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ABSTRACT

The allure of industrialization has captivated the 
imagination and interest of architects since the early days 
of mass production.  New industrial processes allowed for 
high quality goods to be produced at a rapid pace with 
a high level of efficiency.  While the production processes 
were innovative and inventive, the facilities producing the 
goods were equally as impressive.  These new production 
processes were highly proprietary and the design of 
the factory had to respond to the need to keep these 
processes secretive.  The factory became exclusive and 
off-limits to the general public.  As workers fought for better 
working conditions and new industrial processes evolved, 
so did factory design.  Factories began to introduce more 
natural light and ventilation through new structural and 
material innovations, but the production process remained 
unforthcoming.  

This thesis begins with a focus on two interdependent 
components; product and factory.  The product is unique 
in the sense that the process may be fairly simple and 
familiar but the product is underutilized and misunderstood.  
The product that will be investigated is a steel frame 
modular building system.  Modular is a system that has 
existed since the middle of the 20th century but remains 
underutilized in the field of architecture, mainly because it 
is misunderstood. 

The factory will work to manufacture the steel frame 
modular product while opening up the facility to the public 
and educating them about the product, its potential 
application and the actual process in which the product 
is manufactured.  The factory will comment on the current 
nature of factory design while suggesting what the next 

generation of factory design will be.  The factory will work 
to foster an increased dependency between the factory 
and the community in which both are beneficiaries.  

It is the intent of this thesis to provide a framework for 
the next generation of factory design while providing a 
thoroughly developed example of a potential application 
of this framework.  This thesis comments on the current 
nature of factory design, steel frame modular as a building 
system, and current manufacturing processes while 
providing solutions and ideas for the future.  
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THESIS PAPER

To industrialists, factory and product are two 
interdependent terms; if there is no product there is no 
need for a factory and if there is no factory there can be 
no product.  The factory is a building type that has been 
at the forefront of innovation since the beginning of its 
existence, constantly responding to new industrial and 
manufacturing processes.  Innovations in factory design in 
the early 20th century changed the world both in terms 
of the product being produced and the way in which 
the product was produced.  High quality uniform goods 
began to be produced in mass quantities with remarkable 
speed and efficiency.  Standardization and repetition 
allowed workers to focus on a single task, cutting down on 
production time while increasing quality.  

The factories of the early 20th century emphasized flexibility, 
both in terms of the building design and the production 
process taking place inside.  New production processes 
led to increased efficiency, higher productivity, and lower 
prices [1].  In America, Albert Kahn Associates quickly took 
over the market for factory design and began to change 
the way that the factory as a building typology was viewed.  
To house these new processes the firm introduced three 
types of industrial buildings: a single-storied roof-lit model; a 
variant with long-span roof trusses and overhead travelling 
cranes; and the multi-storied factory, which became the 
cheapest option [2].  In 1913, the firm designed the Ford 
Magneto Plant which became the world’s first factory 
set up around a continuous moving assembly line.  The 
production time inside the factory decreased, while 
quality of production and working conditions improved.  
Kahn’s factories and other factories built during the time 
period embraced advances in science and technology 

and exploited them in both the design of the building and 
the production process.

After World War II and into the 1960’s, the design of the 
factory shifted from a focus on advancements in science 
and technology to a focus on new manufacturing and 
ecological systems [3].  Just-in-time manufacturing, 
standardized shipping methods, cooperation between 
workers and administrators, and global manufacturing, 
began to change the nature of factory design.  The ease 
of shipping moved factories overseas, where goods could 
be produced much more cheaply while still maintaining 
a fairly high degree of quality.  In the 1990’s with the 
advent of mass customization and a greater commitment 
to lean manufacturing techniques, the factory began 
to change again.  People became interested in the 
products being produced and the products themselves 
became very innovative and inventive.  Although the 
factory environment has changed since the early days 
of mechanized production, product and factory remain 
two interdependent terms and will remain as long as the 
manufacturing industry exists.

This thesis begins with a focus on these two interdependent 
terms; product and factory.  The factory will engage 
the public and educate them on an underutilized 
architectural product.  The steel frame modular product 
that the factory is producing can be used in a variety 
of architectural applications ranging from small, single 
family residential units to large scale housing and office 
applications.  Four main themes have been established for 
use in this thesis; transparency, production, transportation, 
and dependency.  The project will emphasize these four 
themes while responding to the previously established 
goal of creating a facility that engages and educates the 
public on an underutilized architectural product.  
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Product = Steel Frame Modules

Some may argue that building with a modular system 
inherently limits the designer’s creativity and the project 
simply becomes a series of repetitive boxes.  This may be 
true of some modular projects, but if a flexible, modular 
system is used, the designer has unlimited creativity in 
the project.  Designers will be working within a defined 
set of parameters regarding the size of the module, 
but the structure can be arranged in numerous ways 
to accommodate various clear spans and expressions 
of materiality.  Modules can be arranged in various 
configurations and don’t have to rely on repetitive stacking 
techniques to be successful.  Defining a system and a set 
of parameters to follow in the design process will ultimately 
lead to a more cohesive design that can be built using the 
most effective construction techniques.

