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NOTE: This guide specification covers the
requirenents for frane supported nenbrane structures
on airfields which are conmmonly referred to as
Aircraft Protective Equi pment or Sunshades. These
structures are not aircraft hangars and cannot have
wal I's. Please note, requirenments such as AFl 21-101
specifically states that aircraft sunshades are not
consi dered tenporary or relocatable facilities.

These types of structures have had nunerous and
significant failures. The intent of this guide
specification is to help elimnate and nmitigate
known i ssues and causes of these failures. Because
t hese types of structures are often procured as

equi pnment versus real property, normal designer of
record responsibilities, technical review and
techni cal coordi nation may be inadvertently avoi ded,
over| ooked or not performed due to the process.

Thi s gui de specification, including notes to the
specifier, should be followed regardl ess of the
procurenent process being used to help direct proper
responsi bilities and coordination

Causes of failures have included frame corrosion
excessi ve frame defl ection, inadequate w nd-I| oad
design, inadequate fabric strength, fabric
deterioration, inadequate foundation design, |ack of
foundati on design, |ack of naintenance, and nore.

There is a history of foundation failures due to

i mproper or inadequate foundations and anchorage
being relied upon by the manufacturer without a

i censed professional engineer being involved. The
foundati on and anchorage desi gn nust be seal ed and
signed by a licensed professional engineer and
provided to the frame supported menbrane structure
manuf acturer for coordination and conpatibility. It
is inmperative that there is a plan in place for the
procurenent for both foundation design by a |icensed
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pr of essi onal engi neer, the frame supported nenbrane
structure and the installation

Adhere to UFC 1-300-02 Unified Facilities CGuide
Speci fications (UFGS) Format Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenents by
addi ng, deleting, or revising text. For bracketed
items, choose applicable iten(s) or insert
appropriate informtion.

Renove i nformation and requirenments not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmended changes for
this gui de specification are wel come and shoul d be
subm tted as a Criteria Change Request (CCR)
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NOTE: It is beyond the intent of this specification
to include itens such as Insul ated Roof Systens,

I nsul ated Wall Systens, Doors, Wndows, Heating,

Fire Protection, or other such building systens
which are nore in line with an aircraft maintenance
hangar and the criteria of which are governed by UFC
4-211-01.
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NOTE: Foundations are not included in this

speci fication and nmust be designed by a Professiona
Engi neer in accordance with UFC 3-301-01 and the
support conditions (layout, configuration
reactions, anchorage, and other design el enents)
provi ded by the franme supported nenbrane structure
manuf acturer. Special attention shall be paid to
uplift forces and attachment to the foundations. If
this is an equi pment procurement, validate who is
responsi ble to design and coordinate the foundation
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NOTE: Aircraft rated pavenents are not included in
this specification and nmust be designed by a

Pr of essi onal Engi neer in accordance with UFC
3-260-02. Provide aircraft tie-down/anchorage and
groundi ng as required.
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NOTE: Accessory itens, if required, are not
specified in this specification. Exanples of
accessory itens are included belowin the list of
items to show in Drawings. |If these accessory itens
are required by the project specifier, please refer
to potential reference sources such as UFC 3-260-02
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or UFC 4-211-01 for guidance on design standards.
For these designs, utilize a Professional Engineer
to performthe design including systemdetailing
suitable for the environnent and project need.
VWil e accessory itens are not required to be

provi ded by the manufacturer, they are required to
be supported by the manufacturer, by this
specification. Carefully consider any accessories
as some DoD policy may consider these as rea
property versus equi pnment, depending on utility
services.

*kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *%
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NOTE: On the design draw ngs, show

1. Location and quantity of the frane supported
menbrane structures. Locate in accordance with
Chapter 2-1 of UFC 4-211-01, specifically
considering Airport Operations Area (AQA) safety,
cl earances, and security as well as Construction
Phasi ng for ongoing airfield operations.

2. Appropriate design |oads for Live, Snow, Wnd,
Rain, |ce and Earthquake (Seism c) Loads, including
resistance to Hail I|npact. Show design wi nd
pressures based on the design wind velocity,

i ncl udi ng conponent and cl addi ng | oads by
contributory area

3. Size and arrangenent of frame supported nenbrane
structures, including, but not linmted to,
perm ssi ble colum | ocations, perm ssible x-bracing
locations (if any), and roof configuration with

slope(s) or radii. 1In the case of nore than one
sunshade, al so note whether each sunshade is stand
al one or shares bracing frames. |If sharing bracing

frames, note Air Force Instruction (AFl) 21-101
requi renent for each fourth frane in adjacent
sunshades to be designed for twice the required
| ateral bracing strength.

4. Show size, type and |ocation of ventilation if
required to nmeet Air Force Instruction (AFl) 21-101
requirement.

5. Cdearances for frane supported nenbrane
structure and any accessory items to the parked
aircraft, aircraft operations, equipnent, and
aircraft ingress and egress. |If applicable to the
operation, clearances shall include consideration
for heat associated with Engi nes and Auxiliary Power
Units (APU) as well as thrust from engines (jet
blast).

