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Figure 1: An illustrative aerial render of what a community made in accordance with the argument of this thesis may look like.
(Image by Author)
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ABSTRACT: Detroit, like many American cities, has faced years of disinvestment. This has led to a severely
underpopulated urban fabric containing oversized infrastructure, which can no longer be supported through the
ever-shrinking tax base. The disinvestment occurred for a number of reasons, including discriminatory policies, single
industry economical reliance, and mass flight of residents, but the outcome was the same: Detroit could no longer
sustain itself.

One often-recognized contributing factor to this issue is the cost of housing (Cassidy 2019). Solutions have been
posed, including housing towers and the townhouse typology, but none were successful in alleviating the
misalignment of housing costs and valuation. These previous attempts at providing housing within the remaining
Detroit resident’'s means were often well-intentioned and, accurately, they identified the cost associated with housing
as an issue. However, they did not possess a means of radically decreasing costs, and so the only available option
for affordability was making cheap homes, characterized by low-quality materials and construction, and poor living
conditions. (Arnold 2018)

Emerging construction technologies, both physical onsite machines and Artificial Intelligence programs, can disrupt
this state of affairs, offering the capacity to greatly reduce the costs associated with housing without compromising
quality or design. These tools gain accuracy of output, become simpler to operate, and are more affordable with each
iteration. Such technologies can be made accessible to home builders in Detroit to execute acts of cost-effective
housing, which will revitalize disinvested neighborhoods, and which can also respond to the shifting context the
environment poses.

To investigate this claim, a series of digitally fabricated home designs will be posed, focusing on the present and near
future of onsite autonomous construction machines, including a detailed cost breakdown to understand to what



degree such methods can effectively contribute to cost-effective housing production. These houses will then be
compared to current affordable building processes and standards, primarily through the lenses of cost and quality in
order to determine the quantifiable degree by which such technological leverage improves the making of
cost-effective housing.
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Part 01: CONTEXT
1.1 Disinvestment

The economic decline of Detroit is an oft-discussed subject. Contributing factors to its current state of disinvestment
include discriminatory laws and leadership, single industry reliance, race riots, affluent suburban sprawl, and
widespread job loss (Martelle 2014). Discriminatory laws and leadership began with redlining and the destruction of
predominantly black neighborhoods. Single industry reliance was the product of the rise of the auto industry, where
the economic fate of Detroit was inherently tied to the financial wellbeing of the auto industry. Pressured by a strong
union presence locally and growing competition from overseas, the ‘big three’ car manufacturers, Ford, General
Motors, and Chrysler, turned toward localized plants, and eventually moved large amounts of production out of the
city, taking jobs and financial stability with them (Padnani 2017). Race riots began to break out in response to racial
inequities, which led affluent Detroit residents, primarily white as a result of these inequalities, to flee the city for the
suburbs. Finally, ties to the decline of the auto industry, the widespread loss of jobs set in, solidifying the end of
Detroit’'s economic heyday (Martelle 2014). Of all these factors, the most prominent in the economic decline was
single industry reliance.

Following this economic loss, and in tandem with the racial instability the city was facing, Detroit's wealthy residents,
who were primarily white as the result of years of discrimination, fled the declining city in favor of the suburbs (Sugrue
1996). What resulted was a massive city which had suddenly lost half of its population in just a few decades (Figure
2). With no jobs and not enough money to leave, the remaining citizens could not make a living. The city could no
longer generate sufficient tax revenue to maintain itself, and its urban fabric decayed. This would be further
compounded as further corruption and the 2008 Recession greatly impacted the city.
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Figure 2: Counts showing the dramatic rise and drop in Detroit’s population. (Census 2022)

1.2 Oversized Infrastructure

Because Detroit had more than 1.8 million residents at its peak (Figure 2), the city had become enormous, with
infrastructure to serve its size. When the affluent flight from the city began to occur, the remaining residents were not
located in a single area, but spread out over the entire city. As Detroit took in less money from having less taxable
residents, the total area of the city which still required utilities remained the same, with swaths of concentrated
vacancy peppered throughout the city (Figure 3). Intentional rolling blackouts have been utilized since as a means of
power management. A combined sewer-stormwater system meant that water treatment facilities had to run at a much
greater capacity than should have been necessary, which resulted in restricted access to water. This further lowered
the quality of life experienced by the residents, and contributed to stripping old pipes, causing dangerously high lead
levels in potable water (City 2019).
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Figure 3: A map of Detroit with areas of concentrated vacancy highlighted. Image by Author
1.3 Lack of Viable Housing

The huge degree of vacancy Detroit faced coupled with the little access to funds did not lead to cheaper housing.
Instead, it led to decay, where viable homes were not maintained and began to deteriorate to the point where they
could no longer be lived in. For a period after the initial economic decline, legacy homeownership allowed some to
remain housed, but as profit-seeking entities began turning to Detroit properties as low cost investments, and as the
foreclosure crisis was in full swing, families found themselves unable to pay taxes or mortgages, and their homes
were sold and rented. As of 2017, more Detroit residents rent their homes than own them (Gallagher 2017), which
has in turn increased the cost of being a renter. (Kovatch, 2022)

Renting does not bring about the economic benefits which homeownership does, as the residents of a rented
property do not spend money on supportive industries like they do when the same property is owned. This is one of
the primary benefits for a city’s reinvestment (Kissic 2006). Additionally, as the number of people renting their homes
increases, the cost for existing renters is raised. The demand increases faster than the supply, continuing to make
housing less accessible. (Kovatch, 2022)

The Median household income in 2019 for the State of Michigan was $52,668 (Figure 3), which is significantly lower
than the median household income across the United States in the same year, which was $68,703 (Rothbaum 2020).
Detroit’s residents are lower than Michigan at $39,773 a year, and lower still is the median income of renters in the
city at $19,247 (Figure 4). These numbers make clear that, if Detroit's residents are to ever be able to achieve
homeownership instead of renting, the houses must achieve an extremely low cost. The Michigan League for Public
Policy defines affordable housing as consuming no more than a third of a household’s total annual income (Cassidy
2019). For the renters of the city, this means they should be spending no more than $5,774 a year on their housing.
In reality, their median annual housing cost is $9,276, nearly half of their annual income.

$52,668
$39,773
$27.838
$19,247
$15,800
$11,932
$10,482 $8.376 - $9,276
Michigan All Detroit Detroit Owners Detroit Renters
Households Households
Median Household Income Affordable Housing Cost*

B Vedian Annual Housing Cost

“Affordable housing is defined by the MLPP as 30% of a household’s income.
Figure 4: The disparity between resident income and housing costs. (Cassidy 2019)



The low financial means of Detroit’s residents presents a problem which cannot be addressed by the scope of this
thesis. This is a reality which must be accepted as a driving contextual element for the remainder of the work. The
low financial means of Detroit’s residents presents a problem which cannot be addressed by the scope of this thesis.
Thus, it will be accepted as a parameter of the design; all proposals will operate within these financial constraints, as
stipulated in Section 3.3: Metrics for Success.

