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The cover is an example of the
water-jet fabrication templates
used to cut the facade panels
from of a 20’x10’ 3/16” of
aluminum sheet metal.

To my family, especially my Father, Mother and Sister, Alix. I
would have never made it through the year without your love and
support. Thank you for always believing in me and bestowing
the motivation and drive I need to succeed.

Digital Design: Opportunities
Digital design and fabrication is becoming well known and used among the architectural world. Architects currently look towards industries such as the automotive, shipbuilding, aerospace, and industrial manufacturing industries for methods and technologies utilizing digital design and fabrication. These other
industries have been using three-dimensional digital models to connect design and construction for decades. The Boeing 777 was the first 100% digitally
designed aircraft. Shipbuilding has almost completely eliminated drawings from the design and construction of ships, instead solely using 3-D digital models to take a design to production. The application of these technologies and processes to architecture brings benefits of production similar to aerospace
The design and building industry gain the primary benefit of efficiency. Three-dimensional digital models allow an almost infinite amount of design study
possibilities, with a turnover rate that surpasses hand modeling and calculations. Building forms that were never an option in the design and construction
world now become possible due to 3-D modeling and cross-disciplinary construction techniques. Architects have always looked beyond the boundaries of
their discipline for methods, materials, and processes. Advances are made in architecture when the architect applies their knowledge to the technologies of
other industries.
Digital Design: As A Tool
Digital design acts efficiently by consolidating hundreds of construction drawings into one parametrically linked three-dimensional model. A developed
complex digital model provides extractable: sections, plans, elevations, details, construction drawings, and fabrication files. Time is invested in developing the original model, but once developed, drawing production becomes far more efficient and precise than individual drawing files. An architecture firm
can divide construction drawings among employees, all the drawings stem from the original three-dimensional digital model. With everyone on the same
(model) page, all can refer to the original model for the same dimensions and calculations. The architect may use digital modelling as a tool with which
to further their design, similar to chipboard and a cutting knife or the pencil and a parallel bar. The utilization of digital technologies has the advantage of
accelerated benefits of production. Digital design moves from the computer screen to the construction site when the architect applies knowledge of materials
and construction.
Digital Fabrication: Moving From the Drawing Board, To The Shop, To The Site
When working with a developed digital model, digital fabrication files can be easily extracted into two-dimensional files. These two-dimensional files are
then output to fabrication machines where pieces are cut, scored, bent, and extruded to create specific parts for a design. The output capabilities of digital
fabrication are improving; the CNC, mill, router, break, Stereo lithograph, 3-D Printer, Water-Jet, Laser-Cutter, and Plasma-Cutter are just a few of the output
machines available. The processes of digital fabrication influence the production of design; digital design and fabrication must be developed simultaneously. Moving from digital design to fabrication may only occur under the guidelines of the architect’s complete understanding of the materials, machines,
and processes involved. Once the design and fabrication files are finished, production moves to the shop. Within the controlled environment of the shop,
output machines can produce faster, more precise, and cheaper products than those constructed on site by hand. Fabrication machines also allow the option
of highly customized parts which can lead to more overall designs. Once finished, fabricated parts are shipped to site, and easily assembled with precut
pieces, pre drilled holes, and tooled alignment guides.
Digital Design & Fabrication: Intentions
Design using digital applications and tools requires a great deal of knowledge and understanding of materials, construction, fabrication processes, and
digital 3-D modeling. Digital design and fabrication is both an influence and method of execution for the design, a method that affords new formal opportunities and influences the design and final product. This thesis uses digital design and fabrication as a method to execute the design. The design is based on
site-contextual and programmatic issues, which are evaluated specifically as the building skin.

Night view on the corner of Jefferson and Church Street.

