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SOL GROTTO
Project Date: 2012
Project Team: Ronald Rael, Virginia San Fratello, Bryan Allen, Chase 
Lunt, Dustin Moon, Kent Wilson, Bridget Basham

SOL Grotto is a spartan retreat—a space of solitude and close 
to nature where one is presented with a mediated experience 
of water, coolness and light . The SOL Grotto also explores 
Solyndra’s role as a company Sh*t Out of Luck. 1,368 of the 
24 million high tech glass tubes destined to be destroyed as a 
casualty of their bankruptcy, are used in the installation.

The project is located in the Berkeley Botanical Garden 
alongside Strawberry Creek in the California Native section as 
part of the exhibit Natural Discourse, which is a collaborative 
project between The University of California Botanical Garden 
at Berkeley and a multi-disciplinary group of artists, writers, 
architects and researchers who have been invited to spend 
time in the Garden’s extraordinary collection of plants, engage 
with the horticulturists and develop new site specific work.

The tube’s original role as a light concentrating element is 
extended to transmit cool air into the space via the Venturi 
effect, to amplify sounds from the adjacent waterfall via the 
vibrations of the tubes cantilevering over the creek, and to 
create distorted views of the garden.

The glass tubes are illuminated electric-blue naturally from the 
direct and ambient light that is conducted through the glass 
causing each tube to change in intensity throughout the day. 
Collectively, the tubes take on the form of a cave wall or a 
waterfall, evoking Plato’s Allegory of the Cave where shadows, 
light and sounds call reality into question. The view through 
the rods is simultaneously kaleidoscopic and mesmeric and 
has become home to several insects found in the garden. 
The sound of a waterfall is present inside The SOL Grotto and 
the combination of sound, light, views and coolness filtering 
through the cracks in the flooring creates a highly sensorial 
space.

right: elevational view of SOLYNDRA tubes
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right: SOL Grotto in the Botanical Gardens at dusk



Photographs illustrate the views through the tubes to the garden and the 
natural flora and fauna that are beginning to occupy the SOL Grotto. 



STRAW GALLERY
Project Date: 2011
Project Team: Ronald Rael, Virginia San Fratello

The Straw Gallery was designed for HEDGE Gallery for the 4th 
annual sf20/21 San Francisco Art and Design Show held at the 
Festival Pavillion, Fort Mason Center. The temporary gallery 
was on display from September 15th through 18th opening 
with a benefit for the San Francisco Museum of Modern Art’s 
educational programs.

The gallery is an aromatic, enveloping, and raw space in 
contrast to the refined and modern elements that are displayed 
within. The gallery consists of three unfinished, blackened 
steel display niches interwoven within the walls of straw bales. 
Each niche is an excavation that is filled with HEDGE’s highly 
edited visions of 20th and 21st century design, art and craft, 
presented at different levels relative to the eye and the hand of 
the visitor.

The juxtaposition of the two materials, steel and straw—
one industrial and the other representing a storied agrarian 
history—heightens the tactile sensibilities as one navigates 
between the richness of the hay and the clean surfaces of the 
steel compartments. Straw is an incredibly effective acoustic 
buffer and the walls are in most places two bales thick and 
placed strategically to block views to the exterior as you enter 
the space.  The experience within Straw Gallery is one of quiet, 
calm and focused observation in contrast to a busy exterior.

The several hundred wheat straw bales, an agricultural by-
product used for bedding, roughage and fuel, used to construct 
the gallery were returned to the feed store. The steel shelves 
were recycled and will be used to construct furniture and 
shelving in San Francisco.

above: ceiling perspective and floorplan right: view from the exterior



above: stacking sequence
right: elevational view of straw gallery in site



above:steel shelves
below: details of steel inserted into the straw 
right: view of the interior showing the display of objects on straw and steel shelves



HOMELESS HOUSE: Sukkah of the Signs

Project Date: 2010
Project Team: Ronald Rael, Virginia San Fratello, 
Maricela Chan, Emily Licht
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Above: Exploded Diagram of material assembly
Below: Construction Drawings

Ten years ago, architects Ronald Rael and Virginia San Fratello 
started buying cardboard signs off homeless people in and 
around their Oakland-based firm. The idea was to exhibit the 
signs as works of art, then sell them to raise money for charities 
that benefit the homeless. But the project stalled, leaving Rael 
and San Fratello waiting for an opportunity to resurrect them 
from storage. That came this year, with the announcement of 
Sukkah City: NYC 2010, a new, international design competition 
challenging architects to re-imagine the ephemeral, elemental 
shelter known as the sukkah. 

Sukkah City is the brainchild of Joshua Foer, a journalist, 
author and member of Reboot, a New York-based nonprofit 
that encourages creative Jews to “reboot” Jewish traditions and 
make them relevant again in modern life. Reboot co-founder 
Roger Bennett was Foer’s partner in this endeavor. The project 
also received support from the Union Square Partnership, an 
organization that works to enhance the atmosphere of New York 
City’s Union Square.   “We wanted architects to think about the 
sukkah in a way that was experimental and contemporary,” Foer 
said, “and show what kind of creative possibilities can lie within 
the constraints of Jewish law.”

The contest attracted nearly 600 entries from 43 different 
countries, including Kazakhstan, Bulgaria, Thailand and 
Paraguay. Rael and San Fratello, whose East Bay firm combines 
architecture, art, culture and environment, created the “Sukkah 
of the Signs,” a wooden structure clad with signs — some as 
small as a sheet of paper, some large enough to be a makeshift 
bed — made by the homeless and destitute.



Above: People who contributed their sign to the project
Below: Homeless man in Union Square Park in front of Sukkah of the Signs

Examples of signs collected from San Francisco, Oakland, San Jose, San Diego, Los Angles, Venice, Las Vegas 
and Denver

“This project reinforced something for us as architects,” said 
Rael, a professor at U.C. Berkeley. “Our designs can send a 
social and political message, which is often hard to deliver. 
Clients don’t hire you to make social commentary, but we had 
the chance to express that through our work.” Inspired by a 
mosque made entirely of cardboard that Rael and San Fratello 
discovered in a Yemenite refugee camp a few years ago, the 
“Sukkah of the Signs” boasted roughly 280 signs, covering a 
10-foot wooden structure of lumber pieces. The signs came 
from throughout the Bay Area, mostly in San Francisco. Rael 
and San Fratello drove down Van Ness, stopped at freeway 
exits and wandered through the Haight District. Sign bearers 
led them to others in Golden Gate Park. Rael even put an ad on 
Craigslist to get more.  

