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IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA DOCUMENTS

NOTICE AND DISCLAIMER OF LIABILITY CONCERNING THE USE OF NFPA DOCUMENTS

NFPA codes, standards, recommended practices, and guides, of which the document contained herein is one, are de-
veloped through a consensus standards development process approved by the American National Standards Institute.
This process brings together volunteers representing varied viewpoints and interests to achieve consensus on fire and
other safety issues. While the NFPA administers the process and establishes rules to promote fairness in the develop-
ment of consensus, it does not independently test, evaluate, or verify the accuracy of any information or the soundness
of any judgments contained in its codes and standards.

The NFPA disclaims liability for any personal injury, property or other damages of any nature whatsoever, whether
special, indirect, consequential or compensatory, directly or indirectly resulting from the publication, use of, or reliance
on this document. The NFPA also makes no guaranty or warranty as to the accuracy or completeness of any information
published herein.

In issuing and making this document available, the NFPA is not undertaking to render professional or other services
for or on behalf of any person or entity. Nor is the NFPA undertaking to perform any duty owed by any person or entity
to someone else. Anyone using this document should rely on his or her own independent judgment or, as appropriate,
seek the advice of a competent professional in determining the exercise of reasonable care in any given circumstances.

The NFPA has no power, nor does it undertake, to police or enforce compliance with the contents of this document.
Nor does the NFPA list, certify, test or inspect products, designs, or installations for compliance with this document.
Any certification or other statement of compliance with the requirements of this document shall not be attributable to
the NFPA and is solely the responsibility of the certifier or maker of the statement.
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ADDITIONAL NOTICES AND DISCLAIMERS

Updating of NFPA Documents

Users of NFPA codes, standards, recommended practices, and guides should be aware that
these documents may be superseded at any time by the issuance of new editions or may be
amended from time to time through the issuance of Tentative Interim Amendments. An offi-
cial NFPA document at any point in time consists of the current edition of the document
together with any Tentative Interim Amendments and any Errata then in effect. In order to
determine whether a given document is the current edition and whether it has been amended
through the issuance of Tentative Interim Amendments or corrected through the issuance of
Errata, consult appropriate NFPA publications such as the National Fire Codes® Subscription
Service, visit the NFPA website at www.nfpa.org, or contact the NFPA at the address listed
below.

Interpretations of NFPA Documents

A statement, written or oral, that is not processed in accordance with Section 6 of the Reg-
ulations Governing Committee Projects shall not be considered the official position of NFPA
or any of its Committees and shall not be considered to be, nor be relied upon as, a Formal
Interpretation.

Patents

The NFPA does not take any position with respect to the validity of any patent rights
asserted in connection with any items which are mentioned in or are the subject of NFPA
codes, standards, recommended practices, and guides, and the NFPA disclaims liability for
the infringement of any patent resulting from the use of or reliance on these documents.
Users of these documents are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, is entirely their own responsibility.

NFPA adheres to applicable policies of the American National Standards Institute with
respect to patents. For further information contact the NFPA at the address listed below.

Law and Regulations

Users of these documents should consult applicable federal, state, and local laws and reg-
ulations. NFPA does not, by the publication of its codes, standards, recommended practices,
and guides, intend to urge action that is not in compliance with applicable laws, and these
documents may not be construed as doing so.

Copyrights

This document is copyrighted by the NFPA. It is made available for a wide variety of both
public and private uses. These include both use, by reference, in laws and regulations, and
use in private self-regulation, standardization, and the promotion of safe practices and
methods. By making this document available for use and adoption by public authorities and
private users, the NFPA does not waive any rights in copyright to this document.

Use of NFPA documents for regulatory purposes should be accomplished through adop-
tion by reference. The term “adoption by reference” means the citing of title, edition, and
publishing information only. Any deletions, additions, and changes desired by the adopting
authority should be noted separately in the adopting instrument. In order to assist NFPA in
following the uses made of its documents, adopting authorities are requested to notify the
NFPA (Attention: Secretary, Standards Council) in writing of such use. For technical assis-
tance and questions concerning adoption of NFPA documents, contact NFPA at the address
below.

For Further Information

All questions or other communications relating to NFPA codes, standards, recommended
practices, and guides and all requests for information on NFPA procedures governing its
codes and standards development process, including information on the procedures for
requesting Formal Interpretations, for proposing Tentative Interim Amendments, and for
proposing revisions to NFPA documents during regular revision cycles, should be sent to
NFPA headquarters, addressed to the attention of the Secretary, Standards Council, NFPA,
1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101.

For more information about NFPA, visit the NFPA website at www.nfpa.org.
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This edition of NFPA 409, Standard on Aircraft Hangars, was prepared by the Technical
Committee on Airport Facilities and acted on by NFPA at its May Association Technical Meet-
ing held May 23–26, 2004, in Salt Lake City, UT. It was issued by the Standards Council on July
16, 2004, with an effective date of August 5, 2004, and supersedes all previous editions.

This edition of NFPA 409 was approved as an American National Standard on August 5,
2004.

Origin and Development of NFPA 409
The original fire protection recommendations for the construction and protection of

airplane hangars were published by the National Board of Fire Underwriters (NBFU), now
the American Insurance Association, in 1930. Revisions were issued by the NBFU in 1931,
1943, 1945, and 1950. The 1943, 1945, and 1950 editions were published as NBFU Pamphlet
85. In 1951, the National Fire Protection Association organized a Committee on Aircraft
Hangars, to which the NBFU and other interested groups lent their support. The NFPA’s first
standard on aircraft hangars was adopted in 1954, and the NBFU adopted the same text,
rescinding its 1950 standard. Revisions were made in 1957 and 1958 by the NFPA committee.
In 1959, a reorganization of the NFPA aviation activities resulted in the assignment of
NFPA 409 to the Sectional Committee on Aircraft Hangars and Airport Facilities, which pre-
pared the 1960, 1962, 1965, 1966, 1967, 1969, 1970, 1971, 1972, 1973, and 1975 editions. The
sectional committee was reorganized as the Technical Committee on Airport Facilities and
completed a revision to NFPA 409 in 1978. The document underwent extensive editorial
revision and partial technical revision in 1984 and was again revised in 1990 and 1995.