Site
Located in downtown Roanoke, VA, is an urban corner condition at two adjacent streets, Church and Jefferson. The L-shaped building sits along the corner edge of the site creating an inner public plaza. The site location provides
opportunities with the active flow of pedestrians and cars, public accessibility
from three out of the four sides of the site, and the overall opportunity to
engage the surrounding context visually and physically from the street edge.
The surrounding buildings reveal a preserved historic billboard open to
the public. An antique advertising mural on the exterior wall of an existing building defines the west boundary of the site. For the duration of the
mural’s existence the site has remained open as a permanent billboard to the
public. On the northern building anchoring the site there remains an outline
of the once existing section of a building. This leaves reason to believe that
at least one if not more buildings once lined Jefferson Street. The site may
not have always existed as a corner site, but since the mural restoration it has
remained an open urban condition.
The thesis building type proposed for the Jefferson/Church St. site is a
mixed-use building, following the existing mix-use layout among downtown
Roanoke. Commercial space on the first floor, the second floor office or
residential space, and the third floor typically another floor of residential.
The proposed building has one floor of commercial space and two floors of
residential.
Typically a mixed-use building separates the interactions of the residents
from the pedestrians on the street. A small back lobby or door is located
on the backside of the building for the residents. The public accesses the
building from the front sidewalks of the building. However, the proposal for
this building and corner site involves the provision of an optional interaction
for the private residents and the public. The perimeter of the building acts
as a layer of engagement between two distinctive spaces. Proposing a plaza
within the building design provides an additional opportunity for public and
private interaction.
The thesis proposal, still addresses the traditional issues of a mix-use commercial/residential building. There still remains an emphasis on luring the
public to the building and the plaza as well as the larger issue of defining private and public spaces. However, the intended proposal for this specific site
and building type explores new methods: new material types, new fabrication,
and new approaches to combining private and public spaces.

Church Street view to the site.

The site is located in the heart of downtown Roanoke, VA. The market, financial,
courthouse, park, and residential districts
are located within walking distance.
These neighboring districts influence the
chosen mixed-use building program. A
multi-use building houses commercial,
restaurant, and residential spaces. Both
views provide a reference point for the
historic mural.

Jefferson Street view to the site.
Downtown Roanoke Map of the site and the
nearby districts

A series of massing, building type, and building placement studies were executed. The criteria for the series of studies was to create a public
condition that best engaged the site and created an outdoor, public plaza, and to preserve as much of an unobstructed view of the historic mural
as possible. All 12 studies of the building type and placement were shown in the same four views for consistent comparison.

These 12 studies are a direct example of utilizing comptuer-aided design for rapid development of alternative designs within a specific context.
Three-dimensional line-of sight studies produced alternative massing concepts that were subsequently evaluated for the best fit with the mix-use
program. Using three-dimensional modeling, prototypes can be rapidly developed and embedded with numeric information for structural, cost,
scheduling analysis. Dimensions and scale work parallel within desired conditions and criteria.

The original 12 schemes were narrowed down
to five and from five to three. The five selected
were based on which building type best showcased the mural and provided public access to
an outdoor space. All five selections were very
different from one another and provided a wide
variety of options. The next step of elimination
from five to three was based on exploring different programmatic solutions within the building
and the site. How would the interior spaces and
circulation corridors begin to interact with the
site, mural, and people? Developed design ideas
incorporated the intersection of private and public
spaces. The circulation corridors became very
mobile among the programmatic studies. They
slowly developed into transitional spaces between
the private and public realms. In the end the Lshaped/closed corner scheme was chosen for the
building and programmatic layout. The closed
corner scheme was chosen because the building
placement creates an inner courtyard that allows
the building and its occupants to engage with
both the street and courtyard side.

lofts 5_25’x20’x18’h
1_30’x20’x18’h
apartments 7_20’x18’x10’h
1_21’x16’x10’h
cafe 41’x30’x12’h
retail 100’x30’x15’h
access cores 1_10’x30’x40’h
1_7.5’x30’x40’h

lofts 5_26’x25’x15’h
1_18.5’x25’x15’h
apartments 9_15’x25’x10’h
cafe 48.5’x30’x15’h
retail 100’x30’x15’h
access cores 1_10’x100’x40’h

lofts 4_20’x25’x18’h
2_20’x21’x18’h
apartments 8_18’x20’x10’h
cafe 41’x21’x12’h
retail 100’x20’x12’h
access cores 1_10’x100’x40’h
1_7.5’x21’x12’h

Open Corner
The open corner scheme hugs the last
existing building on the site on Jefferson
Street. This layout frees up the corner of
Church and Jefferson, exposing the mural
wall and multi-use building to the street
and sidewalk activities, creating a very
open public plaza. These three program
arrangements move the spaces with the
shell away and towards the plaza as well
as begin to break up the space individually
from one another to allow movement to
occur in/out and through the building.

lofts 2_27.5’x20’x18’h
1_26’x27.5’x18’h
apartments 4_27.5’x13’x10’h
1_27.5’x14.5’x10’h
restaurant 66’x27.5’x12’h
retail 66’x27.5’x10’h
access cores 1_7.5’x66’x50’h
1_10’x35’x50’h

lofts 2_27.5’x20’x18’h
1_26’x27.5’x18’h
apartments 4_27.5’x13’x10’h
1_27.5’x14.5’x10’h
restaurant 66’x27.5’x10’h
retail 66’x27.5’x12’h
access cores 1_7.5’x66’x50’h
1_10’x35’x50’h

