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STANDARDS

In 2003, the Board of Direction approved the revision
to the ASCE Rules for Standards Committees to
govern the writing and maintenance of standards
developed by the Society. All such standards are
developed by a consensus standards process managed
by the Society’s Codes and Standards Committee
(CSC). The consensus process includes balloting by a
balanced standards committee made up of Society
members and nonmembers, balloting by the member-
ship of the Society as a whole, and balloting by the
public. All standards are updated or reaffirmed by the
same process at intervals not exceeding five years.
The following standards have been issued:

ANSI/ASCE 1-82 N-725 Guideline for Design and
Analysis of Nuclear Safety Related Earth
Structures

ASCE/EWRI 2-06 Measurement of Oxygen Transfer
in Clean Water

ANSI/ASCE 3-91 Standard for the Structural Design
of Composite Slabs and ANSI/ASCE 9-91 Stan-
dard Practice for the Construction and Inspection
of Composite Slabs

ASCE 4-98 Seismic Analysis of Safety-Related
Nuclear Structures

Building Code Requirements for Masonry Structures
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ifications for Masonry Structures (ACI 530.1-02/
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ASCE/SEI 7-10 Minimum Design Loads for Build-
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SEI/ASCE 8-02 Standard Specification for the Design
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Urban Subsurface Drainage

ASCE/EWRI 13-05 Standard Guidelines for Installa-
tion of Urban Subsurface Drainage
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tion and Maintenance of Urban Subsurface
Drainage
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FOREWORD

The material presented in this standard has been pre- American Society of Civil Engineers, or of any other
pared to be in accordance with recognized engineering person named herein, that this information is suitable
principles. This standard should not be used without for any general or particular use or promises freedom
first securing competent advice with respect to its from infringement of any patent or patents. Anyone
suitability for any given application. The publication making use of this information assumes all liability
of the material contained herein is not intended as a from such use.

representation or warranty on the part of the
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1

GENERAL

1.1 SCOPE

1.1.1 This standard provides minimum criteria for the
design and performance of membrane-covered cable
and rigid member structures, including frame struc-
tures, collectively known as tensile membrane struc-
tures, including permanent and temporary structures
as defined herein. The requirements of this standard
shall apply whether the tensile membrane structure is
independent of or attached to another structure. This
standard does not apply to air-supported or air-inflated
structures.

1.1.2 This standard is applicable to all tensile mem-
brane structures as follows:

a. temporary structures with a plan area greater than
1,000 ft* (100 m?) or with any membrane span
exceeding 10 ft (3 m) or

b. permanent structures with a plan area greater than
225 ft* (22.5 m?), regardless of span.

1.1.3 This standard is applicable to tensile membrane
structures erected under the requirements of the
legally adopted building code of which this standard
forms a part. In areas without a legally adopted build-
ing code, this standard defines minimum acceptable
standards of design and construction practice.

1.1.4 This standard supplements the building code
and shall govern in all matters pertaining to design,
construction, and material properties. This standard
may be used in the absence of a building code or
where the building code does not adequately address
membrane structures.

1.1.5 Elements of a tensile membrane structure not
governed by this standard (e.g., structural steel, cables,
timber, aluminum, or concrete) shall be proportioned
in accordance with their respective standards.

1.2 DEFINITIONS

The following definitions apply in this standard:

Air-inflated structure—A membrane structure with a
shape that is maintained by air pressure acting
within cells or tubes enclosing all or part of the
occupied space.
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Air-supported structure—A membrane structure that
encloses an occupied space and has a shape that is
maintained by air pressure acting within the occu-
pied space.

Anchorage—A device used to secure a membrane or
cable to a support.

Authority having jurisdiction—The organization,
political subdivision, office, or individual charged
with responsibility of administering and enforcing
the provisions of this standard.

Biaxial stress—Stresses taken simultaneously along
two concurrent orthogonal directions, usually warp
and fill.

Cable—A flexible linear or curvilinear element acting
in tension. Cable may be wire rope, strand, or web.

