting in much higher overall
cost, as most volume and weight of the project remains composed of conventional
materials. In the case of the SmartNodes Pavilion, these materials were standard
aluminium tubes and a fabric membrane - parts which are cheap, can be adapted
to local supply in each scenario, and can be assembled with limited onsite skill
requirements. The specialist components, plastic 3D printed nodes, were manu-
factured overseas.

3. Structural Assessment
The SmartNodes Pavilion’s structural model was fully 3D drawn in McNeel’s
Rhinoceros®, including all strut axis and node locations necessary to evaluate its
structural performance in detail. The Karamba plug in for Grasshopper® was used
within the Rhinoceros® software environment for simulation and analysis of dif-
ferent design iterations. Interactive experiments with the structural model as a
virtual prototype allowed predicting the performance of the structure through sim-
ulation and iteratively improving the performance of the system. This process for
on-going performance assessment based on a specified set of characteristics is re-
ferred to as virtual prototyping (Burry & Burry 2016). Based on the cross-section
optimisation algorithm of the plug-in and the selected construction materials, the
necessary dimensions for the struts of the pavilion were generated inside the para-
metric design environment (figure 3).

Figure 3. Structural Analysis using Karamba in Grasshopper®.

Using this parametric schema, different structural configurations could be eas-
ily tested and adjusted to improve the structural performance of the overall struc-
ture. All necessary loads were generated throughout the general structural analysis
of the pavilion and no separate process was necessary to analyse the node topolo-
gies for structural performance.

As the pavilion was located in a heritage courtyard, the structural engineers
considered site-specific wind loads. To simplify the structural evaluation based on
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the focus towards the structural nodes, two design winds loads in x and y direction
were applied.

For practical reasons related to local availability of material, strut diameters
were limited to three types: two different sizes of struts were used, 20mm and
32mm, and one family was internally reinforced with steel stiffeners. These were
necessary to handle high loads in areas where available diameters of aluminium
rods would not suffice to resist buckling.

4. Node Development
Throughout the structure, eight different node types can be found that join different
numbers of members. Fixed topologies were introduced for each of these types.
In developing these typologies, the key goal was to improve the manufacturing
process through minimising support material in printing, thereby reducing both
time and 3D materials, all while keeping straightforward onsite assembly in mind.

4.1. NODE TOPOLOGY DESIGN

The printing process was limited by built-in software constraints put in place by
the tool makers. Although these constraints could theoretically be circumvented
by customization of the control software of the manufacturing hardware, that was
deemed beyond the scope of this research project. Instead, rules of thumb, gradu-
ally defined through several study prints, were used to define most efficient node
geometries. Factors such as node orientation in the printing bed and control of
angles of overhang became dominant design criteria.

Figure 4. Node typology for Mesh Generation.

3D printed meshes were generated by procedural extraction using the ‘Ge-
ometry Wrapper’ function in Millipede, another structural analysis and optimi-
sation plug in for McNeel’s Rhinoceros® plug in Grasshopper®. This generates
an equipotential mesh surface around defining input geometry. The input geome-
try used for the node surface generation consisted of the node topology axis lines
and placeholder geometry in areas where connections with the aluminium mem-
bers were placed ( figure 4). For the member axis lines, different weightings were
intuitively used for geometry at the top of the pavilion (lighter) and at its base
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(heavier). For the connection slots with the aluminium pipes, an iteratively de-
fined fixed weighting was used. To allow mechanical rod fixing, a screw hole was
extracted from the mesh geometry prior to printing and the weighting was defined
to produce sufficient mass for an effective load transfer without breaking.

The values used to define the equipotential mesh surface can easily be paramet-
rically linked to printed material properties, resulting in thinner node geometry for
metal prints and more chunky outcomes for plastic. Time and financial constraints
of the projects, however, did not allow for this in this iteration.

4.2. NODE FABRICATION

The custom optimised node fabrication resulted in a range of 3D printed geometric
expressions, generated based on local geometry and load condition and defined by
the number of struts surrounding each node (figure 5).

Figure 5. Front and back view of three 3D printed plastic nodes.

In principle, any 3D printing material could be used as long as node geome-
tries are developed in response to the material properties. Future iterations will
focus on Selective Laser Melting (SLM), as this mode of fabrication seems to be
most promising for application at construction scale, even if demands from the
construction industry for their use in construction projects cannot yet be met with
the present stage of technological development (Crolla & Williams 2015).