“You see these guys on the streets all the time brandishing 
these signs,” Rael said. “We thought they were amazing and 
beautiful works of art.” Convincing the homeless of that took 
some time. Rael remembered how awkward it was initially 
approaching their subjects to ask for their signs — in many 
cases, it was all they had. He gradually learned that listening to 
their stories, coupled with an offer to buy the sign for a couple 
bucks, usually translated to success. Rael met people of all 
ages, races and religious backgrounds. They clutched signs 
that were humorous, serious, thought provoking and strange. 
One woman held a sign that said: “Need money for a new pair 
of shoes.” She didn’t have legs.

He approached people who couldn’t talk or write, grasping signs 
that made no sense as an act of desperation. In the bowels of 



Golden Gate Park, he talked to individuals who lost their jobs 
and couldn’t make rent, stuck in a vicious cycle they could not 
escape. “I was already empathetic toward people on the streets,” 
Rael said. “To a greater extent, I understand the reasons of why 
they are there. Some accuse [the homeless] of being lazy or 
wanting to be on the streets, but so many have no choice.”

Creating the “Sukkah of the Signs” inspired Rael and San 
Fratello to start the Homeless House Project, whose aim is 
to bring attention to homelessness in America. Rael hopes to 
publish a book with images of the signs used in the sukkah. 
“When we learned about the concept of the sukkah, it was a nice 
way to think about the contemporary issues of homelessness in 
the U.S. and the interesting stigmas that arise,” Rael said. “In a 
sense we were waiting for a project like Sukkah City. We had the 
signs and it was a good opportunity to marry the two projects.”

Erected for one week each fall during the festival of Sukkot, the 
sukkah is traditionally a space for sharing meals, entertaining, 
sleeping and rejoicing. Its construction must adhere to precise 
parameters: the structure must be temporary, have at least two 
and a half walls, be big enough to fit a table, and have a roof 
made of shade-providing organic material through which one 
can gaze at the stars. “We’ve inherited this tradition of sukkah 
building, but very few of us know the real rules or even build 
them anymore,” said Reboot Executive Director Lou Cove. “For 
those who do it’s very nice, but it’s not a widely shared creative 
enterprise. The idea of making the sukkah an architectural piece 
was a way of reinvigorating that tradition.” While the sukkah’s 
religious function is to commemorate the temporary structures 



Photo: Nate Levy
Sukkah City, NY

in which the Israelites dwelled during their exodus from Egypt, 
it is also a symbol of the transience of life as expressed in 
architecture.    

Contestants did not have to be Jewish. The teams behind the 12 
finalists received guidance from Judaic experts on how to craft 
a kosher sukkah. Neither Rael nor San Fratello are Jewish, but 
that didn’t matter. “At this point, I think I’m much more familiar 
with the rules of constructing a sukkah than a lot of Jews,” Rael 
said with a laugh. “Learning about lesser-known traditions of 
Judaism was really interesting.” From dawn until dusk Sept. 19 
to 20, nearly 200,000 passers-by wandered through Sukkah City 
in Union Square Park to marvel the sukkahs. “It turns out that 
architects viewed Jewish law in a way we could not anticipate,” 
Foer said. “Working with the design constraints handed down for 
thousands of years was inspiring. They immediately understood 
how many levels of residence there are in the sukkah — what 
it means to be impermanent or homeless, to the role it plays in 
reconnecting Jews with their agricultural past. “All that is bound 
up with esoteric rules, some of which are playful,” he continued, 
noting that a sukkah may be built out of an elephant’s skeleton 
but no other animal’s. “If that’s not an invitation to do something 
weird, then I don’t know what is.” 

Exerpted fro the article, “A booth with a view: Oakland architects 
build sukkah using signs from the homeless” by Amanda 
Pazornik. J! Weekly, Thursday, September 23, 2010.



PRADA MARFA

Project Date: 2008
Project Team: Ronald Rael, Virginia San Fratello

On July 13, 2005, 22 miles north of the U.S./Mexico border, patrol 
agents from the Marfa Sector of the United States Border Patrol 
surrounded five people traveling through the Chihuahua Desert 
in West Texas. Suspecting illegal activity, the agents had been 
informed that illegal immigrants were detected by the tethered 
aerostat radar system hovering overhead that provides counter-
narcotics and border crossing surveillance and can distinguish 
targets down to a meter across at ground level.

It is not uncommon that coyotes, smugglers involved in the 
profession of human trafficking, drive the desolate roads 
searching for “wets”, the derogatory term for illegal immigrants, 
in the vast desert expanse surrounding Marfa. When the five 
suspects were questioned on the nature of their business the 
answer was not so clearly comprehended by the Border Patrol. 
The suspects were a gallery curator, a photographer, an artist, 
and two architects who were discussing the selection of the 
future building site of Prada Marfa, a minimalist sculpture that 
replicates the luxury boutique where the Fall 2005 line of Prada 
shoes and bags were to be displayed.

The juxtapositions between the United States and Mexico, or 
between wealth and poverty, that are clearly evident in the Big 
Bend region of Texas define a landscape charged with contrasting 
conditions in which Prada Marfa is built. The immense ranches 
that comprise the area, each several thousand acres or larger, 
often appearto be abandoned, but are owned by many of the 
wealthiest people in the United States. Most of the ranch owners 
have ties to oil, and more recently, dot com wealth, including 
a ranch owned by Amazon.com CEO and founder Jeff Bezos, 
where he has announced plans to construct a spaceport just 
down the road from Prada Marfa. Just as each of these polarities 
are somehow equally at home and “foreign” to this environment, 

so to is Prada Marfa, with it’s delicate interiors and massive walls, 
schizophrenically positioned in the geo-political and cultural 
framework in which it is built. In fact, the process of building the 
project is as simultaneously contextually grounded and extrinsic 
as the work itself.

The primary building material used to construct Prada Marfa 
is dirt. While it may seem odd to construct a building with soil, 
particularly one with the associated title Prada, building with 
earth is actually quite common. It is estimated that currently 
1/2 of the world’s population, more than 3 billion people on 6 
continents, lives, works, or worships in buildings constructed 
of raw earth.  This makes fragmental soil, not to be confused 
with other materials that come from the ground, such as stone, 
cement, or metals derived from ore, the most ubiquitous building 
material on the planet. Earth buildings can also be found in 
almost every climatic zone on the planet, from the deserts of 
Africa, Australia and the Americas to England, Denmark, China 
and the Himalayas.  