Parallel
The parallel scheme encloses the plaza on
one side, leaving the plaza open on its south
side, Church Street. A view is not only seen
from within the plaza and the street, but also
from the apartments and commercial spaces
of the building. There are limited alterations
to this footprint; however the internal spaces
are shifted in accordance to view importance
of the street and/or the mural wall. The retail
and restaurant placement move from the first
and second floors to alter views and movement within, and to, both spaces.

lofts 3_23’x30’x18’h
1_33’x23’x18’h
1_26.5’x25’x18’h
apartments 6_22.5’x15’x12’h
retail 93’x28’x20’h
restaurant 50’x30’x32’h
access cores 1_8’x28’x50’h
1_7’x30’x50’h

lofts 3_23’x30’x18’h
1_33’x23’x18’h
1_26.5’x25’x18’h
apartments 6_22.5’x15’x12’h
retail 93’x28’x20’h
restaurant 21.5’x30’x32’h
access cores 1_8’x28’x50’h
1_7’x30’x50’h

lofts 3_23’x30’x18’h
1_33’x23’x18’h
1_26.5’x25’x18’h
apartments 6_22.5’x15’x12’h
retail 93’x28’x20’h
restaurant 50’x30’x32’h
access cores 1_5’x123’x50’h
1_78’x44.5’x50’h

Closed Corner
The closed corner scheme cuts off the activities of the street and sidewalk thus redirects
the internal action on the site. Pedestrian
activity now occurs within the surrounding
building’s four walls, creating a plaza. From
the courtyard view, the mural wall is almost
completely unobstructed with all eyes on
the wall. These three program variations
alternate the views within each function from
plaza side to street side with some spatial
dimension changes among the access cores
and public spaces.

2 bedroom apartments
4_24’x31’-8”x18’hh
5_2 bedroom
apartments
1_32’-2”x31’-8”x18’h
utility2_10’x14’x9’h
utility
1 bedroom5_1
apartments
4_24’x24’x9’h
bedroom
apartments
1_24’x33’-2”x9’h
lobby26’x25’x11’h
lobby

cafe 22’-8”’x21’-3”x11’h
retail
2_38’x22’x11’h
2_retail
space

access cores 1_7’x26’-4”x41’h
circulation
1_7’x20’-3”x41’h

Final Programmatic Scheme
The final massing and site placement is derived from the
“closed corner” scheme, but is a hybrid programmatically
of all three previous studies. Circulation occurs along the
exterior perimeter of the building, along the active public
corner of Jefferson and Church Streets. The circulation
corridors and the balconies now buffer between the interior
residential units and the noise and activity of the exterior
public street corner. The most private spaces are located
in the center of each apartment within the building. As with
previous intentions of the program studies, this scheme
redirects the private activities towards the building’s interior
plaza and site mural.
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The screen diagrams depict the location and angles of
the facade for each, specific, building side. When the
facade is diffusing the sunlight into the building (A-1),
the panels are bent to a 45 degree angle. If the facade
is directing a view from the interior spaces parallel to
the site mural (B), the screen angle is at 90 degrees.
The panels on the plaza sidewalls adjacent to the mural
are also framing a view, however the angle is at a 135
degrees.

90˚

B

The façade is an open-air screen that
diffuses the views of the residents
outward and the public inward. The
skin also provides shade for the
building from the sunlight. The panels of each building side are angled
to allow diffused light into the
residential and commercial spaces.
On the plaza’s north side, where the
sun is hardly present, the panels’
angle are determined by the directed
view of the inhabitants within the
interior spaces. The view is directed
towards the mural adjacent and
parallel to the two interior plaza side
walls.
The openings in the façade follow an
irregular grid. The openings are cut
along the same grid increment however they are cut is somewhat random order. The only guidelines for
the density of the skin openings are
to allow pedestrians to pass through
the building and to allow sufficient
light and views into and out of the
apartments and retail spaces.
Skin criteria:
Digitally fabricated
Allowed sunlight into interiors
Framed a view
Irregular
Vertical