1.4 Previous Attempts at Affordable Housing

Starting with Detroit’'s financial decline in the mid-twentieth century, a number of attempts to provide affordable
housing to those in need were undertaken. Some were disingenuous, and others resulted in unpleasant living
conditions, but generally, they did not succeed in granting access to low-cost yet acceptable housing. The most
common of these affordable typologies is the beige apartment towers found throughout the Metro Detroit area. These
apartments were characteristically unpleasant, and while some are still in use, many were vacated (Feeley 2019).
Now, a number of them are seeing investment through renovation, even when the renovations are occurring for the
express purpose of providing affordable apartments, these are still not low-cost enough for many residents, and even
if they were, it does not stimulate homeownership. Instead, it continues the cycle of rentership which many
low-income residents have no means of escaping from. In many cases, even rental can be too expensive. A 2016
study from Detroit's Housing and Revitalization Department found only 23% of rental units available are affordable to
30% of residents who make less than 30% of the Area Median Income, or AMI (Hatcher 2017). It is clear that these
past and continuing attempts at providing affordable and respectable, permanent housing to the city’s residents is not
working.

One of the earliest and most prominent examples of an attempt at providing affordable housing was the
Brewster-Douglass Housing Projects, and was the first such project to receive federal funding in the city. Intentioned
to be a bold move forward into providing housing, primarily for Black residents, the project prioritized families and
required dwellers to have a job. However, the entire project rapidly devolved into segregation and soon had a highly
negative perception within the city. As affluent suburban sprawl occurred and racial tensions worsened in the city, the
black residents of the project who could afford to do so left, until only those who could not afford to leave remained.
The project could not generate sufficient revenue to be maintained, and began a decline culminating in blight and
poverty (Austin, n.d.). While one of the most infamous, the Brewster-Douglass Housing Projects is only one example
of many similar attempts at providing affordable housing. More often than not, these projects ended in similar failure,
sometimes because of the negligence of city administration or through malicious intention (Arnold 1028). Either way,
a new approach is required to address the very real problem that these projects were attempting to respond to.

Part 02: ARGUMENT
2.1 Cost-Effective Housing is Critical

In recent years, the downtown area of Detroit has seen large private investment. While often touted as beneficial for
the city, this occurred largely for financial gain (Segal 2013), and does not benefit the residents in the much larger
remaining areas of the city, and echoes past actions of intentional and forced racial separation. The city has distinct
separate areas, the reinvested downtown and the continually decaying ‘other’, which accounts for the vast majority of
the city, with the two parts often right against each other (Moskowitz 2015). Reinvestment is occurring in the city, but
not in a way in which the lower-income residents can benefit from. For them, reinvestment cannot begin to occur,
bringing its financial and living benefits with it, until Detroit can offer them places to live within their means. This can
be achieved through cost-effective, not merely affordable, housing.

Cost effective housing is not the same as affordable housing. Affordable means it is cheap for the goal of being
inexpensive, defined by the City of Detroit as requiring no more than 30% of a household's income (Detroit n.d.). This
definition does not give consideration to how quality or focus is affected. It is concerned only with the cost. This thesis
will pose a definition for cost effective housing, one which accounts not just for affordability, but also quality and
dignity within the housing. With this understanding, when something is cost effective, the focus is on quality within a
given situation. The metric for cost effective varies in every single scenario, making the term more adaptable and the
resultant concepts more applicable and useful. Cost efficacy is not fixed. This will become a driving concept for the
investigation conducted in Part 03.

Cost-effective housing possesses the ability to become a catalyst for reinvestment. It allows for less to be spent on
the acquisition of a home, which in turn drives money to be spent outside of housing. This stimulates economic
growth and local spending in small businesses. Additionally, housing, through taxes, is a significant contribution to a
government’s finances. A stable tax base provisions better access to essential services, water, and higher quality
education (Kissic 2006).

An illustrative case study into this concept are the similar Pittsburgh neighborhoods of Hill District and Homewood.
Both areas held a similar history of decline, but Hill District received significantly higher funding for housing related
reinvestment from the U.S. Department of Housing and Urban Redevelopment's HOPE VI grant program than
Homewood did. The outcome of this funding disparity was for Hill District to not only increase homeownership and



benefit the homeowners themselves, but to also drive commercial investment from private entities. In contrast,
Homewood did not experience these benefits in any comparable capacity (Baird et al. 2019).

2.2 Cost-Benefits of Labor Elimination

Previous attempts at providing cost effective-housing were unsuccessful, because if costs are to be lowered,
something must become cheaper. However, if the quality falls with the lower price tag, then the home is merely
affordable. In order to bring costs down while maintaining high quality, other, non-material, moments of expense must
be identified and eliminated.

Hassan Fathy was an Egyptian architect who sought to address extreme poverty with the construction of New
Gourna. Fathy identified the price of modern materials as a point of excessive cost, and therefore designed the city
using traditional materials, particularly earth and mudbrick (Fathy 2016). By eliminating this one excessive cost, Fathy
was able to provide a vernacular architecture which was environmental, economical, affordable but not demeaning,
and which could be taught and learnt by those living within the homes (Appendix A).

The two primary components of construction are material and labor, which together make up the majority of the cost
associated with construction, while costs like equipment make up just 3% or less (Ford 2020)(Potter 2021). In the
United States housing industry, labor, both direct and indirect, can account for as much as 40% of the total cost of
construction, leaving materials to account for as much as 60% (U.S. Bureau of Labor Statistics n.d.)(Bridgit 2023).
While materials account for the higher percentage of the total cost of construction, cheaper materials will translate to
lower quality output, which creates affordable, but not cost effective, housing. If a homebuilder can be provided a
means of constructing a house themselves, one which allows them to replace the labor with a similar capability of
work, then they save this significant percentage in cost for the same quality of output, since the materials can remain
largely unchanged. Similarly, the cost associated with design, which in the United States is less commonly done by
an architect, can be eliminated if done by the homebuilder. Just as Fathy identified material as presenting a
prohibitive cost in Egypt, labor presents a similar price issue in the United States. Thus, a house can be
cost-effective.

2.3 Cutting Edge Tech’s Contribution

Most people do not have the capability of constructing a house themselves, and even if they did, it is generally a job
meant to be accomplished by a group, not an individual. From humanity’s earliest days, tools were fashioned to aid in
the construction of buildings. These tools have grown in sophistication, from the simple hammer to the complex
spider crane. Throughout this spectrum of sophistication, skill and training is required. Generally, the more
sophisticated a machine, the greater degree of training and skill is required to operate. However, this is not the case
when it comes to automation.

One of the earliest applications of automated onsite digital manufacturing was the Contour Crafting System (Figure
5), which was developed at the University of Southern California and was functioning in 2006. Consisting of a robot
arm attached to a trailer bed, the system could print an open dome shape, to which it would drive itself, fabricate, and
then leave (Head 2017). This technology rapidly improved in sophistication, culminating in many of the onsite
practices covered in Section 2.4.