Whereas earth is a material that westerners commonly perceive 
to be reserved for the small, humble structures of developing 
countries, there are earth buildings of almost every architectural 
type in use by every economic and social class. Examples of 
churches, hospitals, museums, embassies, and even an airport 
demonstrate the wealth of earth building types found throughout 
the world.  Typically, earth is also considered to be a building 
material only used in rural environments, but earth architecture 
can be found just as easily in contemporary urban environments. 
The world’s first skyscrapers, 11 story buildings first constructed 
over 500 years ago, continue to be constructed entirely from 
mud in the dense cities of Yemen. Perceived as a material of low 
quality, earth buildings also represent the oldest extant buildings

right: Prada Marfa at dusk



on the planet. Using approximately 7,000,000 mud bricks, the 
Ziggurat at Ur dates back to 4000 B.C. Taos Pueblo constructed 
between 1000 and 1450 A.D., in New Mexico is the oldest 
continuously occupied dwelling in North America and was also 
constructed from raw earth.  

While  earthen architecture is often considered the building 
material of the very poor , many wealthy residents inhabit the 
vast mud brick suburbs of Santa Fe, New Mexico. Ronald 
Reagan’s former Ranch House (also known as “The Western 
White House”) in California, Saddam Hussein’s childhood 
home in Iraq, and Chairman Mao’s childhood home in China 
were all constructed of mud brick, which speaks to the great 
breadth of ideological extremes represented by this omnipresent 
material.  Now we can add Prada Marfa to this ”A-List” of earthen 
architecture – the first Prada related building constructed of mud. 

A large percentage of buildings in the region surrounding Prada 
Marfa, are also traditionally constructed of mud brick. Often 
made directly from soil excavated from the build site, mud brick, 
called adobe in Texas, is a brick made from soil mixed with water 
and straw and left to dry and harden in the sun. Historically, this 
was the traditional construction method used by the Mexican 
and Mexican American population. In the case of Prada Marfa, 
the 2,500 mud bricks used to construct the building were made 
by machine and express shipped to the site from a mud brick 
yard in Alcalde, New Mexico, over 500 miles away. Not unlike the 
luxury goods that fill the faux-boutique, the mud bricks arriving 
from this adobe yard are primarily manufactured to supply a 
growing population of southwestern affluence enamored  with 
the romantic notion of living in a house constructed of earth. 
Increasingly, the demands made by wealthy interstate immigrants 
longing for mud brick residences  have had a dramatic effect on 
the cultural and built landscape. 

left: adobe bricks and concrete mortar walls
right: 2005 collection of Prada shoes and purses



At one time, buildings made of earth were looked down upon, 
and ultimately made illegal to construct for several decades. 
Today, however, mud brick’s increasing popularity has created 
a demand for the material that has transformed it into a status 
symbol in the southwestern United States. The humble earthen 
houses that comprise Marfa’s residential district now fetch several 
hundred thousand dollars from New Yorkers, Houstonians and 
Los Angelenos. Thus, what was once a vernacular tradition has 
transformed  into a capitalist driven process that often leaves 
the traditional descendants of earth dwellers unable to afford 
mud, forcing them to switch to an ironically more affordable 
consumption of prefabricated mobile homes and concrete-
block houses. Much like the knockoffs of Prada bags that 
are a consequence of the high price tag of authentic Prada 
merchandise, adobe knockoffs, faux-adobes, are the preferred 
style of manufactured southwestern homes. 

Unlike traditional mud brick buildings, whose bricks are laid in an 
earthen mortar, the mud bricks used to build Prada Marfa were 
set in a cement mortar. The juxtaposition between the industrial 
material of cement and the traditional mud brick could be read as 
a  nod to Donald Judd, but the combination also represents the 
bipolar nature of the context in which it is built. In Marfa the use 
of industrially produced cement, introduced by the U.S. military

– each leaving built traces in the landscape that are evident today. 
By crossing a border between art as commodity and commodity 
as art, Prada Marfa offers a conceptual interpretation of the latest 
wave of occupation in the region  - Judd and  the gentry of gallery 
owners, artists and art lovers who are his followers. It also  raises 
questions regarding the consequences of this history.

While Prada Marfa was not constructed with illegal labor, mud 
brick construction is labor intensive and labor provided by illegal 
aliens is cheap. The demand for  inexpensive labor in America 
coupled with a search by immigrants for higher paying jobs 
work hand in hand to prompt people to cross the desert by foot. 
Although it is difficult to know exactly how many immigrants cross
the border in the Marfa sector each year, in 2005 there were 

10,536 illegal border-crossing apprehensions and approximately 
12 migrant border-crossing deaths.  Most of these deaths are 
attributed to heat stroke or hypothermia. From a distance, illegal 
aliens walking through the desert at night 
might perceive the illuminated building to be a possible source 
of water or shelter. However,  upon closer inspection, Prada 
Marfa reveals an irony that connects the history of the region 
while also offering a prognostication. It is not uncommon for 
one’s shoes to wear out during the arduous journey across the 
desert. In a desperate attempt to protect tired feet from the rough 
terrain, immigrants are known to try to fashion shoes from the 
only material available – the yucca plants that dot the landscape. 
The contrastingly opulent presentation of meticulously organized 
shoes and bags housed within the familiarity of mud brick walls 
also foretells the future – a growing socio-economic polarity at 
a local and, indeed, global level.       – From the essay “House 
of Prada / House of Mud”, Prada Marfa Catalog, Ronald 
Raelimmigrants for higher paying jobs work hand in hand to 
prompt people to cross the desert by foot. Although it is difficult 
to know exactly how many immigrants cross the border in the 
Marfa sector each year, in 2005 there were 10,536 illegal border-
crossing apprehensions and approximately 12 migrant border-
crossing deaths.  Most of these deaths are attributed to heat 
stroke or hypothermia. From a distance, illegal aliens walking 
through the desert at night might perceive the illuminated building 
to be a possible source of water or shelter. However,  upon 
closer inspection, Prada Marfa reveals an irony that connects 
the history of the region while also offering a prognostication. It 
is not uncommon for one’s shoes to wear out during the arduous 
journey across the desert. In a desperate attempt to protect 
tired feet from the rough terrain, immigrants are known to try to 
fashion shoes from the only material available – the yucca plants 
that dot the landscape. The contrastingly opulent presentation 
of meticulously organized shoes and bags housed within the 
familiarity of mud brick walls also foretells the future – a growing 
socio-economic polarity at a local and, indeed, global level.       – 
From the essay “House of Prada / House of Mud”, Prada Marfa 
Catalog, Ronald Rael

left: Boyd Elder visiting Prada Marfa



THE MUD HOUSE

Project Date: 2008
Project Team: Ronald Rael, Virginia San Fratello,  
Jeremey Chinnis, Natalie Gambill

The Mud House is located in in the high West Texas desert in 
the town of Marfa, TX. The house is inspired by the landscape, 
traditional building practices and the contributions of Donald 
Judd and is situated in a landscape of  ocotillo, mesquite, yucca 
and sotol with a view to the Davis Mountains in the distance.