For the 2001 edition, the fire protection requirements for Group I hangars were exten-
sively revised and new criteria were added for membrane-covered rigid-steel-frame-structure
hangars.

The 2004 edition of this standard is a partial revision.
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IMPORTANT NOTE: This NFPA document is made available for
use subject to important notices and legal disclaimers. These notices
and disclaimers appear in all publications containing this document
and may be found under the heading “Important Notices and Dis-
claimers Concerning NFPA Documents.” They can also be obtained
on request from NFPA or viewed at www.nfpa.org/disclaimers.

NOTICE: An asterisk (*) following the number or letter
designating a paragraph indicates that explanatory material
on the paragraph can be found in Annex A.

Changes other than editorial are indicated by a vertical
rule beside the paragraph, table, or figure in which the
change occurred. These rules are included as an aid to the
user in identifying changes from the previous edition. Where
one or more complete paragraphs have been deleted, the de-
letion is indicated by a bullet (•) between the paragraphs that
remain.

A reference in brackets [ ] following a section or paragraph
indicates material that has been extracted from another NFPA
document. As an aid to the user, the complete title and edition
of the source documents for mandatory extracts are given in
Chapter 2 and those for nonmandatory extracts are given in
Annex C. Editorial changes to extracted material consist of
revising references to an appropriate division in this docu-
ment or the inclusion of the document number with the divi-
sion number when the reference is to the original document.
Requests for interpretations or revisions of extracted text shall
be sent to the technical committee responsible for the source
document.

Information on referenced publications can be found in
Chapter 2 and Annex C.

Chapter 1 Administration

1.1 Scope. This standard contains the minimum require-
ments for the proper construction of aircraft hangars and pro-
tection of aircraft hangars from fire.

1.2 Purpose.

1.2.1* The purpose of this standard is to provide a reasonable
degree of protection from fire for life and property in aircraft
hangars, based on sound engineering principles, test data,
and field experience.

1.2.2 No part of this standard is intended to restrict new tech-
nologies or alternative arrangements, provided the level of
safety prescribed by the standard is not lowered.

Chapter 2 Referenced Publications

2.1 General. The documents or portions thereof listed in this
chapter are referenced within this standard and shall be con-
sidered part of the requirements of this document.

2.2 NFPA Publications. National Fire Protection Association,
1 Batterymarch Park, Quincy, MA 02169-7471.

NFPA 10, Standard for Portable Fire Extinguishers, 2002 edition.
NFPA 11, Standard for Low-, Medium-, and High-Expansion

Foam, 2002 edition.
NFPA 11A, Standard for Medium- and High-Expansion Foam

Systems, 1999 edition.
NFPA 13, Standard for the Installation of Sprinkler Systems, 2002

edition.
NFPA 14, Standard for the Installation of Standpipe and Hose

Systems, 2003 edition.
NFPA 15, Standard for Water Spray Fixed Systems for Fire Protec-

tion, 2001 edition.
NFPA 16, Standard for the Installation of Foam-Water Sprinkler

and Foam-Water Spray Systems, 2003 edition.
NFPA 20, Standard for the Installation of Stationary Pumps for

Fire Protection, 2003 edition.
NFPA 24, Standard for the Installation of Private Fire Service

Mains and Their Appurtenances, 2002 edition.
NFPA 25, Standard for the Inspection, Testing, and Maintenance

of Water-Based Fire Protection Systems, 2002 edition.
NFPA 30, Flammable and Combustible Liquids Code, 2003

edition.
NFPA 31, Standard for the Installation of Oil-Burning Equip-

ment, 2001 edition.
NFPA 33, Standard for Spray Application Using Flammable or

Combustible Materials, 2003 edition.
NFPA 54, National Fuel Gas Code, 2002 edition.
NFPA 58, Liquefied Petroleum Gas Code, 2004 edition.
NFPA 69, Standard on Explosion Prevention Systems, 2002

edition.
NFPA 70, National Electrical Code®, 2005 edition.
NFPA 72®, National Fire Alarm Code®, 2002 edition.
NFPA 90A, Standard for the Installation of Air-Conditioning and

Ventilating Systems, 2002 edition.
NFPA 90B, Standard for the Installation of Warm Air Heating

and Air-Conditioning Systems, 2002 edition.
NFPA 91, Standard for Exhaust Systems for Air Conveying of

Vapors, Gases, Mists, and Noncombustible Particulate Solids, 2004
edition.

NFPA 101®, Life Safety Code®, 2003 edition.
NFPA 220, Standard on Types of Building Construction, 1999

edition.
NFPA 256, Standard Methods of Fire Tests of Roof Coverings,

2003 edition.
NFPA 410, Standard on Aircraft Maintenance, 2004 edition.
NFPA 415, Standard on Airport Terminal Buildings, Fueling

Ramp Drainage, and Loading Walkways, 2002 edition.
NFPA 701, Standard Methods of Fire Tests for Flame Propagation

of Textiles and Films, 2004 edition.
NFPA 780, Standard for the Installation of Lightning Protection

Systems, 2004 edition.

2.3 Other Publications. (Reserved)

Chapter 3 Definitions

3.1 General. The definitions contained in this chapter shall
apply to the terms used in this standard. Where terms are not
included, common usage of the terms shall apply.

3.2 NFPA Official Definitions.

3.2.1* Approved. Acceptable to the authority having jurisdic-
tion.
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3.2.2* Authority Having Jurisdiction (AHJ). An organization,
office, or individual responsible for enforcing the require-
ments of a code or standard, or for approving equipment,
materials, an installation, or a procedure.

3.2.3* Listed. Equipment, materials, or services included in a
list published by an organization that is acceptable to the author-
ity having jurisdiction and concerned with evaluation of products
or services, that maintains periodic inspection of production of
listed equipment or materials or periodic evaluation of services,
and whose listing states that either the equipment, material, or
service meets appropriate designated standards or has been
tested and found suitable for a specified purpose.

3.2.4 Shall. Indicates a mandatory requirement.

3.2.5 Should. Indicates a recommendation or that which is
advised but not required.

3.2.6 Standard. A document, the main text of which contains
only mandatory provisions using the word “shall” to indicate
requirements and which is in a form generally suitable for
mandatory reference by another standard or code or for adop-
tion into law. Nonmandatory provisions shall be located in an
appendix or annex, footnote, or fine-print note and are not to
be considered a part of the requirements of a standard.