Figure 5: An aerial photograph of the Contour Crafting System. (Head 2017)

Artificial Intelligence presents an opportunity for cost-effective housing which can be utilized to eliminate labor entirely
from the production of a home. Autonomous machines can be fed a design generated by artificial intelligence with
inputs from the homebuilder at a much lower cost than the employment of people. Leveraging Al can translate into
reduction of time within planning and design while still providing a tailored output in compliance with the homeowner’s
wishes. While the argument can be made that this dehumanizes the houses, the fact that the saved cost translates
directly into the benefit of the owner, for whom the home is intended whether constructed by man or machine, means
such a house is more humane and sustainable. Additionally, an Al which responds directly to owner stimulants and
desires within their home provides greater agency and engagement within design to the homeowner. It accomplishes



the same result for less, and is therefore better for the homebuilder. This argument is covered in greater detail in
Section 2.7.

2.4 Parametric and Rule-Based Design for All

Most people are not equipped with the skills necessary to produce a house, which also includes the capacity of
designing a house. Typically, these are skills learnt and honed over years of practice. Here, artificial intelligence
paired with parametric design can free the owner of costs associated with paying for the labor of people while
producing a higher-quality output, once which is more responsive to environmental conditions, conditioning costs, and
user needs. Programs can be written in advance which rely on specific inputs which the owner controls, such as
bedroom count of square footage, and then produce design from a mix of predetermined rules combined with the
abilities of Artificial Intelligence. For the purpose of this thesis, this idea needs to be addressed but is not a direct part
of the ensuing investigation, and will be an accepted parameter. Because labor is the cost which will be eliminated by
the proposal in Part 03 and the removal of the cost associated with design is secondary, parametric and artificial
intelligence-based design will not be discussed at length.

2.5 Current and Projected Onsite Technologies

Large machines, like bulldozers, cranes, or excavators, are currently a common part of construction in the United
States. Importantly, this is not only because the scale at which building is done often requires such tools, but also
because compensation for construction labor in the U.S. is among the highest in the world (Statista 2019). Such
equipment is more economical to use because it is cheaper than hiring a massive labor force, which other countries
may do. These machines are almost always operated directly by humans; they are not robots. So while access to
these machines means less labor and time spent than without, there is still labor involved and therefore still the cost
associated with paying the people who operate the machines. These machines, along with smaller tools like laser
levels or power tools, represent the standard of technology commonly being implemented in construction.

It is not yet commonplace, but there are a number of examples of autonomous machines seeing implementation on
construction sites. In most cases, these robots need to be given specific instructions and may even require being
transported and set up by humans, but once in place, they are capable of constructing or assisting with construction
without direct human input. These machines fall into one of two categories: assemblers and fabricators.

Assemblers are robotic tools which do not produce physical output, but which assemble or construct with access to
raw materials. In this way, they emulate humans, but can be significantly cheaper to operate when compared to
wages for human labor, and are also more exact. One of the earliest examples of such a machine is the Location
Orientation Manipulator (Figure 6), which was the physical output of a design investigation carried out by Konrad
Wachsmann and a pair of his students (Andrzejewski 2022). The purpose of their research was to understand the
place of autonomous machines that can assist on the construction site (Appendix A).

Figure 6: A diagram of the Location Orientation Manipulator, one of the earliest onsite autonomous machine designs. (Book 2010)



Another prime example of this type of onsite autonomous machine is the In-Situ Fabricator developed by Swiss
researchers at ETH Zurich’s National Centre of Competence in Research Digital Fabrication (Figure 7). Although the
machine has the term ‘fabricator’ in its name, its original exhibition showed it stacking brick-like blocks (Saunders
2017), which aligns closer to the assembler typology. Later displays of the machine's abilities had it creating structural
pillars by dumping loose stones and laying twine in alternating layers (Stevens 2018). These tools affect the design
investigation performed in Part 03 of this thesis, mixed-material fabrication is explored. If a house has both onsite
fabricated and prefabricated components, manipulation of the prefabricated elements would typically require labor
and the cost associated with it. However, an onsite assembler can provide these manipulation services independently
and without the need for human labor.

Fabricators are robots which can manipulate raw materials to create a physical output. They differ from assembly
because they go beyond human capabilities. A number of examples of such robots exist and are currently seeing
use, most commonly as extruders for concrete. Building scale digital fabrication, particularly with concrete, is already
seeing use globally, and has even seen implementation in Detroit by a nonprofit organization called Citizen Robotics,
who makes installations in printed concrete and are assembling a 3D-Printed house in Detroit (Figure 8) (Citizen
Robotics 2023). Another similar utilization of 3D printing is the massive gantry printer utilized by WASP for the Tecla
Clay project. This printer requires setup by humans, but prints houses in their final location, eliminating the need for
transportation (Pintos 2021). More importantly, this printer uses clay rather than concrete, making it significantly less
impactful on the environment (Appendix B). Fabricators will factor heavily into the design investigation in Part 03 of
this thesis, as they provide the most streamlined approach to producing a house without needing labor.

Figure 8: Citizen Robotics’ first printed house nearing completion of construction. (Citizen Robotics 2023)



There is an additional onsite fabrication strategy which combines both fabrication and assembly. This strategy is
utilized by Facit Homes, a group that constructs homes by sending their shipping container fabrication lab to the site
of the project. There, they use a computer numerical controlled mill to digitally fabricate pieces which can simply be
shapped together, producing houses such as Villa Asserbo with ease (Quirk 2012). Although the actual component
assembly is done by humans in this scenario, it can just as simply be done by autonomous assembly machines,
entirely eliminating the costs associated with the labor of production and construction (Appendix B). This strategy of
combining fabrication and assembly allows for catering moments within housing to each process's strengths. Printing
does not lend itself easily to flat roofs, so in such a scenario, fabricating the walls and assembling the roof allows for
each process to be optimized within the production. This is covered in greater detail as part of the investigation in
Part 03.

To understand the projected future of onsite fabrication machines for the next decade, it is imperative to turn to the
latest experimental works in the field. Fabricate is an international conference held every three years, most recently in
2020. As part of the conference, a book of the most recent innovations in digital fabrication is assembled (Burry
2020). Included in the experimental works are innovative works in material recycling, novel environmentally friendly
materials, digital structural analysis and production techniques, and hybrid processes or composite construction
strategies (Appendix A). Operating within the fabricator, assembler, and combination understandings, these
innovations will directly benefit the process of production, and therefore the homeowners themselves.

2.6 Community Through Library

Because the elimination of labor to produce cost-effective housing is being considered monetarily, the prohibitive cost
of construction machines, both manual and autonomous, must be addressed. For a home builder who cannot afford
traditional construction methods, purchasing machines at this scale is not possible. Therefore, an entity needs to be
established which while own, house, and operate the machines, from which home builders can repurchase their use
as needed.