The Mud House is a large earthen box, designed to be easily 
constructed of mud brick and plastered with local soils mixed 
with cactus mucilage, horse manure and straw on the interior 
and exterior, and contains a smaller box inside that houses the 
major utilities of the housew.

Radiant heating in the floors warms the body in the cool winters 
and the massive earthen walls store the heat minimizing energy 
costs. The sun also enters the space in the winter months 
through a courtyard that connects the house to the sky and 
outdoors directly from the living area. The contrast between the 
thick, earthen walls and the concrete lintels that interpenetrate 
the façade to create openings, as well as the use of stainless 
steel in contrast with the earth, create a tension between old and 
new, rough and smooth, and the industrial and non-industrial.

In the summer months, a subtle overhang over the courtyard 
entrance prevents direct sunlight from entering the house and 
the mud walls and high ceilings keep the interior cool. The clients, 
who are art lovers, selected works that are complimented by the 
earthen walls such as Kiki Smith and Susan York.

The entrance to the Mud House is through a slit in the earthen 
wall adjacent to a concrete pool that fills with water from the 
desert rains that is filled via the large scupper extending from 
the roof. view of the big window 



Inside, a large courtyard opens to the interior and to the sky, bringing in vast quantities of light, while shielding the desert sun.



Donald Judd aluminum box Interior perspective showing aluminum 
box and ceiling and changing reflections 
and light

View of Haystack Mountain from big window

right: view of the mud plastered interior and big window



Two types of mud bricks, or adobes, were used in the con-
struction. The lower portion has adobes made in New Mexico 
that posses a higher compressive strength and resistance to 
water. Towards the top of the wall, adobes made in nearby 
Ojinaga, Mexico were used that are lighter in both weight and 
color. The mud used in the plaster is from Van Horn and has a 
beautful reddish tint.

this page: concrete lintel and window in the bedroom right: north wall with scupper



The Hydro House is a design proposal for a house that will 
collect water to use as a thermal mass and for evaporative 
cooling. The Hydro House has a roof pond, which contributes to 
thermal comfort in desert environments. Additionally, as water 
runs off the roof it is collected in the Hydro Walls that enclose 
the house. The walls store the water and take advantage of the 
flywheel effect to help keep the interior climate controlled. There 
is also an evaporative pond in the courtyard of the house that 
will help keep the house cool in the summer. Small perforation in 
the outer skin allow breezes to enter the courtyard and operable 
glass doors allow the cool evaporating drops of moisture to 
enter the house. An operable skylight at the opposite end of 
the house will act as a chimney pulling the cool air through the 
interior.

HYDRO HOUSE

Project Date: 2009
Project Team: Virginia San Fratello, Ronald Rael

Hydro House
in desert landscape



Hydro walls collects water in their interior however they also 
have multiple ridges on their exterior surface that can be plant-
ers. The planters also increase the cooled surface area of the 
building by shading the wall itself and protecting it from solar ra-
diation. Water may sit in the ripples on the surface of the wall to 
contribute to evaporative cooling of the micro climate surround-
ing the house.

A ramp on the side of the house permits access to the cooling 
pond on the roof of the house. The ramp is embedded in the 
thick walls that hold the stored water.

The roof is higher over the courtyard allowing for more air move-
ment within the courtyard to occur, the roof dips down over the 
house enclosure to allow more water to pond on the roof.

ripples

ramp

chimney

roof pond

Bathroom  Interior



BORDERWALL: ARCHITECTURE, 
INFRASTRUCTURE AND SOUVENIRS

Project Date: 2009-2013
Project Team: Ronald Rael, Virginia San Fratello, Brian Grieb, 
Nicholas Karklins, Emily Licht, Plamena Milusheva, Colleen 
Paz, Molly Reichert, Aine Coughlan, Kent Wilson

Recuerdos (Souvenirs) is a journey documenting a series of 
scenarios, real and imagined, along the U.S.-Mexico Border 
Wall. It is a story that must be told, for it is an account of the largest 
construction project in 21st century Usonia. Almost exactly the 
distance of the Grand Tour, the migratory route for upper-class 
European men that went from London to Rome, this journey 
stretches along the southern border for 1,931 miles. This Nuevo 
Grand Tour traces the consequences of a security infrastructure 
that stands both conceptually and physically perpendicular to 
human migration. Whereas the artifacts Grand Tourists would 
return with (art, books, pictures, sculpture) became symbols of 
wealth and freedom, the border wall is a preventative measure 
against Grand Tourists from the south.

On this journey, the collected experiences are accounted for 
in the form of stories, drawings, images, postcards, key chains 
and snow globes: souvenirs, or recuerdos—a Spanish term that 
defines both the trinkets one might purchase at tourist shops, 
and memories—in this case declarative memory that is both 
semantic (independent of context) and episodic (particular 
to context). The recuerdos gathered are tragic, sublime and 
absurd, occasionally hyperbolized, but in all cases based on 
real experiences and events existing in the liminal space that 
defines the southern boundary of the United States.











“Bridge housing” is not a new conception.  The Ponte Vecchio 
in Florence, Italy, the pre 1756 London Bridge, the Chateau 
Chenonceau in France and the Pulteney Bridge in Bath, 
England are all historical and successful examples of inhabited 
bridge spans in urban areas.  This proposal understands defunct 
bridges to be viable, cost effective, enterprising, and ecologically 
responsible sites for potential housing development.

House boat + 
volley ball courts

house boat being lowered
 to water below

bicycle path below

dry docked house boats

solar panels on south side

badminton courts

ramped meadow above / 
bicycle rental below

pedestrian path

bicycle path

THE BAY LINE: Adaptive Reuse of the Bay Bridge

Project Date: 2009
Project Team: Ronald Rael, Virginia San Fratello, Emily Licht, Duncan 
Young

San Francisco-Oakland Bay Bridge Plan

Current construction on the new BayBridge

The Historic Bridges of the United States website lists 1,788 
bridges that have been “closed” to traffic and 321 classified as 
“abandoned”. According to the website, “with all of the Federal 
stimulus money sloshing around, it’s no surprise that bridge 
replacement projects are quite common this summer.” Many 
of the bridges that have been neglected are largely former 
railroad bridges--a testament to the decline of rail as a means 
of freight and passenger transportation. Enigineered as rail 
bridges, the structures have the capacity to support tremendous 
loads. The Bay Line imagines abandoned and closed bridges 
as sites of potential parks, cultural centers, and housing.  The 
eastern section of the historic James “Sunny Jim” Rolph Bridge, 
commonly known as the Bay Bridge, in San Francisco/Oakland, 
which is currently being replaced by a new concrete bridge 
structure, serves as a prototype for considering the potential of 
re-utilizing bridge infrastructure to create new social, housing 
and sustainable infrastructures.