6. Fabric menbrane col or and specul ar gl oss.
Surfaces shall not produce glare to aircraft in
flight or to the control tower. Provide roofs and
ot her external surfaces with a specular refl ectance
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conpatible with the location of structure on the
airfield. |If located such that glare is an
operational hazard, provide surfaces of the
structure with a light reflectance of not nore than
10, measured at an angle of 85 degrees in accordance
with American Society of Testing and Materials
(ASTM) D523 (Specular doss) at critical surfaces of
the structure

7. Foundation design, including | ayout of the
colums and their attachment to the foundation.
Configuration, type, size, spacing, nnimm
enmbednment and m ni mum projection of anchor bolts, or
anchoring system to the foundation nust be provided
to resist the colum reactions with special
attention to uplift forces. This design nmust be
provided by a licensed professional engineer
experienced in the design of foundation and
anchoring systens.

If the intent of the specifier is to anchor the
structures to airfield/ apron pavenment, which is
often unreinforced flexural concrete rather than
rei nforced conpressive concrete, the |licensed
(foundati on) professional engi neer rmust provide
details of anchorage, nethod for resisting uplift
forces, thrust, base shear and gravity |loads. An
enphasi s nust be placed on how joints in
airfield/ apron will be accombdated in ternms | oad
transfer and anchor "edge" distance to the joint.

There is a history of foundation failures due to

i mproper or inadequate foundations and anchorage
being relied upon by the manufacturer without a

i censed professional engineer being involved. The
foundati on and anchorage desi gn nust be seal ed and
signed by a |licensed professional engi neer and
provided to the franme supported nmenbrane structure
manuf acturer for coordination and conpatibility.

8. Aircraft rated pavenents, including thickness,
joint locations/detailing, aircraft

ti e-down/ anchorage and groundi ng as required.

I ncl ude SECTION 32 13 14.13, CONCRETE PAVI NG FOR

Al RFI ELDS AND OTHER HEAVY DUTY PAVEMENTS, at a
mnimum in order to properly specify aircraft rated
pavements.

9. Accessory itens, if required. Exanples of
accessory to be shown el sewhere in the Contract
docunents for coordination with this product include
Avi ation Qostruction Lighting, Apron Lighting,
Understructure Security/ Task Lighting, Utilities
(such as power, conmunications/data, conpressed air
water), Ventilation/Destratification, Eyewashes,
Lightning Protection, Fall Protection, and any other
applicable items. |Include systemdetailing suitable
for the environment. Accessory itens are not
required to be provided by the nmanufacturer but are
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required to be supported and braced by the

manuf acturer if shown in the Contract Docunents.
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PART 1 GENERAL

11 REFERENCES
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NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in

t hi s paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a Reference ldentifier (RID) outside of
the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
use the Reference Wzard' s Check Reference feature
to update the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project
speci fication when you choose to reconcile

references in the publish print process.
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The publications listed below form a part of this specification to the
extent referenced. The publications are referred to within the text by
the basic designation only.

AMERICAN INSTITUTE OF STEEL CONSTRUCTION (AISC)

AISC 325 (2017) Steel Construction Manual
AISC 360 (2016) Specification for Structural Steel
Buildings

AMERICAN SOCIETY OF CIVIL ENGINEERS (ASCE)
ASCE 55 (2016) Tensile Membrane Structures
AMERICAN WELDING SOCIETY (AWS)

AWS D1.1/D1.1M (2020; Errata 1 2021) Structural Welding
Code - Steel

ASTM INTERNATIONAL (ASTM)

ASTM A36/A36M (2019) Standard Specification for Carbon
Structural Steel

ASTM A53/A53M (2022) Standard Specification for Pipe,
Steel, Black and Hot-Dipped, Zinc-Coated,
Welded and Seamless

ASTM A123/A123M (2017) Standard Specification for Zinc
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(Hot-Dip Galvanized) Coatings on Iron and
Steel Products

ASTM A153/A153M (2016a) Standard Specification for Zinc
Coating (Hot-Dip) on Iron and Steel
Hardware

ASTM A500/A500M (2021a) Standard Specification for

Cold-Formed Welded and Seamless Carbon
Steel Structural Tubing in Rounds and
Shapes

ASTM A572/A572M (2021; E 2021) Standard Specification for
High-Strength Low-Alloy Columbium-Vanadium
Structural Steel

ASTM A780/A780M (2020) Standard Practice for Repair of
Damaged and Uncoated Areas of Hot-Dip
Galvanized Coatings

ASTM A992/A992M (2022) Standard Specification for
Structural Steel Shapes

ASTM D751 (2006; R 2011) Coated Fabrics

ASTM D2136 (2002; R 2012) Coated Fabrics -
Low-Temperature Bend Test

ASTM E84 (2020) Standard Test Method for Surface
Burning Characteristics of Building
Materials

ASTM F3125/F3125M (2019) Standard Specification for High

Strength Structural Bolts and Assemblies,
Steel and Alloy Steel, Heat Treated, Inch
Dimensions 120 ksi and 150 ksi Minimum
Tensile Strength, and Metric Dimensions
830 MPa and 1040 MPa Minimum Tensile
Strength