Modular construction and offsite manufacturing in 
general offer many advantages over traditional onsite 
construction methods.  By constructing a project in a 
controlled factory environment, delays due to weather 
are completely eliminated.  In addition to building in a 
controlled factory environment, the two most convincing 
advantages of offsite manufacturing are predictability 
and time savings [4].  The project is typically built in less time 
and on a more predictable track than if it were to be built 
onsite.  Although the advantages are numerous, modular 
construction is underutilized in the field of architecture.  
Projects continue to be built in a linear fashion, onsite, 
mainly because architects and contractors are familiar 
with that type of construction.  The advantages of building 
offsite are numerous and should be implemented into 
more architectural projects.

Modular is typically built using one of three systems; wood 
frame modular, shipping container modular, or steel frame 

modular.  While all three have their advantages, steel frame 
modular will be the focus of this thesis.  Steel frame modular 
offers the greatest opportunity to build vertically and the 
structural system is flexible enough to accommodate 
numerous stacking and joining configurations.  Steel frame 
modular systems have been used in applications ranging 
from a small cottage in Michigan to a large 930 module 
apartment building in California.  It is this range of flexibility 
that offers the greatest potential impact when trying to 
educate the public on the advantages of this product 
and this method of construction.  

Because the new factory will put the production process 
on display, the product has to be something that the 
public will be interested in engaging with.  Three defenses 
have been developed justifying the decision to produce 
the modular product.  First, the product is underutilized 
and unfamiliar to most people outside of the building 
industry.  If prototypes are developed and put on display, 
people will inherently become curious as to the potential 
applications of this product.  Second, modular typically 
houses programs that are very familiar with the general 
public.  Modular can be used in residential, office, and 
commercial applications, which are three building types 
that the majority of people experience on an everyday 
basis.  If people learn about the established applications 
of the product they will be inclined to learn more.  The third 
defense relies on an individual interest in manufacturing 
and industry.  It is recognized that everyone will not 
be interested in observing the production process and 
learning about steel frame modular systems.  The design of 
the site can begin to change this notion, both through the 
development of the facility and the landscape.

Factory = Inclusive

For the purpose of this thesis, the factory should respond 
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to numerous conditions.  First, it should house an efficient 
manufacturing process because at its most basic level the 
factory is built to make a product.  Second, the factory 
has to respond to the site, the neighborhood, and the 
larger context.  It must take advantage of the existing 
site conditions and the intervention must be delicate 
enough to make a positive contribution in the surrounding 
community.  Third, the factory should be inclusive.  At a 
conceptual level the factory as a building typology is a 
large mass producing a product that is consumed not 
only by its own workers but by a much larger population.  
Factories are not typically associated with public events 
and public engagement; this can change. 

This thesis begins to pose a question relating to the 
possibilities of an innovative product being produced in 
a factory setting while simultaneously educating and 
engaging the public about the product and the way in 
which this product is made. With this in mind, there are 
numerous other factors that will contribute to the overall 
goal of the building design.  As factories have evolved 
the desire to expose the production process has begun 
to gain popularity.  The factory can begin to educate 
the public about its processes and the overall goal of 
making a product.  If the public is engaged in the process 
of making, they can begin to learn about manufacturing 
processes and techniques and gain a new understanding 
of an otherwise foreign building typology and process.

New Factory

The next generation of factory design should utilize just-in-
time manufacturing, eliminating the need for warehousing 
and large storage areas on site.  With the progress of 
technology there is no need to house large amounts of 
supplies and product onsite anymore.  Ideally, the new 
factory will receive shipments of raw materials daily and the 

finished product will be shipped out daily.  The reduction in 
warehousing on site reduces overhead costs and is more 
environmentally responsible.  Just-in-time manufacturing 
requires a great deal of coordination between suppliers 
and clients as a single delay could shut down the entire 
operation.  This idea of coordination is something that will 
continue to gain prominence as new manufacturing and 
project delivery techniques are introduced.

By being innovative and environmentally responsible, the 
next generation of factory design can begin to change 
the current misconceptions of what the factory does.  The 
factory doesn’t have to be a building with smokestacks 
billowing toxic fumes into the surrounding community; 
it can be a place where clean manufacturing occurs, 
manufacturing that is environmentally responsible while 
still maintaining a high degree of innovation.  Although 
working conditions inside of the factory have dramatically 
improved since the early 1900’s they can still be improved 
upon.  Factory workers and administration can begin 
to work in a more cooperative environment as the 
administrative office space is incorporated into the 
same facility as manufacturing.  The office environment 
should begin to foster a greater sense of teamwork and 
cooperation.  By opening up the space and allowing for 
a flexible arrangement of interior furniture, the working 
environment and employee production levels will be 
improved.

The new, environmentally responsible factory can begin to 
be sited in areas that were previously seen unfit for factories.  
A factory utilizing clean production can be sited in a mixed 
industrial and residential neighborhood.  The factory will 
no longer be seen as a burden on the environment and 
its surrounding context, but rather as a benefit to the 
neighborhood in which it is sited.  The advantages of 
building a factory in a mixed residential neighborhood are 
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numerous.  The factory can employ a local workforce from 
the neighborhood in which it is sited.  Local employees 
manufacturing a local product that is consumed by a 
local, regional, and national market can begin to change 
preconceived notions often associated with a factory, 
factory conditions, and the product being produced.  A 
local, productive, transparent factory, employing a local 
workforce, while simultaneously educating and engaging 
the public about its manufacturing processes is something 
that has the potential to revolutionize the way in which the 
factory as a building typology is viewed.