Both rural and urban areas have demonstrated an increased 
interest in converting abandoned railways into linear parks 
(best illustrated by the recent opening of the High Line in New 
York City).  This proposal goes a step further in suggesting 
the possibility that housing be included in the re-thinking of 
abandoned bridges. The immense load bearing capacity of rail 
bridges suggests an “urbanization” of bridg infrastructure could 
be plausable. While the current economic climate suggests a 
surplus of housing, economic and ecological realities demand 
settlement patterns based on density.  By using abandoned 
bridges in urban areas as the framework, we are creating 
opportunities for sustainable low-cost housing within the urban 
realm and opening up the potential for creative speculation 



Bungalow house + tennis courts Row houses + gardens Live / work lofts + orchards Condos + swimming poolHotel rooms + outdoor amphitheater Dormitories + climbing wall

CORE PREMISE AND OBJECTIVES 
The specific objective of The Bay Line is to re-imagine the 
replaced eastern span of the Bay Bridge as a linear park with 
bicycle and pedestrian access, housing and cultural activities, 
such as theaters, commerce and museums, as well as 1.92 
miles of bicycle lanes, sporting facilities, such as tennis courts, 
climbing walls, squash courts, and skate parks in addition to 
orchards, gardens and meadows, that are easily accessible 
and interconnected to the larger Bay Area. More broadly, we 
hope that this project is the genesis for creating a series of 
prefabricated prototypes and widely applicable concepts that 
can help others realize the potential in abandoned bridge 
infrastructure world-wide.

VIABILITY
-- The eastern span of The Bay Bridge can support a load equal 
to the weight of 37,041 3-bedroom modular homes. 
-- Seismic upgrades following the Loma Prieta earthquake in 
1989 permit 2 million vehicles cross the bridge each week.
-- The Bay Bridge is a historic Icon that connects two major 
metropolitan areas, but does not accommodate bicycle and 
pedestrian traffic.
-- A continued demand for low-cost housing in the Bay Area, 
even during the housing crisis, is justification for the addition of 
housing.



Terraced construction system: 
concrete and wood 2’, 5’, 10’ and 20’ 

platforms that accumulate to make the
programmed, ramped surface.

 

bicycle rental

meadow

Terraced planters 

terraced pedestrian walk way

volley ball court

benches 

continuous bicycle path

badminton courts

ACCESS BETWEEN LEVELS

Section 3 lower 
deck:
Tourism: vacation 
rentals and hotels

Section 3 upper deck:
Tourism: amphitheaters, 
swimming pools, climbing 
walls, restaurants

Section 2 lower deck:
Residential: lofts, bungalows, 
row houses, dormitories, 
condos...

Section 2 upper deck:
Residential: dog parks, swimming 
pools, orchards, gardens, meadows, 
tennis courts, volley ball courts, 
horse shoes, boce ball, badminton, 
skateboard parks, playgrounds, 

Section 1 lower deck:
Transportation connections: bicycle access, 
bus stop, car park, zip car

Section 1: upper deck:
Residential: dog parks, swimming pools, 
orchards, gardens, meadows, tennis courts, 
volley ball courts, horse shoes, boce ball, 
badminton, skateboard parks, playgrounds, 

BOAT ACCESS AND MARINA

FERRY ACCESS AND SUPERMARKETS

BOAT ACCESS TO MARINA, YACHT CLUB, DINING PEDESTRIAN AND BICYCLED ACCESS

LINEAR PARKS ALONG THE UPPER DECK 
The upper deck of the Bay Line will be re appropriated as an 
urban park. The park will include sports facilities that are often 
quite difficult to find in dense urban centers such as tennis 
courts, swimming pools and skate parks. It will include edible 
gardens and orchards as part of the urban agriculture network 
established in the Bay area by organizations such as  the League 
of Urban Gardeners, there will also be gardens, meadows 
and woodlands for leisure activities and amphitheaters and 
museums to support local culture. A system of prefabricated 
terraces will be constructed to build the different programs and 
to smoothly allow one program to sequeway into the next.

The recreational, cultural, leisure and agricultural programs will 
promote diverse user groups along the bridge. The continuous 
bicycle path that runs the length of the bridge will become a 
part of the growing bay trail which connects cities along the 
perimeter of the bay.
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CULTURE: outdoor amphitheater RECREATION: swimming pools COMMUNITY: dog park

SUSTAINABILITY: urban agricultural plots SUSTAINABILITY: urban orchards RECREATION: tennis courts

COMMUNITY: RECREATION AND SPORTS 
Sports are inherently very social activities where networks 
between people with common interests are formed. These 
networks form social capital which is the underpinning and core 
fabric of communities. Social capital has a stream of benefits, 
including safety and security, friendship and community, a 
sense of civic identity and economic value. Over time, social 
capital builds what may be termed as social infrastructure which 
is key for any successful and healthy community.

SUSTAINABILITY: GARDENS AND AGRICULTURE
Recently there has been a large movement to bring agriculture 
back into the city. The Bay Line has up to 15 acres of “land” that 
can potentially be used for edible gardens and orchards. These 
gardens may be incorporated by institutions such or non profit 
community organizations such as SLUG (San Francsico League 
of Urban Gardeners) who currently run 40 small gardens in the 
city that generate it’s $1.6 million dollar annual budget. The 
gardens not only provide food but they are economically self 
sustainable. 

PUBLIC PRESENCE: LEISURE AND CULTURE
Like the Golden Gate Park, the Bay Line would be a destination 
for tourist and locals alike. The Bay Line would be suitable for 
hotels, restaurants and museums as well as picnickers, walkers 
and kids in search of playgrounds.

right: view showing auditorium, 
climbing wall and bicycle paths



MIGRATING FLOATING GARDENS 

Project Date: 2011
Project Team: Ronald Rael, Virginia San Fratello, Maricela Chan, 
Maya Taketani

Migrating Floating Gardens is a sketch for a project that 
predicts the next location for green in urban environments. 
Historically, urban environments encroached upon outlying wil-
derness and green was detached from the city. Subsequently 
green was introduced first on the horizontal plane in the form 
of parks. Modernity and the development of dense, high-rise 
construction pushed green to rooftops. Currently, the vertical 
surface is receiving much attention as the axis for green in ur-
ban environments. As the Cartesian axes have all been heavily 
considered as sites for green, the logical next location lies in 
non-Cartesian space—floating in the air.