The facade panels are digitally designed and fabricated
from 3/16” thick aluminum. The panels are cut using
a Water-Jet Cutter and are cut from the aluminum
sheet into 12” vertical slats. The slats are cut into
the custom pattern of openings and the screw holes
are also Water-Jet cut in the aluminum slat. After the
panels are cut and removed from the template they are
individually bent to the specific angle required using a
CNC controlled metal break.
The individual panels are then attached to a steel frame
that is 20’x10’. One frame spans half the height of the
building; two together provide full height coverage of
the building. Attaching the panels to a frame system
prior to site arrival allows installation to be more efficient. The pre-assembled framing system essentially turns the facade into a prefabricated part. Once
brought on site, the facade frames are attached to the
building by mounting them to a cast bracket set into
the slab of the 3rd floor and the roof slab. The folded
aluminum strips provide enough structural integrity
that the panels do not need extra bracing. The strips
also provide sufficient enclosure to act as a guardrail
in the open hallways of the residential floors.
Water-Jet Template

Frame System to Slab Connection

This is a view looking through the screen
to the mural in between the retail space
and the plaza. The outer skin acts as a
casing around the building containing the
circulation and activity of the building.
The apartment balconies overhang the circulation corridors on the first floor. These
balconies and corridors are open to the
outside-air and views to allow interaction
between the residents and the public.

Mechanical

Cafe

Loading
Lobby

Retail

Storage Storage

Retail

The cafe is located on Jefferson Street, the most active street along the site. The high traffic and activity
of the pedestrians passing by provides plenty of customer support for the small cafe. A long counter
and window which looks out onto Jefferson Street allows a perfect “people watching” view for the cafe’s
clients. The plaza’s sidewall also provides public mingling. The entire wall is comprised of sliding
glass doors and on a nice summer day or evening, the wall is pushed open to allow the cafe to further
interactions between the cafe’ and the public.

This view is taken through the windows
of the Church Street retail space looking
out onto the plaza. The retail and commercial spaces located on the first floor
have the opportunity to attract clients in
from both sides of the building, i.e., the
street and plaza side. The building’s
facade at the lower portion of the building where the retail spaces are located,
becomes less dense in order to enable
people to pass through the screen and
view the merchandise on display from
one of the two public sides.

The residential balconies, hallways, and the space
compressed between the aluminum anodized skin
and the concrete walls of the building serve as transitional spaces. Here the materials and functions of
the exterior spaces overlap with the interior spaces.
The balcony fronts are enclosed with a large concrete
railing and ledge that can function as an eating and
drinking bar, and privacy barrier. The sides of the
balconies are comprised of ½” thick glass, thus
providing no visual barrier among the neighbors of
the residence. The large, glass balcony doors of
the apartments allow as much indirect light into the
living space as possible.

The back balconies over looking the plaza extend
the living space visually and physically towards
the courtyard. The entire glass wall of the balcony
pushes to one side in order to allow cross ventilation and indirect light into the apartments. Within
each apartment there are cut-through spaces allowing light and air to circulate. The residences have
a view of both sides of the building. Through this
particular balcony, the angles of the façade frame a
direct, interior view to the wall mural at 90 degrees.

The residential, circulation corridors are located along the south, publicly the busiest side. Although the hallway acts as a filter diffusing the amount of direct light allowed into the apartments,
they serve as a transitional space for the apartments from the active city. By leaving the hallways
open air, the apartments are capable of having adequate ventilation. The aluminum skin is a light
and airy contrast to the heavy material of the concrete block. The color and surface quality of the
aluminum is also very warm and reflective, warming up the hallway and cold effect of the concrete.

Within the apartments there are inset cabinets and
window-sill ledges which extend into the space to
provide more surface area and storage. All window sills
on the corridor side of the apartment are set at six feet
and higher to maximize light and privacy. Window-sill
ledges have a thickness of 14”. The ledges provide
additional book, plant, bedside storage, as well as
seating. For privacy and a more efficient living space,
a cabinet included in the central utility unit functions as
office and bedroom storage as well as a dividing wall
between the living room and bedroom when opened.
The cabinet doors unfold as a tri-fold across the span
of the living/bedroom. All the utilities are located in a
central core unit to maximize the amount of open space
within each one bedroom apartment.

This is a view from a one bedroom apartment standing by the balcony doors, looking towards the bedroom, bathroom, living
room, and the closed cabinet storage doors.
The image below is of the same view, but
with the cabinet doors opened, dividing the
living room from the bedroom.

The two bedroom apartments have similar first
floor plan layouts as the one-bedroom apartments. The utilities still remain as the central
core unit of the layout. The expanding cabinet
continues to provide division between the living
space and the small room it encloses. However
the enclosure is now primarily an office and
guest room space. There is a half bathroom off
the office and underneath the stairs.