The idea of dependency is something that is not only 
important to this thesis but is something that should 
continue to gain prominence as the nature of factory 
design progresses.  In any factory there is the inherent 
dependency between the factory and the product that 
is being produced.  If there is no market for the product 
there is no need for the factory and if there is no factory 
then there can be no product.  The dependency between 
the factory and the community is something that has not 
yet been fully developed in today’s factories.  This thesis 
begins to suggest a dependency between the new factory 
and the community in which it is located.  In its simplest 
form the factory depends on local residents for labor and 
the residents depend on the factory for employment.  The 
new factory has the potential to offer a greater means for 
dependency.

The new factory can be sited in a mixed residential 
and industrial neighborhood.  The new factory will bring 
increased tax revenue to the city and will provide a place 
for local residents to gain employment.  The employees 
will acquire new skills and help to manufacture a quality 
product.  The employees will talk to people about what 
they do at the factory and explain the production process 
and the product in which they are helping manufacture.  

The market for the product being manufactured will begin 
to expand.  

The new factory can be a public building.  People will 
be encouraged to enter the facility and observe and 
engage in the production process.  The site as a whole 
can help foster this sense of public space by being inviting 
and by responding to existing site conditions and the local 
context.  A public green space can be incorporated into 
the site design which can bring more people to the site 
and allow for more people to be educated about the 
manufacturing process.

In the new factory, the potential for dependency can 
be much deeper than the factory depending on local 
residents for labor and residents depending on the factory 
for employment.  The new factory will depend on the 
community to use the site and engage in the production 
process.  The new factory will depend on these people 
to educate others about the production process and 
about the potential applications for the product being 
manufactured.  The public will continue to be heavily 
dependent on the factory as well.  Perhaps the top need 
for dependency is related to the need for employment and 
income.  In addition, the public will depend on the factory 
to provide safe working conditions and an environment 
aimed towards bettering the lives of its employees and 
their families.  The new factory will provide a framework 
for the opportunity to change the nature of factory design 
but it will depend on the public’s interest, engagement, 
and advocacy to be successful.  

It is the intent of this thesis to provide a framework for 
the next generation of factory design while providing an 
example of a potential application of this framework.  This 
thesis comments on the current nature of factory design, 
while providing solutions and ideas for the future.  
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WOOD FRAME MODULAR | Decatur, IN
All-American Homes

Traditional types of onsite construction in wood are 
labor intensive and dictated by weather conditions. 
Traditional wood frame construction is prone to waste of 
materials and coordination problems amongst trades.  
Prefabrication in larger timbers, panels, and modules 
allows the efficiencies of construction while increasing the 
quality of the manufacturing process, saving resources 
and simplifying the recycling of waste. [1]  One of the 
greatest advantages of wood frame modular is that the 
building can be built to a much higher tolerance in the 
factory than onsite.  With its capacity to be renewed, 
manipulated, laminated and recycled/reused, wood is 
an obvious choice for prefabrication and will arguably 
continue to lead the residential and small commercial 
markets in the United States in the foreseeable future. [2]

Wood frame modular construction is typically used in 
applications up to five stories in height.  Applications over 
five floors require additional structure within the module, 
which increases cost and becomes uneconomical.  
Typical applications for wood frame modular construction 
are single family homes, dormitories, apartment buildings, 
military housing, construction trailers, temporary classrooms, 
bathroom pods, and small commercial buildings.  The size 
of the module depends on transportation requirements for 
the states that the module will have to travel through to 
reach the site. Variations are often made to the construction 
process due to height, weight, and length issues regarding 
transportation.  Typically, a hinged roof system is used to 
maximize the amount of off-site construction while keeping 
the height of the module to a minimum.

Figure 01
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THE PROCESS OF WOOD MODULAR CONSTRUCTION

  1. Lumber is cut to size and sent to floor, wall, and  
 roof workstations.
  2. Floor is constructed on steel jig table, sheathed,  
 and placed on skids.
 Walls are constructed on steel jig table,   
 sheathed, and tilted onto floor assembly.
 Roof is built on steel jig table and craned onto  
 walls.
  3. Interior finishes including gypsum board,   
 electrical, and plumbing are installed in the 
 module.
  4. The module is wrapped.
  5. Windows are placed in the module.
  6. Exterior finishes including insulation, siding, and  
 shingles are installed in the module.
  7. Modules are shrink wrapped and loaded onto a  
 trailer.
  8. Semi-trailer transports the module to the site.
  9. Crane hoists module and sets.
10. Modules are stitched onsite.

Clockwise from top left
Figures 02 - 07
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SHIPPING CONTAINER MODULAR | Shanghai, China
BigSteelBox

Shipping containers are typically used in applications 
ranging from 1-15 stories in height.  The containers can be 
stacked with limited or no additional reinforcement.  A 
standard Intermodal Steel Building Unit (ISBU) container is 
able to withstand a 1,530,000 pound vertical load and the 
floor is built to hold 65,000 pounds of weight when stacked 
up to seven units tall without seismic bracing [3].  A major 
advantage of shipping container modular architecture is 
the cost of the containers.  Most shipping containers cost 
between $1,500 and $4,000, making it a cost effective 
solution on the surface.  The standard container is 8’ wide 
with height variations of 8’, 8’–6”, and 9‘-6” and a standard 
length of either 20’ or 40’.

