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N O T I C E  

All questions or other communica t ions  relat ing to this document  should be sent only to NFPA Head-  
quarters,  addressed to the at tent ion of the Commi t t ee  responsible for the document .  

For informat ion on the procedures for request ing Technical Commit tees  to issue Formal Interpretat ions,  
proposing Tentative Inter im Amendments ,  proposing amendments  for Commi t t ee  consideration, and appeals 
on matters  relat ing to the content  of the document ,  write to the Secretary, Standards  Council ,  Nat ional  Fire 
Protect ion Association, 1 Bat te rymarch  Park, RO. Box 9101, Quincy, MA 02269-9101. 

A statement, written or oral, that is not processed in accordance with Section 16 of the Regulations Govern- 
ing Commi t t ee  Projects shall not be considered the official position of NFPA or any of its Commit tees  and 
shall not be considered to be, nor  be relied upon as, a Formal Interpretat ion.  

Users of this document  should consult  applicable Federal, State and local laws and regulations.  NFPA 
does not, by the publicat ion of this document ,  intend to urge action which is not in compliance with appli- 
cable laws and this document  may not be construed as doing so. 

Policy Adopted by NFPA Board of Directors on December 3, 1982 

The Board of Directors reaffirms that the Nat ional  Fire Protect ion Association recognizes that the tox- 
icity of the products  of combust ion is an impor tan t  factor in the loss of life from fire. NFPA has dealt with 
that subject in its technical  commit tee  documents  tor man.v },'ears. 

There  is a concern that the growing use of synthetic" materials  may produce more or addit ional  toxic 
products  of combust ion in a fire environment .  The  Board has, therefore, asked all NFPA technical commit-  
tees to review the documents  for which they are responsible to be sure that the documents  respond to this 
current  concern. "lb assist the commit tees  in mee t ing  this request, the Board has appointed an advisory com- 
mit tee  to provide specific guidance to the technical commit tees  on questions relat ing to assessing the hazards  
of the products  of combust ion.  

Licensing Provision - -  Thi~ document  is copyrighted by the National  Fire Protect ion Association 
{NFPA) 

1. Adoption by Reference - -  Public authori t ies  and others are urged to reference this document  in 
laws, ordinances, regaalations, administrative orders or similar instruments. An}' deletions, additions and changes 
desired by the adopt ing  author i ty  must  be noted separatel~ Those using this method are requested to notify 
the NFPA (Attention: Secretary, Standards Council)  in wri t ing of such use. The term -adop t ion  by reference" 
means  the ci t ing of title and publ ishing in tormat ion only. 

2. A d o p t i o n  by  T r a n s c r i p t i o n  - -  A. Public authorit ies with l awmaking  or ru le -making  powers only, 
upon wri t ten notice to the NFPA (Attention: Secretary, Standards  Council) ,  will be granted a royalty-free 
license to print  and republish this docmnent  in whole or in part, with changes and additions,  if any, noted 
separately, in laws, ordinances,  regulations, adminis t ra t ive  orders or s imilar  ins t ruments  having the force of 
law, provided that: (1) due notice of NFPA's copyright is contained in each law and in each copy thereof; 
and, (2) that such print ing and republication is l imited to numbers  sufficient to satisfy the jurisdiction's  lawmak- 
ing or ru lemak ing  process. B. Once  this NFPA Code or Standard has been adopted into law, all pr int ings  
of this document  by public authori t ies  with l awmaking  or ru lemaking  powers or any other persons desir ing 
to reproduce this document  or its contents as adopted by the jur isdict ion in whole or in part,  in any form, 
upon writ ten request to NFPA (Attention: Secretary, Standards Council), will be granted a nonexclusive license 
to print,  republish,  and vend this document  in whole or in part, with changes and addit ions,  if any, noted 
separately provided that due notice of NFPA's copyright is contained in each copy. Such license shall be granted 
only upon agreement  to pay NFPA a royalty. This  royalty is required to provide funds for the research and 
development  necessary to cont inue the work of NFPA and its volunteers in cont inual ly  upda t ing  and revising 
NFPA standards Under  certain circumstances, public authorit ies with lawmaking  or ru lemaking  powers may 
apply tor and may receive a special royalty when the public" interest will be served thereby. 

3. Scope of License Grant - -  The  terms and condit ions set forth above do not extend to the index 
to this document .  

(For further explanat ion,  see the Policy Concern ing  the Adoption,  Pr in t ing  and Publicat ion of NFPA 
Documents  which is available upon request from the NFPA.) 

Statement on NFPA Procedures 

This  material  has been developed under  the published procedures of the National  Fire Protection Associa- 
tion, which are designed to assure the appoin tment  of technically competent  Commit tees  having  balanced 
representation.  Whi le  these procedures assure the highest degree of care, nei ther  the National  Fire Protect ion 
Association, its members ,  nor  those par t ic ipa t ing  in its activities accepts any liability result ing from com- 
pliance or noncompl iance  with the provisions given herein, for any restrictions imposed on mater ia ls  or pro- 
cesses, or for the completeness of the text. 

NFPA has no power or author i ty  to police or enforce compliance with the contents of this document  
and any certification of products  s ta t ing compliance with requi rements  of this document  is made  at the peril 
of the certifier. 
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Reference: 3-2.3.13 

The Committee on Airport Facilities notes the following error in the 1990 edition of NFPA 
409, Aircraft Hangars. The 1990 Annual Meeting TCR Proposal 409-23 was incorrectly 
incorporated at the end of sentence one and should have been placed at the end of sentence 
two. The paragraph should read as follows: 

3-2.3.13 The quantities of foam liquid concentrate, either protein foam, fluoroprotein, or 
AFFF, shall be sufficient for a foam discharge at the design rate for a minimum of 10 min- 
utes. Where the systems have been designed to have a discharge rate higher than the speci- 
fied minimums, a proportionate reduction in the discharge period may be made but not less 
than, ' /minutes.  
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This edition of  NFPA 409, Standard on Aircraft Hangars, was p repa red  by the Techni-  
cal Committee on Airpor t  Facilities, released by the Correlat ing Committee on Aviation, 
and acted on by the National Fire Protection Association, Inc. at its Annual  Meeting held 
May 21-24, 1990 in San Antonio, TX. It was issued by the Standards Council on July 20, 
1990, with an effective date of  August 17, 1990, and supersedes all previous editions. 

The  1990 edition of  this document  has been approved  by the American National 
Standards Institute. 

Changes other  than editorial  are indicated by a vertical rule in the margin  of  the pages 
on which they appear .  These lines are included as an aid to the user in identifying 
changes from the previous edition. 

Origin and Development of  NFPA 409 

The original fire protection recommendat ions  for the construction and protection of  
airplane hangars were published by the National Board of Fire Underwri ters  (now the 
American Insurance Association) in 1930. Revisions were issued by the NBFU in 1931, 
1943, 1945, and 1950. During the per iod 1943 through 1954, these recommendat ions  
were published as NBFU Pamphlet  85. 

In 1951, the National Fire Protection Association, Inc. organized a Committee on Air- 
craft Hangars  to which the National Board of  Fire Underwri ters  and other  interested 
groups lent their support .  The  NFPA's first s tandard was adopted  in 1954, and the 
NBFU adopted  the same text, rescinding their  earl ier  1950 standard.  Revisions were 
made in 1957 and 1958 by this NFPA Committee.  In 1959, a reorganizat ion of  the NFPA 
aviation activities resulted in the assignment of  this s tandard to the Sectional Committee 
on Aircraft Hangars  and Airport  Facilities. The  1960, 1962, 1965, 1966, 1967, 1969, 
1970, 1971, 1972, 1973 and 1975 editions were p repa red  by this sectional committee.  
The  sectional committee was reorganized as the Technical Committee on Airport  Facili- 
ties and completed a revision to NFPA 409 in 1978. The  document  underwent  extensive 
editorial revision and partial  technical revision in 1984. This s tandard  was revised in 
1990. 



409-2  AIRCRAFY HANGARS 

C o m m i t t e e  on  Aviat ion  

Corre lat ing  C o m m i t t e e  

James J. Brenneman, Chairman 
Sunnyvale, CA 

L. M. Krasner, Vice Chairman 
Factory Mutual Research Corp. 

Gene E. Benzenberg, Alison Control Inc. 
John R. Flynn, American Airlines 
William M. Geraghty, Burlingame, CA 
James F. O'Regan, Feecon Corp. 

Bruce IL Pashley, Ogden Allied Aviation Services 
John F. Rooney, Tucson, AZ 
Donald J. Slater, Jr., Hartford Steam Boiler 
Stanley J. Wolek, Port Authority of NY and NJ 

T e c h n i c a l  C o m m i t t e e  o n  Airport  Faci l i t ies  

L. M. Krasner, Chairman 
Factory Mutual Research Corp. 

Gene E. Benzenberg, Vice Chairman 
Alison Control Inc. 

James M. Dewey, Secretary 
Professional Loss Control Inc. 

Nathaniel J. Addleman, Boeing Military Airplane 
Co. 
James IL Ballinger, M & M Protection Consultants 
James J. Brenneman, Sunnyvale, CA 
Delhert R. Chase, Jr., Federal Express Corp. 
J. Walter Coon, Black & Veatch 
J. D. Dick, Kemper Group 

Rep. AAI 
Frank A. Dwyer, Pan America World Airways Inc. 
Paul F. Helweg, Jr., Johnson & Higgins of CT Inc. 
Donald W. Hering, 3S Incorporated 
James M. Ingalls, Industrial Risk Insurers 
Elwin G. Joyce, KY Div. of Bldg. Code Enforce- 
ment 

Rep. FMANA 
Dennis C. Kennedy, RolfJensen & Associates, Inc. 
Thomas J. Lett, Albuquerque Fire & Safety Assoc. 
Inc. 

Rep. NFPA/FSS 

Fred M. Linde, Nat'l Foam System Inc. 
John J. O'Sullivan, British Airways Property Ser- 
vices 

Rep. BAPS 
Henry J. Perrault, Pratt & Whitney 
Richard J. Petraitis, United Airlines 
Randy D. Pope, Burns & McDonnell Engineering 
Co. 
Joseph H. Priest, Grinnell Corp. 

Rep. NFSA 
Gerald R. Schultz, Schirmer Engineering Corp. 
Arnold M. Sloane, Port Authority of NY and NJ 

Rep. AOCI 
Doug Toupalik, Ansul Fire Protection/Wormald 
U.S., Inc. 

Rep. FEMA 
Fred K. Walker, HQ United States Air Force 

Alternates 

Robert D. Grausam, Kemper Group 
(Alternate to J. D. Dick) 

Willard R. Ham, M & M Protection Consultants 
(Alternate to J. R. Ballinger) 

F.M.E. Hughes, British Airways 
(Alternate to J. J. O'Sullivan) 

Michael L. Jones, Industrial Risk Insurers 
(Alternate to J. M. lngalls) 

Keith C. Kremkow, Johnson & Higgins 
(Alternate to P. F. Helweg, Jr.) 