This will be accomplished through a library, which are long-standing public assets that have a legacy of providing
access to information and, more recently, tools to the public. Traditionally, libraries serve as centers for gathering and
disseminating knowledge. When paid for with public funds, they become contributors to intellectual equity, since they
are open to everyone, regardless of financial status. In the modern age, where most people go online for information
rather than going to libraries, the services which libraries provide has begun to shift. Now, in addition to books and
articles, they often include multimedia and tool lending libraries, where people can check out items not necessarily
correlated with the pursuit of knowledge. This provides the framework for which an autonomous on-site machine
lending library would operate.
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The library is introduced to a site in need of Home builders begin utilizing the tools and Once a sufficient number of cost-effective
reinvestment and cost-effective housing, machines the library provides to build their homes are built on the site, the library is
and is made available to home builders. new homes. removed to be introduced elsewhere

Figure 9: A diagram of the process of introducing a mobile library to a site, its utilization, and subsequent relocation for leveraging
elsewhere. (Image by Author)

All the machines maintained and operated by the library will be mobile, either inherently or in an ability to be loaded
on a truck or similar vehicle. This means that the library may have a physical address for legal and storage purposes,
but the true library, the collection of machines and processes which will be leveraged, is not housed in any single
place. Ideally, the library will serve as a mobile hub, but, should there be a great enough workload, the machines
would head directly from site to site, and only ever need to return to the physical location of the library should they
need maintenance (Figure 9). In addition to machinery, the library will maintain a stock of various materials needed to
fabricate with the tools. The library as an entity would be responsible for the upkeep and storage of the machines, as
well as securing them when on site. This rate of production can significantly outdo the rate at which humans can
reasonably work.



2.7 Humanization Through Robotics

At initial review, it would be easy enough to condemn this argument as dehumanizing. At its core, it seeks to remove
human labor from the construction of cost-effective housing, thereby potentially reducing the availability of jobs.
Additionally, the design itself of these houses would be conducted by a rule-based program driven by artificial
intelligence, and could become a woeful example of how inhuman a building can be.

These concerns hold validity, but a fresh perspective will show how this process is even more humanizing than
construction with humans. The key flaw in this counter argument is that it only views the humans constructing the
building in question as worthy of consideration. There is another human constituency group at play here, and that is
the people who cannot afford a house any other way. Currently, these people either do not own homes, and are stuck
renting with all the financial detriment that entails, or own homes of extremely poor quality and living conditions,
because they could not afford something better. Either way, the current method of human-centric construction is
treating these people inhumanely. These people are being dehumanized, and allowing them to leverage robots so
that they may live respectably combats this. This is the case in all industries when new technology is introduced.
Groups which reject the change often cannot keep up with their competition, so it is much more prudent to accept the
new standards and focus on larger issues.

Part 03: INVESTIGATION

3.1 Proposed Design

In order to investigate the validity of this argument, what this conjectured effect and place of cutting-edge technology
is will be implemented in an architectural work. Specifically, this will be centered around the possibilities of current
technologies, and speculate into the next decade of projected technological development and its potential for driving
positive reinvestment at the hands of homebuilders. This will take the form of an act of extrapolation, beginning with
what technologies currently exist and the ways in which they are utilized and the costs associated, then looking
forward to what technology can be expected to develop and how that could be leveraged. Although this design will
consider the ramifications of artificial intelligence and parametric programming in design, the focus of this study will
be on fabrication and construction.

The design outcome will be a series of homes, each iterated on in response to previous designs, then situated in a
small urban zone or neighborhood, consisting of multiple homes and their infrastructure of access and use. The
particularity of each house will be driven by demographic research in the area of situation, so that the scale of the
houses responds to its context. Equally important to the design of the homes is the design of the process, by which
the roles and proper placement of particular technologies will be defined. The homes will act as a projection of what
current and future output look like when utilizing emerging technologies, while the process will be analyzed through
speed, or the rate at which homes can be produced when compared to standard methods, cost, both upfront and
continued operation, and the output itself, including the appreciation of the house and property and ability for the work
to be customized and adapted to shifting necessities and context.

3.2 Primary Variable

Broadly speaking, technology on the construction site exists to aid the human workers in their tasks. Most commonly,
this technology takes the form of small machines, like power tools or laser measuring devices, to larger machines,
like cranes or auger equipment. Even autonomous onsite machines, present on the construction site as early as 1967
in the form of a rudimentary bricklaying assistance robot (Staff 2015), existed to aid human workers, and they
typically continue to do so. At the end of the Twentieth Century, this degree of use was appropriate. Now, however, as
the abilities of autonomous machines continue to make rapid advancements, the place of such technology on the
construction site must be reevaluated.

Advancements in Artificial Intelligence have given fabrication machines autonomy of operation, where instead of
feeding precise directions and coordinates into the fabricator, general instructions can be provided, which the
machine can use in its own decision making. Looking at the sophisticated intelligence displayed by the commercially
available robot dog ‘Spot’ (Figure 10) from Boston Dynamics (Goldman 2022), such autonomy is already in use
commercially. Boston Dynamics remains one of the global leaders in robot research and production, with their earliest
robotic dog iteration being unveiled in 2005, titled ‘Big Dog’, which could help move objects, carry items, and was
primarily intended to assist military personnel in unsafe situations. They quickly advanced to the Legged Squad
Support System in 2012, which greatly improved the abilities of the robot dog and its mobility (Panda 2022). Now,
robot dogs are commercially available products seeing utilization in warehouses and similar circumstances. These
advancements in autonomy provide the driving force behind the primary variable of the investigation.



Figure 10: The current version of ‘Spot’ available for sale. (Goldman 2022)

The primary variable, being the physical manifestations of the technologies being leveraged, includes the entire
process of producing such a home. First is planning and design, which is conducted via artificial intelligence in direct
response to prompts furnished by the home builder. Second is pre-construction, which covers the logistical elements
of machine transportation from site to site and scheduling of site work. Third is procurement, which would be
streamlined by the library, which holds necessary materials in storage in addition to the fabrication machines
themselves. Fourth is construction, including site preparation, foundation work, and fabrication itself. Fifth and last is
post-construction, taking the form of cleanup, minor corrections and finishes, and preparation for living, such as
plantings. The library would conduct a post-occupancy evaluation at fixed intervals after the home is being lived in,
which would then be fed back into the program which generated them, using human experience to inform and
improve design. By separating all the machines and robots based on phase, each group can complete its purpose on
one site and immediately move on to the next, streamlining their ability to produce housing via phasing.

3.3 Metrics for Success

To ground the investigation, and to couch its results in a practical outcome, measurable metrics which define success
must be established. First and foremost of these metrics is cost. While cost effective housing has allowances for
increased cost for improved quality, it must be financially feasible for the current residents of the neighborhood in
question to afford the proposed homes, as price is still a stipulation of cost effective housing. Therefore, if the median
annual income for a Detroit resident is $27,838, and affordable housing requires no more than a third of a person’s
annual income (Cassidy 2019), then the house can cost no more than $9,279.34 a year, or $773.28 a month. From
this number, public service and utility charges must be subtracted, since those are included in the metric of a third.
For Detroit, this will be assumed at $250 a month (Payscale n.d.) (Numbeo n.d.), which brings the total maximum
monthly payment to $523.28.

Another metric for success, which bears similarity to financial feasibility, is durability and life cycle cost. This includes
the resilience of the construction itself, which translates directly to monetary gain in avoided repairs, and life-cycle
cost. According to research performed by the Joint Center for Housing Studies of Harvard University, low income
households are often financially incapable of performing necessary home repairs and maintenance, leading them to
living in unsafe conditions (Wedeen 2022). By utilizing design and material strategies which focus on energy
conservation, the cost of operating the house can be lowered, further beginning the potential resultant buildings into
the financial means of the residents who are intended to benefit from the introduction of cost-effective housing.