Passing through the kitchen and up the stairs, lies an open foyer to the two bedrooms and two bathrooms located
on the second floor of the two-story apartments. Additional seating or storage could be placed in the wide upstairs hallway. Each bedroom is along an exterior wall for maximum light and ventilation. The thick window-sill
ledges still provide additional storage and are located above eye level. In the master bedroom and in the hallway
additional lower window-sills provide seating.
The corner apartment has a different layout consisting of two adjacent exterior walls instead of two parallel walls.
Since there are no balcony possibility on the first floor, the balcony was placed on the second floor on the street
side. Although the corner balcony is not as private as the balconies facing the plaza, it does get direct light. The
balcony also allows direct light in to the second bedroom.

Upstairs hallway view looking towards the plaza from
the master bedroom.

Looking towards Church Street through the master
bedroom door.

The corridors along the corner of Jefferson and
Church Street, provide a visual and physical transition between the outdoor public space to the interior
residential space. All the hallways are open air and
the skin allows ventilation and light to penetrate.
The hallways do not need additional guardrails
as the facade provides enough enclosure. There
are not only views on the plaza side to the mural,
but also views on the street side. The view from
the street side activity could be argued as just as
entertaining, if not more than the plaza and mural
side. The benefit to the occupants of the building is
that they can choose to interact with whatever side
they prefer.

The inner façade on the plaza side of the
building has a hinged opening shutter along
the balcony ledges. The “shutters” can be
opened and folded back along the sides of the
balconies. Opening the shutters allow an unobstructed view of the mural and plaza as well
as non diffused, indirect light. By opening the
“shutters” another level of engagement occurs.

From the third floor apartment balcony there is a clear view of the plaza, the mural, neighboring balconies, and the roof tops of surrounding buildings. The
panel density of the facade becomes fifty percent less dense when it meets the residential balconies to maximize the views.

Throughout the building, on all floors, are circulation cut-throughs or hallways. On the first floor,
the cut-throughs provide consumer access to the café and retail spaces as well as a direct view and
walking path to the public plaza and mural. The cut-throughs on the residential floors, provide stair
and elevator access, air circulation, and visual openings through the building and both sides of the
skin. Within each apartment the through space concept continues by aligning parallel the balcony
wall.

The highlighted areas of this section show the
circulation cut throughs for the residents and the
pedestrians. Its clear to see how the interior spaces
engage with both sides of the building. Within the
building, the occupants are continually interacting with the skin and with what exists beyond the
building’s boundaries.

Cut through spaces between the cafe and retail
space from the plaza to Jefferson Street.

Cut through between the stairwell an the cafe
from Jefferson Street to the plaza.

There is very little open, green
space in downtown Roanoke, VA.
The intention was to provide a
space that would lure residents
and pedestrians to an otherwise
inactive area after and during
daytime hours. The wide, planter
ledges provide seating for the
plaza. The planters rise out of the
plaza floor along the edges and
continue to increase in height
towards the central axis of the
space. All sides of the planter
ledges can be used for seating
and the pedestrian has the choice
of reclining or upright sitting.
The plaza also acts as a transitional space between the
pedestrians and the residents.
The residents have the option of
engaging with the public visually,
by opening their façade panels,
or just by listening if they chose
to open their glass doors.

Digital design and fabricate are the sole strategy available to create this highly
customized aluminum screen. Thousand of panels make up the screen. Each
panel is unique, repeating throughout the building. The panels are designed
using the 3-D software Rhinoceros to lay out the panels and to extract the
Water-Jet cut files to develop a skin that is unique but is produced with cost
advantages found in mass production.
The facade transforms a contemporary common mix-use building into a sitespecific design. The individual panels of each facade respond to either a visual
or lighting conditions. Together, the skin layer contains and unifies the eclectic
program within the building. The skin allows transitional pockets to occur
between the inner concrete core and of the outer public aluminum screen.
Digital design and fabrication in 2005 presents several opportunities that
require a lot of knowledge and understanding regarding the processes involved.
Digital technologies are slowly being applied towards architecture. Different
avenues are breaking off of these digital technologies. Mark Burry is using
parametric shipbuilding software, call CADDS5 to construct Antoni Gaudi’s
unfinished Sargrada Familia. Burry replicates Gaudi’s geometrical dimensions
and uses three-dimensional wax printing to produce prototypes for the masons.
In the academic world Professor Rob Woodbury is developing essentially a
parametric CAD system, called SmartGeometry, which can create alternative
representation solutions. George Petrides of Petrides Homes is using digital
software to design and construct building systems for residential housing construction. All of these people concern themselves with the expansion of digital
design into new direction. Slowly digital design and fabrication will become
common among academic, research, and practicing architects.
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