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 701 (2019) Standard Methods of Fire Tests for
Flame Propagation of Textiles and Films

U.S. DEPARTMENT OF DEFENSE (DOD)

MIL-STD-889 (2021; Rev D) Galvanic Compatibility of
Electrically Conductive Materials

UFC 1-200-01 (2022) DoD Building Code

UFC 3-301-01 (2019, with Change 1, 2022) Structural
Engineering

1.2 SUBMITTALS
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NOTE: Review Submittal Description (SD) definitions
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in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list, and correspondi ng subnittal
items in the text, to reflect only the submttals
required for the project. The CGuide Specification
techni cal editors have classified those itens that
requi re Governnent approval, due to their conplexity
or criticality, with a "G" GCenerally, other
submittal items can be reviewed by the Contractor's
Quality Control System Only add a "G' to an item
if the submittal is sufficiently inportant or
conplex in context of the project.

For Arny projects, fill in the enpty brackets
following the "G' classification, with a code of up
to three characters to indicate the approving
authority. Codes for Arny projects using the

Resi dent Managenent System (RVS) are: "AE" for
Architect-Engineer; "DO'" for District Ofice

(Engi neering Division or other organization in the
District Ofice); "AO" for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy,
Air Force, and NASA projects.

The "S" classification indicates subnmittals required
as proof of conpliance for sustainability Quiding
Principles Validation or Third Party Certification
and as described in Section 01 33 00 SUBM TTAL
PROCEDURES.

Choose the first bracketed itemfor Navy, Air Force,

and NASA projects, or choose the second bracketed
itemfor Army projects.
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Government approval is required for submittals with a "G" or "S"
classification. Submittals not having a "G" or "S" classification are
[for Contractor Quality Control approval.][for information only. When
used, a code following the "G" classification identifies the office that
will review the submittal for the Government.] Submit the following in
accordance with Section 013300 SUBMITTAL PROCEDURES:
SD-01 Preconstruction Submittals
Manufacturer's Qualifications N 1]
Installer's Qualifications CH 1]

SD-02 Shop Drawings  sealed by the frame supported membrane structure's
Registered Professional Engineer.

Frame Supported Membrane Structure ; C, 1]
Erection Plan CE |
SD-03 Product Data

Fabric (Membrane) ; C[[__ 1]
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Product Data
SD-04 Samples
Fabric (Membrane) ; C[[__ 1]

SD-05 Design Data sealed by the frame supported membrane structure's
Registered Professional Engineer.

Frame Supported Membrane Structure o CLL ]
Sealed and Signed Calculations
Sealed and Signed Shop Drawings
SD-07 Certificates
Welding Procedures and Qualifications v CLL T
SD-10 Operation and Maintenance Data

Frame Supported Membrane Structure O&M , Data Package 1, q,
L1

SD-11 Closeout Submittals
Final Completion Certification o CLL ]
Manufacturer's Warranty ; C,[__ 1]
1.3 DESIGN REQUIREMENTS

The frame supported membrane structure depicted in the Construction

Documents is representative of a permanent, custom designed,

prefabricated, commercially available system. Design and fabricate the

structure and fabric membrane in accordance with ASCE 55, to fit within
the space allocated, including support and bracing for accessory items,

and in accordance with the criteria specified herein, including all

aircraft clearances and permissible bracing locations, if permitted. The

structure's fabric membrane cladding cannot be utilized to brace or

support any structural member such that, should any damage of the fabric

membrane occur, the integrity of the structural framework is not adversely

affected. Contractor will [utilize the sealed and signed foundation and

anchorage design included in the Construction Documents][include a sealed

and signed foundation and anchorage design]. Submit complete sealed and
signed calculations for the frame supported membrane structure prepared by

the manufacturer's registered professional engineer, including bracing

locations, column reactions and attachment to the foundation for

verification of compatibility with the foundation design, including column

uplift. Calculations shall be provided in a logical and orderly manner

for independent review. Submit complete sealed and signed shop drawings
for the frame supported membrane structure prepared by the manufacturer's

registered professional engineer.

13.1 Loads
Design the frame supported membrane structure to support all dead loads,

including weights of accessory items, combined with Live, Snow, Wind,
Rain, Ice, Earthquake (Seismic) and Temperature Loads as required by the
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Contract Documents, UFC 1-200-01 and UFC 3-301-01 . Provide separate
reactions for each load combination used in the design of the structure in
accordance with ASCE 55.
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NOTE: Delete the foll owi ng subsections if Loads are
specified el sewhere in the Contract Docunents, such
as in the Structural Draw ngs Sheets.

In the paragraphs bel ow, use the appropriate Risk
Cat egory as determ ned from UFC 4-211-01.

* *kkkkk *% * * * *kkkkk *% *kkkkk *%

[1.3.1.1 Live Load

Design the structure and fabric membrane to support a [non-reducible]
uniform live load of [ 575 Pa 12 psf ]| [plus a point load of 1.33 KN
300 pounds acting over any 1 square foot area].

1.3.1.2 Snow Load

Design the structure and fabric membrane to support a uniform snow load of
[ | Pa psf . Include unbalanced snow loads and loads due to snow
drifts as required by the geometry of the roof including adjacent roofs.