The third metric for success is community. Because cost-effective housing does not allow for lowering quality to lower
cost, the ability for the formation of communities presents one of the only ways to keep prices down. Considering the
price will be measured by median income, this means that half of the residents of Detroit are making just that or less
a year. Those making less than $20,000 annually, which is the median for renters (Cassidy 2019), would need an
even lower price tag. Therefore, the design proposal’s outcome needs to allow for the developing and thriving of
communities which allow for the sharing of resources and common amenities.

3.4 Editable Control Variables

Within the framework of cost and quality, there are smaller, dependent variables which will need to be adjusted to
produce the optimal cost-effective array of houses. These variables represent elements over which the design
proposal has control.

e Process- As outlined in Part 02, digital fabrication comes in many forms, which makes for many different
processes, each with specific benefits and strength. For this investigation, building scale 3D printing will be
the primary fabrication technique, as it is the most common form of onsite digital fabrication currently being



leveraged, presenting the strongest grounding in research and precedent into which the work can ground
itself.

Value- Unlike cost itself, which has a given maximum based on resident income, value represents the
elements which can be included within the overall cost. This includes the upfront cost, which requires an
immediate investment from the homebuilder, the projected cost of continued maintenance, which is tied to
material choices and design layout, and cost of operation, which includes utilities and energy consumption
These sub-elements can be understood in terms of their typical value, and how that value can be increased
by improving the parameter without raising the cost to the homebuilder. This variable is explored primarily in
the second serial investigation.

Labor- Within the timeframe of this design investigation, which is just over a decade until 2035 C.E., it is
unlikely that human labor can be entirely eliminated from the process of construction. While the amount of
needed human work can be drastically reduced, the actual and projected abilities of autonomous machines
and artificial intelligence is likely to still require human oversight. The exact amount of labor would ideally be
kept to a minimum, but this variable can be edited and adjusted as needed should a slightly higher degree of
human involvement be needed to produce a certain threshold of quality.

Time- One of the advantages posed by digital fabrication and other emerging technologies is the speed with
which they can produce output, or houses in this case. Detroit’'s housing crisis is ongoing and has been for
decades, so the quicker these homes can be constructed the better off the residents are, and the sooner
they can begin to reap the benefits associated with cost-effective housing. Minimizing time when labor is
being minimized as well means the less hybridization of process in a design, the quicker it can be produced,
as it requires less machines and the coordination required to make this feasible.

Housing Attributes- Since the goal of this investigation is to provide the most valuable house at the lowest
possible price, the physical elements and design decisions whose sum total is a house are critical elements
to consider. Cost effective housing allows for varying output based on each individual's financial
circumstances, so for some, anything that can be done to increase the value proposition of the building
without adding significant costs should be considered, while for others, amenities like porches or garages
may be considered, since they improve value even though they pose a higher cost. Chiefly, this has to do
with appearance and perception, as well as amenities. While it is difficult to account for personal preference
of an entire market, trends can be applied to understand what physical attributes are more valuable than
others. While it is important that the home builder likes the house in question, it is also important that the
product holds broad appeal, so that the appreciation the property goes through is as great as possible,
directly benefiting the owner. In this vein, design uniquity and the ability to customize are also crucial.
Houses should not be identical, duplicated across a large swath of land, as this subdivision effect can affect
the overall value of the property. Similarly, the final output cannot be rigid to the point where it can never
adapt to the needs or desires of a future buyer.

Material- What the house will actually be constructed of is driven by cost allowances, machine capabilities,
performance requirements, environmental concerns, and aesthetic choices. Because this investigation will
be primarily leveraging building scale 3D printing, the materials which will most heavily be considered are
concrete and earth/clay. These materials are already seeing use, and will be explored for their benefits and
deficits as part of the investigation.

Client Choices- Digital fabrication possesses the capacity to produce non-standard objects without the cost
often associated with uniquity. When combined with artificial intelligence and predefined parameters set by a
qualified designer, each homebuilder can specify exactly what their requirements in a house are, including
overall size, number of rooms or bathrooms, style of floor plan, number of stories, etc.

3.5 Contextual Parameters

As this investigation will include speculation into a 10-year period of study, for the reasons already cited, a series of
trends had to be established so as to allow for a sound projection into future conditions. Critical elements, which lay
outside the control of people, constitute variables independent of the investigation, but entirely relevant to it. These
variables define the context in which the investigation finds itself, and must be considered and addressed.

Financial Resources of Locals- This parameter directly drives the max allowable cost of houses produced by
this proposal in order for them to be successful. No assumption can be made that the average income of
Detroit’s residents will rise significantly. That is, in fact, the expected outcome of cost-effective housing
driven reinvestment, which can only begin to occur after these houses are introduced to the urban fabric.
Therefore, to be successful, any house proposed must fall within the financial constraints presented by the
locals. Inflation will be treated as a non-factor, since it is assumed that it will impact income and expenses
equally.

Climate Change- By the year 2100, should no significant change in how humans conduct themselves occur,
average global temperatures are expected to be up to 9.7°F higher than in 2012 (Herring 2012). In order for



an architectural proposal to be responsible and forward thinking, it should not only be driven by expected
rises in temperature, but be made specifically to be as carbon neutral as possible.

e Dwindling resources- A mix of climate change, population growth, and a number of other factors is expected
to create scarcity of two critical resources for human survival: energy and water. The rate of world energy
consumption is expected to increase by 38% by 2050 (International 2020) as natural resources continue to
be depleted. Global water demand is expected to increase 30% by 2050, while availability may drop by as
much as 95% (Boretti 2019). Similarly to Climate Change any responsible design must account for and do
anything it can to address these projections by, among other strategies, reducing water consumption in
construction and maximizing passive heat gains

3.6 Site Selection

Because the components of the entire production process are all mobile, the design investigation is not limited to any
single Detroit site, or even to Detroit itself. However, it is necessary for the investigation to occur somewhere, and so
a site in Detroit’'s English Village neighborhood has been selected (Figure 11). Primarily, it has been chosen due to its
vacancy and irregular shape, as part of a street which crossed through the site has been removed.

While the strategies of home production detailed in Part 04 can be utilized on individual sites next to houses made
with standard construction practices, the creation of a community is important. When possible, the creation of a
number of these homes allow for the building of interaction between people in similar financial circumstances. Most
importantly, this contributes to the sharing of assets such as parking or thoroughfares not maintained by a
governmental entity, benefiting all past their financial contributions.

Part 04: OUTCOME
4.1 Goals

Emerging construction technologies, both physical onsite machines and Artificial Intelligence programs, possess the
capacity to greatly reduce the costs associated with housing without compromising quality or design. These tools gain
accuracy, become simpler to operate, and are more affordable with each iteration. Such technologies can be made
accessible to home builders in Detroit to execute acts of cost-effective housing, which will revitalize disinvested
neighborhoods, and which can also respond to the shifting context the environment poses.

The foremost desired outcome of the design investigation detailed in Part 03 is the ability to produce cost-effective
housing at a meaningfully low price without sacrificing quality. This goal is by no means novel, and has seen
countless design attempts, all with varying degrees of success. However, a new component, emerging technologies,
can now be leveraged, and the resultant architecture and process has the potential to come closer to truly achieving
this than prior attempts which did not have such innovations at their disposal.