In this case, all nodes were printed on ‘Fortus FDM’ machines using an ABS
filament (figure 6). A number of parameters affect required printing time:

• Material can be deposited in layer heights ranging from 0.15mm to 0.3mm. A
lower height produces a finer surface finish and minor differences in strength.

• Strategies for printing the internal volumes of objects vary the density and quan-
tities of material, with a ‘solid’ model being printed relatively slowly and alter-
native densities of lattice offering possible time improvements.

• Printing support material effects both the material volume and required time,
with extrusion material changed for each layer during printing, affecting sur-
face finish quality and strength of parts.

Amongst these relationships, trade-offs must be made to select a best fit for a spe-
cific project. In this case, strength - particularly tensile strength between printed
layers - led us to opt for higher density and slower prints. Support material was
minimised through the controlled pre-defined node topology without reducing sur-
face quality.
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Figure 6. Nodes during and after the printing process.

5. Construction
In addition to the offsite printed nodes, all 183 aluminium members were prefab-
ricated offsite. Following data spreadsheets extracted from the digital model, the
tubes were manually labelled, cut to length, flattened at their ends, and pre-drilled
for eventual onsite slotting into the nodes.

The fabric cladding was produced in three separate parts from a blue elastic
fabric. Kangaroo, a particle-based physics simulation engine plug in for McNeel’s
Rhinoceros® plug in Grasshopper®, was used to define the flattened non-stretched
geometry. A straightforward fixing detail was developed in which the membrane
could be stretched in between the axis lines by having the aluminium members
inserted into edge pockets closed by zippers.

The pavilion assembly required minimal technology (figure 7). Within a few
days a team of three people with no construction experience managed to assemble
all components and install the skin (figure 8).

A thin in-situ cast concrete slab was used as ballast for the structure. Protrud-
ing starter bars, bent to the correct angles were inserted and clamped into the alu-
minium tubes at the base to secure the connection with the canopy. Above the base,
the aluminium pipes and structural nodes were assembled using standard screws.

6. Assessment and Future Research
Albeit fast, the rather intuitive ‘Geometry Wrapper’ does not produce fully opti-
mised geometries. Following the completion of the pavilion, a randomly selected
node design was revisited using the Scan&Solve(TM) plug-In for Rhinoceros. Its
structural performance was simulated and a further volume reduction of the node
geometry was done while respecting maximum loading capacity. This study ex-
posed that a further volume reduction would have been possible of about 50%
(figure 9).
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Figure 7. Assembly.

Figure 8. Lycra skin detailing around various nodes.

Figure 9. Comparing geometry of manufactured and simulated Node.
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Alternatively, the cross-section optimisation algorithm of the Karamba plug In
for Grasshopper® could be used as an efficient method for structural evaluation
and section optimisation of node components: it can generate weighting values for
fixed node topology components defined using the ‘Geometry Wrapper’ function
described here.

Although theoretically possible, further volume improvement would be diffi-
cult to realize in layered ABS plastic because of possible local defects occurring
during the additive manufacturing process. Even if larger local defects, as occa-
sionally observed in some of the nodes, could be avoided, the local properties and
micro structure of the material may still vary significantly. Many conditions affect
structural behaviour, including the specific machine used in production, materi-
als, and their interaction with climate. To check calculated structural behaviour
and adjust input parameters, a series of tests should be performed and weathered
on-site. Such first-hand empirical tests are critical until industry standards further
mature.

Figure 10. SmartNodes Pavilion by night.

7. Conclusion
This research investigated the use of a fixed-topology optimisation approach to
mass-customized structural nodes to reduce the material needed for the additive
manufacturing process. This has been prototyped through the design and fabri-
cation of a pavilion structure at full-scale. This included customised nodes that
incorporate geometric complexity and details for ease of assembly, allowing for
straightforward on-site construction of freeform structures.

The results are significant in three respects: (1) the optimisation-based system
for mass-customisation of structural nodes developed during the research indicated
the potential for topological constraints in the optimisation process to develop a
system of custom nodes that can be produced through 3D printing without gener-
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ating excessive support material, (2) the construction process and procedure was
successfully tested using the fabrication data generated from the parametric model,
and (3) the whole system was tested under outdoor conditions, including signifi-
cant wind load, during building occupation as part of a larger exhibition context.
Future work will further investigate the application of this node system to full-scale
metal printing.

Further optimisation of nodes will require (a) more detailed information on the
structural behaviour of 3D printed materials and (b) further embedding of local
structural engineering knowledge into the design team. However, designers will
face significant challenges in assessing large quantities of such data and respond-
ing through design proposals. Heuristic and pragmatic responses are likely to be
more readily adopted.
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