1.3.1.3 Wind Loads

Design the structure and fabric membrane for a wind speed of | kmh
mph, Risk Category [llI] ], and Exposure Category | . Utilize

the appropriate wind pressures for Main Frame, and Components and

Cladding, based upon the appropriate tributary area. Design all

components to withstand both the highest positive and negative pressures

[including a minimum jet blast pressure of [ 960 Pa 20 psf ]] ]

Design and provide support and bracing for accessories.

1.3.1.4 Rain

The structure shall be capable of withstanding the effects of rainfall up
to [ cm inches per hour for a minimum of [2] | hours.

1.3.1.5 Ice

Design all exposed elements, including the fabric membrane, to support a
uniform ice accumulation of | mminches on all sides of all
surfaces. Provide system to resist damage from hail.

1.3.1.6 Earthquake (Seismic)

Design the structure using a Short Period Acceleration | lg, Long
Period Acceleration lg, Soil Site Class | |, Risk Category [lll]
[ ], along with codified factors, coefficients and methods consistent
with the type of seismic force resisting system(s) being designed and
provided. Design and provide support and bracing for accessory items.

1.3.1.7 Temperature

Design all structural elements, including the fabric membrane to be
capable of being assembled, utilized and dismantled in all ambient

temperatures between | C and | C | degrees F and | |
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degrees F . Provide a fabric membrane designed to withstand a temperature
of | C degrees F

]11.3.2 Deflections

Deflection due to the imposed loading of any truss panel point or joint
where a purlin or column connects to one of the main structural frames
shall be less than the clear width (span width) of the structure divided
by 180 (span width/180).

133 Structural Frame System

Provide a steel structure, including all connections and attachments.

Design the structure in accordance with the requirements of the Contract

Documents, UFC 1-200-01 and UFC 3-301-01 . Design all structural members
in accordance with the specified loads and the requirements of AISC 325 ,
AISC 360 . Thin-walled steel, less than 5mm 3/16 inches structural
material thickness, or cold-formed steel are prohibited. Design

connections for structural elements and fabric membrane to transfer all

forces present in each joint, including required factors of safety.

Connection eccentricities, where lines of force do not align with nodal

points, are not permitted unless accounted for and modeled in the

calculations. Where sleeve joints are used, the material shall be

appropriately sized and reinforced to avoid sheer failure of the material.

1.3.3.1 Roof Structure

Provide a steel structure of the shape indicated in the Contract

Documents. Surfaces shall be planar, sloped or radiused as indicated.

Structure shall also be square and plumb. Provide the interior of the

structure clear of any structural members or obstructions. Provide purlin

[and girt Jspacing to ensure structural stability, to minimize unsupported

areas of fabric membrane in the roof and to provide for installation and

support of accessory items. Laterally brace the main structural frames

with purlins [and girts] at intervals no greater than [ 2m6.5feet ]

1.3.3.2 Lateral Force Resisting System(s)

kkkkkkkkkkkkkkkkkkkkkhhkkhkkkkkkkkkhhkkkkkkkkkkhkkkhkkkkhkkkkkkhhkkhkkkkkkhkkkk

NOTE: Based upon historical failures, the second
par agr aph bel ow prohi bits use of cable x-bracing.
Based upon the size of the structure, the second
par agr aph bel ow should be edited to not permt
tension only bracing or to allow tension only rod
braci ng, dependi ng upon applicable seisnic
limitations.
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Provide a complete lateral and diagonal bracing system to properly

stabilize the structural frame elements in all directions, to fit within

the space allocated, including all aircraft clearances and permissible

braced bay locations, if permitted. Provide moment frames where braced
bays are not permitted as determined by anticipated movement of people and
equipment around the aircraft parking position(s). Coordinate the lateral
force resisting system with the foundation, including anchorage to the
foundation. The fabric membrane is not permitted to serve as a diaphragm

in the lateral force resisting system.
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[Tension only bracing is not permitted.][Tension only rod assemblies are

permitted to serve as bracing. The minimum permitted rod diameter for

bracing is [ 10 mm3/8inch ]| . Design rod connections to the

structural frame using attachment clips, or lugs, not less than [ 10 mm3/8
inch ] thick steel and detail and install in a manner to prevent

slacking or loosening over time. The use of cables is not permitted.]

[1.3.3.3 Accessory Items

Provide framing and points of attachment to support and brace all
accessory items. Accessory items are indicated in the Contract Documents
and include [Aviation Obstruction Lighting,][ Apron Lighting,][
Understructure Security/Task Lighting,][ Utilities (communications/data,
compressed air, water),][ Eyewashes,][ Lightning Protection,] ]

1134 Fabric Membrane System

Design to form a continuous, uninterrupted cover over the framework.
Cover the entire roof of the structure with the fabric membrane in
accordance with the design drawings included with this specification.