Robert C. Merritt, Factory Mutual Research Corp. 
(Alternate to L. M. Krasner) 

Mark Oliszewicz, Schirmer Engineering Corp. 
(Alternate to G. R. Schultz) 

Jack Poole, Black & Veatch 
(Alternate to J. W. Coon) 

1990 Edition 



COMMITFEE PERSONNEL 4 0 9 - 3  

V. G. Pyrpyr i s ,  Port Author i ty  of  NY and  NJ 
(Alternate to A. M. Sloane) 

Nonvoting 

Terry L. Victor, Automa t i c  Sp r ink l e r  Corp .  o f  
America  

Rep. NFSA 
(Alternate to J. H. Priest) 

Mark T.  Conroy ,  NFPA Staff Liaison 

Jerome Lederer ,  L a g u n a  Hills, CA 

(Member  Emeri tus)  

This list represents the membership at the time the Committee was balloted on the text of this edztion. Since that time, changes 
in the membership may have occurred. 

NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the Associa- 
tion or any document developed by the Committee on which the member serves. 

1990 Edition 



4 0 9 - 4  AIRCRAFT HANGARS 

Contents 

Chapter 1 Administration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 -  7 
1-1 Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 -  7 

1-2 Pu rpose  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 -  7 
1-3 Defini t ions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 -  7 

Chapter 2 Construction of Group I and Group II Aircraft Hangars . . . . . .  4 0 9 -  8 
2-1 Types  of  Cons t ruc t ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 -  8 
2-2 In te rna l  Separa t ions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 -  8 

2-3 Clear  Space Distance R e q u i r e m e n t s  A r o u n d  H a n g a r s  . . . . . . . . . . . . .  4 0 9 -  9 

2-4 Floors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 -  9 

2-5 Roofs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 - 1 0  

2-6 Co lumns  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 -1 0  
2-7 Doors  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 -1 0  

2-8 Cur ta ins  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 -1 0  
2-9 L a n d i n g  Gear  Pits, Ducts, a n d  T u n n e l s  . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 - 1 0  

2-10 Exposed  In te r io r  Insula t ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  409-11  

2-11 Dra inage  o f  Aprons  and  H a n g a r  Floors . . . . . . . . . . . . . . . . . . . . .  409-11  
2-12 Hea t ing  and  Vent i la t ing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  409-11 

2-13 L igh t ing  a n d  Electrical Systems . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 -1 2  

2-14 L igh tn ing  Protec t ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 -1 2  

2-15 G r o u n d i n g  Facilities for Static Electricity . . . . . . . . . . . . . . . . . . . . .  4 0 9 -1 2  

2-16 Exit and  Access R e q u i r e m e n t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 -1 2  
2-17 Draft  Cur ta ins  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 -1 2  

Chapter 3 Protection of Group I Aircraft Hangars . . . . . . . . . . . . . . . . .  4 0 9 -1 2  
3-1 Genera l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 -1 2  

3-2 Spr ink le r  System Design and  P e r f o r m a n c e  . . . . . . . . . . . . . . . . . . . .  4 0 9 -1 3  
3-3 S u p p l e m e n t a r y  Protect ion Systems . . . . . . . . . . . . . . . . . . . . . . . . . .  409 -15  

3-4 H a n d  Hose  Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  409 -17  

3-5 Whee l ed  and  Portable  Ex t ingu ishers  . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 -1 8  
3-6 Protec t ion  System Alarms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 -1 8  

Chapter 4 Protection of Group II Aircraft Hangars . . . . . . . . . . . . . . . . .  4 0 9 -1 8  

4-1 Genera l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 -1 8  

4-2 Spr ink le r  System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 -1 8  

4-3 Low Expans ion  Foam System . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 - 1 9  
4-4 High Expans ion  Foam System . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 - 1 9  

4-5 Detect ion a n d  Actuat ion Systems . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 - 2 0  

4-6 Wate r  Supply  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 - 2 0  

Chapter 5 Group III Aircraft Hangars . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 - 2 0  

5-1 Cons t ruc t ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 - 2 0  

5-2 Separa t ion  and  In t e rna l  Subdivis ions . . . . . . . . . . . . . . . . . . . . . . . .  409-21  
5-3 H a n g a r  Bui ld ing  Clusters  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  409-21  

5-4 Hea t ing  and  Vent i la t ing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 - 2 2  

5-5 Light ing  and  Electrical Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 -2 2  

5-6 L igh tn ing  Protec t ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 -2 2  

5-7 G r o u n d i n g  Facilities for  Static Electricity . . . . . . . . . . . . . . . . . . . . . .  4 0 9 -2 2  

5-8 Exit a n d  Access R e q u i r e m e n t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  409 -23  

5-9 Fire Protec t ion  for  G r o u p  III H a n g a r s  . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 -2 3  

Chapter 6 Periodic Inspection and Testing . . . . . . . . . . . . . . . . . . . . . .  4 0 9 -2 3  

6-1 Fire Protec t ion  Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 -2 3  

1990 Edition 



C O N T E N T S  4 0 9 - 5  

Chapter 7 Referenced Publications . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 - 2 4  

Appendix A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 - 2 4  

Appendix B Referenced Publications . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 - 2 9  

I n d e x  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 9 - 3 0  

1990 Edition 





ADMINISTRATION 409-7 

N F P A  409  

Standard on  

Aircraft Hangars 

1990  Ed i t i on  

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

Information on referenced publications can be found in 
Chapter 7 and Appendix B. 

Chapter  1 A d m i n i s t r a t i o n  

1-1 Scope. 

1-1.1 This s tandard contains the minimum requirements  
for the p roper  construction and protection of  aircraft han- 
gars from fire. 

1-2 Purpose. 

1-2.1" The  purpose  of  this s tandard is to provide a rea- 
sonable degree of protection from fire for life and proper ty  
in aircraft hangars,  based upon sound engineering princi- 
ples, test data, and field experience. 

1-2.2 No part  of  this s tandard is in tended to restrict new 
technologies or alternate arrangements ,  provided the level 
of safety prescribed by the s tandard is not lowered. 

1-3 Definitions. 

1-3.1 Aircraft  Access Door. Any opening through which 
any port ion of  the aircraft is passed to gain entry to the 
hangar. 

1-3.2 Aircraft Hangar. A bui ld ing  or  o ther  s t ructure  
inside any par t  of  which aircraft are housed or  stored, and 
in which aircraft may be undergoing  service, repairs,  or  
alterations. For the purposes  of  this s tandard,  aircraft han- 
gars are classified as follows: 

1-3.2.1 Group  I Aircraft Hangar. A hangar  having at 
least one of the following features and operat ing condi- 
tions: 

(a) An aircraft access door  height over 28 ft (8.5 m) 

(b) A single fire area in excess of  40,000 sq ft (3716 m 2) 

(c) Provision of  housing for an aircraft with a tail height 
over 28 ft (8.5 m) 

(d) Provision of housing for strategically important  mil- 
itary aircraft as de termined by the Depar tment  of  Defense. 

1-3.2.2 Group II Aircraft Hangar. A hangar  having both 
of the following features: 

(a) An aircraft access door  height of  28 ft (8.5 m) or  less; 
and 

(b) A single fire area for specific types of  construction in 
accordance with Table 1-3.2.2. 

T~lel-3 .2 .2  

Single Fire Area 
Type of Equal or Greater Than But Not Larger Than 

Construction Sq Ft (M s) Sq Ft (M 2) 
Type I (443) 
and (332) 30,001 (2,787) 40,000 (3,716) 
Type II (222) 20,001 (1,858) 40,000 (3,716) 
Type II (111), 

Type III 
(211), and 
Type IV 
(2HH) 15,001 (1,394) 40,000 (3,716) 

Type II (000) 12,001 (1,I 15) 40,000 (3,716) 
Type 1II (200) 1 2 , 0 0 1  (1,115) 40,000 (3,716) 
Type V (111) 8,001 (743) 40,000 (3,716) 
Type V (000) 5,001 (465) 40,000 (3,716) 

1-3.2.3" Group  I I I  Aircraft Hangar. A Group I I I  hangar  
I may be a freestanding unit for a single aircraft, a row han- 

gar having a common structural wall and roof  system and 
housing multiple aircraft as well as having door  openings 
for each aircraft, or an open bay hangar  capable of  hous- 
ing multiple aircraft, and have both of the following fea- 
tures: 

(a) An aircraft access door  height of  28 ft (8.5 m) or  less; 
and 

(b) A single fire area that measures up to the maximum 
square footage permit ted for specific types of construction 
in accordance with Table 1-3.2.3. 

Table 1-3.2.3 Maximum Fire Areas for Group III Hangars 

Maximum 
Type of Single Fire Area 

Construction Sq Ft (M ~) 
Type I (443) and (332) 30,000 (2.787) 
Type I1 (222) 20,000 (1,858) 
Type II (111), Type III 

(211), and Type IV (2HH) 15,000 (1,394) 
Type I I (000) 12,000 (1,115) 
Type III (200) 12,000 (1,115) 
Type V (111) 8,000 (743) 
Type V (000) 5,000 (465) 

1-3.3 Aircraft Storage and Servicing Area. That  part  of a 
hangar  normally used for the storage and servicing of  one 
or  more aircraft, not including any adjacent  or contiguous 
areas or  s tructures,  such as shops, s torage areas,  and  
offices. 

1-3.4 Approved .  Acceptable to the "au thor i ty  having 
jurisdiction." 

NOTE: The National Fire Protection Association does not 
approve, inspect or certify any installations, procedures, 
equipment, or materials nor does it approve or evaluate 
testing laboratories. In determining the acceptability of 
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installations or procedures, equipment or materials, the 
authority having jurisdiction may base acceptance on com- 
pliance with NFPA or other appropriate standards. In the 
absence of such standards, said authority may require evi- 
dence of proper installation, procedure or use. The author- 
ity having jurisdiction may also refer to the listings or label- 
ing practices of an organization concerned with product 
evaluations which is in a position to determine compliance 
with appropriate standards for the current production of 
listed items. 

1-3.5 Authority Having Jurisdiction. T h e  "au thor i ty  
having jur i sd ic t ion"  is the organizat ion,  office, or  individ- 
ual responsible for "approving"  equ ipmen t ,  an installation, 
or  a procedure .  

NOTE: The phrase "authority having jurisdiction" is used 
in NFPA documents in a broad manner since jurisdictions 
and "approval" agencies vary as do their responsibilities. 
Where public safety is primary, the "authority having juris- 
diction" may be a federal, state, local or other regional 
department or individual such as a fire chief, fire marshal, 
chief of a fire prevention bureau, labor department, health 
department, building official, electrical inspector, or others 
having statutory authority. For insurance purposes, an 
insurance inspection department, rating bureau, or other 
insurance company representative may be the "authority 
having jurisdiction." In many circumstances the property 
owner or his designated agent assumes the role of the 
"authority having jurisdiction"; at government installations, 
the commanding officer or departmental official may be the 
"authority having jurisdiction." 

1-3.6 Detection System. A system consist ing of  detectors, 
controls,  control  panels,  automatic  and  manua l  actuat ing 
mechanisms,  all wiring, piping,  and  tubing,  and  all associ- 
ated equ ipmen t  that is used to actuate an ex t ingu ish ing  
system. 