3.3 General Definitions.

3.3.1 Aircraft Access Door. Any opening through which any
portion of the aircraft is passed to gain entry to the hangar.

3.3.2* Aircraft Hangar. A building or other structure inside
any part of which aircraft are housed or stored, and in which
aircraft might undergo service, repairs, or alterations.

3.3.3* Aircraft Storage and Servicing Area. That part of a han-
gar normally used for the storage and servicing of one or more
aircraft, not including any adjacent or contiguous areas or
structures, such as shops, storage areas, and offices.

3.3.4 Calculation Method.

3.3.4.1 Demand Calculation Method. Hydraulic calculation
procedure for determining the minimum theoretical flow
and pressure required to produce a minimum specified
total discharge from a specific configuration of piping and
discharge devices.

3.3.4.2 Supply Calculation Method. Hydraulic calculation
procedure for determining the maximum theoretical flows
and pressures in a system with a specific configuration of
piping and discharge devices supplied by a water distribu-
tion system.

3.3.5 Detection System. A system consisting of detectors;
controls; control panels; automatic and manual actuating
mechanisms; all wiring, piping, and tubing; and all associated
equipment that is used to actuate an extinguishing system.

3.3.6 Fire Wall. A wall separating buildings or subdividing a
building to prevent the spread of fire and having a fire resis-
tance rating and structural stability. [221:1.3]

3.3.7 Foam–Water Deluge System. A foam–water sprinkler sys-
tem employing open discharge devices, which are attached to a
piping system that is connected to a water supply through a valve
that is opened by the operation of a detection system, which is
installed in the same areas as the discharge devices. When this
valve opens, water flows into the piping system and discharges
from all discharge devices attached thereto. [16:1.3]

3.3.8 Gross Wing Area. See 3.3.17, Wing Area.

3.3.9 Hangar Building Cluster. A group of buildings with
more than one area for the storage and servicing of aircraft
and all attached or contiguous structures, or structures not
separated as specified in 8.3.1 of this standard, as appropriate.

3.3.10 Hangar Fire Area. An area within an aircraft hangar
subject to loss by a single fire because of lack of internal sub-
divisions as specified in Section 5.2 or 8.2 of this standard, as
appropriate.

3.3.11 Membrane Hangar. The flexible structural fabric or
film that supports the imposed loads and transmits them to
the supporting structure. The membrane carries only tension
or shear in the plane of the membrane.

3.3.12* Paint Hangar. An aircraft hangar that is occupied pri-
marily for the application of paint or other flammable or com-
bustible liquids involving an entire aircraft or major portions
of an aircraft.

3.3.13 Single Hangar Building. A building with one area for
the storage and servicing of aircraft and any attached, adjoin-
ing, or contiguous structure, such as a lean-to, shop area, or
parts storage area not separated as specified in Section 5.2 or
8.2 of this standard, as appropriate.

3.3.14 Tail Height. The maximum tail height as stated in air-
craft manufacturers’ specifications.

3.3.15 Unfueled Aircraft. An aircraft whose fuel system has
had flammable or combustible liquid removed such that no
tank, cell, or piping contains more than 1⁄2 percent of its volu-
metric capacity.

3.3.16 Weathered-Membrane Material. Membrane material
that has been subjected to a minimum of 3000 hours in a
weatherometer in accordance with ASTM G 155, Standard
Practice for Operating Xenon Arc Light Apparatus for Exposure of
Non-Metallic Materials, or approved equivalent. [5000:3.3]

3.3.17 Wing Area. Total projected area of clean wing (no pro-
jecting flaps, slats, and similar items) including all control sur-
faces and area of the fuselage bounded by the leading and
trailing edges projected to the centerline (inapplicable to
slender-delta aircraft with extremely large leading-edge sweep-
angle). Net area excludes projected areas of fuselage, nacelles,
and similar items.

Chapter 4 Aircraft Hangar Groups

4.1 Aircraft Hangar Classification. For the purposes of this
standard, aircraft hangars shall be classified as follows.

4.1.1 Group I Aircraft Hangar. A Group I aircraft hangar
shall have at least one of the following features and operat-
ing conditions:

(1) An aircraft access door height over 8.5 m (28 ft)
(2) A single fire area in excess of 3716 m2 (40,000 ft2)
(3) Provision for housing an aircraft with a tail height over

8.5 m (28 ft)

4.1.2 Group II Aircraft Hangar. A Group II aircraft hangar
shall have both of the following features:

(1) An aircraft access door height of 8.5 m (28 ft) or less
(2) A single fire area for specific types of construction in ac-

cordance with Table 4.1.2
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4.1.3* Group III Aircraft Hangar. A Group III hangar shall
have both of the following features:

(1) An aircraft access door height of 8.5 m (28 ft) or less
(2) A single fire area that measures up to the maximum

square footage permitted for specific types of construc-
tion in accordance with Table 4.1.3

4.1.4 Group IV Aircraft Hangar. A Group IV aircraft hangar
shall be a structure constructed of a membrane-covered rigid
steel frame.

Chapter 5 Construction of Group I and Group II
Aircraft Hangars

5.1 Types of Construction.

5.1.1* Group I hangars shall be either Type I or Type II con-
struction in accordance with NFPA 220. Group II hangars shall
be constructed of any of the types of construction specified in
NFPA 220 or any combination thereof.

5.1.2* Mezzanines, tool rooms, and other enclosures within
aircraft storage and servicing areas shall be constructed of
noncombustible material or limited-combustible material as
defined in NFPA 220 in all hangars except those of Type V
(111) and (000) construction.

5.2 Internal Separations.

5.2.1* Where aircraft storage and servicing areas are subdi-
vided into separate fire areas, the separation shall be by a
fire wall having not less than a 3-hour fire resistance rating.
Any openings in such fire walls communicating directly be-
tween two aircraft storage and servicing areas shall be pro-
vided with a listed 3-hour fire door or 3-hour shutter actu-
ated from both sides of the wall. Where areas are of
different heights, the tallest wall shall have a fire resistance
rating of not less than 3 hours.