1.34.1 Fabric Membrane Joints and Seams

Provide adjacent cladding sections with a mechanical tensioning system
which allows the fabric membrane to be fully tensioned around the
structure. Maintain proper gaps between sections to allow sufficient
distance to enable full tensioning of the material resulting in the fabric
membrane secured tightly and neatly over the structural frame with a
remaining range of adjustment. Overlap seams such that the fabric
membrane panels are supplied with overlapping joints to allow adjacent
panels to be field heat-sealed together.[ Seal around all required
penetrations for accessory items, such as vents.]

Provide fabric pretensioning in frame-supported fabric membrane structures
to prevent the fabric membrane from making contact with structural framing
members during buffeting or flutter and include a factor of safety to

account for the loss of tensioning likely to occur over the service life

of the fabric.

1.3.4.2 Design Factor of Safety
Design the fabric membrane, using the load combinations and strength
reduction factors as required by ASCE 55 and utilize minimum net factors
of safety as indicated in Table 4-2 of ASCE 55 compared to the tensile

strength of the fabric membrane while accounting for degradation due to UV
and temperature effects.

[1.3.5 Bird Nesting/Roosting Mitigation

Design a mitigation system, using bird netting, to prevent bird access,
roosting and nesting within the structure and accessory items. Coordinate
the design and installation of the bird netting with all accessory items

and their function.[ Alternatives to bird netting which function to

eliminate nesting surfaces under the roof and inside the covered areas of
the sunshade may be accepted as alternatives to bird netting.]
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114 QUALITY ASSURANCE
14.1 Manufacturer's Qualifications

Provide a complete system from a manufacturer who has regularly engaged in
the design, fabrication, erection, and service of frame supported membrane
structures of the type and size required for this project. The

manufacturer shall have at least 5 years of similar design experience in
membrane clad, steel framed structures. The manufacturer's Professional
Engineer in Responsible Charge shall have at least 5 years of similar
design experience, including height and clear span, in membrane clad,
steel framed structures. Perform all aspects of design, fabrication,
erection, and service of these frame supported membrane structures in
accordance with a comprehensive quality system, such as 1ISO 9000
certification or other comparable and proven quality program.

Contractor must submit written evidence of each of the above requirements
for similar past designs, fabrications and installations and include a

list of the names, locations, contact information of owners, installation
dates, overall sizes, features, and other relevant information for
experience, qualifications and quality evaluation. Only manufacturers who
can submit this evidence of actual installations where the products have
proven practical, durable, and require a minimum of maintenance, will be
qualified under this specification.

1.4.2 Installer's Qualifications

Installation of the frame supported membrane structures shall be
supervised by a manufacturer's representative, performed by an authorized
representative of the manufacturer and in accordance with approved shop
drawings and manufacturers written instructions, including coordination
with the foundation and anchorage design. Installers shall be skilled and
experienced in the erection of similar membrane clad, steel framed
structures of the type specified herein, including height and clear span.

Installers must submit written evidence of each of the above requirements
for similar past designs, fabrications and installations and include a

list of the names, locations, contact information of owners, installation
dates, overall sizes, features, and other relevant information for
experience, qualifications, and quality evaluation. Only installers who
can submit this evidence of actual installations, will be qualified under
this specification.

15 SHIPPING, HANDLING AND STORAGE

Provide shipping documents with lists showing the description, quantity
and piece marks of the various parts, components, and elements. Clearly
mark all individual parts or bundles and packages of identical parts for
identification or otherwise identify by clear installation procedures.
Package bolts and fasteners according to type, size, and length. Package
loose nuts and washers according to size and type. Deliver materials in
original rolls, packages, containers, boxes, or crates bearing the
manufacturer's name, brand, and project reference numbers.

Handle carefully to prevent damage. At no time shall materials be
dropped, thrown, or dragged over the transport equipment or the ground.
Store materials and equipment in dry locations with adequate ventilation,
free from dust and water, and to permit access for inspection and
handling. Remove damaged items that cannot be restored to like-new
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condition and provide new items.

1.6 WARRANTY

kkkkkkkkkkkkkkkkkkkkkkhhkkhkkkkkkkkkkhhkkkkkkkkkkhkhkkkhkkkhkkkkkkhhkkhkkkkkkhkkkk

NOTE: Intention of this specification is to obtain
a steel structure, designed to neet ninimm |l oadi ng
conditions with sufficient corrosion protection and
have it performsimlarly to a pernmanent structure.
For the fabric nenbrane conponent, the bel ow
warranty i s reasonable for many environments with
current materials. Specifier should consult with
manuf acturers when in harsh environnments regarding
warranty and coordi nate with Gover nnent/ User
expect ati ons regardi ng establishment of reasonable

fabric menbrane repl acenment intervals.
kkkkkkkkkkkkkkkkkkkkkkkkkkkhhhhhhkhkkkkkkkkkkkhhhhhhhkkkkkkkkkkkkkkhhhhhhkx

For the fabric membrane, provide a warranty for all materials and
workmanship for a period of [15] | years beginning from the date of
final acceptance. Include full repair or replacement coverage, including
labor and materials. Include in the warranty for fabric membrane, failure
due to deterioration, breakdown, mildew, heat, cold, fading,

discoloration, or other failure under design conditions. Include in the
contractor's warranty, a copy of the fabric manufacturer's warranty which
indicates a minimum of 70 percent strength is maintained for the full
duration of the warranty.