1-3.7 Drained and Purged Aircraft Fuel Tanks. Those  
tanks from which the f lammable  or combust ible  liquid has 
been  d r a ined  and  the f lammable  or combust ib le  vapor  
a tmosphere  or any residue capable of p roduc ing  f lamma- 
ble or  combust ible  vapors has been  removed.  This  proce- 
du re  is pe r formed  so that subsequent  a i r ing or  venti lat ion 
cannot  result  in the re ins ta tement  of a f lammable  or  com- 
bustible a tmosphere  within the tanks unless or  unt i l  a flam- 
mable or combust ible  l iquid is re in t roduced.  

1-3.8 Fire Area. An area within an aircraft hangar  sub- 
ject  to loss by a single fire because of lack of in terna l  sub- 
divisions as specified in Section 2-2 or  Section 5-2 of this 
s tandard ,  as appropr ia te .  

1-3.9 Foam-Water Deluge System. A system hav ing  a 
pipe connected to and  inc luding  a source of foam liquid 
concentra te  and  a water supply. Water  and  foam liquid 
concent ra te  [protein,  f luoroprote in ,  or  aqueous-f i lm form- 
ing foam (AFFF)] are del ivered to open  discharge devices 
for ex t inguish ing  agent  discharge and  for d is t r ibut ion over 
the area to be protected.  T h e  p ip ing  is connected  to the 
water supply th rough  an  automatic  valve that is actuated 
by the opera t ion  of a detect ion system installed in the same 
areas as the discharge devices. W h e n  this valve opens,  
water flows into the p ip ing  system, foam liquid concentra te  
is injected into the water, and  the resul t ing discharge of 
foam solution th rough  the foam-water discharge devices 

generates  and  distr ibutes foam. U p o n  exhaust ion  of the 
foam liquid concent ra te  supply,  water discharge will follow 
the foam and  con t inue  unti l  shut  off manual ly .  

1-3.10 Hangar Building Cluster. A group  of bui ldings  
with more  than  one area for the storage and  servicing of  
aircraft and  all a t tached or cont iguous  structures,  or  struc- 
tures not  separated as specified in 2-3.2 or 5-2.1 of this 
s tandard ,  as appropr ia te .  

1-3.11 Listed.  Equ ipm en t  or materials inc luded  in a list 
publ ished by an organiza t ion  acceptable to the "authori ty  
having jur isdic t ion"  and  conce rned  with p roduc t  evalua- 
tion, that main ta ins  periodic inspect ion of  p roduc t ion  of 
listed e q u i p m e n t  or  mater ia ls  and  whose l is t ing states 
ei ther  that the e q u i p m e n t  or  material  meets appropr ia te  
s tandards  or has been  tested and  found  suitable for use in 
a specified manne r .  

NOTE: The means fi)r identifying listed equipment may 
vary for each organization concerned with product evalua- 
tion, some of which do not recognize equipment as listed 
unless it is also labeled. The "authority having jurisdiction" 
should utilize the system employed by the listing organiza- 
tion to identify a listed product. 

1-3.12 May. This  term is used to state a permissive use, 
or  an  al ternative me thod  to a specified r equ i remen t .  

1-3.13 Shall.  Indicates a manda to ry  requ i rement .  

1-3.14 S h o u l d .  Ind ica te s  a r e c o m m e n d a t i o n  or  tha t  
which is advised but  no t  required.  

1-3.15 S ing le  Hangar Building. A b u i l d i n g  with one  
area  for the s torage and  servicing of aircraft  and  any  
at tached,  ad jo in ing ,  or  con t iguous  s t ruc ture ,  such as a 
lean-to, shop area, or  parts storage area no t  separated as 
specified in 2-3.2 or 5-2.1 of this s tandard ,  as appropr ia te .  

1-3.16 Tail Height. The  m a x i m u m  tail height  as stated 
in aircraft manufac tu re r ' s  specifications. 

Chapter 2 Construction of Group I and Group II 
Aircraft Hangars 

2-1 Types of Construction. 

2-1.1" G r o u p  I and  G r o u p  II hanga r s  shall be con-  
structed of any of the types of cons t ruct ion  specified in 
NFPA 220, Standard on Types of Building Construction. 

2-1.2" Mezzanines ,  tool rooms,  a n d  o the r  enc losures  
within aircraft storage and  servicing areas shall be con- 
structed of noncombus t ib le  material  in all hangars  except 
those of Type  V (111) and  (000) construct ion.  

2-2 Internal Separations. 

2-2.1" Where  two or more  aircraft storage and  servicing 
areas adjoin,  they shall be separated by a fire wall having 
not  less than a 3-hr  fire resistance rating.  Any open ings  in 
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such fire walls communicating directly between two aircraft 
storage and servicing areas shall be provided with a listed 
3-hr fire door or 3-hr shutter actuated from both sides of 
the wail. Where areas are of different heights, the tallest 
wall shall have a fire resistance rating of not less than 3 
hours. 

2-2.2 Where two or more aircraft storage and servicing 
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 offices, shops, and 
parts storage areas shall comply with 2-2.1. The other wall 
shall comply with 2-2.3. 

2-2.3* Partitions and ceilings separating aircraft storage 
and servicing areas from all other areas, shops, offices, and 
parts storage areas shall have at least 1-hr fire resistance 
rating with openings protected by listed fire doors having 
a minimum fire resistance rating of 45 min. 

2-2.4 Where a storage and servicing area has an attached, 
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-hr fire resistance rating, with open- 
ings protected by listed fire doors having a min imum fire 
resistance rating of 45 minutes. 

I 2-3 Clear Space Distance Requirements Around Hangars. 

2-3.1 Precautions shall be taken to ensure ready access to 
hangars from all sides. Adequate separation shall be pro- 
vided to reduce fire exposure between buildings. The clear 
spaces specified in Tables 2-3.2 and 2-3.3 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. 

2-3.2 For single hangar  buildings, the clear space dis- 
tances specified in Table 2-3.2 shall be maintained on all 
sides of the single hangar. Where mixed types of construc- 
tion are involved, the less fire resistant type of construction 
shall be used to determine the separation required. Where 
the min imum separations specified in Table 2-3.2 cannot 
be met, the buildings shall be considered a hangar building 
cluster. 

Table 2-3.2 

Minimum 
Type of Construction Separation Required 
Type I (443) and (332) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 ft (15 m) 
Type II (222) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 ft (15 m) 
Type II (111), Type llI (211), and 

Type IV (2HH) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 ft (15 m) 
Type II (000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 ft (15 m) 
Type III (200) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 ft (15 m) 
Type V (111) and (000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 ft (23 m) 

2-3.2.1 Where both exposing walls and openings therein 
of adjacent single hangar buildings have a min imum fire 
resistance rating of at least 3 hrs, no min imum separation 
distance shall be required. These buildings shall be consid- 
ered a hangar building cluster. 

2-3.2.2 Where  the exposing wall and  any open ings  
therein of one hangar have a min imum fire resistance rat- 
ing of at least 2 hrs, the min imum separation distance may 
be reduced to not less than 25 ft (7.5 m) for single hangar 
buildings. 

2-3.2.3* Where the exposing walls of both buildings have 
a min imum fire resistance rating of at least 2 hrs, with all 
windows protected by listed glass in fixed steel sash having 
a min imum fire resistance rating of 3/4 hr, with outside 
sprinkler protection, and each doorway is protected with 
one automatically operated listed fire door having a mini- 
mum fire resistance rating of 11/2 hrs, the clear space dis- 
tance may be reduced to not less than 25 ft (7.5 m) for sin- 
gle hangar buildings. Under  such conditions, the glass area 
in the exposing walls shall be not more than 25 percent of 
the wall area. 

2-3.3 The clear space distances specified in Table 2-3.3 
shall be maintained on all sides of the hangar building clus- 
ters. Where mixed types of construction are involved, the 
less fire resistant type of construction shall be used to 
determine required clear space differences. 

Table 2-3.3 

Minimum 
Type of Construction Separation Required 
Type I (443) and (332) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 ft (23 m) 
Type II (222) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 ft (23 m) 
Type IV (2HH) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 ft (23 m) 
Type II (III) and Type IlI (211) . . . . . . . . . . . . . . . . . . . . . .  100 ft (30 m) 
Type II (000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 ft (30 m) 
Type III (200) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 ft (30 m) 
Type V (III) and (000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  125 ft (38 m) 

2-3.3.1 Where the exposing wall and  any open ings  
therein of one hangar have a min imum fire resistance rat- 
ing of at least 2 hrs, the separation distance may be 
reduced to not less than 50 ft (15 m) for hangar building 
clusters. 

2-3.3.2" Where the exposing walls of both buildings have 
a min imum fire resistance rating of at least 2 hrs, with all 

[ windows protected by listed glass in fixed steel sash having 
a min imum fire resistance rating of 3/4 hr, with outside 
sprinkler protection, and each doorway is protected with 
one automatically operated listed fire door having a mini- 
mum fire resistance rating of 11/2 hrs, the clear space may 
be reduced to not less than 50 ft (15 m) for hangar build- 
ing groups. Under  such conditions, the glass area in the 
exposing walls shall be not more than 25 percent of the 
wall area. 

2-4 Floors. 

2-4.1 The surface of the grade floor of aircraft storage 
and servicing areas, regardless of type of hangar construc- 
tion, shall be noncombustible and above the grade of the 
approach or apron at the entrance to the hangar. 

2-4.2* The floors of adjoining areas that pose flammable 
or combustible liquid spill hazards, and connect with air- 
craft storage and servicing areas, shall be noncombustible 
and shall be designed to prevent a spill from entering the 
aircraft storage and servicing area. 
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2-4.3 Floor openings in multistoried sections of hangars 
shall be enclosed with parti t ions or  protected with con- 
struction having a fire resistance rating not less than that 
required for the floor construction in which the opening  is 
made. 

2-5 Roofs. 

2-5.1 Roof coverings shall be of an approved type of  tile, 
[ slate, metal, or  asphalt shingle, or of  buil t-up roofing fin- 

ished with asphalt, slate, gravel, or  other  approved  mate- 
rial. Roof coverings shall be listed as Class "A" or  "B" when 
tested in accordance with NFPA 256, Standard Methods of 
Fire Tests of  Roof Coverings. 

2-5.2 Where  insulated metal deck assemblies are used, 
they shall be equivalent to FM Class 1, or UL Fire Classi- 
fied ratings. 

2-5.3 Spaces under  roofs created where suspended ceil- 
ings 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 cir- 
culation therein. 

2-5.4 Permanent  exterior  ladders  to hangar  roofs shall be 
provided on all hangars exceeding 25,000 sq ft (2,323 m 2) 
in area, or  exceeding 40 ft (12 m) in height, or exceeding 
100 ft (30 m) in their smallest dimension unless enclosed 
stairs leading directly to the roof  of aircraft storage and 
servicing areas are available from the exterior  of  the 
hangar.  

2-6 Columns. 

2-6.1 All main steel s tructural  columns of  the aircraft  
storage and servicing areas shall be made fire resistant 
using listed mater ia ls  and  methods  to provide  a fire- 
resistive rating of not less than 2 hrs. 

[ 2-6.2" Fixed water or foam-water systems may be used in 
lieu of  a 2-hr fire resistant rat ing,  if such systems are 
designed specifically to protect  the columns. 

2-6.3 All fire resistant materials used to protect structural 
steel columns shall be of  a type that will resist damage from 
discharge of  the fixed fire protection system. 

2-7 Doors. 

