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1. German Pavilion at Expo 67 Montreal, fabric membrane suspended below steel
cable network.
1967 FRFFI/RMELERE, NAMRED L BSEF4ERE.

2. ILEK Stuttgart permanent structure - interior view of wood ceiling decking attached
to steel cable net.
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& 3. Adaptive Recreation Center, Tucson - feflon coated fiberglass, sfronger
more durable fabric.
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Egypt; Jim Batchelor Arrowstreet, Cambridge,,
Massachusetts)
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4. Riyadh City Center
exterior spaces cooled with
fabric membranes and cool
towers.
FETHOMNIZ=EEERT
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& 5. Stretch fabric temporarily
suspended from adjacent
buildings shades St. Louis
Symphony during mid-day
concert.
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6. Stretch fabric and
adjacent buildings shade
The Tucson Mercado.
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7.Tucson Mercado
fabric sails temporarily
relocated at the Tucson
Museum of Art plaza.
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Highly efficient lightweight structures
are the end result of applying the
same principles as those used in
the largest span suspension bridges
and in near minimal surface soap
films. These principles are employed
in relation to prestressed tensile
membrane structures with tensile-
edge arcs and guys that minimize
members loaded in bending and/
or compression with associated
buckling. This creates an almost
gravity-defying “lightness of
being” offering designers unique
opportunities that will be discussed
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in this article.

Advantages of Varying Life Span
Design

Tensile membranes can be planned
and designed logically for varying
life spans and/or periods of use.
The continuing development of
available membrane materials and
assemblies has enhanced projects
intended for continuing or more
permanent use. Such development
was evidenced by the progression
of a fabric membrane supported
by a steel cable net in the German
Pavilion at the 1967 Montreal Expo
1 (Architects - Gutbrod, Otto,
Kendel, Kiess, Medlin; Engineers -
Leonhardt, Andrae), and refinement
of this cable net structure to an
insulated wood decking and slate
as a permanent roof at the Institute
for Lightweight Structures and
Experimental Consfruction, at the
University of Stuttgart 2 (Architects
- Otto, Medlin, Burkhardt, Kugel,
Rasch).

Recently, a similar system was
simplified to a single layer Teflon-
coated fiberglass membrane with

only three ridge and perimeter-
edge arc cables at the Edith Ball
Adaptive Recreation Center in
Tucson, Arizona 3.1, 3.2. 3.3 (Client -
City of Tucson Parks and Recreation
Department, Architects - Burns-
Wald Hopkins; Fabricator/Installer
- Bird Air Amherst, New York).
This Teflon/fiberglass membrane
has the life expectancy of thirty
years or more. Serving as a large
umbrella-like structure above
three pools and surrounding deck
area, the franslucent membrane
offers bathers a choice of sun or
shade, along with a comfortable
micro-environment and shelter
from excessive solar radiation
throughout the year. As an outdoor
environment, the pool area provides
a strong visual linkage with the
surrounding park and does not
require an active environmental
conftrol system. Moreover, the
Center has achieved significant
initial and lifecycle cost savings, and
the project's green building goals
were advanced. A similar material
covering the main north/south street
in Riyadh City Center, together with
tall adjacent buildings on the east/

8. Using native
materials, workers
fabricate prototype
for shrimp pond
shade system at

the Seawater Farm,
Massawa, Eritria, East
Africa.

Z<4E Eritria g5 Massawa
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west and periodic cool towers,
creates a comfortable outdoor
micro-environment in the desert.
4 (Architects - Rasem Badran,
Amman, Jordan, Abdelhalim
Abdelhalim, Cairo, Egypt, Jim
Batchelor Arrowstreet, Cambridge,
Massachusetts).

The potential to prefabricate, easily
fransport, erect and, if desired,
dismantle or move membrane
structures makes them appropriate
for shorter use/planned life spans.
For example, a stretch fabric
membrane had its own successful
debut at a mid-day performance
of the St. Louis Symphony at the St.
Louis County Plaza, Clayton, Missouri
5 (Acoustician- Christopher Jaffee).
Walter Susskind, the Symphony
Conductor, expressed his pleasure
over how the membrane, which had
been tied to an adjacent building
and plaza structure the evening
before and removed the next day,
was able to move gently in rhythm
with the music.