PART 2 PRODUCTS
21 FRAME SUPPORTED MEMBRANE STRUCTURE

Provide new materials without defects and free of repairs. Provide
materials of the quality and requirements specified herein.

Submit frame supported membrane structure drawings showing details of
construction and installation, including column/bracing orientation and
proving attachment to the foundation meets the requirements for the
foundation design as provided by the Government. Demonstrate aircraft
clearances have been met and show size, shapes, and thickness of
materials; hardware; joints; connections; reinforcing; devices;
support/bracing for accessory items; and design and detail data for the
work of other trades.

211 Structural Steel

kkkkkkkkkkkkkkkkkkkkkhhkkhkkkkkkkkkhhkkkkkkkkkkhkkkkhkkkkhkkkkkkhhkkkkhkkkkkkhkkkk

NOTE: Use of pre-gal vani zed/in-1ine gal vani zed
(ASTM G 60, G 90, or simlar nethod) steel or

pai nted steel is not deened to be of sufficient
corrosion resistance to neet the design intent and
shall not be utilized for structural stee
conponents. Post fabrication hot-dip galvanizing to
ASTM A123/ 123M provi des a substantially thicker
nore durable and long lasting surface protection

t han pre-gal vani zed and single coat paint systemns
and it is typically nore cost effective than higher
quality multi-coat epoxy or powder coat systens

whi ch do not provide the cathodic/sacrificia
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protection offered by zinc coated steel. Post
fabrication hot-dip gal vani zi ng of wel ded stee
fabrications also provides protection for conceal ed
surfaces as conpared to pre-gal vani zed and pai nted
systenms where the heat of the welding process |eaves
conceal ed surfaces unprotected and subject to
corroding fromthe inside out.

Pre- gal vani zed tubul ar fabrications, especially thin
wal | systenms, have denonstrated full failure due to
rusting fromthe inside out in less than ten years
frominstallation (with significantly conpronm sed
structural capacity in less than 10 years) and
therefore do not neet the design requirenent for a
thirty-year useful life. Simlarly cold-formed

steel is not permitted for this same reason.
kkkkkkkkkkkkkkkkkkkkkkkkkkkhhhhhhkhkkkkkkkkkkkhhhhhhhkkkkkkkkkkkkkkhhhhhhkx

Provide all members of the structure in accordance with AISC 325 and
AISC 360 using ASTM A500/A500M, [Grade B][Grade C] tubular steel,

ASTM A992/A992M W-shapes, or ASTM A53/A53M Grade B pipes and then hot-dip
galvanize all members in accordance with ASTM A123/A123M. Provide
connections using ASTM A36/A36M or ASTM A572/A572M for miscellaneous
shapes such as angles, plates, and flat bars.[ Fabricate tension only

members, if utilized, from ASTM A36/A36M rods and design and install to
prevent clapping, slacking or loss of tension. In all locations where rods

may be encountered by people or equipment moving around the structure,

provide rods with high visibility, reflective protection sleeves.]

Utilize welding only where specified in the manufacturer's design and as
approved shop drawings or where approved in writing by the manufacturer.

Perform welding in accordance with AWS D1.1/D1.1M utilizing welders tested
and qualified to perform the required type of weld. Submit welding
procedures and qualifications for all welds and welders performing work

either in the shop or in the field. Inspect all welded joints for proper

size, placement, thorough penetration, good fusion and free from scabs,

blisters, abnormal pocket marks, cracks, voids, scab inclusion, and other

defects. Welded steel work shall be hot dip galvanized to ASTM A123/A123M
after manufacture to provide corrosion protection.

2.1.2 Fabric Membrane

* *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *kkkkkkkkkk *kkkk

NOTE: Technically acceptabl e nmenbrane suppliers

i nclude: Seaman, Ferrari, HeyTex/Bondcoat, Protan,
and Mehl er; however editor should consult the
Contracting O ficer for procurenent conpliance

requi renents regarding the FAR and the Berry
Anmendnent. O her PVC coated nmanufacturers and
materials nay be consi dered; however, the nenbrane
manuf act urer nust denonstrate experience with PVC
coat ed pol yester cladding in use on structures of
the type contenplated in this specification in
addition to denonstrating mninumfield perfornance
consistent with the required warranty. PVC degrades
with UV exposure coatings are avail able that can
extend fabric life.

VWhen in harsh environnents, specifier should consult
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wi t h experienced, reputable manufacturers regarding
fabric menbrane materials and warranty and then
coordi nate with CGovernnent/User for requirenents and
expect ati ons regardi ng acceptabl e fabric nenbrane
repl acenent intervals.