2-7.1 Hangar  doors that accommodate aircraft shall be of  
noncombustible  construction where hangars are of any 
Type I or Type  I I construction as specified in 2-1.1 of  this 
chapter.  

2-7.2 The  power source for hangar  doors shall operate  
on independent  circuits and shall not be deenergized when 
the main disconnect switches for general  hangar  power are 
shut off. 

2-7.3" Vertical traveling doors  shall be so counterbal-  
anced, and horizontal slide or  accordion-type doors shall 
be so a r ranged ,  that manual  or  auxiliary opera t ion  by 
means of winches or  tractors, for example,  is feasible. 

2-7.4 In areas where freezing temperatures  can occur, 
door  tracks or the bottom edges of doors shall be protected 
by heating coils or equivalent means to prevent  ice forma- 
tion that might prevent  or delay operation.  

2-8 Curtains. 

2-8.1 Where  curtains are used to enclose a work area, 
they shall be of a listed f lame-retardant  type. 

2-9 Landing Gear Pits, Ducts, and Tunnels. 

2-9.1" Land ing  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 resistant or noncombustible. 

2-9.2 Electrical equipment  for all landing gear pits, ducts, 
and tunnels located below hangar  floor level shall be suit- 
able for use in Class I, Division 1, Group D hazardous 
locations in compliance with Article 501 of NFPA 70, 
National Electrical Code ® . 

2-9.3 All landing gear pits, ducts, and tunnels shall be 
provided with a positive mechanical exhaust  ventilation 
system capable of  p rov id ing  a min imum rate of  5 air 
changes  pe r  h o u r  d u r i n g  no rma l  ope ra t ions  and be 
designed to discharge externally to the hangar.  

2-9.4 Upon the detection of flammable vapors, the venti- 
lation system shall be capable of providing a minimum ven- 
tilation rate of 30 air changes per  hour  for the landing gear 
pit and all associated ducts or  tunnels. 

2-9.5 The  ventilation system shall be controlled by an 
approved  cont inuous-reading combustible gas analyzing 
system that is a r ranged  to operate  the ventilation system at 
the rate specified in 2-9.4 automatically upon detection of 
a specified flammable vapor concentration that is below the 
lower flammable limit. The  detection system shall have sen- 
sors located throughout  all ducts and tunnels. 

2-9.6 As entry of fuel, oil, and water into landing gear pits 
is inevitable, dra inage or pumping  facilities shall be pro- 
vided. Water - t rapped  vapor  seals and appropr ia te  separa- 
tor fuel traps shall be provided.  Where  automatic pumping  
facilities are necessary, they shall be suitable for use with 
avia t ion fuel and  water .  T h e  d r a i n a g e  shall be fully 
enclosed pipe runs if dra inage is routed through ventila- 
tion or  access tunnels to external  discharge points. 

2-9.7" Explosion protection shall be provided in landing 
gear pits and communicat ing ducts and tunnel areas in the 
form of  pressure-rel ief  venting or by a listed explosion pre- 
vention system installed in accordance with NFPA 69, 
Standard on Explosion Prevention Systems. 

2-9.8" An a p p r o v e d  fire p ro t ec t i on  system shall  be 
installed to protect each pit unless the hangar  fire protec- 
tion required by either Chapter  3 or  Chapter  4 of this 
s tandard is adequate  to protect  each pit. 
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2-10 Exposed Interior Insulation. 

2-10.1 Exposed interior insulation attached to walls and 
roofs in an aircraft storage and servicing area of  a hangar  
not provided with a sprinkler  system designed in accor- 
dance with Chapter  3 or  Chapter  4 of  this s tandard,  as 
applicable, shall be noncombustible as defined in Section 
2-6 of  NFPA 220, Standard on Types of Building Construction. 

2-I0.2 In an aircraft storage and servicing area of a han- 
gar  equipped with an approved sprinkler system designed 
in accordance with Chapter  3 or  Chapter  4 of this stan- 
dard,  as applicable, exposed interior  insulation attached to 
walls and  roofs shall  be n o n c o m b u s t i b l e  or  l imi ted-  
combustible as defined in Chapter  2 of  NFPA 220, Standard 
on Types of Building Construction. 

2-11 Drainage of Aprons and Hangar Floors. 

2-11.1 The  apron or approach at the entrance to the han- 
gar shall slope away from the hangar  with a minimum 
grade of  one-half  of  one percent  (1:200) for the first 50 ft 
(15 m). Ramps used for aircraft fueling adjacent to hangar  
structures shall comply with NFPA 415, Standard on Aircraft 
Fueling Ramp Drainage. In establishing locations for nearby 
aircraft parking,  consideration shall be given to the drain- 
age pat tern of  the apron.  

2-11.2 Hangar Floor Drainage. 

2-11.2.1" Floor dra inage systems shall be provided to 
restrict the spread of  fuel in o rder  to reduce the fire and 
explosion hazards from fuel spillage. 

2-11.2.2 Drainage systems shall be designed to reduce 
fire and explosion hazards within the systems to the maxi- 
mum extent by the use of  noncombustible unde rg round  
piping, and by rout ing drainage as directly as possible to a 
safe outside location. Such systems shall be designed with 
suitable traps or  provided with adequate ventilation to pre- 
vent vapor  mixtures  from forming  within the unde r -  
g round  drainage system. 

2-11.2.3" Drainage systems in aircraft storage or  servic- 
ing areas shall be so designed and constructed that they 
have sufficient capacity to prevent  bui ldup of  flammable 
liquids and water over the dra in  inlet when all fire protec- 
tion systems and hose s t reams are  d i scharg ing  at the 
design rate. 

2-11.2.4 The pitch of the floor shall be a minimum of  
one-half  of  one percent.  The  floor pitch provided shall be 
calculated taking into consideration the towing require-  
ments of the aircraft and the factors of  aircraft weight, bal- 
ance checking, and maintenance. 

2-11.2.5 Each drainage system shall be calculated sepa- 
rately, taking into consideration the maximum rated dis- 
charge from the fire protection systems and hose lines. 

2-11.2.6 The size of drainage piping shall be de te rmined  
by the h y d r a u l i c  d e m a n d s  p l aced  u p o n  the  sys tem 
throughout  its length. 

2-11.2.7 Curbs, ramps,  or  drains shall be provided at all 
openings from aircraft storage and servicing areas, or  the 
slope of  the floor shall be such as to prevent  the flow of  liq- 
uids through openings. 

2-11.2.8 Pits for service facilities, such as for compressed 
air, electrical outlets, etc., shall dra in  into the floor drain- 
age system. 

2-11.2.9 Oil separators shall be provided for the drainage 
systems serving all aircraft  storage and servicing areas. 
These separators may serve each hangar  drainage system, 
a group of  hangar  drainage systems, or be installed as part  
of  a general  a i rpor t  dra inage system. 

[2-11.2.10 In aircraft  s torage and servicing areas pro-  
tected by water sprinkler  systems or  foam-water deluge sys- 
tems, a bypass shall be provided a round  the separator  to 
allow for emergency direct disposal of  water and flamma- 
ble liquids. Separator  systems shall discharge flammable 
liquid products  to a safely located tank, cistern, or  sump. 

2-11.2.11 Grates and drain  covers shall be of sufficient 
strength to suppor t  the point  loading of  the heaviest type 
aircraft or  equipment  that the hangar  may serve. Grates 
and covers shall be removable to facilitate cleaning and 
flushing. 

2-12 Heating and Ventilating. 

2-12.1" Heat ing equipment  shall be installed, as applica- 
ble, in accordance with NFPA 90A, Standard for the Installa- 
tion of Air Conditioning and Ventilating Systems; NFPA 31, 
Standard for the Installation of Oil Burning Equipment; or 
NFPA 54, National Fuel Gas Code, except as hereinafter  spe- 
cifically provided.  

2-12.2 No heater  employing an open flame or glowing 
element  shall be installed in aircraft storage and servicing 
areas or  sections communicat ing therewith, o ther  than as 
provided for in 2-12.5 of  this section. 

2-12.3 Hangar  heating plants that are fired with gas, liq- 
uid, or solid fuels not covered under  2-12.5 of  this section 
and that are not located in a detached bui lding shall be 
located in a room separated from other  parts of the hangar  
by construction having at least a 1-hr fire resistance rating. 
This separated room shall not be used for any other  haz- 
ardous purpose  or  combustible storage, and shall have no 
direct access from the aircraft storage or  servicing area. 
Openings in the walls of such rooms communicat ing with 
other  port ions of  the hangar  shall be restricted to those 
necessary for ducts or pipes. Penetrations of  the 1-hour fire 
resistance ra ted enclosure shall be f i res topped with an 
approved  material proper ly  installed and capable of main- 
taining the required fire resistance rat ing for the enclo- 
sure. Each such duct shall be protected with a listed auto- 
matic fire damper  or door.  All air for combustion purposes  
enter ing such separated rooms shall be drawn from out- 
side the building. 

2-12.4" Fan furnace heating systems employing recircula- 
tion of air within aircraft storage and servicing areas shall 
have re turn  air openings not less than 10 ft (3 m) above the 
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floor. Supply air openings shall not be installed in the floor 
and shall be at least 6 in. (152 mm) from the floor mea- 
sured to the bottom of  the opening. 

Where automatic fire protection systems are installed in 
aircraft storage and servicing areas, fans for furnace heat- 
ing systems shall be a r ranged  to shut down automatically 
by means of  the operations of the interior  automatic fire 
p ro t ec t i on  system. One  or  more  manua l  fan shutof f  
switches shall be provided.  Shutoff switches shall be acces- 
sible and clearly placarded.  

2-12.5 Suspended or Elevated Heaters. 

2-12.5.1 Listed electric, gas, or oil heaters may be used if 
installed as specified in 2-12.5.2, 2-12.5.3, and 2-12.5.4 of 
this subsection. 

2-12.5.2 In aircraft storage and servicing areas, heaters 
shall be installed at least 10 ft (3 m) above the upper  sur- 
face of  wings or of  the engine enclosures of the highest air- 
craft that may be housed in the hangar.  The measurement  
shall be made from the wing or  engine enclosure, which- 
ever is higher  from the floor, to the bottom of  the heater. 

2-12.5.3 In shops, offices, and other  sections of aircraft 
hangars communicat ing with aircraft storage or servicing 

] areas, the bottom of the heaters shall be installed not less 
than 8 ft (2.4 m) above the floor. 

2-12.5.4 S u s p e n d e d  or  e leva ted  hea te r s  shall  be so 
located in all spaces of  aircraft hangars that they shall not 
be subject to injury by aircraft, cranes, movable scaffolding, 
or o ther  objects. Provision shall be made to ensure accessi- 
bility to suspended heaters for recurrent  maintenance pur-  
poses. 

2-12 .6  W h e r e  a m e c h a n i c a l  v e n t i l a t i n g  sys tem is 
employed in hangars or shops, the ventilating system shall 
be installed in accordance with NFPA 90A, Standard for the 
Installation of Air Conditioning and Ventilating Systems, and in 
accordance with the applicable provisions of  Section 2-12 
of this chapter.  

2-12.7 Where  blower and exhaust  systems are installed 
for vapor removal, the systems shall be installed in accor- 
dance with NFPA 91, Standard for the Installation of Blower 
and Exhaust Systems for Dust, Stock, and Vapor Removal or 
Conve~ing. 