A series of similar stretch fabric
canopies erected over a north/

south alley provided shade for the
Tucson Mercado. In addition, the
membrane afforded limited heat
absorption and re-radiation from
the adjacent mass of the buildings
and road, thereby creating a
comfortable micro-environment
in the summer for the Mercado 6
(Design, Fabrication, Installation,
The University of Arizona School
of Architecture Summer Studio,
and City of Tucson Planning
Department - J. Hand). Curators
at the nearby Tucson Museum of
Art admired the installation, and for
a few years community volunteers
relocated three of the canopies in
a re-oriented configuration at an
annual art exhibition festival on the
Museum's plaza 7.

At the Seawater Farm in Massawa,
Eritrea, East Africa 8 (Project Director
- Carl Hodges), a prototype for
a system of shade canopies was
developed by the author working
with the Farm staff. Two objectives
of the project were achieved: the
provision of a ring of shade around
the perimeter of 80 ftwenty-meter
in diameter circular shrimp ponds

and the maximized utilization
of local labor and materials. An
adaptation of native woven straw
mats was used for tensile membrane
elements. Other components of the
system were all recycled materials
available at the Farm or obtained
at the national recycling bazaar in
the capital of Asmara. The photo
of the prototype development
reveals the excellent sewing skills
that the women workers at the farm
contributed to the fabrication of the
structures.

In another instance of tensile
membrane usage, UV-protected
mesh fabric manufactured in
Australia was integrated into a
linear system of tensile membranes
covering walkways adjacent to
shops on both sides of a central
landscaped mall at the Yuma
Palms Shopping Center 9 (Client
- Westcor Development Partners,
Phoenix; Architect - Ellerman &
Schick Architecture/ Planning,
Phoenix) in western Arizona. The
High Density Polyethylene (HDPE)
fabric, with a life expectancy of ten
to fifteen years, has a lower initial

& 9. At the Yuma
Palms Shopping
Center HDPE mesh
fabric canopies
along both sides of
the outdoor mall
insure that a shaded
walkway is always
available.

Yuma Palms g4
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10. At the Flowing Wells Community Center, Tucson, a grouping of tensile mesh sails and landscaping provide shade and
reduce glare, thereby creating a comfortable year around microclimate.
B Flowing Wells # X H0, —2H RUIREYHL R EGE FRMIFI UL R0 B R E HIT ARB TBRZ, WD 7T ARRELSE, MMER/INAESERARE

EHTEFFEEANTE.

cost than the more permanent membranes previously
mentioned. Even though the central axis of the shopping
center is oriented southwest to northeast, visitors always
have a choice of walking along a path in the shade or
sun. During Yuma's very hot summers, the canopy shade
and periodic cool towers create a much-welcomed
tempered micro-environment.

At the Flowing Wells Community Center in Tucson Arizona
10.1, 10.2 (Client - Pima County Natural Resources, Parks
and Recreation, Architect - Poster Frost Associates;
Fabricator/Installer — International Tension Structures,
Gilbert, Arizona), a grouping of four meeting/activity
buildings surround a central courtyard/garden. Large
glass areas in the facades of each building provide
unobstructed views into the garden, which features a
public art sculpture integrated with the landscape. This
openness to the natural scene fosters a strong sense of
community interaction within the Center. To insure that
Tucson's intense, predominately direct solar radiation
does not cause undesirable glare and daytime heat gains
and night losses between the designed courtyard and

20

desert sky, a system of six tensile membrane sails covers
the courtyard. Constructed of the same HDPE mesh fabric
employed at the Yuma Palms Center, the sail grouping
was configured to permit some indirect sunlight in the
winter and to block out most of the higher overhead sun
in the summer. The combination of the courtyard garden's
desert landscaping and mafture frees has created a
comfortable year-round micro-environment as the heart
of the Flowing Wells Community Center.