Although shipping containers can be acquired relatively 
cheaply, there are many drawbacks to building with 
this system.  In most cases, in order for the container to 
become habitable, the standard module will have to be 
altered thus reducing its structural capacity.  Due to the 
standard width, height, and length of the container the 
flexibility of this building system is fairly limited.  Before the 
container can be effectively inhabited, insulation must be 
added, the exterior skin has to be treated, the floor has to 
be refinished, and soundproofing must be considered.  Due 
to the height limitations of the module, space for service 
distribution is limited and service containers often have to 
be added to the project.  Shipping container modular can 
be used in various applications including retail, housing, 
temporary structures, and disaster relief projects.  The low 
initial cost makes this method of building an enticing option 
for owners but it must be known that many changes have 
to be made to the original container before it can be used 
effectively.

Figure 08
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THE PROCESS OF BUILDING A SHIPPING CONTAINER

  1. Steel is unrolled and cut into sheets.
  2. Steel is corrugated for strength and sent to wall,  
 floor, and roof workstations.
  3. Wall panels are fabricated on steel jig table.
 Floor frame is fabricated on steel jig table.
 Door assembly is fabricated.
  4. Door assembly is welded to floor frame.
  5. Wall panels are welded to the assembly.
  6. Roof panels are lifted into place and welded to  
 the assembly.
  7. Container is primed and painted.
  8. Wood flooring and door hardware is installed.
  9. Container is waterproofed and tested for leaks.
10. Box is shipped to location.

Clockwise from top left
Figures 09 - 14
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STEEL FRAME MODULAR | Lebanon, NJ
Kullman Building Corporation 

Steel is the most economical and efficient material for 
structuring long-span, high-rise, and unique geometric 
designs [4]. When working with steel construction, offsite 
manufacturing is becoming the preferred method due to 
the difficulty of fabricating connections onsite. 
  
The design of the module’s frame is an integral part to the 
structural performance of the entire assembly.  Kullman 
Buildings Corporation developed the Kullman Frame 
System (KFS) which can be seen as a guideline for steel 
modular construction.  There are three main components 
to the system; KFS Building Module, KFS Interstitial Truss 
Module, and Non-load-bearing pod.  The KFS Building 
Module is intended to be used in the habitable space 
of the building.  The KFS Interstitial Truss Module can be 
attached to the top of the KFS Building Module to provide 
additional strength and space for service distribution.  The 
Non-load-bearing pod is used in core applications of a 
stacked assembly.  The structure is designed to transfer all 
loads exclusively through the end columns, allowing the 
opportunity to arrange openings and glazing in unlimited 
configurations.  The system is designed to accomodate 
stacking of modules up to 12 stories in height.
  
The strength of the steel frame system allows for a greater 
amount of prefabrication to occur because additional 
structure is not required for transportation.  The modules 
can be finished out in the factory with insulation, infill 
framing, wiring, ducting, and so forth in order to complete 
as near possible up to the seams with all of the finishes in 
the building [5].

Figure 15
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THE PROCESS OF STEEL MODULAR CONSTRUCTION

  1. Structural steel is cut to length and sent to floor,  
 wall, and roof workstations
  2. Floor frame is fabricated on steel jig table.
  3. Decking and rebar are added to the frame and  
 concrete floor is poured.
  4. Wall frames are fabricated on steel jig table.
  5. Wall frames are attached to floor frame.
  6. Electrical, mechanical, and plumbing systems  
 are added to the module and tested.
  7. Insulation and gypsum board are added to the  
 interior.
 Module is wrapped and exterior cladding is  
 applied.
  8. Interior furnishings are installed.
  9. Module is covered for transportation, loaded  
 onto a trailer, and shipped to the site.
10. Crane hoists module and sets.
11. Modules are stitched onsite.

Clockwise from top left
Figures 16 - 21
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Interstitial Truss    Clear Span    8’ - 9’-6” Typical Spacing

33

7 1/2” Light Gauge 
Steel Studs, 16” O.C. 

1/4” x 6” Steel Strap

6” x 6” HSS 

6” x 4” HSS

3” Concrete Decking
on Steel Form Deck

2 1/2” Light Gauge 
Steel Studs, 16” O.C.

6” Ceiling Joists 
24” O.C.

3” x 2” HSS

Mate Line

6” x 2” HSS

KULLMAN FRAMING SYSTEM



DEFINING A TYPICAL MODULE SIZE

A short period of time was spent focusing on defining a 
typical module size based on transportation and shipping 
requirements.  With an emphasis on maximizing the height 
of each module, a typical size of 12’ x 36’ x 12’ in height 
was established.  Each module of this typical size would be 
transported by a truck with a double drop trailer.  Although 
the factory will accommodate a large variety of module 
sizes, developing a typical module size was an important 
starting point.

After the typical module size was defined, a period 
of time was spent investigating different mating and 
stacking arrangements of two modules.  Ultimately, 
six arrangements were studied, which provided a 
good range of options when looking at variations of 
the structural system.  In the end, regardless of the 
arrangement, the structural concept remains the same 
with all loads being transferred through corner columns to 
the foundation.

Each module of this typical size is 432 square feet and the 
joining of two modules creates a modest space open to 
a variety of programs.  With the possible introduction of 
the interstitial truss system, the typical sized module can 
accommodate a number of building typologies ranging 
from those with a storefront to those with a more private 
function.

Single Drop Trailer

12’

40’

2’

12’
14’

50’

3’-2”

11’
14’-2”
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Single Drop Trailer

Double Drop Trailer

From top
Figures 22 - 24
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JOINING ARRANGEMENTS

37

Mate Mate, Shift Stack, Shift Mate, Rotate Stack Stack, Rotate
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STRUCTURAL MODEL
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THESIS DIRECTION

After thoroughly researching and defining the product, the 
facility that manufactures this product must be developed.  
The factory that produces the steel frame modular product 
will begin to comment on the current nature of factory 
design while implementing new ideas regarding what the 
future of factory design can be.