2-13 Lighting and Electrical Systems. 

2-13.1 Artificial l ighting shall be restr icted to electric 
lighting. 

2-13.2" Electrical services shall be installed in compliance 
with the provisions for aircraft hangars contained in Arti- 
cle 513 of  NFPA 70, National Electrical Code ®. 

2-13.3 Main dis tr ibut ion panels,  meter ing  equipment ,  
and similar electrical equipment  shall be located in a room 
separated from the aircraft storage and servicing areas by 

a part i t ion having at least a l -h r  fire resistance rating. The  
part i t ion shall not be penet ra ted  except by electrical race- 
ways, which shall be protected by approved sealing meth- 
ods maintaining the same fire resistance rating as the par- 
tition. 

2-14 Lightning Protection. 

2-14.1" Where  provided,  l ightning protect ion shall be 
installed in accordance with NFPA 78, Lightning Protection 
Code. 

2-15 Grounding Facilities for Static Electricity. 

2-15.1"  G r o u n d i n g  faci l i t ies  shall  be p r o v i d e d  for 
removal and control of  static electrical accumulations on 
aircraft while aircraft are stored or undergoing  servicing in 
a hangar.  

2-15.2 An adequate  number  of  floor grounding  recepta- 
cles shall be provided.  The  receptacles shall be ei ther  
g rounded  through individual driven electrodes or  electri- 
cally bonded  together  in a grid system and the entire sys- 
tem grounded  to unde rg round  metal piping, such as cold 
water or  spr inkler  piping,  or driven electrodes. Where 
dr iven electrodes are used, they shall consist of  5/s-in. 
(15.9-mm) diameter  or  larger metal rods driven at least 5 
ft (1.5 m) into the ground.  Floor grounding  receptacles 
shall be designed so as to minimize the t r ipping hazard. 

2-15.3" Grounding  wires shall be bare and of  a gage that 
will be satisfactori ly du rab le  to wi ths tand mechanical  
strains and usage. 

2-16 Exit and Access Requirements. 

2-16.1" Means of egress from the aircraft hangar  shall 
comply with NFPA 101% Life Safety Code ®. 

2-16.2 Aisles and  clear space shall be ma in ta ined  to 
ensure access to sprinkler  control valves, s tandpipe hose, 
fire extinguishers,  and similar equipment.  

2-17 Draft Curtains. 

2-17.1" Materials.  Where  provided,  draft  curtains shall 
be constructed of  noncombustible materials not subject to 
disintegration or  fusion dur ing  the early stages of  a fire 
and shall be tightly fitted to the underside of  the roof or 
ceiling. Any opening in draft stops shall be provided with 
self-closing doors constructed of materials equivalent in fire 
resistance to the draft stop itself. 

Chapter  3 Protec t ion  o f  G r o u p  I Aircraft  Hangars  

3-1 General. 

3-1.1 Group I aircraft hangar  storage and servicing areas 
shall be equipped with an approved automatic foam-water 
deluge system as specified in Section 3-2 of this chapter  as 
the pr imary protection system. In addition, a supplemen- 
tary protection system as specified in Section 3-3 of this 
chapter  shall also be provided where applicable, 
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Exception: These requirements do not apply to aircraft storage 
and servicing areas housing aircraft with drained and purged fuel 
tanks. 

3-1.2 Automatic closed-head 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 pro- 
tection systems. 

3-1.3 Each sprinkler system shall be installed in accor- 
dance with NFPA 13, Standard for the Installation of Sprinkler 
Systems, and NFPA 16, Standard on Deluge Foam-Water Sprin- 
kler and Foam-Water Spray Systems, as applicable, and in 
accordance with the requirements of  this chapter. 

3-1.4 Additional protection as specified in Sections 3-4 
and 3-6 of  this chapter, shall be provided in all Group I 
aircraft hangars in addition to other protection systems 
required by this chapter. 

3-2 Sprinkler System Design and Performance. 

3-2.1 Plans and Specifications. 

3-2,1.1" Before systems are installed, complete specifica- 
tions and working plans shall be drawn to scale showing all 
essential details, and they shall be easily reproducible to 
provide necessary copies. 

3-2.1.2 Information supplied in these plans and specifica- 
tions shall include: 

(a) Design purpose of  the system 

(b) Discharge densities and period of  discharge 

(c) Hydraulic calculations 

(d) Details of tests of  available water supply 

(e) Details of proposed water supplies 

(D Detailed layout of  the piping and of  the detection 
systems 

(g) Make and type of  discharge devices, opera t ing  
equipment, and foam liquid concentrate to be installed 

(h) Location and spacing of  discharge devices 

(i) Pipe hanger  and bracing location and installation 
details 

(j) Location of  draft curtains 

(k) Accurate and complete layout of the area to be pro- 
tected 

(1) Details of  any foam liquid concentrate, its storage 
and injection, and other pertinent data to provide a clear 
explanation of  the proposed design. 

3-2.2 Pipe and Fittings. 

3-2.2.1 Piping shall be of  materials approved for use in 
fire protection systems. 

3-2.2.2 Fittings shall be of  a class and rating sufficient to 
withstand the maximum working pressure expected within 
the systems. Screwed and flanged fittings shall be cast iron. 

Grooved joint fittings shall be ductile iron, malleable iron, 
or steel. Welded fittings shall be steel. 

3-2.2.3 System piping shall be hydraulically calculated 
and sized to allow for friction loss in water supply piping. 
Pipe sizes shall be adjusted according to detailed friction 
loss calculation. These calculations shall show the relation- 
ship between water supply and total demand. 

3-2.3 System Design. 

3-2.3.1" In aircraft storage and servicing areas, the max- 
imum projected floor area under  an individual deluge sys- 
tem shall not exceed 15,000 sq ft (1394 m2). 

3-2.3.2 Sprinkler spacing in aircraft storage and servicing 
areas shall be in accordance with the requirements for 
extra hazard occupancies, as specified in NFPA 13, Stan- 
dard for the Installation of Sprinkler Systems. 

3-2.3.3 The area to be protected for fire-resistive con- 
struction shall be considered the floor area. For all other 
types of construction, the spacing as projected on the floor 
shall be no wider than required for extra hazard occupan- 
cies, but in no case shall the spacing on the roof or ceiling 
be wider than required for ordinary hazard occupancies. 

3-2.3.4 In other portions of  hangars protected by sprin- 
klers, the spacing shall be in accordance with the hazard 
requirements of the areas involved. 

3-2.3.5 Uniform sprinkler discharge shall be based on a 
maximum variation of  15 percent above the required dis- 
charge rates in gal per min per sq ft. Variation below the 
required discharge rate as specified shall not be permitted. 
Where steel pipe is installed, the coefficient C in the Hazen 
and Williams formula shall be taken as 120 in the calcula- 
tions. 

3-2.3.6 Where open hangar doors result in interference 
with the distribution of  overhead  systems, addit ional 
devices shall be provided to ensure effective floor coverage. 

3-2.3.7 Foam-water deluge systems discharge devices 
shall be either air-aspirating or non-air-aspirating and shall 
have deflectors designed to produce water discharge pat- 
terns closely comparable to those of  "standard" sprinklers 
as defined in NFPA 13, Standard for the Installation of Sprin- 
kler Systems, when discharging at the same rates of  flow. 

3-2.3.8 The discharge devices shall generate foam where 
supplied with the foam solution under  pressure and shall 
distribute the foam in a pattern essentially similar to that of  
water discharging therefrom. 

3-2.3.9 The  discharge devices shall have a minimum 
nominal 1/4-in. (6.4-mm) orifice and shall be listed for use 
with the particular type of foam liquid concentrate to be 
used in the system. 

3-2.3.10 Strainers shall be installed in accordance with 
NFPA 16, Standard for the Installation of Deluge Foam-Water 
Sprinkler Systems and Foam-Water Spray Systems. 
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3-2.3.11 The  discharge rate from air-aspirat ing discharge 
devices using protein-type,  f luoroprotein-type,  or  AFFF- 
type foam solutions shall be a minimum of 0.20 gal of foam 
solution per  min per  sq ft (8.1 L/min/m 2) of floor area. 

3-2.3.12 The  discharge rate from non-air-aspirat ing dis- 
charge devices using AFFF-type foam solutions shall be a 
minimum of  0.16 gal of foam solution per  min per  sq ft 
(6.5 L/min/m 2) of floor area. 

3-2.3.13 The  quantities of  foam liquid concentrate,  ei ther 
protein foam, f luoroprotein,  or  AFFF, shall be sufficient for 
a foam discharge at the design rate for a minimum of  10 

] minutes but  not less than 7 minutes. Where  the systems 
have been designed to have a discharge rate higher  than 
the specified minimums, a propor t ionate  reduction in the 
discharge per iod may be made. 

3-2.3.14" A reserve supply of  foam liquid concentrate of  
compatible type for the system shall be directly connected 
to the system and readily available. The  reserve supply 
shall be in the same quantity as the main supply. 

3-2.3.15 Where  foam liquid concentrate  is in t roduced  
into the water s tream by pumping ,  there  shall be two 
pumps,  ei ther of  which can supply the foam liquid concen- 
trate at the design rate. The a r rangement  of power sup- 
plies, controllers, piping, and valves shall be in accordance 
with NFPA 20, Standard for the Installation of Centrifugal Fire 
Pumps. Piping shall be so ar ranged that ei ther pump shall 
be able to deliver the concentrate to the system from both 
the pr imary and reserve supplies. 

3-2.3.15.1 Where foam concentrate lines to the injection 
points are run unde rg round  or  where they are run above- 
ground for more than 50 ft (15 m), foam concentrate in 
these lines shall be maintained under  pressure to ensure 
p rompt  foam application and to provide a means of check- 
ing on the tightness of the system. Pressure may be main- 
ta ined by a small auxi l iary  p u m p  or  o the r  a p p r o v e d  
means. 

3-2.3.16 The  control valves, foam liquid concentrate stor- 
] age, injection system, and foam concentrate pump shall be 

located outside aircraft storage and servicing areas. The  
environmental  conditions shall be suitable for the particu- 
lar agent involved. 

3-2.4 Water Supply. 

3-2.4.1" The  water supply shall be capable of furnishing 
water  for the largest  number  of  systems that  may be 
expected to operate.  

] 3-2.4.1.1 Where  draft curtains meeting the requirements  
of Section 2-17 are not provided,  water supply require- 
ments shall be calculated on the premise that all systems in 
the aircraft storage and servicing area not subdivided by 
fire walls will operate.  

3-2.4.1.2 In aircraft storage and servicing areas having a 
maximum roof  or ceiling height of 25 ft (7.5 m) or less, the 
water supply shall be sufficient for the operat ion of the 

largest number  of systems. Sufficient water supply require- 
ments are de te rmined  by assuming that a fire at any point  
will operate  all the systems in every draft-curtained area 
that is wholly or  partially within 50 ft (15 m) of that point  
measured horizontally. 