Freedom of Orientation in Space

In its essence, the pedestrian umbrella is a tensile
membrane stretfched over a light metal framework that
easily can be carried overhead, tilted or even inverted.
Similarly, the relative lightness and the limited number
of members of a tensile-membrane structure loaded in
bending or buckling enable tensile membranes to attain a
virtual independence from gravity.

On a grander scale, three structurally similar tensile
membranes configured and positioned in space to safisfy
different programmatic criteria illustrate the significance
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11. Atthe “Summer Invitation” Phoenix Civic Plaza, the tensile membrane is shaped to create cool breezes

under the canopy.

Phoenix Civic [™iz#) “ERBIE” ExId, REROEREES T B THMER.

of this design potential. Conceptually, each of these
basic tensile membranes is shaped and stabilized by
counter-acting tensions of an upward supporting surface
curvature and a downward restraining surface curvature.
Their vinyl-coated polyester fabrics have an anticipated
twenty-year life span. As part of the Solar Oasis project at
the Phoenix Civic Plaza, the "Summer Invitation" 11 (The
University of Arizona Environmental Research Lab, Director
- Carl Hodges) exhibit membrane is suspended from
masts attached to a tfrailer van on the north side. Running
east/west, the downward surface curvature parallels
the high overhead arc of the summer sun across the sky.
The upward curvature, which starts low at the southern
edge of the membrane, rises upward beyond the top
of the van to cable-edge arcs suspended from masts.
This orientation "tilts" the membrane upward and creates
an advantageous natural convective breeze under the
membrane rising from south to north through the space.
With adjacent cool towers and other passive cooling
techniques, the exhibit demonstrates a comfortable
outdoor environment in downtown Phoenix in the summer,
when afternoon ambient air temperatures often exceed
110°F (43°C).
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At the Hualapai Nation Grand Canyon West Visitor
Facility 12 (Architect — Richard Fe Tom, The Architecture
Company, Tucson; Structural Engineer - Caruso Turley
Scott; Membrane Fabricator/Installer, Fabric Structures,
Inc.) in northern Arizona, the downward restraining surface
curvature is also oriented east/west to parallel the high
overhead summer sun's arc across the sky. In addition,
because the facility is atop a narrow spit of land that
extends from the canyon's west rim, around which the
Colorado River meanders more than 4,500 ft (1,372m)
below, breezes rising upward and across the land form are
channeled through an interpretive/dining area below the
membrane. The combined effect of shading and breezes
frequently results in a 25°F (13.9°C) lower temperature
under the tensile membrane compared to adjacent
exposed areas. The orientation of the upward, north/south
surface curvature, which is raised at the southern apex,
invites visitors into the facility and admits lower winter sun
into the activity area under the membrane.

At the existing Tucson Zoo 13.1, 13.2 (Client - City of
Tucson Parks and Recreation Department; Architects
- Burns Wald-Hopkins; Fabricator/Installer - Shade
Concepts, Irvine, California), the entry area was
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redeveloped to enhance facilities, demonstrate “green”

building considerations and create a more significant
identity for the zoo. A remodeled building arcing in plan
from east to west houses a gift shop, ticketing operations
and restrooms. In general, the configuration of a tensile
membrane provides an overhang above the south edge
of the narrow facilities building. The largest area of the
membrane, which was extended to the northeast, creates
an inviting entry and the most comfortable outdoor area
facing the primary visitor approach. This also extends
the covered area adjacent to the ticket windows and
expands the shaded area in the afternoon in tandem
with the increase in zoo visitors. While the primary upward
curvature of the membrane is oriented toward this
approach, the downward surface curvature is highest in
the east southeast and slopes downward to its lowest point
on the west northwest, where about 70% of the rainwater
that falls on the membrane roof is drained into a cistern.
The ticket facilities building roof also slopes in this direction
and drains in a downspout to a landscape near the
cistern. These combined sources of water have generated
and sustained a dense lateral and overhead desert
landscape on the northwest side of the entry area, which
screens the most intense later afternoon summer sun. The

zoo entry and the Edith Ball Adaptive Recreation Center
13.3 (previously discussed in this article) are located in
close proximity to each other in Tucson's Reid Park, within
the same redeveloped site and landscape plan area.
Both are indirectly iluminated at night and loom large,
glowing like gigantic Chinese lanterns within the park,
which is frequently used for evening activities and events.
During the year-end holiday season, the zoo is open and
illuminated in the evenings for a "zoo lights" celebration.
Images are projected onto the tensile membrane, which
serves as a marquee for this event.