The first step in the process involved selecting a site.  A 
site was found in Indianapolis, Indiana that fit in with the 
overall goal of developing an inclusive factory and site.  
The factory’s design will implement numerous programs 
that will comment on the current and past state of factory 
design.  The factory will house an efficient production 
process and respond to goal of educating the public 
about an underutilized architectural product.  

The overall design of the factory and the site will 
focus on four main themes; transparency, production, 
transportation, and dependency.  The building will be 
transparent, meaning that the production process will be 
put on display and users will have the opportunity to observe 
and interact with it.  The production process will utilize 
straight line production and just-in-time manufacturing 
techniques.  Raw materials will arrive at the factory every 
day and finished product will be shipped every day.  
There will be no large warehousing onsite and the size of 
the building will be kept to a minimum.  The design of the 
factory and site will be influenced by transportation routes 
and methods, accommodating trucks of various sizes, 
small automobiles, and locomotive traffic.  The form of the 
building will also respond to and be shaped by these forms 
of transportation.  The design of the factory and site will 
begin to foster a dependency both between the factory 
and site and between the overall development and the 
community.  



SITE INTRODUCTION

Located within 650 miles of 55% of the American population, 
Indianpolis, Indiana is an intriguing location to site a factory 
due to its central Midwest location and proximity to major 
American cities.

Three components that are critical to a factory’s 
performance are proximity to raw materials, proximity to 
major transportation networks, and proximity to a good 
workforce.  Indianapolis accommodates all of these 
components.  Indianapolis is home to Alro Steel, a major 
steel manufacturer that is capable of producing enough 
steel to supply the needs of the factory.  Indianapolis is 
home to six railroads, four highway systems, and an 
international trade zone.  Indianapolis’ main economy is 
manufacturing, with a workforce with a higher productivity 
rate than the national average.

Of the three components, proximity to major transportation 
networks becomes the most important factor when 
building a modular product.  With shipping costs of 
$6 - $10 per mile, modular construction begins to lose its cost 
efficiency if the module has to be shipped by truck more 
than 300 miles.  In extreme cases modules can be shipped 
upwards of 500 miles while still maintaining cost efficiency, 
but anything over 300 miles is generally discouraged.

Located within this 300 mile shipping radius are the major 
Midwestern cities of Chicago, Cincinnati, Detroit, Nashville, 
and St. Louis.  Just outside of the 300 mile goal, but still 
within reach are Cleveland and Pittsburgh.  In the end, 
Indianapolis’ central location and shipping possibilities 
legitimized the want to site a factory in that city.  The city 
of Indianapolis occupies an area of 372 square miles and 
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is home to 827,609 residents.  Indianapolis’ population 
is composed of 62% White, 28% Black, and 9% Latino 
residents.  The median household income in Indianapolis 
is $42,704, which is about $6,000 lower than the state 
average.  Approximately 19% of residents live below the 
poverty line and only 57% of the residents own their own 
home.  Over the past 20 years, Indianapolis’ economy 
has become more diversified and less dependent on 
automobile manufacturing, but manufacturing in general 
still employs the highest percentage of workers in the city.

A vacant, ten acre site was found and selected on the 
east side of the city in a mixed residential and industrial 
neighborhood.  A railroad runs along the north end of 
the site affording a unique opportunity to integrate the 
building with the existing railroad.  The railroad can bring 
raw materials to the factory and ship finished product to 
various locations across the United States.  

The mixed residential and industrial neighborhood offers 
an opportunity to integrate the public into the design of 
the building and the site.  The homes in the neighborhood 
are in poor condition and the economic status of most 
people in the neighborhood seemed to be lower middle 
class.  

Located two blocks south of the site is a high school, which 
has the potential to make a major impact in the public 
design aspects of the building and the site.  If functions 
for the high school students can be programmed into 
the design, the project will make strides towards being 
inclusive.

Detroit, MI 
284 miles

Chicago, IL
185 Miles

St. Louis, MO
244 Miles

Nashville, TN
287 Miles

Cleveland, OH
316 miles

Pittsburgh, PA
359 Miles

Louisville, KY
114 Miles

Cincinnati, OH
112 Miles

Indianapolis, IN
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White River

Interstate 70

Interstate 65

Site

Railroad

Industrial

Site

Commercial

Industrial

Church

Residential

High School
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EXISTING SITE CONDITIONS
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PROGRAM SUMMARY
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CURRICULUM

SEMESTER   COURSE TITLE                        CREDITS

01    Safety for Welders              01 
01    Allied Cutting Processes              04 
01    Basic Shielded Metal Arc I             04 
01    Blueprint Reading for Welders             04

02    Basic Shielded Metal Arc II             04
02    Introduction to Gas Tungsten Arc Welding           04
02    Introduction to Gas Metal Arc Welding            04 

03     Advanced Shielded Metal Arc             04
03    Advanced Gas Tungsten Arc Welding            04
03    Advanced Gas Metal Arc Welding            04 
03    Layout and Fabrication              04

41

+ Proposed partnership between factory and Indianapolis based, Ivy Tech Community College to     
   establish  a three semester welding certificate program

+ Curriculum mirrors that established by Front Range Community College in Colorado

              

FLOOR   PROGRAM                      QUANTITY   AREA (sq. ft.)
  