The gardens would be suspended in the air from large re-
motely controlled dirigibles. Each inflatable craft would house 
thousands of smaller plants attached to long vines. A family 
of dirigibles would migrate within a city, moving towards areas 
where the heat island effect is greatest, and also migrate sea-
sonally, traveling to southern cities during winter months and 
northern cities during summer months.

Each individual plant attached to the dirigible has attached to 
it a host of sensors that detect weather, traffic, pollution, noise 
and other urban data in real time. In addition, each plant is 
attached to an individual propelled device that allows it to be 
set free from it’s base. Controlled by GPS and GIS information 
and organized in flocking patterns, plants move through the 
city in swarms hydrating, providing shade, and bring oxygen to 
greenless spaces in the urban field.Each pod is re-charged via 
its photovoltaic skin, also charging the individual plant propul-
sion devices. In the evening, pods return to a base within the 
city where they can refuel, rehydrate and recalculate the data 
acquired required for future aerial agricultural aggregations.

The swarming gardens take forms that serve several purposes. 
In addition to the hyper responsive forms that produce shade 
or create new environments, advertising can fuel the gardens 
presence in the skies, replacing sky writing, blimps and ban-
ners pulled by airplanes, creating a more dynamic, three-
dimensional and ecological aerial media.

“One wonders if there will be an outbreak of botanical piracy, whereby someone lassos in one of the floating mobile gardens by the tentacles and anchors it 

right above his house all summer long, its cooling shades cutting down the use of air conditioning, not to mention the electricity bill.” Pruned

above: section through dirigible with trailing plants
below and right: diribigles flying over cities 



EMERGING OBJECTS

Project Date: 2010 -ongoing
Project Team: Ronald Rael, Virginia San Fratello, Emily Licht, Kent 
Wilson, Nick Buccelli, Bryan Allen

MISSION
Emerging Objects is a pioneering design and research 
company that specializes in designing and 3D printing objects 
for the built environment.

ABOUT
Our research and designs focus on the development 
of innovative 3D printed objects that serve the fields of 
architecture, interior design, furniture design and product 
design. Our design research has served as the foundation for 
our consulting projects and we work with a range of industrial 
partners, nonprofit foundations and creative practices.

VISION
Emerging Objects is interested in the creation of 3D printed 
buildings, building components and interior accessories that 
can be seen as sustainable, inexpensive, stronger, smarter, 
recyclable, customizable and perhaps even reparable to the 
environment. We want to 3D print long-lasting performance-
based designs for the built environment using raw materials 
that have strength, tactility, cultural associations, relevance and 
beauty.

Because the inherent nature of 3D printing opens new 
possibilities for shaping materials, this process will reshape 
the way we as a society think about manufacturing and 
construction. Though rapid manufacturing, geometries can be 
created that would be impossible to create by hand or require 
expensive machinery to produce or reproduce. Because 
additive manufacturing requires no dies or molds, products 
can be mass-customized, employing the flexibility of computer-
aided manufacturing systems, rather than mass- produced, 
allowing design parameters to be quick. 3D printing is also a 
fabrication method that minimizes waste which makes it an 
environmentally conscious method of manufacturing.

3D Printed items in cement polymer, 
nylon, salt, wood and sand



EARTHSCRAPER:
Developing 3D printing for the rapid manufacture 
of sand-based building components 

Project Date: 2010
Project Team: Ronald Rael, Virginia San Fratello, John Faichney, 
Maricela Chan, Chris DeHenzel, Emily Licht

SUMMARY
The creation of building components that can be seen as 
sustainable, inexpensive, stronger, recyclable, customizable 
and perhaps even reparable to the environment is an urgent, 
and critical focus of architectural research. In the U.S. alone, 
the construction industry produced 143.5 million tons of 
building-related construction and demolition debris in 2008, 
and buildings, in their consumption of energy produce more 
greenhouse gasses than automobiles or industry.

Because the inherent nature of 3D printing opens new 
possibilities for shaping materials, the process will reshape 
the way we think about architectural building components. 
Digital materiality, a term coined by Italian and Swiss architects 
Fabio Gramazio and Matthias Kohler, describes materiality 
increasingly enriched with digital characteristics where data, 
material, programming and construction are interwoven. The 
research aspires towards this classification through the use of 
parametric modeling tools, analytic software and quantitative 
and qualitative analysis.

Rapid Prototyping, which is the automatic construction of 
physical objects using additive manufacturing technology, 
typically employs materials intended for the immediate analysis 
of form, scale, and tactility. Rarely do the materials used in 
this process have any long-term value nor does the process, 
except in rare cases with expensive metal prototyping, have 
the ability to create actual and sustainable working products. 3D printed sand 

display  table



This research intends to alter this state of affairs by developing 
methods for 3D printing using concrete for the production of 
long-lasting performance-based components.

MATERIAL INFORMATION
The word concrete comes from the Latin word “concretus” 
(meaning compact or condensed), the perfect passive participle 
of “concresco”, from “com-” (together) and “cresco” (to grow). 
The development of concrete has evolved for over two 
thousand years. The Romans used quicklime, pozzolana and 
aggregate or rubble to build concrete structures such as the 
Pantheon and the Baths at Caracalla. In 1756 John Smeaton 
rediscovered concrete by mixing hydraulic lime and powdered 
brick as aggregate. These mixtures produced concrete with a 
comprehensive strength comparable to the mixes that we use 
today. The mixes that we most frequently use today include: 

Portland cement:  which consists of a mixture of oxides of 
calcium, silicon and aluminium. Portland cement and similar 
materials are made by heating limestone (a source of calcium) 
with clay, and grinding this product (called clinker) with a source 
of sulfate (most commonly gypsum).

Water: Combining water with a cementitious material forms a 
cement paste by the process of hydration.

Aggregates: Fine and coarse aggregates make up the bulk of 
a concrete mixture. Sand, natural gravel and crushed stone 
are mainly used for this purpose. Recycled aggregates (from 
construction, demolition and excavation waste) are increasingly 
used as partial replacements of natural aggregates, while a 
number of manufactured aggregates, including air-cooled blast 
furnace slag and bottom ash are also permitted. right: studies of 3D printed porcelain and ball clay 



When initially mixed together, Portland cement and water rapidly 
form a gel, formed of tangled chains of interlocking crystals. 
These continue to react over time, with the initially fluid gel often 
aiding in placement by improving workability. As the concrete 
sets, the chains of crystals join up, and form a rigid structure, 
gluing the aggregate particles in place. During curing, more of 
the cement reacts with the residual water (hydration).