4.2 First Serial Investigation: Upfront Cost
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Figure 12: All eleven iterations of housing forms arranged by parent-iterations and cost. (Image by Author)

To begin, three layouts were designed based on existing formal typologies currently being used in 3D printing. These
forms act as a design waypoint and ground the subsequent serial investigation in the current reality of the technology.
In order to effectively compare all the iterations, which vary in form and material, a metric which is applicable across
the board has to be created. Accepted shared parameters were chosen, with each iteration being approximately 500
square feet as a starting point, with a single bedroom and bathroom. To start with, the actual upfront cost of producing
the home had to be calculated. This largely came down to materials, labor when needed, and the use of the
machines themselves. However, this cost itself cannot be directly compared across the iterations, as the usable
square footage of each shape varies.

To better understand how much of each plan was actually inhabitable, an overlay was set up, breaking the plan into 1
square foot increments.This was then averaged with the cost per year of the expected duration of the primary printed
material, resulting in the USF (or usable square footage) + Duration ratio, which allows a more accurate comparison
between the iterations.

The first Typology is based on an early house developed by ICON (Figure 13). The walls are printed via gantry, and
the roof is of a separate material since printing does not lend itself easily to fabricating a roof. In total cost, the house
comes in at $25,236, which ended up being toward the higher end. However, the rectangular footprint proved to be
the most effective in usable square footage, which brought the USF + Duration ratio to $161.
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Figure 13: Typology A, based on the method of fabrication employed by ICON. (ICON n.d.) (Image by Author)

The second typology is based on a home Apis Cor (Figure 14) fabricated in Russia as a proof of concept for how their
raising printer could produce a low-cost home in 24 hours. The home is cheaper in base price than typology A at
$17,581, but this is because the layout is less efficient, and therefore uses less material. It has significantly less
usable square footage, but when balanced with the USF + Duration ratio, it comes in cheaper than Typology A at
$147.
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Figure 14: Typology B, based on the method of fabrication employed by Apis Cor. (Arch20 n.d.) (Image by Author)

The third typology is based on the form used by WASP (Figure 15) for their Tecla Clay project. Their print used a
gantry, but the circular plan allows for the use of a robot arm, which is cheaper since it is easier to set up and take
down, saving labor costs. Importantly, the dome allows for the elimination of Structural Insulated Panel roofing,
replacing it with the cheaper printed material. As a result, the total upfront cost is the lowest of the three primary
typologies at $16,516. However, because the form begins curving immediately at grade, the space against the walls
is not deemed usable, which greatly reduces the efficacy of the space. However, this still produces the lowest ratio

yet at $118.
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Figure 15: Typology C, based on the method of fabrication employed by Wasp. (Wasp n.d.) (Image by Author)

With these three base forms acting as grounding, the next step was to begin making variations or combining
successful aspects to produce even more effective versions. The first variation was to price typology A, but printed in
local earth rather than concrete. In addition to its environmental benefits, earth printing is significantly cheaper than
concrete, bringin the total cost in at $18,216. However, this material does not have as long a duration as concrete,
which brought the ratio to $207. This is significantly higher than with concrete, which does not necessarily rule out
using printed earth, it just means it needs to be attempted more strategically (Figure 16). For a variation of typology
B, the shape was made more gentle, creating a larger amount of usable space. This brought the initial cost slightly
higher at $18,423, but lowered the ratio to $128 (Figure 16).
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Figure 16: Initial formal iterations based on typology A and typology B. (Image by Author)



As the effects of each factor become evident, more complicated processes can be attempted, like in this variation
which printed the house on its side, then used a crane to rotate it into proper orientation. This brought in a low price
tag of $18,186 and a good amount of usable square footage, and achieved a ratio of $120 (Figure 17). Attempting to
merge the spatial achievements of typology A with the domed roof of typology C, this iteration was produced, which
brought in an upfront cost of $19,727 and a large amount of usable square footage. However, because the form uses
so much material, the ratio came in at $122, slightly higher than the previous design (Figure 17).
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Figure 17: Additional formal iterations based on mixing aspects of different typologies. (Image by Author)

Trying out a more radical form, typology A was further transformed into a triangular plan. The result was a lower
upfront cost of $17,711 while still maintaining a good amount of usable square footage. Coupled with the fact that the
iteration is in concrete, this produced a USF + Duration ratio of just $119 (Figure 18). This shape is not explored in
printed earth, as the shape and span of the triangular domed roof poses structural concerns, even when done in
concrete. It is not certain this shape would be viable without temporary bracing which would add to the overall cost
and, once removed, would leave the roof without ample support.

In the end, the most successful iteration was a variation of typology C, which had been raised to allow for against-wall
space use and was fabricated in printed earth. The base price came in at just $8,518, which helped offset the
material longevity, which acted as a deficit in previous iterations. The ratio for this design came in at just $113 (Figure
18). At the end of this investigation, the upfront costs being explored indicated that such leveraging of digital
fabrication would indeed possess the capacity to produce extremely cost effective housing. However, before such a
conclusion could be reached, the long term costs associated with the housing had to also be explored.

- — N [ : : ~
ICON, TRIANGULAR | GANTRY fa ACA-002 : WASE RAISED, IN PRINTED EARTH | ARM 'y . ccc-0o
Saue Foolege Breasdown Mateal Duation - .: Maternl Duration
e e Foolige 3 Comcinte 100 yrs - g Privted Exrth 50 yuanrs
= PricaPer  S177.12 ; e [ 170
//. | : & e ¢ a7
“\._\ \ | : ..I
= —~ Cost of Prodeang 20 £381,801.80 — — " - Cout of Prodecng 20 £140.360.40
O ) sim \, O s Jstuoso
N\ 2N /
(. PRINTED MATERIL [l FounoaTion & suas [ SIP wikpowsaooces e @ | ) (. PRINTED MATERIL [l FounoaTion & suas [ SIP wikpowsaooces e @ v )

Figure 18: A triangular iteration based on typology A and the final, most cost-successful iteration. (Image by Author)
4.3 Second Serial Investigation: Lifecycle Cost

Having completed the first serial investigation, the second series, looking primarily to fully account for the life cycle,
not just initial cost of the building, was conducted. This series is primarily focused around long term costs and
methods of lowering them, but also contained consideration for strategies of increasing quality of life and property
value, which increased the costs associated with the house. This variation is one of the strengths of digital fabrication,
where each homeowner can select, based on their budget and desired outcomes, what elements to be included in
the home and what elements should not.

One of the simplest strategies for increasing the energy efficiency of any building is a thermal-gain optimized floor
plan. This is a passive strategy which uses larger open spaces as a means of thermal gain, which radiates into
adjacent spaces. While the energy savings incurred by this strategy are modest, it comes at no additional cost, since
the entire strategy is executed through thoughtful planning. Another simple strategy is thermal mass, which involves
using dark-colored concrete to absorb greater amounts of sunlight, and then radiate the stored warmth into the space
at colder times. The savings can be as high as 25% of heating and cooling costs (Wells 2020). In terms of the budget
planned for these homes, this means $20 in savings a month and $240 in savings a year, so the increased material
cost for the thermal mass will pay itself off in just 5 years.