Compensation (and decompensation)—Adjustment
during patterning of membrane panel dimensions
to allow for stretching of the material as required
to achieve the desired initial prestress and
geometry.

Design strength—The strength determined by multi-
plying the ultimate strength by one or more
strength reduction factors.

Effective membrane breaking strength—The
strength of the membrane or seam, whichever is
less.

Effective prestress—The prestress remaining in the
structure after all losses, including long-term
losses, have occurred.

Fabric—A two-dimensional cloth made up of yarns
or slit tapes that may be impregnated with a matrix
that binds them together. The yarns may be woven
or laid. The fabric is frequently coated or
laminated.

Factored load—The product of the nominal loads
and load factors used to proportion members by
strength design.

Fibers—Lengths of threads of a material. When
twisted together, they make a yarn.

Fill—The yarns that are placed in the narrow direc-
tion of the fabric as it is manufactured (also known
as Weft).

Film—An unreinforced plastic. Film does not contain
fibers or yarn.

Frame-supported structure—A membrane structure
consisting of a series of arches or frames where the
membrane is pretensioned primarily uniaxially and
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TENSILE MEMBRANE STRUCTURES

the membrane is ignored in the design of the struc-
ture’s overall stability but may be considered in the
stability of individual components.

Life-cycle factor—A factor included to account for
the fact that the strength of some materials
decreases with time because of the effects of con-
tinuous loading, environmental exposure, and
aging.

Load factor—A number, usually greater than 1.0,
applied to loads to increase the effects of the loads
on the structure to account for uncertainties in the
load estimation.

Material manufacturer—A business entity
whose primary purpose is the production of
membrane roll-goods that are subject to membrane
fabricator testing requirements as referenced
herein, where membrane assemblies are
produced for a specific project. See Membrane
fabricator.

Membrane—The flexible, coated, or laminated struc-
tural fabric or film that supports the imposed loads
and transmits them to the supporting structure. For
the purpose of this standard, the membrane carries
only tension or shear in the plane of the
membrane.

Membrane component—Material required to resist
prestress and all applied loads that is not subject to
requirements of other design standards, or where
the applicable design standards do not apply. Mate-
rials include, but are not limited to, membrane,
nonmetallic cables and rope, and web made from
nonmetallic material.

Membrane fabricator—A business entity whose
primary purpose is the production of membrane
assemblies using roll-goods supplied by a material
manufacturer for tensile membrane structures. See
Material manufacturer.

Membrane liner—An interior fabric or film used for
decorative, acoustical, thermal insulation, or other
nonstructural purposes.

Membrane tensile strength—The tensile strength
established by rational methods and applicable
standards. For fabric, this is the strip tensile
strength, as determined in accordance with ASTM
D4851.

Minimum test value—A published value that is
exceeded by 95% of all samples tested.

Nominal strength—The capacity of a member before
applying any strength reduction factors.

Patterning—The process of determining how to cut
the pieces of two-dimensional flat fabric so that
when joined together and prestressed, they produce
a three-dimensional structure.

Permanent structure—A structure intended to
remain in its erected position and location for a
period of 180 days or more.

Prestress—The stress induced in the structure for the
purpose of defining the geometry and the initial
state of the structure.

Scrim—A nonwoven or loosely woven fabric.

Seam—A joining of two or more pieces of membrane
material.

Service load—Any load anticipated to be imposed on
the structure, to which no factors have been
applied.

Strength reduction factor—A factor (less than or
equal to 1.0) that accounts for the deviation of the
actual strength from the nominal strength caused
by the variance of material properties and work-
manship and by the manner and consequences of
failure.

Stress—For support structure and anchorages, this is
force per unit area; for membranes, it is force per
unit length.

Support structure—Arches, beams, columns, cables,
foundations, and other nonmembrane elements.

Temporary structure—A structure intended to
remain in its erected position and location for a
period of fewer than 180 days.

