
1970ʼs

1980ʼs

1990ʼs

Bottom: Diagrams showing a steady increase in the use
of composites in commercial aircraft starting in the
1970ʼs.
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Composite Architectures:
Engineering Complex Fiber-Placed Structural
Membranes for Sustainable Building Applications

Summery/Abstract:

(Relevant Categories: Materials and Technologies, Design
Methodologies, Building Systems, Design Representation,
Digital Fabrication, and Sustainable Design.)

This proposal explores sustainable building
applications for s-glass, carbon and Kevlar rein-
forced thermoplastic composites fabricated
using a multi-axis, CNC FIBER PLACEMENT
ROBOT. The principle aim of this investigation is
to design, test and prefabricate a high-strength,
structural membrane that integrates multiple
functions in a single production process. This
ultra-light composite building system will control
natural daylight and thermal conductivity while
providing for shelter against the elements. The
prototype will be affordable, strong and environ-
mentally responsive. Our research will also
focus on the production of complex, curvilinear
surfaces using reusable molds shaped to form
walls, floors, ceilings, and windows. This project
will specifically tackle the problem of energy con-
servation in architecture by reducing the time,
labor and materials recourses needed to build
fully functional envelopes. (Conventional build-
ing techniques require the expensive integration
of multiple trades working to organize disparate
materials into an integral whole. By collapsing
these “skin and bones” designs into a single
“frameless” assembly an enormous amount of
time, energy, and natural recourses is saved dur-
ing construction.) Proprietary software, devel-
oped at each stage of the project, will be written
to help visualize and fabricate the final design.
(The software will be given away for free on the
Web as open source code.) All of this work will
be conducted in collaboration with a Graduate
Design studio hosted by the Architecture school,
the School of Civil Engineering and the
Computer Science Department at Cornell
University. BSA funds will be used to produce a
marketable prototype for future use in real world
projects by sponsoring the collaboration of
experts from aerospace, manufacturing, acade-
mia and professional practice.

Amount requested: $40,000

Top: Diagram of fiber-placement head with multiple tapes
being laid down on a curvilinear mold. Middle: Finite
Elements Analysis (FEA) of complex stresses in two com-
plex parts. Fiber orientation and density can be deployed
strategically to locally respond to these complex mechan-
ical forces.

Above: With a reusable mold a variety of tapping patterns can be produced by simply varying the data that drives the
fiber placement process. Based on six overlapping spirals the top two designs are the easiest to build. (Parts com-
posed of discreet lines force the taping machine to constantly stop and start. This exponentially increases the time
needed to produce finished parts.)