5.2.2 Where two or more aircraft storage and servicing areas
constituting separate fire areas are separated by continuous
offices, shops, and parts storage areas, one of the two walls
between the aircraft storage and servicing areas and the of-
fices, shops, and parts storage areas shall comply with 5.2.1.
The other wall shall comply with 5.2.3.

5.2.3* For aircraft hangars, other than those housing unfu-
eled aircraft, partitions and ceilings separating aircraft storage
and servicing areas from all other areas, shops, offices, and
parts storage areas shall have at least a 1-hour fire resistance
rating with openings protected by listed fire doors or shutters
having a minimum fire resistance rating of 45 minutes.

5.2.4 For aircraft hangars, other than those housing unfu-
eled aircraft, where a storage and servicing area has an at-
tached, adjoining, or contiguous structure, such as a lean-to,
shop, office, or parts storage area, the wall common to both
areas shall have at least a 1-hour fire resistance rating, with
openings protected by listed fire doors having a minimum fire
resistance rating of 45 minutes and actuated from both sides
of the wall.

5.3 Clear Space Distance Requirements Around Hangars.

5.3.1 Precautions shall be taken to ensure ready access to
hangars from all sides. Adequate separation shall be provided
to reduce fire exposure between buildings. The clear spaces
specified in Table 5.3.2 shall not be used for the storage or
parking of aircraft or concentrations of combustible materials,
nor shall buildings of any type be erected therein.

5.3.2 For single hangar buildings, the clear space distances
specified in Table 5.3.2 shall be maintained on all sides of the
single hangar. Where mixed types of construction are in-
volved, the less fire-resistant type of construction shall be used
to determine the clear space required.

Table 4.1.2 Fire Areas for Group II Aircraft Hangars

Single Fire Area (Inclusive)

Type of Construction m2 ft2

Type I (443) and (332) 2,787–3,716 30,001–40,000
Type II (222) 1,858–3,716 20,001–40,000
Type II (111), Type III

(211), and Type IV
(2HH)

1,394–3,716 15,001–40,000

Type II (000) 1,115–3,716 12,001–40,000
Type III (200) 1,115–3,716 12,001–40,000
Type V (111) 743–3,716 8,001–40,000
Type V (000) 465–3,716 5,001–40,000

Table 4.1.3 Maximum Fire Areas for Group III Aircraft
Hangars

Maximum Single Fire Area

Type of Construction m2 ft2

Type I (443) and (332) 2,787 30,000
Type II (222) 1,858 20,000
Type II (111), Type III

(211), and Type IV
(2HH)

1,394 15,000

Type II (000) 1,115 12,000
Type III (200) 1,115 12,000
Type V (111) 743 8,000
Type V (000) 465 5,000

Table 5.3.2 Clear Space Distances for Single Hangar
Buildings

Minimum Separation
Required

Type of Construction m ft

Type I (443) and (332) 15 50
Type II (222) 15 50
Type II (111), Type III (211), and

Type IV (2HH)
15 50

Type II (000) 15 50
Type III (200) 15 50
Type V (111) and (000) 23 75
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5.3.2.1 Where both exposing walls and openings therein of
adjacent single hangar buildings have a minimum fire resis-
tance rating of at least 3 hours, no minimum separation dis-
tance shall be required.

5.3.2.2 Where the exposing wall and any openings therein of
one hangar have a minimum fire resistance rating of at least
2 hours, the minimum separation distance shall be permitted
to be reduced to not less than 7.5 m (25 ft) for single hangar
buildings.

5.3.2.3* Where the exposing walls of both buildings have a
minimum fire resistance rating of at least 2 hours, with all
windows protected by listed glass in fixed steel sash having a
minimum fire resistance rating of 45 minutes, with outside
sprinkler protection and each doorway protected with one au-
tomatically operated listed fire door having a minimum fire
resistance rating of 11⁄2 hours, the clear space distance shall be
permitted to be reduced to not less than 7.5 m (25 ft) between
single hangar buildings. Under such conditions, the glass area
in the exposing walls shall be not more than 25 percent of the
wall area.

5.4 Floors.

5.4.1 The surface of the grade floor of aircraft storage and
servicing areas, regardless of type of hangar construction, shall
be noncombustible and above the grade of the approach or
apron at the entrance to the hangar.

5.4.2* The floors of adjoining areas that pose flammable or
combustible liquid spill hazards and that connect with aircraft
storage and servicing areas shall be noncombustible and shall
be designed to prevent a spill from entering the aircraft stor-
age and servicing area.

5.4.3 Floor openings in multistoried sections of hangars shall
be enclosed with partitions or protected with construction
having a fire resistance rating not less than that required for
the floor construction where the opening is made.

5.5 Roofs.

5.5.1 Roof coverings shall be of an approved type of tile, slate,
metal, or asphalt shingle or of built-up roofing finished with
asphalt, slate, gravel, or other approved material. Roof cover-
ings shall be listed as Class A or Class B when tested in accor-
dance with NFPA 256.

5.5.2 Where insulated metal deck assemblies are used, they
shall be equivalent to FM Class 1 or UL Fire Classified ratings.

5.5.3* Spaces under roofs, created where suspended ceilings
are provided in aircraft storage and servicing areas, shall be
cut off from the area below so that the space cannot be used
for storage or other occupancy. The space shall be provided
with ventilation louvers to ensure air circulation therein.

5.5.4 Permanent exterior ladders to hangar roofs shall be
provided on all hangars exceeding 2323 m2 (25,000 ft2) in
area, or exceeding 12 m (40 ft) in height, or exceeding 30 m
(100 ft) in their smallest dimension.

Exception: Permanent exterior ladders to hangar roofs shall not be
required where enclosed stairs leading directly to the roof of aircraft
storage and servicing areas are available from the exterior of the
hangar.

5.6 Columns.

5.6.1 In aircraft storage and servicing areas of hangars hous-
ing other than unfueled aircraft, column protection shall be
required in accordance with 5.6.2 through 5.6.4.

5.6.2 All main steel structural columns of the aircraft storage
and servicing areas shall be made fire resistant using listed
materials and methods to provide a fire-resistive rating of not
less than 2 hours.

5.6.3* Fixed water or foam–water systems or additional dis-
charge devices as an extension of the overhead system shall be
permitted to be used in lieu of a 2-hour fire resistance rating, if
such systems are designed specifically to protect the columns.
Overspray from overhead sprinklers to protect columns shall
not be permitted.