Facilitation of Adaptability and Portability

Much like a traditional tent, the pre-stressing tension of
a tensile membrane can be released, thus permitting
the structure easily to be repackaged, tfransported and
re-erected at one or more different sites. An exhibition
structure for the Museum of Modern Art in New York 14
(Lightweight Construction Center, School of Architecture,
Washington University, St. Louis, Missouri, Medlin, Schoeller,
Fotsch, Bolazina, Cohen, Havland, Lemberg, Peterson;
Fabricator/Installer - Stromeyer Gmbh, Konstanz, West
Germany) is a case in point. Formed using a vinyl-coated
polyester membrane with appropriate translucency
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13-1 photo: Bradley Wheeler

13. The Tucson Zoo entry fabric membrane is shaped to direct almost all rainwater to a cistern,

where it is stored to irrigate landscaping.
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13-2 photo: Bradley Wheeler

to filter sunlight and reduce glare, this
structure facilitated a semi-outdoor
daytime use. Af night the membrane
reflected and diffused electric light that
illuminated the space below and created
a special emphasis and definition of
place announcing an evening event. The
pavilion was initially used for MOMA special
events and then as a demonstration tensile
membrane structure and pavilion for an
exhibition of “The Work of Frei Otto”
curated by Ludwig Glasser. Later, the
pavilion and exhibition were re-installed in
more open park-like areas at the Ontario
Art Gallery in Toronto and the Museum of
Science and Industry in Chicago. In these
settings, the openness of the Pavilion's
perimeter permitted the placement of
the flexible system of exhibition panels
to take advantage of each site's existing
landscape and circulation patterns. When
the exhibition schedule was completed,
the structure was installed and used as
a multi-purpose activity pavilion on the
Chicago Circle campus of the University
of lllinois for several years. By the fime of
this final installation, the tensile membrane
erection crew had become so adept at
the process that when a fiim crew arrived
after the scheduled final raising of the
pavilion, they quickly lowered and re-raised
the membrane in a few minutes.

For the Centennial celebration of the
University of Arizona, a double-knit polyester
stretch fabric was suspended from three
posts anchored intfo the top of a large
frailer van and small posts and guys about
the perimeter below. This system, fogether
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14. An exhibition structure designed for the Museum of Modern
Art, New York courtyard was also exhibited in Toronto and two
locations in Chicago.
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15. The University of Arizona Centennial Exhibit travelled to sites
in every county in Arizona during the Centennial year.
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16. At Crown Center in Kansas City, Missouri umbrellas and
dual module pavilion structures can be deployed in several
configurations to accommodate a wide variety of community
events.
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with up to three additional free-standing tensile membrane
sail structures, exhibition panels, a stage and exhibition
platforms called the "Arizona Spirit" exhibition 15 (Design,
fabrication and installation by faculty, staff and students,
School of Architecture and the Environmental Research Lab,
stretch fabric canopy - Medlin, Bogan, Frazier) could be set
up or taken down and prepared for transport in a few hours.
During the Centennial year the exhibition was installed at
shopping centers in Tucson and Phoenix, every county fair,
the Arizona State Fair and on The University of Arizona mall
three times atftracting over four-million visitors.

At the Crown Center Plaza in Kansas City, Missouri 16




17. A modular pavilion can be set up with ftwo or more modules to accommodate small to
very large events.
BERUPBRREMATHBENR S MERESEE, DUER/NENSEXRERER.