Tensile membrane structure—A membrane struc-
ture with a shape that is determined by tension in
the membrane and the geometry of the support
structure. Typically, the structure consists of flex-
ible elements (e.g., membrane and cables), non-
flexible elements (e.g., struts, masts, beams, and
arches), and the anchorage (e.g., supports and
foundations). Tensile membrane structures include
Frame-supported structures.

Ultimate strength—The anticipated breaking strength
of a member (or failure strength where failure is
defined as other than breaking) based on material
values.

Uniaxial stress—A stress applied parallel to one axis
(usually the warp or fill) where no stress is applied
in the orthogonal direction.

Warp—The longitudinal or machine direction of a
fabric.

Web—A belt of reinforcement material.

Weft—See Fill.

Yarn—An assemblage of fibers.

1.3 DESIGN DOCUMENTS

Design drawings and specifications shall, as a
minimum, show
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a. name and date of issue of code and supplement to
which design conforms,

b. all loads used in the design,

reactions,

. specified strength of fabric and seams for each part

of structure,

type of fabric,

size and location of all structural elements,

. maximum cable forces,

. magnitude and location of prestress forces,

the directions of the warp and fill,

type and location of any mechanical connections,

. for temporary or seasonal structures, designs shall
clearly show the intended period of erection and
the anticipated environmental conditions, and

1. schedule of required maintenance.

e o

o= e

' 1.4 FIELD OBSERVATION

© 1.4.1 Qualifications—Construction shall be observed
~ periodically throughout the various work stages by the
. engineer or architect of record or by a representative

- responsible to that engineer or architect and as

5: required by the authority having jurisdiction.

1.4.2 Records—Construction records shall, as a
minimum, include the following:

a. verification that the fabric is as specified;

b. construction and removal of temporary supports;

c. placing of fabric;

d. sequence of erection and connection of all

members;

tensioning of prestressing elements;

f. any significant construction loadings on the
structure;

g. documentation of any and all errors, defects, flaws,
or repairs; and

h. general progress of work.

o

1.5 ALTERNATE DESIGNS

The provisions of this standard are not intended to
limit the appropriate use of materials, systems, equip-
ment, methods of design, or construction procedures
not specifically described in this standard, provided
that such alternate design methods and construction
procedures are conducted by persons specially quali-
fied in the specific methods applied and provided that
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such techniques demonstrate a level of safety and per-
formance consistent with the requirements of Chapter
4. Structures and structural components that are not
amenable to analysis using generally accepted theories
may be designed by

a. evaluation of full-scale structure(s),
b. evaluation of a full-scale prototype through tests, or
c. studies of model analogues.

1.6 REFERENCES

The following standards are referred to in this
document:

ASCE 7. (2006). Minimum design loads for buildings
and other structures, American Society of Civil
Engineers, Reston, Va., ASCE/SEI 7-05.

ASCE 19. (1997). Structural applications of steel
cables for buildings, American Society of Civil
Engineers, New York, ASCE 19-96.

ASCE 22. (1998). Independent project peer review,
American Society of Civil Engineers, Reston, Va.,
ASCE 22-97.

ASTM D2136. (2007). Standard Test Method for
Coated Fabrics-Low-Temperature Bend Test,
ASTM International, West Conshohocken, Penn.

ASTM D2261. (2007). Standard Test Method for
Tearing Strength of Fabrics by the Tongue (Single
Rip) Procedure (Constant-Rate-of-Extension
Tensile Testing Machine), ASTM International,
West Conshohocken, Penn.

ASTM D4851. (2003). Standard test methods for
coated and laminated fabrics for architectural use,
ASTM International, West Conshohocken, Penn.

ASTM D6193. (2009). Standard practice for stitches
and seams, ASTM International, West
Conshohocken, Penn.

ASTM E84. (2009). Standard test method for surface
burning characteristics of building materials,
ASTM International, West Conshohocken, Penn.

ASTM E136. (2009). Standard test method for
behavior of materials in a vertical tube furnace at
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NFPA 701. (2010). Standard methods of fire tests for
flame propagation of textiles and films, National
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