5.6.3.1 Distances between discharge devices vertically shall
not exceed 3 m (10 ft).

5.6.4 All fire-resistant materials used to protect structural
steel columns shall be of a type that resists damage from dis-
charge of the fixed fire protection system.

5.7 Doors.

5.7.1 Hangar doors that accommodate aircraft shall be con-
structed of noncombustible or limited-combustible materials
where hangars are of any Type I or Type II construction as
specified in 5.1.1.

5.7.2 The power source for hangar doors shall operate on inde-
pendent circuits and shall not be deenergized when the main
disconnect switches for general hangar power are shut off.

5.7.3* Vertical traveling doors shall be counterbalanced, and
horizontal slide or accordion-type doors shall be arranged so
that manual or auxiliary operation by means of winches or
tractors, for example, is feasible.

5.7.4 In areas where freezing temperatures can occur, door
tracks or the bottom edges of doors shall be protected by heat-
ing coils or equivalent means to prevent ice formation that
might prevent or delay operation.

5.8 Curtains. Where curtains are used to enclose a work area,
they shall be of a listed flame-retardant type.

5.9 Landing Gear Pits, Ducts, and Tunnels.

5.9.1* Landing gear pits, ducts, and tunnels located below
floor level shall be designed on the premise that flammable
liquids and vapor will be present at all times. Materials and
equipment shall be impervious to liquids and shall be fire re-
sistant or noncombustible.

5.9.2 Electrical equipment for all landing gear pits, ducts,
and tunnels located below hangar floor level shall be suitable
for use in Class I, Division 1, Group D hazardous locations in
compliance with Article 501 of NFPA 70.

5.9.3 All landing gear pits, ducts, and tunnels shall be pro-
vided with a positive mechanical exhaust ventilation system
capable of providing a minimum rate of five air changes per
hour during normal operations and be designed to discharge
externally to the hangar.

5.9.4 Upon the detection of flammable vapors, the ventila-
tion system shall be capable of providing a minimum ventila-
tion rate of 30 air changes per hour for the landing gear pit
and all associated ducts or tunnels.

5.9.5* The ventilation system shall be controlled by an ap-
proved continuous-reading combustible gas-analyzing system
that is arranged to operate the ventilation system at the rate
specified in 5.9.4 automatically upon detection of a specified
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flammable vapor concentration that is below the lower flam-
mable limit (LFL). The detection system shall have sensors
located throughout all ducts and tunnels.

5.9.6 Because entry of fuel, oil, and water into landing gear
pits is inevitable, drainage or pumping facilities shall be
provided.

5.9.6.1 Water-trapped vapor seals and appropriate separator
fuel traps shall be provided.

5.9.6.2 Where automatic pumping facilities are necessary,
they shall be suitable for use with aviation fuel and water.

5.9.6.3 The drainage shall be fully enclosed pipe runs if
drainage is routed through ventilation or access tunnels to
external discharge points.

5.9.7* Explosion protection shall be provided in landing gear
pits, communicating ducts, and tunnel areas in the form of
pressure-relief venting or by a listed explosion prevention sys-
tem installed in accordance with NFPA 69.

5.9.8* An approved fire protection system shall be installed to
protect each pit unless the hangar fire protection required by
either Chapter 6 or Chapter 7 is adequate to protect each pit.

5.10 Exposed Interior Insulation. Exposed interior insulation
attached to walls and roofs in an aircraft storage or servicing
area of a hangar shall comply with the requirements of NFPA
101 special provisions for aircraft storage hangars, interior
wall and ceiling finish criteria.

5.11 Drainage of Aprons and Hangar Floors.

5.11.1 Apron Drainage.

5.11.1.1 The apron or approach at the entrance to the han-
gar shall slope away from the hangar with a minimum grade of
0.5 percent (1:200) for the first 15 m (50 ft).

5.11.1.2 Ramps used for aircraft fueling adjacent to hangar
structures shall comply with NFPA 415.

5.11.1.3 In establishing locations for nearby aircraft parking,
consideration shall be given to the drainage pattern of the apron.

5.11.2 Hangar Floor Trench Drainage.

5.11.2.1 In aircraft storage and servicing areas of hangars
housing other than unfueled aircraft, floor trench drainage in
accordance with 5.11.2.2 through 5.11.2.12 shall be provided.

5.11.2.2* Floor trench drainage systems shall be provided to
restrict the spread of fuel in order to reduce the fire and ex-
plosion hazards from fuel spillage.

5.11.2.3 Trench drainage systems shall be designed to reduce
fire and explosion hazards within the systems to the maximum
extent by the use of noncombustible underground piping and
by routing trench drainage as directly as possible to a safe
outside location. Such systems shall be designed with suitable
traps or be provided with adequate ventilation to prevent va-
por mixtures from forming within the underground trench
drainage system.

5.11.2.4* Trench drainage systems in aircraft storage or servic-
ing areas shall be designed and constructed so that they have
sufficient capacity to prevent buildup of flammable liquids
and water over the drain inlet when all fire protection systems
and hose streams are discharging at the design rate.

5.11.2.5 The pitch of the floor shall be a minimum of 0.5 per-
cent. The floor pitch provided shall be calculated, taking into

consideration the towing requirements of the aircraft and the
factors of aircraft weight, balance checking, and maintenance.

5.11.2.6 Each trench drainage system shall be calculated
separately, taking into consideration the maximum rated dis-
charge based on the supply calculation method for the fire
protection systems and hose lines.

5.11.2.7 The size of trench drainage piping shall be deter-
mined by the hydraulic demands placed on the system
throughout its length.

5.11.2.8 Curbs, ramps, or drains shall be provided at all open-
ings from aircraft storage and servicing areas, or the slope of
the floor shall be such so as to prevent the flow of liquids
through openings.

5.11.2.9 Pits for service facilities, such as for compressed air,
electrical outlets, and so forth, shall drain into the floor trench
drainage system.

5.11.2.10 Oil separators shall be provided for the trench
drainage systems serving all aircraft storage and servicing ar-
eas. These separators shall be permitted to serve each hangar
trench drainage system or a group of hangar trench drainage
systems or be installed as part of a general airport trench
drainage system.