3-2.4.1.3 In aircraft storage and servicing areas having a 
maximum roof  or  ceiling height in excess of 25 ft (7.5 m) 
but  not more than 75 ft (22.5 m) above floor level, the 
water supply shall be sufficient for the operat ion of  the 
largest number  of  systems. Sufficient water supply require- 
ments are de te rmined  by assuming that a fire at any point 
will operate  all the systems in every draft-curtained area 
that is wholly or  partially within 75 ft (22.5 m) of that point 
measured horizontally. 

3-2.4.1.4 In aircraft storage and servicing areas having a 
maximum roof  or  ceiling height in excess of 75 ft (22.5 m) 
above the floor level, the water supply shall be sufficient for 
the operat ion of  the largest number  of systems. Sufficient 
water supply requirements  are de te rmined  by assuming 
that a fire at any point  will operate  all the systems in every 
draft-curtained area that is wholly or  partially within 100 ft 
(30 m) of that point  measured horizontally. 

3-2.4.2 The  water supply shall be capable of  maintaining 
water discharge at the design rate and pressure for a min- 
imum of  60 minutes covering the entire area protected by 
systems expected to operate  simultaneously as de termined 
by 3-2.4.1 of this section, unless protection is provided as 
specified in 3-2.4.3 of this section. 

3-2.4.3 Where  foam-water  systems are  instal led,  and 
where applicable addit ional protection is installed in accor- 
dance with Section 3-3 of this s tandard,  the water supply 
durat ion shall be for a minimum of 45 minutes. 

3-2.4.4 The  water supply shall be capable of  satisfying the 
requirements  of Section 3-4 of  this chapter  for interior  
hose stations. The  calculated demand  shall be the demand  
at a point  where supply piping for the interior  hose sta- 
tion(s) connects to the system piping or  fire protection 
underground .  

3-2.4.5 Where  the water supply for the system also serves 
as a supply for exter ior  hose streams, a hose stream allow- 
ance of  500 gpm (1893 L/min) shall be included in the 
water supply hydraulic calculations. Calculations for hose 
streams shall be in accordance with NFPA 13, Standard for 
the Installation of Sprinkler Systems. 

3-2.4.6* Where a single reservoir is used for the basic 
water supply, such reservoir shall be divided into approxi-  
mately equal sections, a r ranged so at least one-half  of  the 
water supply will always be maintained in service in o rder  
to increase the reliability of the water supply. The  suction 
line from each section shall be sized to deliver the maxi- 
mum water supply requirement .  

3-2.5 Fire Pumps. 

3-2.5.1 Fire pumps  shall be installed in accordance with 
NFPA 20, Standard for the Installation of Centrifugal Fire 
Pumps, and in accordance with the provisions of 3-2.5.2 
through 3-2.5.6 of this subsection. 
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3-2.5.2 The  total pumping  capacity shall be such that 
maximum demand  can be met with the largest fire pump 
out of  service. 

3-2.5.3 Pump houses and rooms shall be of  fire-resistive 
or  noncombustible construction. Where internal combus- 
tion engines used for driving fire pumps are located inside 
the fire pump house or  room, protection shall be provided 
by automatic sprinklers installed in accordance with NFPA 
13, Standard for the Installation of Sprinkler Systems. 

3-2.5.4* Fire pumps shall be started automatically by a 
drop  in water pressure. Where  two or  more electrically 
driven fire pumps supplied from the same electrical feeder 
are used, they shall be electrically controlled to prevent  
simultaneous starting. 

3-2.5.5 F r e q u e n t  o p e r a t i o n  of  fire p u m p s  shall  be 
avoided by the installation of a small auxiliary pressure 
maintenance pump or o ther  suitable means to maintain 
normal system pressures. 

3-2.5.6 Once started, fire pumps shall be ar ranged to run 
continuously until they are s topped manually. There  shall 
be an audible "pump running"  alarm in a continuously 
at tended area. 

3-2.6 Flushing Underground Pipe. 

3-2.6.1" Underg round  mains and each lead-in connec- 
tion shall be flushed as specified in NFPA 15, Standard for 
Water Spray Fixed Systems for Fire Protection. 

3-2.7 Acceptance Tests. 

3-2.7.1 The following tests shall be per formed pr ior  to 
] final acceptance of  any fire protection system in an aircraft 

hangar.  

3-2.7.1.1 Hydrostatic pressure tests shall be conducted on 
each sprinkler  system as specified in NFPA 13, Standard for 
the Installation of Sprinkler Systems, or NFPA 16, Standard on 
Deluge Foam-Water Sprinkler and Foam-Water Spray Systems, as 
applicable. 

3-2.7.1.2 Full-flowing tests with water only shall be made 
on each foam-water deluge system as a means of  checking 
the sprinkler distribution and to ensure against clogging of 
piping and sprinklers by foreign matter  carr ied by the 
water. The  max imum number  of  systems that  may be 
expected to operate  in case of  fire, including supplemen- 
tary systems, shall be in full operat ion simultaneously to 
provide a check on the adequacy and condit ion of the 
water supply. Suitable gage connections and gages shall be 
provided to verify hydraulic calculations. 

3-2.7.1.3 The  smallest single foam-water deluge system 
shall be discharged using foam liquid concentrate. This test 
shall be run for a length of  time sufficient to stabilize dis- 
charge before test samples are taken to determine  foam 
concentrate percentage.  

3-2.7.1.4 The  maximum number  of systems expected to 
opera te  shall be simultaneously discharged with foam. This 
test shall be run for a length of  time sufficient to stabilize 
discharge before test samples are taken to de termine  foam 
concentrate percentage.  

3-2.8 Final Approval. 

3-2.8.1 The  installing company shall furnish a written 
statement that the work has been completed in accordance 
with 3-2.1 of this section, and tested in accordance with the 
provisions of  3-2.7 of  this section. 

3-2.9 Conversion of Existing System. 

3-2.9.1 In convert ing one type of system to another,  all 
provisions of  this chapter  per ta ining to new systems shall 
be applied.  

3-2.9.1.1 If  water supplies are greater  than necessary, the 
uniform discharge requirement  of  3-2.3.5 of this section 
may be waived if the required min imum discharge rate in 
gal per  min per  sq ft is available in all areas. 

3-2.9.2 All devices and equipment ,  existing and new, 
shall be compatible so as to provide a functionally correct 
system. 

3-2.9.3 Converted systems shall be tested in accordance 
with 3-2.7.1.2 of  this section. 

3-2.10 Detection System Design. 

3-2.10.1 Detectors for actuating the pr imary protection 
systems shall be rate-of-rise, fixed temperature ,  or  rate- 
compensat ion types. 

3-2.10.2 Detection systems shall be provided with com- 
plete supervision. 

3-2.10.3" Manual actuation stations shall be located so 
that each system can be individually opera ted  from both 
inside and outside the aircraft storage and servicing area. 
The  manual  stations shall be installed so that they are 
unobstructed,  readily accessible, and located in the normal 
paths of  exit from the area. 

3-3 Supplementary Protection Systems. 

3-3.1" Hangars  housing aircraft  having wing areas in 
excess of 3,000 sq ft (279 m 2) shall be protected with a 
listed supplementary  protection system. 

3-3.2* 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 
protected area within 30 seconds of  system actuation and 
ext inguishment of  the fire within 60 seconds. 

3-3.3 Each s u p p l e m e n t a l  p ro t e c t i on  system shall  be 
designed,  installed, and  mainta ined in accordance with 
NFPA 11, Standard for Low Expansion Foam and Combined 
Agent Systems, and NFPA 11A, Standard for Medium- and 
High-Expansion Foam Systems. 
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3-3.4 Plans and Specifications. 

3-3.4.1" Before systems are installed, complete specifica- 
tions and working plans shall be drawn to scale showing all 
essential details, and they shall be easily reproducible  to 
provide necessary copies. 

3-3.4.2* These plans and specifications shall include: 

(a) Accurate and complete layout of the area to be pro-  
tected. 

(b) In fo rma t ion  on the p r imary  p ro tec t ion  systems 
installed in the hangar.  

(c) Location and spacing of agent distributors, showing 
the area coverage. 

] (d) Installation layout of the actuation systems. 

(e) Detailed layout of water supply piping, agent stor- 
age, pumping  and piping, power sources, and location and 
details of  mechanical  foam-liquid concentra te  injection 
equipment.  

(f) Make and type of discharge devices and foam liquid 
concentrate and hydraulic calculations of the systems. 

3-3.5 Low Expansion Foam Systems. 

3-3.5.1 Low expansion foam systems shall employ AFFF, 
protein,  or  f luoroprote in  foam-liquid concentrates  and  
shall be designed for local application, 

3-3.5.2* Coverage of  the specified floor area beneath the 
aircraft shall be by means of a horizontal foam discharge 
from nozzles located above floor level. 

3-3.5.3* Where  oscillating nozzles are used, the discharge 
pat tern limits shall be established for the design. Positive 
securement 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 operat ion 
only. 

3-3.5.4 Where  protein-  or f luoroprotein-based concen- 
trates are used, the minimum application rate shall be 0.16 
gpm of  foam solution per  sq ft (6.5 L/min/m z) of  floor area 
beneath the wing and wing-center section of the aircraft. 
Where AFFF concentrate is used, the minimum application 
rate shall be 0.10 gpm of  foam solution per  sq ft (4.1 
L/min/m 2) of  floor area beneath the wing and wing-center 
section of  the aircraft. 

3-3.5.5 The  quantity of water and foam concentrate shall 
be sufficient to operate  the system at the required dis- 
charge rate for a per iod of  at least 10 minutes. 

3-3.5.6 If  any nozzles are removed to allow movement  of 
the aircraft, removal of the nozzles shall not reduce the 
effectiveness of  the remaining system. 

3-3.5.7 Electric power reliability for concentrate pumps 
and oscillating nozzles shall be in accordance with electric 
fire pump requirements  of NFPA 20, Standard for the Instal- 
lation of Centrifugal Fire Pumps. 

3-3.5.8 Where  monitor- type nozzles are used, an individ- 
ual manual  control valve shall be provided for each unit. 

3-3.6 High Expansion Foam Systems. 

3-3.6.1 High expansion foam systems shall utilize surfac- 
tants as the foaming ingredient  and shall be designed for 
local application. 

3-3.6.2* These systems shall be designed to discharge at 
a rate to cover the protected area to a depth of at least 3 ft 
within 1 minute. 

3-3.6.3 Discharge rates shall take into consideration the 
sprinkler  breakdown factor required in 2-3.5.2(b) of NFPA 
11A, Standard for Medium- and High-Expansion Foam Systems. 

3-3.6.4 The quantity of water and foam concentrate shall 
be sufficient to opera te  the system at the required dis- 
charge rate for a per iod of 12 minutes. 

3-3,6.5 The  foam generators  shall be located at the ceil- 
ing or  on exterior  walls in such a way that only air from 
outside the aircraft storage and servicing area can be used 
for foam generation. Roof vents shall be located to avoid 
recirculation of combustion products  into the air inlets of 
the foam generators.  

3-3.6.6 Generators  shall be powered by reliable water- 
driven or electric motors. Electric power reliability for both 
generators  and concentrate pumps shall be in accordance 
with electric fire pump requirements  of  NFPA 20, Standard 
for the Installation of Centrifugal Fire Pumps. 

3-3.7 Water Supply. 