01   Lobby                       01        750
01   Reception                      01         250
01   Private Office                      03             90
01   Male Locker Room                     01         400
01   Female Locker Room                     01         400 
01    Wall + Ceiling Fabrication                    01                   3200 
01   Stock Room                      01         800 
01   Mechanical                      01                   1000 
01   Frame Fabrication                     01                  1500 
01   Paint Room                      01                  1500 
01   Concrete Pouring Station                    01                  2000 
01   Storage                       01                      400 
01   Circulation/Open Space                     01                   9180
                     
02   Station 01 A + B                      01                  1500 
02   Station 02 A + B                      01                  1500 
02   Station 03 A + B                      01                   1500  
02   Station 04 A + B                      01                  1500  
02   Station 05 A + B                      01                  1500  
02   Woodshop                      01                  1800 
02   Frame Storage                      01                  8500  
02   Male Restroom                      01                    250  
02   Female Restroom                     01                     250 
02   Mechanical/Chase                     01                  1600  
02   Observation                      01                  2000 
02   Shipping                      01                  4800  
02   Outdoor Deck                      01                  2400  
02   Circulation/Open Space                     01               18900 
                        
03   Open Office                      01                   3000 
03   Meeting Room                      01         550 
03   Private Office                      02         300 
03   Welding School                      01                  2500 
03   Storage                       01         400  
03   Male Restroom                      01         225 
03   Female Restroom                     01         225  
03   Mechanical                      02                   1750 
03   Circulation/Open Space                     01                  2600

                       83600
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JOB TITLE         MAIN RESPONSIBILITY   EMPLOYEES REQUIRED

IN CHARGE
Plant Manager   Oversee all factory operations  01
Build Leader   Supervise production line   02 

SHIPPING/RECEIVING 
Shipping Attendant  Load modules onto truck   02 
Receiving Attendant  Unload stock and material   02 

FABRICATION SHOP 
Fabricator   Cut and distribute material   02 
Welder    Load jigs, weld assemblies   06 
Painter    Paint frames     01 
Concrete Attendant  Supervise concrete production   02 

STATION 01 A + B 
Operator   Load assemblies to frame   04 
Welder    Weld assemblies to frame   04 

STATION 02 A + B 
Plumber    Run plumbing through modules   02 
Electrician    Run electrical through modules   02 
Pipe Fitter    Run mechanical through modules  02 

STATION 03 A + B 
Insulation   Install insulation in modules   02 
Rough Finishes   Install rough finishes in modules   04 

STATION 04 A + B 
Cladding   Install exterior wrap and cladding  04 
Installation   Install doors and windows    02 
Interior Finishes   Install interior finishes    04 

STATION 05 A + B 
Finishes    Shrink wrap module    02 

MISCELLANEOUS 
Building Maintenance  Maintain facility     02 
Machine Repair   Maintain production line    01

JOB CREATION
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JOB TITLE   MAIN RESPONSIBILITY    EMPLOYEES REQUIRED

MANAGEMENT 
Design Manager  Supervise bidding and design   01
Project Manager  Coordinate design, build, cost, and shipping 02

DESIGN 
Architect   Review plans and meet with clients  01 
Structural Engineer  Review plans and joining possibilities  01 

BIDDING 
Cost Assessment   Meet with clients to discuss costs   03

OVERHEAD
Marketer   Take on new projects    02
Secretary   Report to Design Manager   01
Accountant   Supervise finances    02
IT Professional   Maintain technology    01

        67
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PHASE    DESCRIPTION OF WORK    

01    Structural steel delivered to factory    
01    Steel is cut to length
01    Steel is sent to Wall Workstation’s A + B
01    Steel is sent to Ceiling Workstation’s A + B
01    Steel is sent to Frame Workstation
01    Employees load Wall, Ceiling, and Frame Workstations 

02    Employees weld Wall, Ceiling, and Frame Assemblies 

03    Completed Frame is painted 
03    Frame moves from Paint Room to Concrete Pouring Station 
03    Concrete is poured onto completed Frame Assembly 
03    Employees spread concrete floor 
03    Completed Frame is sent to strorage for three days 

04    (2) Frames are moved to Production Line 
04    Completed Wall and Ceiling Assemblies are transported to Station 01 A + B 
04    Wall and Ceiling Assemblies are welded to Frame

05    (2) Completed Shells move from Station 01 A + B to Station 02 A + B 
05    Mechanical, Electrical, and Plumbling are installed 

06    (2) Modules move from Station 02 A + B to Station 03 A + B 
06    Interior insulation and gypsum board are installed 
 
07    (2) Modules move from Station 03 A + B to Station 04 A + B 
07    Module is wrapped and exterior cladding is installed 
07    Doors, Windows, and Interior finishes are installed 

08    (2) Modules move from Station 04 A + B to Station 05 A + B 
08    Module is wrapped and prepared for transportation 

09    (1) Module is taken from Station 05 A and loaded onto Truck A 
09    (1) Module is taken from Station 05 B and loaded onto Truck B

    

    + Goal is to produce 10 modules per 40 hour work week

PRODUCTION PROCESS
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VOLKSWAGEN FACTORY | Dresden, Germany 
Henn Architekten | 2002

This project examines the idea of a transparent factory 
while commenting on the evolution of factory design.  
Traditionally, automobile factories have been rather 
exclusive, keeping production and assembly facilities off 
limits for the general public.  Production processes were 
seen as integral to corporate success and the actual 
way in which the vehicle was built was undisclosed.  In 
the early 20th century, industrial espionage became 
a real concern as moving assembly lines and other 
never before seen processes came into existence.  As 
technology progressed, automobile companies began 
using very similar production processes and the secrets 
of the early 20th century became general information.