5.11.2.11 In aircraft storage and servicing areas protected by
water sprinkler systems or foam–water systems, a bypass shall
be provided around the separator to allow for emergency di-
rect disposal of water and flammable liquids. Separator sys-
tems shall discharge flammable liquid products to a safely lo-
cated tank, cistern, or sump.

5.11.2.12 Grates and drain covers shall be of sufficient
strength to support the point loading of the heaviest type air-
craft or equipment that the hangar might serve. Grates and
covers shall be removable to facilitate cleaning and flushing.

5.12 Heating and Ventilating.

5.12.1* Heating, ventilating, and air-conditioning equipment
shall be installed, as applicable, in accordance with NFPA 90A,
NFPA 31, NFPA 54, NFPA 90B, and NFPA 58.

5.12.2 In aircraft storage and servicing areas of hangars hous-
ing other than unfueled aircraft, or sections communicating
therewith, no heating, ventilating, and air-conditioning equip-
ment employing an open flame or glowing element shall be
installed, other than as provided for in 5.12.5.

5.12.3 In aircraft storage and servicing areas of hangars hous-
ing other than unfueled aircraft, hangar heating plants that
are fired with gas, liquid, or solid fuels not covered under
5.12.5 and that are not located in a detached building shall be
located in a room separated from other parts of the hangar by
construction having at least a 1-hour fire resistance rating.

5.12.3.1 This separated room shall not be used for any other
hazardous purpose or combustible storage and shall have no
direct access from the aircraft storage or servicing area.

5.12.3.2 Openings in the walls of such rooms communicating
with other portions of the hangar shall be restricted to those
necessary for ducts or pipes.

5.12.3.3 Penetrations of the 1-hour fire resistance rated
enclosure shall be firestopped with an approved material
properly installed and capable of maintaining the required
fire resistance rating for the enclosure.
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5.12.3.4 Each such duct shall be protected with a listed auto-
matic fire damper or door.

5.12.3.5 All air for combustion purposes entering such sepa-
rated rooms shall be drawn from outside the building.

5.12.4* In aircraft storage and servicing areas of hangars
housing other than unfueled aircraft, heating, ventilating,
and air-conditioning systems employing recirculation of air
within aircraft storage and servicing areas shall have return
air openings not less than 3 m (10 ft) above the floor. Sup-
ply air openings shall not be installed in the floor and shall
be at least 152 mm (6 in.) from the floor measured to the
bottom of the opening.

5.12.4.1 Where automatic fire protection systems are in-
stalled in aircraft storage and servicing areas, fans for furnace
heating systems shall be arranged to shut down automatically
by means of the operation of the interior automatic fire pro-
tection system.

5.12.4.1.1 One or more manual fan shutoff switches shall be
provided.

5.12.4.1.2 Shutoff switches shall be accessible and clearly
placarded.

5.12.5 Suspended or Elevated Heaters.

5.12.5.1 In aircraft storage and servicing areas of hangars
housing other than unfueled aircraft, listed electric, gas, or oil
heaters shall be permitted to be used if installed as specified in
5.12.5.2 through 5.12.5.4.

5.12.5.2 In aircraft storage and servicing areas, heaters shall
be installed at least 3 m (10 ft) above the upper surface of
wings or of the engine enclosures of the highest aircraft that
might be housed in the hangar. The measurement shall be
made from the wing or engine enclosure, whichever is higher
from the floor, to the bottom of the heater.

5.12.5.3 In shops, offices, and other sections of aircraft han-
gars communicating with aircraft storage or servicing areas,
the bottom of the heaters shall be installed not less than 2.4 m
(8 ft) above the floor.

5.12.5.4 In all hangars, suspended or elevated heaters shall
be located in spaces where they shall not be subject to injury by
aircraft, cranes, movable scaffolding, or other objects. Provi-
sions shall be made to ensure accessibility to suspended heat-
ers for recurrent maintenance purposes.

5.12.6 Where a mechanical ventilating system is employed in
hangars or shops, the ventilating system shall be installed in
accordance with NFPA 90A.

5.12.7 Where blower and exhaust systems are installed for
vapor removal, the systems shall be installed in accordance
with NFPA 91.

5.13 Lighting and Electrical Systems.

5.13.1 Artificial lighting shall be restricted to electric lighting.

5.13.2* Electrical services shall be installed in compliance with
the provisions for aircraft hangars contained in Article 513 of
NFPA 70.

5.13.3 In aircraft storage and servicing areas of hangars hous-
ing other than unfueled aircraft, main distribution panels,
metering equipment, and similar electrical equipment shall

be located in a room separated from the aircraft storage and
servicing areas by a partition having at least a 1-hour fire resis-
tance rating. The partition shall not be penetrated except by
electrical raceways, which shall be protected by approved seal-
ing methods maintaining the same fire resistance rating as the
partition.

5.14* Lightning Protection. Where provided, lightning protec-
tion shall be installed in accordance with NFPA 780.

5.15 Grounding Facilities for Static Electricity.

5.15.1* Aircraft storage and servicing areas of hangars hous-
ing other than unfueled aircraft shall be provided with
grounding facilities for removal and control of static electrical
accumulations on aircraft while aircraft are stored or undergo-
ing servicing in a hangar in accordance with 5.15.2 and 5.15.3.

5.15.2 An adequate number of floor-grounding receptacles
shall be provided. The receptacles shall be either grounded
through individual driven electrodes or electrically bonded
together in a grid system and the entire system grounded to
underground metal piping, such as cold water or sprinkler
piping, or driven electrodes. Where driven electrodes are
used, they shall consist of 15.9 mm (5⁄8 in.) diameter or larger
metal rods driven at least 1.5 m (5 ft) into the ground. Floor-
grounding receptacles shall be designed to minimize the trip-
ping hazard.

5.15.3* Grounding wires shall be bare and of a gauge that is
satisfactorily durable to withstand mechanical strains and usage.

5.16 Exit and Access Requirements.

5.16.1 Means of egress from the aircraft hangar shall comply
with NFPA 101.

5.16.2 Aisles and clear space shall be maintained to ensure
access to sprinkler control valves, standpipe hose, fire extin-
guishers, and similar equipment.

5.17* Draft Curtains.