Transl ucent fabric is not reconmended in all
geographies (i.e., extrenely high W index areas,
such as the Mddle East). Additionally, very high
fabric tension forces may require heavier fabric
(i.e., 800 plus gram square neter) which limts its

i ntended purpose. Prior to including any of the

bel ow options for translucent panels, consult with a
manufacturer.

kkkkkkkkkkkkkkkkkkkkkkhkkhkkkkkkkkkhhkkkkkkkkkkhhkkhkkkhkkkkkkhkkkhkkkkkkhkkkk

Supply the fabric membrane from a manufacturer with a demonstrated
experience supplying PVC coated polyester cladding on structures of the
type required by this specification. Provide a heavy-duty, PVC coated
polyester fabric membrane with a demonstrated minimum field performance
consistent with this structure's use, environment and required warranty

for a minimum service life of 15 years. Minimum fabric membrane weight is

950 grams/square meter 28 ounces per square yard and laminated with a

polyester with a minimum base fabric weight of 250 grams/square meter 7.5
ounces per square yard . Minimum permitted tensile strength is 4160/3940
N/50mnmr 475/450 Ib/in according to Strip Tensile ASTM D751 Procedure B. A

minimum of 70 percent strength is to be maintained for the full duration
of the warranty period. Provide a fabric membrane that is free from
defects, fully waterproof, ultraviolet (UV) stabilized, self-extinguishing

(0-75 flame spread), flame retardant in accordance with NFPA 701 Test
Method 2 and suitable to withstand temperatures between 71 Cto minus 34 C
160 degrees F to minus 31 degrees F in compliance with ASTM D2136. Test
the fabric to meet the criteria of ASTM EB84 (flame spread - Class A

interior wall and ceiling finish), ASTM D2136 (cold cracking, brittleness

and temperature), and ASTM D751 (tensile and tear strength). Submit

product data demonstrating compliance with strength, durability and

standards.

Provide continuous, uninterrupted, cover. Provide fabric that is
impervious and resistant to solvents, fuel, lubricants, and other similar
fluids commonly found around aircraft. The fabric membrane shall cover
the entire structure as indicated. Depending on the size of the

structure, the membrane may be fabricated in one large section or can be
fabricated in smaller sections connected and sealed together as specified
in this specification to provide a continuous, uninterrupted, cover over

the indicated framework.[ The fabric membrane will be selected from the
manufacturer's standard colors.][ The fabric membrane will match the
existing, adjacent sunshades.][ The fabric membrane will be translucent
white.][ Fabric will be opaque with reflective white coating on the
underside to increase visibility for maintainers.] Submit fabric
(membrane) samples for weight, strength, color approval. Submit fabric
(membrane) product data, including all certificates and test report data

to demonstrate compliance with strength, durability and referenced
standards. Laminated PVC materials, Polyethylene/Polypropylene fabrics
and other "poly tarp" materials are not acceptable materials.

2.1.3 Hardware

Hot-dip galvanize all hardware in accordance with ASTM A153/A153M.
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2.1.3.1 Structural Bolts

Provide minimum [ 13 mml/2inch ]| diameter structural bolts that

conform to ASTM F3125/F3125M . Provide a minimum of two bolts per

connection and provide all bolts with lock washers or locking nuts.

Install and tighten all bolts in accordance with AISC 325 and AISC 360 .

2.1.3.2 Tensioning Hardware

Provide tensioning hardware which permits full and free rotation at the
connections to avoid fatigue failure of threaded assemblies. Hot-dip
galvanize load rated hardware utilized to tension the fabric membrane to
prevent corrosion.

2.1.3.3 Non-Structural Fasteners

Provide standard non-structural fasteners, such as tek screws, of standard
commercial quality and hot dip galvanized.

2.1.34 Exterior Trim

Battens or washers used for final seal of the PVC fabric membrane are
permitted to be stainless steel or aluminum, in lieu of hot-dip
galvanizing, to resist corrosion.

2.2 LIGHTING

kkkkkkkkkkkkkkkkkkkkkhhkkhkkkkkkkkkkhhkkkhkkkkkkhhkkhkkkhkkkkkkhhkkhkkkkkkhkkkk

NOTE: Task/ Security Lighting "Accessory"

Coordi nation. In the Contract docunents, specify LED
fixtures/lum naires and power/di sconnects suitable
for wet |ocations and include desired col or
tenmperature, uniformillum nation |levels and | ocate
fixtures/lum naires to physically avoid aircraft

cl earance envel ope, includi ng exhaust, blast shields
and areas which produce undesirabl e shadows.

* *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *kkkk

Coordinate the frame supported membrane structure with the light fixtures
in accordance with [Drawings and ][Section 26 5100 INTERIOR LIGHTING]

[ .
2.3 LIGHTNING PROTECTION SYSTEM

kkkkkkkkkkkkkkkkkkkkkhhkkhkkkkkkkkkkhhkkkkkkkkkkhkkkhkkkkhkkkkkkhhkkkhkkkkkkhkkkk

NOTE: Lightning Protection "Accessory"

Coordi nation. In the Contract docunents, specify the
conpl ete Lightning Protection System i ncl uding
count er poi se | oop, ground rods and aircraft
groundi ng | ocations. Specify interconnection of al
ground rods wi th copper bondi ng conductors. Specify
i nterconnection of all air termnals with copper
bondi ng conductors and provi de copper down
conductors to connect to the counterpoise | oop (and

ground rods).
kkkkkkkhkkkhhkkkhkhkkkhkhkkhhkhkkhhkkkhhkkkhhkkkhkhkkkhkhkkkhkhkkkkkhkhkkkhkhkhkkkkkhkkx

Coordinate frame supported membrane structure with the Lightning
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Protection System in accordance with [Drawings and ][Section 26 41 00
LIGHTNING PROTECTION SYSTEM] |, including air terminals and copper
conductors. Do not utilize the frame supported membrane structure for the

lightning protection (electrical) load path. Design the frame supported

membrane structure to facilitate replacement of fabric to minimize, as

much as possible, the removal and reinstallation of air terminals.