Concrete is inherently weak in tension as the cement holding 
the aggregate can crack. The addition of steel reinforcement 
to concrete in the 19th century solved this problem. In addition 
to adding steel reinforcing bars, we now add steel fibers, glass 
fiber, or plastic fiber to carry tensile loads. Thereafter the 
concrete is reinforced to withstand the tensile loads upon it.

The mix for use in the 3d printer is similar to yet varies in 
composition from the traditional mixes used. The traditional 
processes used vary dramatically, from hand tools to heavy 
industry, but result in the concrete being placed in a formwork 
where it cures into a final form. In the case of 3d printing 
concrete there is no form work or mould. There is however, 
the constraint that all binding particles used in the concrete 
mix must fit through a 35 picoliter print head and all cement, 
aggregate and reinforcement must be smaller than 0.010”. The 
mix that is used in the 3D printer is made of:

Portland cement
Finely graded sand
Powdered sugar
Maltodextrin
Rice wine
Nylon fibers 

below: 3D printed sand structure 
right: Tower printed in 4 pieces and stacked together at interlocking sections
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MATERIAL DEFORMATION

The Portland cement serves the same purpose as it does in a 
traditional mix. The finely graded sand, sugar and maltodextrin 
act as the aggregates. The rice wine is composed of 80% water 
and acts as the binder, although a slurry is not formed, and the 
nylon fibers serve as reinforcement. 

HOW IT WORKS
The 3D printer lays down a thin layer of the dry, powdered 
concrete mix, then using an ink jet sprays the image of one 
‘slice’ of the 3D object or in this case CMU (concrete masonry 
unit) onto the dry mix. The wet parts of each layer hydrate into 
rock-hard concrete, and the rest remains in a powder form 
which can be brushed off later. Because concrete cures via a 
chemical reaction – hydration- no air is required for curing, so 
the next layer can be deposited immediately.
The cycle of laying down concrete and binder with the rice wine 
is repeated over and over, stacking layer upon layer, building up 
a solid object inside the pile of dry, powdered concrete mix. The 
dry concrete mix acts as a support structure during the printing 
process, so objects may have undercuts which is unseen in 
traditional concrete casting. 

Once the concrete cures enough to handle, which typically 
takes about 12 hours, the finished object can be lifted out of 
the powder bed.  The dry mix used to support the concrete 
object during printing can be recycled. Printing an intricate and 
unique concrete part would only consume a few dollars worth of 
material, would incur no cost for formwork and very little labor 
costs. Additionally compared to printing with z corps proprietary 
blend, the costs are considerably lower.  The Z corp polymer / 
plaster powder, at it’s cheapest, is $3 a cubic inch and the 3D 
printed concrete costs mere cents per cubic inch. 
Concrete Media:

The initial impetus to work with concrete as a 3D printed material 
was driven by an installation we designed called Earthscapers.  
Earthscrapers imagines the potential of employing Computer 
Aided Design (CAD) and Computer Aided Manufacturing 
(CAM) processes in the construction of a proto-architectural 
landscape—one where the building material source and 
the building itself are seamless. The project also imagines a 
future scenario for the material and the process as a scalable 
technology—one that also dissolves the role of the architect 
and builder.  We imagined printing full scale buildings with in 
situ aggregates in a world where designer and geomorphologist 
merge. 

The capability to 3D print at the scale of the building is gaining 
momentum and is certain to occur. Currently the largest 3D 
printer in the world is a 10’ x 10’ x 10’  3-D stereolithic printer 
that creates models entirely out of artificial sandstone using 
CAD-CAE modeling technologies and CAD-CAM software 
to control the plotter. The printing proceeds in 5-10mm layer 
segments and, in the end, produces a structure that has strength 
characteristics reminiscent of standard Portland Cement. This 
printer can print a low resolution room. 

Dr. Behrokh Khoshnevis, of the University of Southern 
California has developed a different printing technique called 
Contour Crafting (CC). Contour crafting is a layered fabrication 
technology that has potential for automating the construction 
of whole structures as well as sub-components. Using this 
process, a single house or a colony of houses, each with 
possibly a different design, may be automatically constructed 
in a single run, embedded in each house all the conduits for 
electrical, plumbing and air-conditioning. They have recently 
collaborated with Catepillar to fabricate a 6 foot wall. 



For the Earthscrapers exhibit we were uniquely interested in 
connecting the 3D printed material to the landscape therefore 
we started by printing various materials including clays, sands 
and ashes. Ultimately we decided to print a small amount 
of portland cement mixed with a large portion of sand. The 
resulting concrete prints proved to be very stable, strong and 
have the effect of looking like earth due to the amount of natural 
aggregate within the mix.

The plastic nature of both concrete and 3D printing offer up a 
powerful material solution to recent generative design processes 
in architecture, which often feature organic, doubly curved 
surfaces and complex ornamentation. The Earthscrapers 
exhibit explored a range of complexly curved forms. It also 
explored thinness and attempts to push the limits in terms of 
extracting thin surfaces and thin structural elements from the 
printer bed. Several of the complexly curved, fiber reinforced 
concrete prints were easily 1/16” of an inch thick which would be 
very difficult, if not impossible, to cast using traditional methods 
of mould making. Making the 3D printed models and objects 
that were on display in the Earthscraper exhibit was an active 
process where software, geometry, material, fabrication and 
production were simultaneously linked.  The complexity of form 
was limited by thinness and slump. If the form was not allowed 
to cure in the bed for at least 12 hours the concrete object would 
fail.  The success of the mix depended on the amount of binder 
being laid down at each successive interval. For example, if 
the binder was sprayed at full capacity the concrete print would 
slump therefore the binder level should be set at .75.   

Drawings printed on sand paper



HEX CURTAIN:
Developing 3D printing for the rapid manufacture of 
facade elements 

Project Date: 2011
Project Team: Ronald Rael, Virginia San Fratello, Chase Lunt

The HEX curtain is designed to open and close automatically 
in response to natural daylighting conditions. Each row of the 
HEX  curtain is composed of  hexagonal shaped apertures that 
are covered by 2 operable shields. lds have the ability to pivot 
open and closed. The shields are hinged at the bottom and 
threaded at the top. The top thread connects each shield to the 
one next to it. At the end of each row a rotary motor pulls the 
thread and slowly opens or closes the shields in tandem.
motor is driven by an arduino microcontroller connected to a 
solar sensor so on a sunny summer day the shields remain 
closed and on a sunny winter day the sheilds are automatically 
opened to allow sun to enter the interior and warm the space. 
The HEX curtain is constructed of laser sintered nylon and is 
3D printed in 27” x 22”  panels.

arduino diagram

sectional perspective

above: opening and closing sequence
below: 3D printed prototype



The planter brick wall is designed to be a combination of tradi-
tional masonry units combined with units that can hold plants 
and vegetation. Most plants do not need much, if any, soil but 
they do need water and nutrients. The plants held in the planter 
bricks will be fed water and nutrients through drip irrigation lines 
that are built into the  cavity of the masonry wall.