5.17.1* Draft curtains shall be provided. Draft curtain areas
shall be around each roof/ceiling fire suppression system and
subdivided such that a single draft curtain area shall not ex-
ceed 697 m2 (7500 ft2). The maximum projected floor area
under an individual sprinkler system shall be in accordance
with Chapters 6 and 7.

5.17.2 Draft curtains shall be constructed of noncombustible
materials not subject to disintegration or fusion during the
early stages of a fire and shall be tightly fitted to the underside
of the roof or ceiling. Any opening in draft curtains shall be
provided with self-closing doors constructed of materials
equivalent in fire resistance to the draft curtain itself.

5.17.3 Draft curtains shall extend down from the roof or ceil-
ing of aircraft storage and servicing areas not less than one-
eighth of the height from the floor to the roof or ceiling. Un-
der curved or sloping roofs extending to grade level or close to
grade level, draft curtains need not be continued below 4.8 m
(16 ft) from the floor.

5.17.4 Structural features of a building that serve the purpose
of draft curtains shall be permitted in lieu of specially con-
structed draft curtains provided they meet the dimensional
requirements of 5.17.3.
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Chapter 6 Protection of Group I Aircraft Hangars

6.1 General.

6.1.1 The protection of aircraft storage and servicing areas for
Group I aircraft hangars, other than those housing unfueled air-
craft, shall be in accordance with any one of the following:

(1) A foam–water deluge system, as specified in 6.2.2. In addi-
tion, supplementary protection systems as specified in
6.2.3 shall be provided in hangars housing single aircraft
having wing areas greater than 279 m2 (3000 ft2).

(2) A combination of automatic sprinkler protection in accor-
dance with 6.2.4 and an automatic low-level low-expansion
foam system in accordance with 6.2.5.

(3) A combination of automatic sprinkler protection in accor-
dance with 6.2.4 and an automatic low-level high-expansion
foam system in accordance with 6.2.5.

6.1.2 Group I aircraft hangar storage and service areas hous-
ing unfueled aircraft shall be provided with automatic sprin-
kler protection as specified in Sections 7.2 and 7.8.

6.1.3 Automatic sprinkler protection shall be provided inside
separate shop, office, and storage areas located inside aircraft
maintenance and servicing areas, unless they are otherwise
provided with automatic fire protection systems.

6.1.4 Each sprinkler system shall be designed and installed in
accordance with NFPA 13 and NFPA 16, as applicable, and in
accordance with the requirements of this chapter.

6.1.5 Additional protection, as specified in 6.2.9 and Sections
6.3 and 6.4, shall be provided in all Group I aircraft hangars in
addition to other protection systems required by this chapter.

6.2 Fire Protection Systems.

6.2.1 Plans and Specifications.

6.2.1.1* Before systems are installed, complete specifications
and working plans shall be drawn to scale showing all essential
details, and plans shall be easily reproducible to provide nec-
essary copies.

6.2.1.2 Information supplied in these plans and specifica-
tions shall be in accordance with NFPA 13 and shall include
the following:

(1) Design purpose of the systems
(2) Discharge densities and the period of discharge
(3) Hydraulic calculations
(4) Details of tests of the available water supply
(5) Details of proposed water supplies
(6) Detailed layout of the piping and of the detection systems
(7) Make and type of discharge devices, operating equip-

ment, and foam concentrate to be installed
(8) Location and spacing of discharge devices
(9) Pipe hanger and bracing location and installation details

(10) Location of draft curtains
(11) Accurate and complete layout of the area to be pro-

tected, including drainage layout
(12) Details of any foam concentrate, its storage and injec-

tion, and other pertinent data to provide a clear expla-
nation of the proposed design

(13) Location and spacing of supplementary or low-level
agent distributors, showing the area of coverage

(14) Installation layout of the actuation systems
(15) Detailed layout of water supply piping, agent storage,

pumping and piping, power sources, and location and
details of mechanical foam–liquid concentrate injection
equipment

6.2.2 Deluge Foam–Water Sprinkler System Design and Per-
formance.

6.2.2.1 In aircraft storage and servicing areas, each sprinkler
system shall be designed in accordance with NFPA 13 and
NFPA 16, as applicable, and in accordance with this chapter.

6.2.2.2* In aircraft storage and servicing areas, the maximum
projected floor area under an individual deluge system shall
not exceed 1394 m2 (15,000 ft2).

6.2.2.3 In aircraft storage and servicing areas, the protection
area as projected on the floor shall be limited to 12 m2 (130 ft2).
The maximum distance between sprinklers either on branch
lines or between branch lines shall be 3.7 m (12 ft).

6.2.2.4 System piping shall be hydraulically designed using
two separate calculation methods.

6.2.2.4.1 The demand calculation method shall be performed
to determine the adequacy of the water supply.

6.2.2.4.2 The supply calculation method shall be performed
to determine the amount of foam concentrate required.

6.2.2.4.3 Where steel pipe is installed, the coefficient C in
the Hazen and Williams formula shall be taken as 120 in the
calculations.

6.2.2.5 In other portions of hangars protected by sprinklers,
the spacing shall be in accordance with the hazard require-
ments of the areas involved.

6.2.2.6 Uniform sprinkler discharge shall be based on a maxi-
mum variation of 15 percent between the sprinkler providing
the lowest density and the sprinkler providing the greatest
density within an individual deluge system as specified in
6.2.2.12 or 6.2.2.13.

Exception: Local application protection for columns shall not be re-
quired to comply with the maximum variation of 15 percent.

6.2.2.6.1 Variation below the required density shall not be
permitted.

6.2.2.6.2 Orifice plates, sprinklers of different orifice sizes,
piping of less than 25.4 mm (1 in.) diameter, or multiple fit-
tings installed between a branch line fitting and an individual
sprinkler for the sole purpose of increasing pressure loss shall
not be permitted as a means to limit discharge.

6.2.2.7* Where open hangar doors result in interference with
the distribution of overhead systems, additional devices shall
be provided to ensure effective floor coverage.

6.2.2.8 Foam–water deluge systems discharge devices shall be
either air-aspirating or non-air-aspirating and shall have de-
flectors designed to produce water discharge patterns closely
comparable to those of spray sprinklers as defined in NFPA 13
when discharging at the same rates of flow.