The Volkswagen Factory is designed to accommodate up 
to 250 tourists per day as they come to the factory to watch 
the final assembly stage of the Volkswagen Phaeton. This 
project takes the idea of transparency to the next level 
and begins to not only reveal the production process, but 
attempts to educate visitors about the production process.  
The use of materiality, mainly glass, enhances this idea of 
transparency and begins to suggest clean production.  

While this project does many positive things for factory 
architecture in general, it does have its negative aspects.  
The factory glorifies final assembly, while leaving out 
all stamping, welding, painting, etc. that truly shape 
automobile production.  The factory tries to educate 
the public about its production processes but leaves 
out a great majority of the actual production process.  

Figure 25
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VALDEMINGOMEZ RECYCLING PLANT | Pinto, Spain
Herreros Arquitectos | 2000    

This project seeks to introduce the public to new recycling 
processes by exposing them in the design of the facility.  
The Valdemingomez Recycling Plant comments on and 
critiques the common notion that the recycling plant is 
a private and exclusive institution.  The building’s design 
is seen as inviting and welcoming to the public and it 
begins to turn into an inclusive facility.  Besides being an 
inclusive facility, the processes of recycling are particularly 
interesting and revolutionary.  The plant accelerates the 
process of recycling and produces compost for community 
gardens and a large amount of methane which is turned 
into electricity to power the city.  The building is also 
completely composed of recycled materials, making the 
facility both a demonstration of recycling processes and a 
display of the products that recycling can produce.

In addition to touring the facility to explore the process 
of recycling, visitors have access to all of the building’s 
architectural models and models displaying the inner 
workings of the machines.  The project truly turns an 
otherwise uninteresting building into an educational 
facility that is still completely functional and efficient.  This 
duality of efficiency and education is something that will 
be very important in the future of factory design as the 
public begins to become more engaged and educated 
about the processes occurring inside of the facility.

The Valdemingomez Recycling Plant is very successful in 
hinting at what the future of factory design wants to be.  The 
building is not only revolutionary in the production process 
occurring inside, but in its dedication to engagement, 
education, and cooperation. 

Figure 28
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Figure 29

Figure 30 Figure 31
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HONAN ALLSTON BRANCH LIBRARY | Boston, MA
Machado + Silvetti Associates | 2001

This project was selected as a precedent to foster 
inspiration for how the public can enter and interact with 
a building.  Additionally, the Honan Allston Branch Library 
places a significant importance on community interaction 
and engagement, which are two components that 
will become important in the future design of factories.  

One of the challenges that the architect faces when 
designing any building is deciding where to place the 
entrance.  When designing a factory with a public 
engagement component, the approach and entrance 
become integral to the building’s design.  The factory 
can begin to take inspiration from the library regarding 
the way people enter and circulate through the building.

The library is very successful in blending solid and void 
space with two major solid zones and a central void 
space.  The central void space focuses on transparency 
by allowing the inner activities to bleed towards the 
outside.  This project begins to comment on the idea of 
a transparent building by displaying the inner workings 
of particular spaces to people outside of the building.  

The simple approach to designing a transparent building 
is to use a large amount of glass and make everything 
visible.  The Honan Allston Branch library takes this idea 
to a deeper level as specific components of the building 
are highlighted and become transparent.  By highlighting 
specific components of the building, the architects 
create a sense of contrast which in turn places a greater 
emphasis on those parts of the building that are actually 
transparent.

Figure 32
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Figure 33

Figure 34

Figure 35
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DESIGN STRATEGY

The form of the building responds to four major themes that 
were established early on in the project; transparency, 
production, transportation, and dependency.  The form 
allows for the production process to be put on display and 
makes it visible to the site and the surrounding context.  
Various means of transportation occur throughout the 
building with trucks driving under the building and trains 
driving alongside the building and under a cantilever.  
The form begins to allow for adjacencies that encourage 
collaboration and the possibility for dependency between 
the building and the site and the entire development and 
the surrounding community. 
 
The building is sited along the north edge of the site and 
a spur was added to the existing railroad track, which 
would allow for delivery of materials and for shipping of 
finished modules. The existing driveway that bisects the site 
was kept to allow for trucks to enter and exit the metal 
recycling facility east of the site.  The portion of the site 
located south of the driveway is the main public green 
space on the site.  The design of the green space reflects 
the interior functions of the factory as they begin to spill out 
into the site and define the landscape.  Various modular 
structures will be produced in the factory and placed in 
the public green space to enhance the design and also to 
educate the user as to what the factory is producing.  Two 
steel frame modular pavilions will be built in the factory 
and placed in the public green space.  A series of four 
steel frame modular lanterns will be built and placed in 
the green space.  The lanterns are illuminated at night and 
guide users through the space in the evening hours.  A 
three module, prototype house was designed and placed 
on the north side of the driveway.  This prototype house will 

serve as a model that visitors can enter and interact with 
before entering the factory.  The overall goal of the site 
design was to create a functional flow of uses and a public 
green space that reflects the factory’s manufacturing 
process.