3-3.7.1" Water  shall be available in sufficient quantity and 
pressure to supply the maximum number  of agent distrib- 
utors likely to operate  simultaneously, in addit ion to meet- 
ing the demands  of overhead hangar  protection systems as 
de termined in this Chapter ,  and the requirements  for hose 
stream and other  equipment  as de te rmined  in Section 3-4 
of  this chapter.  Water  shall be suitable for the product ion 
of  foam. 

3-3.8 Foam Concentrate. 

3-3.8.1 The  quantities of foam concentrate shall be suffi- 
cient to provide protection specified by the requirements 
of this chapter.  

] 3-3.8.2 The  foam concentrate supplied with the system 
shall be that listed for use with the distribution equipment.  

3-3.8.3* A reserve supply of foam liquid concentrate of 
compatible type for the system shall be directly connected 
to the system and readily available. The reserve supply 
shall be in the same quantity as the main supply. 

3-3.8.4 Where the agent  requires pumping  to the distri- 
bution system, there shall be a minimum of two pumps,  
either of  which can supply the foam concentrate at the 
design rate. 
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3-3.8.5 Control  valves, foam concentrate liquid storage 
tanks, concentrate pumps,  controllers, and bypass balanc- 
ing equipment  shall be located outside the aircraft storage 
and service area. 

3-3.9 Acceptance Tests. 

3-3.9.1 The  following tests shall be per formed prior  to 
final acceptance of any supplementary system in an aircraft 
hangar.  

3-3.9.2 All piping shall be subjected to a 2-hr hydrostatic 
pressure test at 200 lb/sq in. (1380 kPa) or  50 lb/sq in. (345 
kPa) in excess of  the m a x i m u m  pressure  ant ic ipa ted ,  
whichever is greater,  in general  conformity with NFPA 13, 
Standard for the Installation of Sprinkler Systems. All normally 
dry piping shall be checked for leakage, f reedom from 
obstructions, and to de termine  if p rope r  drainage pitch 
has been provided.  

3-3.9.3 All devices and equipment  installed as part  of the 
system shall be tested. 

3-3.9.4 Supplementary  protection systems shall be sub- 
jected to flow tests, with foam flowing simultaneously from 
the m a x i m u m  n u m b e r  of  p r ima ry  pro tec t ion  systems 
expected to operate,  in o rder  to ensure that the hazard is 
protected in conformance with the design specification and 
to determine  whether  the flow pressures, agent discharge 
capacity, foam coverage, percent  concentration, and other  
operat idg characteristics are satisfactory. 

Exception: Where separate proportioning systems are utilized for 
the primary and supplementary protection systems, water only may 
be flowed in the primary protection system simultaneously with 
foam in the supplementary protection system. 

3-3.9.5 Supplementary  protection systems shall be exam- 
ined visually to determine  that they have been proper ly  
installed. Checks shall be made for such items in confor- 
mity with installation plans, continuity of piping, tightness 
of  fittings, removal of  temporary  blank flanges, and acces- 
sibility of valves and controls. Devices shall be proper ly  
identified and operat ing instructions prominent ly  posted. 

3-3.10 Final Approval. 

3-3.10.1 The  installing company shall furnish a written 
statement to the effect that the work has been completed in 
accordance with approved  plans and specifications, and 
tested in accordance with 3-3.9 of  this section. 

3-3.11 Actuation System. 

3-3.11.1" Actuation of  any pr imary fire protection system 
shall s imultaneously opera te  the supp lemen ta ry  extin- 
guishing system. 

3-3.11.2 Actuation systems shall be provided with com- 
plete circuit supervision and be a r ranged  in accordance 
with Section 3-6 of this chapter.  

3-3.11.3 Manual actuation stations shall be provided for 
each supplemental  protection system and shall be located 
both inside and outside the aircraft maintenance and ser- 

vicing area. Stations shall be located as close as possible to 
the aircraft positions to facilitate early system actuation in 
the event of a fire. 

3-4 Hand Hose Systems. 

3-4.1" Hand  hose systems shall be installed in every han- 
gar, including sprinklered hangars,  to provide for manual 
fire control. 

3-4.2 The  hand hose systems shall be a r ranged  to permit  
application of  water or  other  extinguishing agents on each 
side and into the interior  of the aircraft located in each air- 
craft storage and servicing area. At least two hose lines shall 
be considered to be opera ted  simultaneously. 

3-4.3 Foam-Water Hand Hose Systems. 

3-4.3.1 Foam-water hand hose systems shall be installed 
in aircraft storage and servicing areas. 

Exception: Where aircraft storage and servicing areas house 
only aircraft with drained and purged fuel tanks, as defined in 
1-3.7, hand hose systems shall be provided in accordance with 3- 
4.4 of this standard. 

3-4.3.2 The  systems shall conform with the applicable 
port ions of NFPA 14, Standard for the Installation of Stand- 
pipe and Hose Systems, and NFPA 11, Standard for Low Expan- 
sion Foam and Combined Agent Systems. 

3-4,3.3 These hand hose systems shall be supplied from a 
connection to the sprinkler  system header  or from a direct 
connection to the water source. 

3-4.3.4 Each hand hose connection shall be a minimum 
of  11/2 in. (38 mm) in size and fitted with a control  valve. 
The  hose shall be of  suitable length and diameter  to pro- 
vide a minimum flow of  60 gpm (227 L/rain) at an ade- 
quate nozzle pressure.  The  stream range shall be calcu- 
lated based on the volume and pressures available under  
maximum demand  conditions. 

3-4.3.5 The  hose shall be p roper ly  racked or  reeled.  
Hoses shall be fitted with an approved  foam-maker  nozzle 
or  a combinat ion- type nozzle designed to permi t  foam 
application or water spray. Nozzles shall be of  the shutoff 
type or  shall have a shutoff valve at the nozzle inlet. 

3-4.3.6 Foam-liquid concentrate may be supplied from a 
central distribution system, separate from or a part  of a 
foam-water  spr inkler  system, or  from stat ionary foam- 
liquid concentrate containers fitted with listed propor t ion-  
ing devices. 

3-4.3.7 The  minimum supply of foam-liquid concentrate 
shall be sufficient to provide operat ion of  at least two hand 
hose lines for a per iod of  20 minutes at a foam solution 
discharge rate of  60 gpm (227 L/min) each. 

3-4.4 Water Hand Hose Systems. 
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3-4.4.1 Water hand hose and standpipe systems shall be 
installed in accordance with NFPA 14, Standard for the 
Installation of Standpipe and Hose Systems, in all shop, office, 

[ a n d  nonaircraft storage areas in hangars, except where 
special hazards that require special protection exist. 

3-4.4.2 Hoses shall be fitted with listed adjustable stream 
pattern nozzles designed to permit straight stream or water 
spray application. 

3-5 Wheeled and Portable Extinguishers. 

3-5.1 Wheeled and portable extinguishers shall be pro- 
vided in accordance with NFPA 10, Standard for Portable 
Fire Extinguishers. 

3-5.2 In aircraft storage and servicing areas, the distribu- 
tion of such devices shall be in accordance with the extra 

[ hazard classification outlined in NFPA 10, Standard for Por- 
table Fire Extinguishers. 

3-5.3 The distribution of  extinguishers in other areas of  
aircraft hangars shall be in accordance with light, ordinary, 
or extra hazard occupancy based on an analysis of each 
such room or area following the requirements of NFPA 10, 
Standard for Portable Fire Extinguishers. 

3-6 Protection System Alarms. 

3-6.1" In addition to local alarm service, alarms shall be 
transmitted to a constantly attended location. 

Chapter 4 Protection of Group II Aircraft Hangars 

4-1 General. 

4-1.1 The protection of  aircraft storage and servicing 
areas of  Group II aircraft hangars, other than those hous- 
ing aircraft with drained and purged fuel tanks, shall be in 
accordance with any one of  the following: 

(a) The provisions of Chapter 3 of  this standard. 

Exception: Where foam-water deluge systems utilizing air- 
aspirating discharge devices are installed for the protection of 
Group H aircraft hangars, the discharge rate specified in 3- 
2.3.11 of this standard may be reduced to a minimum of O.16 gal 
of foam solution per min per sq fl (6.5 L/min/m 2) of floor area. 

(b) A combination of automatic sprinkler protection in 
accordance with Section 4-2 of  this chapter, AND an auto- 
matic, low-level, low expansion foam system in accordance 
with Section 4-3 of this chapter. 

(c) A combination of  automatic sprinkler protection in 
accordance with Section 4-2 of  this chapter, AND an auto- 
matic high expansion foam system in accordance with Sec- 
tion 4-4 of  this chapter. 

4-1.2 Automatic closed-head sprinkler protection shall be 
provided inside separate shop, office, and storage areas 
located inside aircraft maintenance and servicing areas. 
The design shall be in accordance with hazard classifica- 

[ tions specified in NFPA 13, Standard for the Installation of 
Sprinkler Systems. 

4-1.3 In addition to the provision for sprinkler and foam 
extinguishing systems as required by this chapter, protec- 
tion as required by Section 3-4, Section 3-5, and Section 
3-6 of this standard shall also be provided. 

4-2 Sprinkler System. 

4-2.1" Sprinkler systems shall be either wet pipe or pre- 
action, designed and installed in accordance with the appli- 
cable sections of NFPA 13, Standard for the Installation of 
Sprinkler Systems, and the provisions of  this chapter. 

4-2.2 Sprinkler piping shall be hydraulically sized in 
accordance with Chapter 7 of NFPA 13, Standard for the 
Installation of Sprinkler Systems. Calculations shall be based 
on all sprinklers operating over any 5000-sq ft area, includ- 
ing the most hydraulically remote areas. 

4-2.3 Piping shall be of materials approved for use in fire 
protection systems. 

4-2.4 Fittings shall be of a class and rating sufficient to 
withstand the maximum working pressure expected within 
the systems. Screwed and flanged fittings shall be cast iron. 
Grooved joint fittings shall be ductile iron, malleable iron, 
or steel. Welded fittings shall be steel. 

4-2.5 In aircraft storage and servicing areas, the maxi- 
mum projected floor area under  an individual sprinkler 
system shall not exceed 25,000 sq ft (2323 m2). 

4-2.6 Sprinkler spacing shall be as specified in 3-2.3.2 of 
this standard. 

4-2.7 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. 

4-2.8 The discharge rate from sprinkler systems shall be 
a minimum of 0.17 gal of  water per min per sq ft (6.9 
L/min/m 2) over any 5000-sq ft area, including the most 
hydraulically remote areas. 

4-2.9 Standard sprinklers shall have a nominal orifice size 
of 1/2 in. (12.7 mm) or 17/32 in. (13.5 mm). 

4-2.10 Sprinklers shall have a tempera ture  rating of  
325°F to 375°F (162°C to 190°C). 

4-2.11 Plans and specifications for sprinkler systems shall 
provide the information required by 3-2.1 of this standard. 

4-2.12 Sprinkler systems shall be flushed and tested in 
accordance with 3-2.6 and 3-2.7.1.1 of this standard. 

4-2.13 The installing company shall furnish a written 
statement to the effect that the work has been completed in 
accordance with approved plans and specifications, and 
tested in accordance with the provisions of 4-2.12 of  this 
section. 
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4-3 Low Expansion Foam System. 