Figure 19: Diagram of a solar chimney’s thermal effects. (Image by Author)

A less passive, but more effective, version of this strategy is the solar chimney (Figure 19), which allows for heating
and cooling without expense. When properly implemented, they can lower energy costs by up to 50% (RMIT 2020).
Since the extra printing will amount to $3,000, and the savings in energy is $40 a month or $480 a year, this strategy
will take 6.25 years to pay itself off. Efficiency in landscaping also can have a modest energy savings effect, as well
as the added benefit of increasing outdoor spaces for occupants, as well as increase in property value. Assuming
modest plant-based shielding is installed at the windward house side, and the energy savings come in at $80 a year
(Geotherm n.d.), this strategy will take 15 years to pay itself off (Nita 2023). A slightly more complex thermal mass
strategy is a trombe wall (Figure 20), which can reduce energy consumption by as much as 30% (Wong 2003).
Assuming savings of $24 a month and $192 a year, it would take 13.5 years to pay itself off.
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Figure 20: Diagram of a trombe wall’s thermal effects. (Image by Author)
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Geothermal heating and cooling pumps allow for cheap climate conditioning with a sizable upfront investment
(Geotherm n.d.). Because the homes used in these investigations are approximately 500 square feet, which is
smaller than these pumps are intended to be used for, even with credits granted by governmental entities, the initial
cost is $12,600 (Energy Star 2022). At $432 in savings annually, it will take 29 years to pay itself off, at which time it is
likely the system will have needed serious repairs or replacement. Therefore, such a system is unlikely to be feasible,
unless shared between multiple homes via an agreement.

4.4 Findings

With the completion of this second investigation, compounded with the findings of the first serial investigation, the
outcomes could now be compared to the absolute max monthly payment for the targeted demographic. Based on the
earlier research, in order for the housing to be affordable, it cannot take up more than one third of the net income.
This means that residents of these homes can have a maximum monthly payment of $773.28, which, after removing
$250 to cover all monthly utilities, leaves an absolute max monthly payment of $523.28. Assuming many of these
individuals will not possess the capacity to receive a competitive loan from a standard bank, a better option is an FHA
fixed loan, which can be paid over 15 years with a fixed interest rate of 3.5% (FHA 2023).

With this understanding, the absolute most affordable combination of all previously investigated factors was compiled.
The upfront cost for this house is $8,518.47, with the constant $22,437 added for fixed costs, such as appliances, a
kitchen, and electrical and plumbing work (Grupa 2023). The energy saving strategies selected are of the lowest
upfront cost, bringing the total cost to $34,191.47, which when broken down into the framework of the 15 year
mortgage, comes in at just $189.69 a month (Figure 21).
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floor plan will be included, as well as thermal masses as walls and floors and thickened
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walls for additional insulation.
The total upfront cost for this iteration would be the base price of $8,518.47 added to the
fixed 522,473 for fixturas, an extra $1,200 for thermal massing, and double insulation
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Figure 21: The absolute most affordable combination of upfront and life cycle cost. (Image by Author)

The next compiled output attempts to balance upfront cost with long term energy savings and a more usable floor
plan. The upfront cost is $13,213.29, plus the fixed cost of $22,473 and the costs of the energy saving strategies
selected. The total cost for the house is $41,086.29, which translates to $228.26 a month when the 15 year mortgage
framework is applied (Figure 22).
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This second resolved starteqy seeks to utilize a higher cost iteration with more useable
aquare footage, ACA-DOZ, and =lightly more balanced cost strategies. It includes a
= == thermally optimized floor plan, & solar chimney, and site plantings in order to increase the
. \‘\, «quality of life for residents and increase property value.

\ The total upfront cost for this iteration would be the base price of §13,213.29 added to the
Tixed $22.473 for fixtures, an exira $3,000 for thermal massing, and site plantings coming
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15 year mortgage, comes in at $228.26 a month.
/ P _ ) 1T

- ;j \-. 7 e .

Figure 22: The balanced combination of upfront and life cycle cost. (Image by Author)

The final compiled output sought to understand what the highest possible cost is when still making reasonable
decisions. The upfront cost is $19,727.29, added to the fixed $22,473 and the selected energy strategies. This brings
the total cost to $51,204.29, which comes out to $284.47 when using the 15 year mortgage (Figure 23).
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This final resolved startegy utilizes the most efficient floor plan &t a higher cost, iteration
ACADDT. A trombe wall will be used for ita high efflcacy, even though it takes longer to
s pay off, as well g2 an attached porch for increased quality of life and property valee and
/ \\\ even & geothermal pump, which does not make sense for a house of this one's goals.

The total upfront cost for this iteration would be the base price of §19,727.29 added to the
fixed $22.473 for fixtures, an extra $2.604 for the trombe wall, a porch a1 $4.600 [35], and
a geothermal purmp coming in &t 518,000, In total, the upfront cost for this iteration is

\ 4 551,204.29, which divided into & 15 year mortgage, comes in at $284.47 a maonth
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Figure 23: The most expensive combination of upfront and life cycle cost. (Image by Author)

AN

It must be accepted that, while the iterations and calculations presented were rigorous, there are additional costs not
accounted for , including the inevitable cost increases due to unforeseen complications. Among these is the cost of
the land itself or for acquiring the necessary permits. This can be handled by a volunteer organization, such as the
library itself, or via a low-income government program or similar strategy. Either way, the resultant costs fall far
enough below the absolute max monthly payment of $523.28 to support the argument made by the thesis in Parts 02
and 03.

4.5 Conclusion

Cost effective housing has the capacity to drive reinvestment, something which Detroit and its current residents need.
Through the explored investigations, it is clear that digital fabrication and automation can be made accessible to
home builders, empowering them to make their own homes and gain the benefits associated with this. The ability for



such a strategy to uniquely and effectively respond to each individual home builder’s circumstance provides a
powerful tool for driving reinvestment and building economically sustainable communities

Community is critical, because it not only increases quality of life, but provides for the sharing of assets, which brings
everyone’s costs down. Shared parking lots or common thoroughfares not covered by the government can be evenly
contributed to as such communities grow, allowing housing that is not just affordable, but also positive, for those who
may not have been able to afford it otherwise.
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Figure 24: An experiential render of a community built with the argument made by this thesis. (Image by Author)

Looking forward over the decade following this investigation, the need for housing will continue to evolve. As detailed
in Section 3.5, climate change is expected to increase average global temperatures (Herring 2012) and decrease the
availability of energy (International 2020) and water (Boretti 2019). In response, design will shift, incorporating
strategies to combat these items (Figure 25). The inherent flexibility of Al and parametric-based design coupled with
digital fabrication means that the strategy studied through this thesis will continue to be valid, allowing for direct
responses to the ever shifting context in which housing exists.

Figure 25: A series of sections speculating what the implementation of emerging technologies will look like in construction in the
near future. (Image by Author)
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Appendix A: Literature Review
Fabricate 2020

Starting in 2011, the Fabricate conference is a global event held every three years which seeks to engage creative
and novel technologies and methods as they pertain to architecture. With each conference, a book is compiled of
significant innovations inside the world of fabrication as it relates to architecture. Fabricate 2020, the book produced
for the fourth conference held in 2020, split the categorized the identified innovations into Bio-materiality,
Synthesising Design and Production, Optimisation for a Changing World, and Polemical Performative Practice.