%
v

& 18. Modular pavilion set up as a music pavilion for the Big Sky, Montana Music Festival.
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(Engineer - Irv Engel; Fabricators/
Installers -= Membrane, Bird Air,
Buffalo, New York; Umbrellas, Feller
Scenic Studio Bronx, New York and
Irvin Industries, Lexington, Kentucky),
a kit of parts has been created,
consisting of two 75'x 75' tensile
membrane, vinyl-coated polyester
pavilions, which could be used
together or separately; ten 30’
diameter umbrella structures and
various supporting elements, which
could be deployed on a lower and/
or upper plazas to accommodate a
wide variety of community activities.
Events held included auto, boat,
livestock, rare books and sidewalk
art shows; music and theater
performances; a discotheque/
cinema; an Easter parade and egg
hunt and various ethnic and cultural
events.

In a modular tensile membrane
system, the surface curvature of
each module was enhanced by
alternating high and low points
along the edge and across each
module by employing "S" curved
ridge cables between the modules
that arc downward to the low
points, pass through a center
inflexion point and arc up to the
high points. The basic system consists
of alternating hand interior modules,
a module that closes the end of
the system, and a module that
raises upward to provide an inviting
primary entry at the opposite end.
This type of system can be seenin a
grouping of six modules that was set
up in Pasadena as an entertainment
venue for the Rose and Super Bowls
17 (Client/Fabricator/Installer -
Academy Tent, Los Angeles, CA;
Structural Consultant- Michael
Barnes, London).

The simplest configuration of



the system is joined enfry and end modules. Together with a stage
and acoustical shell built by local volunteers and a sound system, this
arrangement of modules served as pavilion for the Big Sky Music Festival
and the summer home of the New World Symphony 18 (Acoustician -
Christopher Jaffe). The largest deployment of this system to date was 22
modules for a Southern California Automobile Show.

Transformability of Tensile Membranes

The ability to tension, release and re-tension membranes and the capability
of stretch fabrics to be stretched to different overall dimensions offers the
potential to transform or reshape structures, as appropriate, in response
to changing conditions. Objectives using this potential were the subject
of two recent studies at The University of Arizona School of Architecture.
Working in the Emerging Material Technologies area under the leadership
of Prof. Alvaro Malo and with other faculty, Brent Vander Werf conducted
a study "Elastic Systems for Compliant Shading Enclosures" as his Master's
thesis. Vander Werf developed a self-regulating shading system using a bi-
stable capacitor mechanism that moves between two stable positions to
open and close eye-shaped apertures to which a stretch fabric membrane
is attached. A prototype of the system was installed in the east window of
The University of Arizona SEEDpod Solar Decathlon project 19 (previously
reported in the 106:2010/02 issue of Chinese & Overseas Architecture). The
system automatically responds to changing sunlight or thermal conditions
to admit sunlight or provide shade.

Another University of Arizona graduate student working in the same area,
Nicholas Johnson, is currently studying the transformation potential of a
stretch fabric membrane shaped using an "S"-curved ridge between two
membrane segments. By raising or lowering the membrane apex points at
the supporting masts, the membrane configuration can be transformed
from being raised and open to sunlight to being lowered to provide
shading, as is appropriate for varying sunlight intensity and ambient
temperature conditions. 20.

Since humankind's early use of tents, membrane structures have been
adapted for changing uses and conditions. Current global concerns for
efficient use of materials, energy and other resources, along with a manner
of building that respects or even contributes to regenerating the natural
environment, and significant improvements in materials and techniques for
creating tensile membrane structures, all suggest limitless potential for their
future utilization.

[About the Author] R. Larry Medlin is an architect/lightweight structures
consultant and Professor of Architecture at The University of Arizona
School of Architecture and he worked on all the projects in this article.
Other principals and key participants are listed for each project. He can
be contacted at: rimedlin@u.arizona.edu. See more of his work at: www.
RLarryMedlinTensileStructures.com

& 19. Self Regulating Shading System installed in east window
of The University of Arizona Solar Decathlon Project.
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20. Current studies for a Transformable Membrane at The
University of Arizona.
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