The layout of the factory’s interior spaces reflect the goal 
of putting the production process on display.  The first floor 
features a fabrication shop for building the steel frame 
modular structure and a concrete batching plant on the 
exterior.  The batching plant will produce concrete that will 
be spread on the floor of each module in the fabrication 
process.  The second floor features the production line, 
woodshop and public observation space.  The third floor 
is the office and the welding school.  The welding school 
would be used by the high school during the day and by 
Ivy Tech Community College at night, offering a three 
semester welding program.  By programming portions of 
the building to allow for public engagement the factory 
begins to include the community in its operations.

All aspects of the manufacturing process are pushed to 
the southern wall, allowing views in from the public green 
space on the site.  All functions such as vertical circulation, 
mechanical rooms, and storage were pushed to the 
northern walls on each floor.  The building’s skin is primarily 
composed of polycarbonate and metal panels.  The 
polycarbonate allows for views in from the outside while 
diffusing the light and reducing the heat gain associated 
with an all glass façade.  Certain portions of the façade 
are clad with glass which help direct views from the exterior 
and frame key functions inside the building.  

The overall goal of the building design was to create a simple, 
yet bold form that is shaped by the flow of production, 
is receptive to the product being manufactured, and is 
responsive to the surrounding community.
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Iteration A

Iteration B

Iteration C
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SITE PLANFORM EVOLUTION
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RAILROAD EXPANSION

479’ Typical Curve Radius

Existing Railroad Track

Spur
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SITE SECTIONS LOOKING WEST



36’

12’

12’

Metal Panel Skin

Concrete Floor

9’

12’

12’

Polycarbonate Skin

Polycarbonate Floor with 
Fluorescent Lighting
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PAVILION LANTERN’S A - D



PROTOTYPE HOUSE



CONCRETE BATCHING PLANT
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FLOOR 01, Fabrication

Frame Fabrication        1
Paint Room         2
Concrete Pouring        3
Concrete Mixing        4
Stock Room         5
Wall + Ceiling Fabrication       6
Lobby          7
Reception         8
Private Office         9
Storage      10
Mechanical     11

1                                   2           3

4

5
6

   7      9

8
9

11                       10

9
AA
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FLOOR 02, Production

Station 01 A + B          1
Station 02 A + B          2
Station 03 A + B          3
Station 04 A + B          4
Station 05 A + B          5
Woodshop           6
Observation           7
Break Room           8
Outdoor Deck          9
Storage       10
Open to Below       11
Mechanical / Chase      12

5          4     3                     2                1

6

7             7            7

8

9

10

11

11

1210

AA

10
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FLOOR	03,	Office,	Welding	School

Open Office           1
Private Office           2
Meeting Room          3
Welding School          4
Storage           5
Break Room            6
Mechanical           7
Skylight           8

1
22

3
4

2 6                  7

7               8      7
8         8

8         8

AA
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SECTION A - A
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Supply
Return

STRUCTURAL + MECHANICAL DEVELOPMENT SECTION SHOWING BRIDGE CRANE



SECOND FLOOR PRODUCTION LINE



MODULE BEING LOWERED ONTO TRUCK



6” Reinforced Concrete Slab

Steel Base Plate

Concrete Foundation

Concrete Footing

Polycarbonate
40mm Thick

Steel Angle

Anchor Bolt

Wide Flange Beam

Steel Angle

Anchor Bolt

Steel Truss,
Wide Flange Sections

4” Concrete Slab

Metal Decking

Steel Joist

Anchor

Sag Rod

2” x 8” Aluminum Tubing

Wide Flange Column

Wood Cap

Metal Flashing

EPDM Roof Membrane

2” Continuous Insulation

3” Concrete

Metal Decking

Aluminum

Concrete

Glass
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MATERIALITY + WALL SECTIONS



6” Reinforced Concrete Slab

Glass Curtain Wall

Steel Angle

Anchor Bolt

2” x 8” Aluminum Tubing

Sag Rod

Concrete Foundation

Concrete Footing

Steel Connection Plate

Wide Flange Beam

Wide Flange Column

Intake Louver

Steel Base Plate

Steel Joist

Metal Flashing

EPDM Roof Membrane

2” Continuous Insulation

Wood Cap

3” Concrete

Metal Decking

Wide Flange Beam

Operable Glass Skylight

Wide Flange Column

Aluminum Shading 
Device

Glass

Polycarbonate,
40mm Thick

Steel Angle

Anchor Bolt

Steel Truss

Metal Decking

4” Concrete Slab

Metal Panel

 Air Space

 Continuous Vapor Retarder

 Continuous Insulation

Steel Stud

Gypsum Board

Indiana Limestone

Polycarbonate

Steel
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NIGHT RENDERING



THIRD FLOOR OFFICE
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Final Presentation, 17 April 2013



CONCLUSION

Reflecting back on a year’s worth of work isn’t easy.  The 
thesis began with a number of unrelated ideas that were 
slowly narrowed down until a few strong ideas emerged.  
Through critique, research, and discussion I began 
investigating a topic that I was passionate about.  Having 
a passion for this particular type of work kept me motivated 
and focused throughout the year.

This project challenged me every day and I learned so much 
in the process.  I am proud of what I have accomplished 
this year and thankful for the skills that I acquired along 
the way.

A special thanks to:

My family for their continued support and 
encouragement throughout my life,

John Mueller for truly allowing me to make this project my 
own, and

Mark Farlow for his advice throughout the entire thesis 
process.
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