The Bio-materiality section deals with innovations of material, such the Mud Frontiers project, which constructs forms
entirely out of earth local to the site (Figure 26). Next, the Synthesising Design and Production portion of the book
deals with projects which bridge the gap between design and production, like the Direct-to-Drawing Project, which
introduced automation into a terracotta extrusion production process. The third section, Optimisation for a Changing
World, sought to identify works which provided direct responses to new or changed contexts. For example,
Knitcandela was a project that sought to challenge the construction reality of concrete-shell formworks using a
custom knitting and cable technique to produce a thin form. Lastly, the Polemical Performative Practice section
detailed projects which used creative new methods and to outperform their typical counterparts like Ada, a pavilion
which incorporated artificial intelligence in the design process, making it a more capable human-centric adaptive
architecture (Burry 2020)

In order to extrapolate the short-term future of emerging construction technologies in any meaningful way, it is
imperative to understand the current abilities, limitations, and field of research which are occurring around
experimental machines. Because the design investigation posed by this thesis will extend over a decade, it must be
conscious of this reality before making any conjecture on what the future looks like.
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Figure 26: A print in progress from the Mud Frontiers project. (Burry 2020)
Architecture for the Poor

In Egypt during the Mid-Twentieth Century, the Gournis were a group of people living atop the Tombs of the Nobles.
These people, impoverished and considered among the peasant class, made their living robbing the archeological
findings of the site and selling them to unscrupulous individuals. These fences paid little for these treasures, as the
Gournis did not know their true value, and then sold them to collectors for a massive profit. After a particularly large
robbery, the government decided to move the Gourni people from the archeological site and house them elsewhere.
The problem they faced was monetary, as the Gournis could not afford to build a new town, so the entire cost would
fall on the government to bear.

At the same time this was occurring, Hassan Fathy, a trained and practicing architect in Egypt, had taken notice of
the poor living conditions of farmers who, he observed, often owned more land than wealthier folk, but made so little
in profit that they could barely keep themselves alive. Because they could not afford modern building materials like
concrete and steel, they utilized the ancient techniques of mudbrick construction (Figure 27). However, the
constrictions of their houses were deplorable, yet, as Fathy noted, magnificent ancient structures had been built of
the same simple material right there in Egypt, many of which still existing partially. It was clear to him that mudbrick
could be utilized not just to produce affordable houses, but to make structurally sound works which were also
aesthetically pleasing and enjoyable to dwell in. Fathy drew on the knowledge of local masons to create this town,
which he had amassed earlier in his career while attempting to tackle the issue of making mudbrick roofs. Prior to



hiring the masons trained in the ancient art, all his attempts at putting up such a roof failed, yet the masons used no
tools but adzes. In this way, he was able to produce a respecitful architecture to house the Gournis (Fathy 2016).

Figure 27: The mudbrick mosque at New Gourna. (Fathy 2016)

In the context in which Fathy operated, the largest addressable inhibitor of cost-effective housing was material. He
identified this prohibitive cost and circumvented it by turning to the ancient material of mudbrick. In the United States,
including Detroit, this attitude is applicable, but to a different cost associated with construction: labor.

Assembling the Assembler: Reanimating the “Lost” Motion Machine of Wachsmann, Bollinger,
and Mendoze

The Location Orientation Manipulator, or LOM, was one of the earliest experiments conducted in machine assistance
on a construction site with the potential for autonomy. The machine itself was developed and studied by Konrad
Wachsmann, a professor at University of Southern California, and two of his students, John Bollinger and Xavier
Mendoza, who wrote their dissertation, completed in 1971, on the device. The stated purpose of the architectural
machine was control, measurement, and display of the kinematics of the design and assembly of a building. The
original prototype was lost, but its sophistication in movement, allowing a single human to directly, and potentially via
automation, manipulate an object in space, anticipated many of the technological innovations which would eventually
be present on construction sites.

The machine was constructed from the most advanced components available at the time, which were acquired from
the aerospace and automotive industries. It was situated on a slide track, which allowed it to lengthen its circular
range of motion. Its movements along seven distinct axes allowed it to achieve 360 degrees of motion, giving it the
ability to truly manipulate the location and orientation of any object it could lift. The machine’s greatest feat, however,
was its significance as the first example of a device designed specifically for on-site architectural construction utilizing
modern components and electronics. Modern robots, often with less range of motion than the LOM achieved, work
essentially the same way, but with modern robotics being utilized. In their work, Bollinger and Mendoza provided the
base concept of onsite autonomous assembly machines and the geometric rules and vocabulary that drive them
(Andrzejewski 2022).

Appendix B: Precedent Analysis
Villa Asserbo

Facit homes is a United Kingdoms-based digital fabrication company known for their mobile workshop approach to
construction. This workshop, contained in a shipping crate, includes a computer numerically controlled, or CNC, mill,
which subtractively fabricates components of a building by cutting them out of raw lumber. For Villa Asserbo (Figure
28), located in Copenhagen and designed by Danish architecture group Eentileen, the design included the ability for
the individual pieces of the work to be snapped together. Because the means of assembly was inherent in the design,
and because the wood used was lightweight, the entire house was assembled without the help of any heavy
machinery. Just a group of people were able to put the entire home together in just six weeks (Quirk 2012).



This house acts as grounding evidence for many of the claims laid forth in this thesis. Firstly, by bringing the
fabricator itself directly to the site, the cost of transporting components is eliminated. While this does not pose a huge
benefit for a single home, as the workshop itself must be transported, it gains an economy of scale when making
many homes in the same urban locale. Another key claim reinforced by the success of Villa Asserbo is the potential
for elimination of labor. While this Facit Homes project did rely on human labor for construction, the well-designed
pieces could easily have been assembled by a robot, which is transported to the site with the fabrication machine.
The result, when combined with artificial intelligence and parametric based design is the complete creation of a home
with no human involvement needed.

Figure 28: The completed Villa Asserbo. (Quirk 2012)
Tecla Clay

The Tecla 3D Printed clay houses presents one of the earliest examples of material innovation in digital fabrication.
Instead of extruding concrete, which is the standard in 3D Printed architecture, this project, a collaborative effort
between the technological capabilities of WASP and the design of Mario Cucinella Architects, printed in raw earth
local to the site of the project (Figure 29). Outside of the energy required to operate the extruder, this has no carbon
footprint, allowing the project to achieve nearly zero emissions. The shape of the buildings themselves responded
directly to the site’s context, specifically the local climate conditions, and the envelope shape and fill was
parametrically produced to optimally balance thermal mass, ventilation, and insulation (Pintos 2021).

Figure 29: Section through a Tecla clay house. (Pintos 2021)

The Tecla project poses a number of valuable concepts for the design investigation of this thesis. First, it displays the
extreme adaptability of digital fabrication and parametric design, which can successfully respond to ever-shifting
contextual and climatic conditions. Additionally, the project displays the material innovations possible in emerging
technologies, which, in the case of locally sourced earth, cut the cost of the material to almost nothing and has almost
no carbon footprint. Finally, The work displays that, even when operating in a low-cost framework, respectful and
desirable architecture can be produced which allows people of less means to own and dwell in a quality home with a
price they can afford.