[2.4 FALL PROTECTION

kkkkkkkkkkkkkkkkkkkkkhhkkhkkkkkkkkkhkkkkkkkkkkhhkkkhkkkhkkkkkkhhkkkkhkkkkkkhkkkk

NOTE: Fall Protection "Accessory" Coordination. In
the Contract docunents specify type, extent/coverage
and nunmber of people to be supported by the fall

protection system
B

Coordinate frame supported membrane structure with the fall protection
system in accordance with [Drawings and] ].

125 FABRICATION

Provide bolted or welded construction. When required, prepare splices to
facilitate field assembly in accordance with standard practice. Provide
structural members which are true to dimensions and square in all
directions. Fabrication tolerances for steel components shall conform to
the requirements in the AISC Steel Construction Manual. For clarity in
final and future structural inspections, it is not permitted to leave any
connections, including base plates, with open bolt or anchor holes.

2.6 SIGNAGE

Provide permanent signage in an obvious and visible location on the

structure which lists the manufacturer's name, manufacturer's phone

number, manufacturer's project specific identification number, month and

year of installation and the SERVICE level wind speed (in km/hr and mph)
which corresponds to the factored/ultimate wind speed used in the design

of the facility. Service Level Wind Speed may be calculated using IBC

Equation 16-33.

PART 3 EXECUTION
3.1 EXAMINATION

Examine the foundation and anchor bolts for completeness of installation
and compatibility with the column attachment of the frame supported
membrane structure. Do not begin to erect the structure until the
foundation and anchor bolts are correct, or until revised attachment of
the columns has been engineered by the manufacturer and the revised
submittal is approved.

3.2 INSTALLATION

Submit sealed and signed erection plan for the frame supported membrane
structure. Upon confirming compatibility with the foundations and
attachment/anchorage as sealed and signed by a licensed professional

engineer, install and erect the structure and install the fabric membrane

in accordance with the approved shop drawings, manufacturer's written

instructions and approved erection plan. Adjust for ground slope (if

occurring) and site conditions, ensuring a uniform appearance throughout
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the Installation. Install required signage[ and place [yellow] |
reflective tape on all perimeter columns to improve visibility].

3.3 CLEANING

After installation, clean all surfaces thoroughly of all mill scale, rust,
oil, grease and other foreign substances. Touch-up finishes of ferrous
materials immediately after cleaning.

3.4 TOUCH-UP FINISHES

After installation of the structure, prep and coat all areas of missing or
damaged galvanized finishes on ferrous materials, including welds. Apply
a zinc cold galvanizing compound for corrosion protection conforming to
ASTM A780/A780M. Provide cold galvanizing compound that contains a
minimum of 95 percent zinc dust in the dried film in accordance with the
coating manufacturer's written instructions.

3.5 METAL PROTECTION

Provide in accordance with Chapter 4 of UFC 1-200-01 when structure is in
a corrosion prone location or where structural components use dissimilar

metals. If dissimilar metals are used, also provide in accordance with

MIL-STD-889 . Provide added corrosion protection to the design such as,

but not limited to, the following. Where aluminum will contact dissimilar

metals, protect against galvanic action by painting contact surfaces with

primer or by applying sealant or tape recommended by manufacturer for this

purpose. Where aluminum will contact masonry or concrete, protect against

corrosion by painting contact surfaces with bituminous coating.

3.6 FIELD QUALITY CONTROL

Provide a qualified and authorized representative of the manufacturer

familiar with the design and approved shop drawings to supervise

installation of the frame supported membrane structure on site. The

authorized representative is responsible for providing quality control

inspections, including all connections. When the installation of the

structure is complete, provide a final completion certification signed by
a representative of the Manufacturer, a representative of the Installer,

and onsite Authorized Representative of the manufacturer performing field

quality control.

3.7 EXTRA MATERIALS

Provide a patch kit with color matched fabric membrane and associated
repair materials and tools. Supply approximately 4.2 square meters 45
square feet of fabric for each frame supported membrane structure.

3.8 OPERATION AND MAINTENANCE DATA

Provide routine inspection, maintenance, cleaning and repair instructions
for the frame supported membrane structure, including intervals. Include
detailed instructions for re-tensioning, if required. Include inspection
recommendations for assessing signs of fabric degradation, fabric
connection issues, tightness of x-bracing or other lateral force resisting
system, and any additional manufacturer items deemed critical to the
performance of the structure.

Submit Frame Supported Membrane Structure O&M in accordance with Section

SECTION 13 31 33 Page 20



017823 OPERATION AND MAINTENANCE DATA.

-- End of Section --

SECTION 13 31 33 Page 21