The planter bricks have the potential to counter the heat island 
effect in big cities through evapotranspiration and pollution con-
version and by the light, reflective color of the bricks. Addition-
ally, edible plants such as rosemary and other fragrant herbs 
with shallow root systems may be planted in the bricks and ac-
cessed through openings in the wall. The plants in the bricks will 
help mediate the temperature of the microclimate surrounding 
the building, buffer sound and filter the air.

The planter bricks are made by direct digital manufacturing and 
rapid prototyping technology. Ceramic particles are printed and 
held together unsing an organic binder and then fired in a kilm 
just like traditional bricks.  The bricks may be assembled in a 
load bearing cavity wall condition or installed as a  traditional 
masonry curtain wall would be on a steel or concrete frame 
building and can be installed new or retrofitted.

The planter bricks shown here have all been 3D printed using 
direct digital manufacturing . The bricks are modeled in a 3D 
software application and the digital file is sent directly to the 3D 
printer for  manufacture. This means a very diverse and infinitely 
unique selection of bricks can be manufactured based on the 
clients or designers desires for a particular application. 

The bricks are manufactured with clay instead of more 
ephemeral powders that are typically used for rapid prototyping. 
The 3d clay prints are then bisque fired at cone 5 and glazed to 
make them waterproof.

PLANTER BRICK WALL:
Developing 3D printing for the rapid 
manufacture of clay building components 

Project Date: 2011
Project Team: Ronald Rael, Virginia San Fratello, Molly Reichert NOMINAL DIMENSION BRICK

METAL WALL TIES 

PLANTER  BRICK

INTERIOR BRICK WALL
WITH OPTIONAL PLANTER
BRICKS

2” AIR SPACE

DRIP IRRIGATION TUBING
CONNECTS TO WEEP
HOLES IN PLANTER 
BRICKS FOR PLANT
HYDRATION AND 
NUTRITION

SECTION THROUGH PLANTER BRICK WALL
SCALE :  2 1/2” = 1’-0”

PLANTER BRICKS
EXTERIOR              INTERIOR

The planter brick wall is designed to be a combination of traditional masonry units combined with units that can hold plants and vegetation. Most plants do not need much, if any, soil but they do need water 
and nutrients. The plants held in the planter bricks will be fed water and nutrients through drip irrigation lines that are built into the  cavity of the masonry wall.

The planter bricks have the potential to counter the heat island effect in big cities through evapotranspiration and pollution conversion and by the light, reflective color of the bricks. Additionally, 
edible plants such as rosemary and other fragrant herbs with shallow root systems may be planted in the bricks and accessed through openings in the wall. The plants in the bricks will help mediate 
the temperature of the microclimate surrounding the building, buffer sound and filter the air.

The planter bricks are made by direct digital manufacturing and rapid prototyping technology. Ceramic particles are printed and held together unsing an organic binder and then fired in a kilm just like 
traditional bricks.  The bricks may be assembled in a load bearing cavity wall condition or installed as a  traditional masonry curtain wall would be on a steel or concrete frame building and can be 
installed new or retrofitted.

original brick designs

planter brick showing indentation in brick that allows for irrigation drip 

planter brick with plants and drip line

planter brick showing indentation in brick that allows for irrigation drip  and cored interior

planter brick with plants and drip line

The indentations in the bricks that allow for irrigation act much like weep holes allowing  water and nutrient to move through a network of continuous drip irrigation tubes that run within the cavity of 
the masonry wall. The water for the irrigation may be pumped up from below or gravity fed from a cistern or water collection device on the roof.  
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RAPID MANUFACTURED
PLANTER BRICK PROTOTYPES

The planter bricks on this board have all been 3D printed using direct digital manufacturing . The bricks are modeled in a 3D software application and the digital file is sent directly to the 3D printer 
for  manufacture. This means a very diverse and infinitely unique selection of bricks can be manufactured based on the clients or designers desires for a particular application. 

The planter bricks are manufactured with clay powder instead of more ephemeral powders that are typically used for rapid prototyping . The 3d clay prints are then bisque fired at cone 5 and glazed 
to make them waterproof.

The oldest bricks date back to around 7500 BC, these were sun dried mud bricks, around the third milliennium, fired bricks were invented. With the invention of the steam engine early brick-making 
machines used stiff mud which was forced out in long ribbons on a conveyor belt, transferred to moulds and cut by a revolving cutter. Today, as we march into the 21st century armed with new computer
aided design ( CAD) and computer automated manufacturing (CAM) technologies we can liberate ourselves from the traditional form of the brick without sacrificing any of the functionality of the brick
such as it’s ability to act as a thermal mass, it’s longevity, it’s compressive strength , the low cost of bricks and the ability to use a local and contextural material. This project represents the next  step
in the evolution of brick manufacturing and design using  some of the most advanced  methods for mass brick customization. 
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3D printed clay wall assembly

3D printed clay brick glazed white



SEAT SLUG:
Developing 3D printing for the rapid manufacture of 
structural cement-polymer building components 

Project Date: 2010
Project Team: Ronald Rael, Virginia San Fratello, Kent Wilson, NIck 
Buccelli, Emily Licht

RSF has developed a cement-based polymer and a new 
process that,for the first time, employs conventional rapid 
prototyping hardware to produce strong and durable building 
components that cost far less than conventional rapid 
prototyping materials—up to 90% less than comparable 
powder printing materials. The material can also reach 
strengths of up to 4,700psi in compression. This advancement 
in material output from digital modeling software ushers in a 
new era in building materials, and a new synthesis of design 
and production.

The SeatSlug, a biomorphic interpretation of a bench, 
demonstrates how this new digital output process generates 
end-product structural building components directly from 3D 
software models. The design is inspired by flabellina goddardi, 
the newest species of sea slugs discovered in California in 
2010, and by the infinite tessellations of Japanese karakusa 
patterns. It is constructed of 230 unique rapid-manufactured 
components.The sinuous form, subtle translucency and 
glossy finish engage viewers with a memorable aesthetic 
experience—a tactile personal encounter with a technological 
breakthrough.
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