6.2.2.9 The discharge devices shall generate foam where sup-
plied with the foam solution under pressure and shall distrib-
ute the foam in a pattern essentially similar to that of water
discharging therefrom.
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6.2.2.10 The discharge devices shall have a minimum nomi-
nal 6.4 mm (1⁄4 in.) orifice and shall be listed for use with the
particular type of foam concentrate to be used in the system.

6.2.2.11 Strainers shall be installed in accordance with NFPA16.

6.2.2.12 The discharge density from air-aspirating discharge
devices using protein foam, fluoroprotein foam, or aqueous
film-forming foam (AFFF) solutions shall be a minimum of
8.1 L/min/m2 (0.20 gpm/ft2) of floor area.

6.2.2.13 The discharge density from non-air-aspirating dis-
charge devices using AFFF solution shall be a minimum of
6.5 L/min/m2 (0.16 gpm/ft2) of floor area.

6.2.3 Supplementary Protection Systems.

6.2.3.1* Hangars protected in accordance with 6.1.1(1) and
housing aircraft having wing areas in excess of 279 m2

(3000 ft2) shall be protected with a listed supplementary pro-
tection system.

6.2.3.2* Each system shall be designed to cover a specified
floor area beneath the aircraft being protected. The design
objective shall be to achieve control of the fire within the pro-
tected area within 30 seconds of system actuation and extin-
guishment of the fire within 60 seconds.

6.2.3.3 Each supplementary protection system shall be de-
signed, installed, and maintained in accordance with NFPA 11
or NFPA 11A.

6.2.3.4 Supplementary Low-Expansion Foam Systems.

6.2.3.4.1 Supplementary low-expansion foam systems shall
employ AFFF, protein, or fluoroprotein foam–liquid concen-
trates and shall be designed for local application.

6.2.3.4.2* Where oscillating nozzles are used, the discharge
pattern limits shall be established for the design. Positive se-
curement of the limits of oscillation shall be provided by such
devices as set screws, locking pins, or similar methods. When
placed in service, the manual override feature, if any, shall be
locked out to provide for automatic operation only.

6.2.3.4.3 Where protein- or fluoroprotein-based concen-
trates are used, the minimum application rate of foam solu-
tion shall be 6.5 L/min/m2 (0.16 gpm/ft2) of floor area be-
neath the wings and wing center section of the aircraft. Where
AFFF concentrate is used, the minimum application rate shall
be 4.1 L/min/m2 (0.10 gpm/ft2) of floor area beneath the
wings and wing center section of the aircraft.

6.2.3.4.4 If any nozzles are removed to allow movement of
the aircraft, removal of the nozzles shall not reduce the effec-
tiveness of the remaining system.

6.2.3.4.5 Electric power reliability for oscillating nozzles shall
be in accordance with electric fire pump requirements of
NFPA 20.

6.2.3.4.6 Where monitor-type nozzles are used, an individual
manual control valve shall be provided for each unit. This
valve shall be supervised.

6.2.3.5 Supplementary High-Expansion Foam Systems.

6.2.3.5.1 Supplementary high-expansion foam systems shall
utilize surfactants as the foaming ingredient and shall be de-
signed for local application.

6.2.3.5.2* These systems shall be designed to discharge at a
rate to cover the protected area to a depth of at least 0.9 m
(3 ft) within 1 minute.

6.2.3.5.3 Discharge rates shall take into consideration the sprin-
kler breakdown factor required in 2.3.5.2(b) of NFPA 11A.

6.2.3.5.4 The foam generators shall be located at the ceiling or
on exterior walls in such a way that only air from outside the
aircraft storage and servicing area can be used for foam genera-
tion. Roof vents shall be located to avoid recirculation of combus-
tion products into the air inlets of the foam generators.

6.2.3.5.5* Generators shall be powered by reliable water-
driven or electric motors. Electric power reliability for genera-
tors shall be in accordance with electric fire pump require-
ments of NFPA 20.

6.2.4 Closed-Head Water Sprinkler Systems for Aircraft Stor-
age and Servicing Areas.

6.2.4.1* Sprinkler systems shall be either wet pipe or preac-
tion, designed and installed in accordance with the applicable
sections of NFPA 13 and the provisions of this chapter.

6.2.4.2 Sprinkler piping shall be hydraulically sized in accor-
dance with NFPA 13. The maximum system size shall not ex-
ceed 4831 m2 (52,000 ft2).

6.2.4.3 Sprinkler spacing shall be as specified in 6.2.2.3.

6.2.4.4 Where open hangar doors result in interference with
the distribution of water from the hangar sprinkler systems,
additional sprinklers shall be provided to ensure effective
floor coverage.

6.2.4.5 The design density of water from sprinkler systems
shall be a minimum of 6.9 L/min/m2 (0.17 gpm/ft2) over any
1394 m2 (15,000 ft2) area, including the hydraulically most
demanding area as defined in NFPA 13.

6.2.4.6 Sprinklers shall be nominal K-5.6 or K-8.0 sprinklers.

6.2.4.7 Quick-response sprinklers having a temperature rat-
ing of 79.4°C (175°F) shall be used. Quick-response sprinklers
having a temperature rating of 93.3°C (200°F) shall be permit-
ted in areas subject to high ambient temperatures.

6.2.4.8 Sprinkler systems shall be flushed and tested in accor-
dance with NFPA 13.

6.2.5 Low-Level Foam Protection Systems.

6.2.5.1 Hangars protected in accordance with 6.1.1(2) or
6.1.1(3) shall be protected with a listed low-level foam protec-
tion system.

6.2.5.2 Each low-level foam protection system shall be de-
signed, installed, and maintained in accordance with NFPA 11
or NFPA 11A.

6.2.5.3* The low-level foam system shall be designed to
achieve distribution of foam over the entire aircraft storage
and service area. The design objective shall be to achieve cov-
erage of the entire aircraft storage and servicing area to within
1.5 m (5 ft) of the perimeter walls and doors within 3 minutes
of system actuation.

6.2.5.4 Low-Level Low Expansion Foam Systems. Foam sys-
tems shall be of the fixed type and shall be designed and in-
stalled in accordance with the requirements for fixed-type sys-
tems in NFPA 11.
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