4-3.1 Foam systems shall be of  the fixed type and shall be 
designed and installed in accordance with the applicable 
port ions of  NFPA 11, Standard for Low Expansion Foam and 
Combined Agent Systems. 

4-3.2 The foam system shall use low-level moni tor  type 
discharge nozzles, with individual manual  shutoff valves 
for each nozzle. 

4-3.3* The  discharge nozzles shall be ar ranged to achieve 
initial foam coverage in the expected aircraft parking area. 

4-3.4 The minimum application rate shall be 0.16 gpm of 
foam solution per  sq ft (6.5 L/min/m 2) where protein-based 
or  f luoroprotein-based concentrate is used. Where AFFF 
concentrate is used, the minimum application rate shall be 
0.10 gpm of  foam solution per  sq ft (4.1 L/min/mZ). 

4-3.5 The  discharge rate of  the system shall be based on 
the rate of application multiplied by the entire aircraft stor- 
age and servicing floor area. 

4-3.6 Foam Concentrate. 

4-3.6.1 The quantity of  foam concentrate shall be suffi- 
cient to operate  the system at the required discharge rate 
for a per iod of  at least 10 minutes. 

4-3.6.2 The  foam concentrate supplied with the system 
shall be listed for use with the distribution equipment.  

4-3.6.3 There  shall be a reserve of  foam concentrate of a 
compat ible  type directly connected to the system. The  
reserve supply shall be in the same quantity as the main 
supply. 

4-3.6.4 There  shall be a min imum of two pumps where 
the foam concentrate requires pumping  to the distribution 
system. Either pump  shall be capable of supplying the 
foam concentrate at the design rate. 

4-3.6.5 The control valves, foam-liquid concentrate stor- 
age, injection system, and foam concentrate pump shall be 
located outside aircraft storage and servicing areas. The  
environmental  conditions shall be suitable for the particu- 
lar agent involved. 

4-3.7 Plans and specifications for foam extinguishing sys- 
tems shall provide the information required by 3-3.4 of  this 
standard.  

4-3.8 Acceptance Tests. 

4-3.8.1 Acceptance tests for foam extinguishing systems 
shall be performed in accordance with 3-3.9.2, 3-3.9.3, and 
3-3.9.5 of  this s tandard.  

4-3.8.2 The  systems shall be subjected to flow tests with 
foam flowing from the maximum number  of foam distrib- 
utors expected to operate  in o rde r  to ensure that the han- 

t a r  is protected in conformance with the design specifica- 
t ions,  and  to d e t e r m i n e  if  the  flow pressures ,  agen t  
discharge capacity, foam coverage, percentage of concen- 
tration, and other  operat ing characteristics are satisfactory. 

4-3.8.2.1 A flow test shall be per formed with only the 
foam system operat ing.  

4-3.8.2.2 A flow test shall be per formed with the foam 
system operat ing at the design pressure with the sprinkler  
system and hose demand.  

4-3.9 The  installing company shall furnish a written state- 
ment  to the effect that the work has been completed in 
accordance with approved  plans and specifications, and 
tested in accordance with the provisions of 4-3.8 of this 
section. 

4-4 High Expansion Foam System. 

4-4.1 High expansion foam systems shall be designed and 
installed in accordance with the applicable por t ions  of  
NFPA 11A, Standard for Medium- and High-Expansion Foam 
Systems. 

4-4.2 The  high expansion foam system shall be of  the 
local application type as specified in Sections 3-1, 3-2, and 
3-3 of  NFPA 11A, Standard for Medium- and High-Expansion 
Foam Systems. 

4-4.3 The  high expans ion  foam ge ne ra to r s  shall be 
ar ranged to achieve initial foam coverage in the anticipated 
aircraft parking area. 

4-4.4 The  effective application rate shall be a minimum of  
3 cfm/sq ft. The application rate shall take into consider- 
ation the sprinkler  breakdown factor specified in 2-3.5.2(b) 
of  NFPA 11A, Standard for Medium- and High-Expansion 
Foam Systems. 

4-4.5 The  discharge rate of the system shall be based on 
the rate of  application mult ipl ied by the entire aircraft stor- 
age and servicing floor area. 

4-4.6 Foam generators  shall be supplied with air from 
outside the aircraft storage and servicing area. Roof vents 
shall be located to avoid recirculation of  combustion prod-  
ucts into the air inlets of  the foam generators.  

4-4.7 Foam gene ra to r s  shall be powered  by re l iable  
water-driven or electric motors. Electric power reliability 
for both foam generators  and foam concentrate  pumps  
shall be consistent with electric fire pump requirements  
specified in Chapters  6 and 7 of NFPA 20, Standard for the 
Installation of Centrifugal Fire Pumps. 

4-4.8 Foam Concentrate. 

4-4.8.1 The quantity of  foam concentrate shall be suffi- 
cient to operate  the system at the required discharge rate 
for a per iod of  at least 12 minutes. 
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4-4.8.2 The  foam concentrate supplied with the system 
shall be listed for use with the distribution equipment.  

4-4.8.3 There  shall be a reserve of  foam concentrate of a 
compat ible  type directly connected to the system. The  
reserve supply shall be in the same quantity as the main 
supply. 

4-4.8.4 There  shall be a minimum of two pumps where 
the foam concentrate requires pumping  to the distribution 
system. Either pump  shall be capable of  supplying the 
foam concentrate at the design rate. 

4-4.8.5 The  control valves, foam-liquid concentrate stor- 
age, injection system, and foam concentrate pump shall be 
located outside aircraft storage and servicing areas. The 
environmental  conditions shall be suitable for the particu- 
lar agent  involved. 

4-4.9 Plans and specifications for foam extinguishing sys- 
tems shall provide the information required by 3-3.4 of this 
standard.  

4-4.10 Acceptance Tests. 

4-4.10.1 Acceptance tests for foam extinguishing systems 
shall be performed in accordance with 3-3.9.2, 3-3.9.3, and 
3-3.9.5 of  this standard.  

4-4.10.2 The systems shall be subjected to flow tests with 
foam flowing from the maximum number  of foam distrib- 
utors expected to operate  in o rder  to ensure that the han- 
gar is protected in conformance with the design specifica- 
tions, and  to d e t e r m i n e  if  the  flow pressures ,  agen t  
discharge capacity, foam coverage, percentage of  concen- 
tration, and other  operat ing characteristics are satisfactory. 

4-4.10.2.1 A flow test shall be performed with only the 
foam system operat ing.  

4-4.10.2.2 A flow test shall be per formed with the foam 
system opera t ing  at the design pressure with the sprinkler  
system and hose demand.  

4-4.11 The  installing company shall furnish a written 
statement to the effect that work has been completed in 
accordance with approved  plans and specifications, and 
tested in accordance with the provisions of  4-4.10 of this 
section. 

4-5 Detection and Actuation Systems. 

4-5.1 Detectors for actuating high or low expansion foam 
systems and for actuating preaction s tandard sprinkler  sys- 
tems shall be rate-of-rise,  fixed t empera tu re ,  or  rate-  
compensation type. 

4-5.2 These detectors  shall be installed in accordance 
with NFPA 72E, Standard on Automatic Fire Detectors. 

4-5.3 Detection systems shall be provided with complete 
supervision. 

4-5.4 Manual actuation stations shall be located so that 
each system can be individually opera ted  from both inside 
and outside the aircraft storage and servicing area. The  
manual  stations shall be installed so that they are unob- 
structed,  readily accessible, and located in the normal  
paths of exit from the area. 

4-6 Water Supply. 

4-6.1 The  total water supply shall be sufficient to satisfy 
the combination of  systems and hose stations as described 
in 4-1.1 (b), 4-1.1 (c), and 4-1.3 of  this chapter  for durat ions 
as specified in this section. 

4-6.2 The water supply for sprinkler  systems shall have a 
minimum durat ion of 30 minutes at the rate specified in 4- 
2.8 of  this chapter.  

4-6.3 The  water supply for low expansion foam systems 
shall be capable of  furnishing water at the rate specified in 
4-3.4 of  this chapter  for a minimum period of 10 minutes. 
Water  shall be suitable for the product ion of foam. 

4-6.4 The  water supply for high expansion foam systems 
shall be capable of  furnishing water at the rate specified in 
4-4.4 of this chapter  for a minimum period of 12 minutes. 
Water  shall be suitable for the product ion of foam. 

4-6.5 The  water supply for hose stations shall be capable 
of  satisfying the requirements  of  Section 3-4 of  this stan- 
dard,  in addit ion to those specified in 4-6.2, and either 4- 
6.3 or  4-6.4 of this section. The  demand  shall be calculated 
at the point  where supply piping for the hose stations con- 
nects to the system piping or fire protection underground.  

4-6.6 Where  the water supply for the systems also serves 
as a supply for exterior  hose streams, a hose stream allow- 
ance of 500 gpm (1893 L/min) shall be included in the 
water supply hydraulic calculations. Calculations for hose 
stream shall be in accordance with Chapter  7 of  NFPA 13, 
Standard for the Installation of Sprinkler Systems. 

4-6.7 Where provided,  fire pumps and suction reservoirs 
shall be designed and installed in accordance with 3-2.4.6 
and 3-2.5 of this s tandard.  

Chapter 5 Group III Aircraft Hangars 

5-1 Construction. 

5-1.1" Group II I  hangars shall be constructed of any of 
the types of construction specified in NFPA 220, Standard 
on Types of Building Construction. 

5-1.2 Group I I I  hangars shall be limited to one story. 
Where a Group II I  Hangar  as defined in 1-3.2.3 exceeds 
one story, the hangar  shall be designated as a Group II 
Hangar .  

5-1.3 The surface of the grade floor of aircraft storage 
and servicing areas, regardless of type of  hangar  construc- 
tion, shall be noncombustible and above the grade of the 
approach or apron at the entrance to the hangar.  
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5-1.4 Hangar aprons shall slope away from the level of 
the hangar floors to prevent liquid on the apron surfaces 
from flowing into the hangars. 

5-1.5 In freestanding hangars for a single aircraft and in 
row hangars, a min imum of 6-in. (15-cm) high curbing 
shall be provided between each aircraft space to prevent 
the flow of liquid from one space to adjacent spaces. 

5-1.5.1 Open bay hangars capable of housing multiple 
aircraft shall be provided with floor drainage in accordance 
with Section 2-11 of this standard. 

5-1.6 Roof coverings shall be listed as Class C, or better, 
where tested in accordance with NFPA 256, Standard Meth- 
ods of Fire Tests of Roof Coverings. 

5-1.7 Exposed interior insulation attached to walls and 
roofs in aircraft storage and servicing areas shall be non- 
combustible as defined in NFPA 220, Standard on Types of 
Building Construction. 

5-1.7.1 In an aircraft storage and servicing area of a han- 
gar equipped with an approved sprinkler system designed 
in accordance with Chapter 4 of this standard, exposed 
interior insulation attached to walls and roofs may be lim- 
ited noncombustible as defined in NFPA 220, Standard 
Types of Building Construction. 

5-1.8 Egress doors for personnel that do not require the 
opening of doors accommodating aircraft shall be provided 
in each partitioned space. Intervals between doors shall not 
exceed 150 ft (45 m) on all exterior walls or 100 ft (30 m) 
along interior walls. 

5-1.9 Exit signs shall be provided over exit doors. 

5-2 Separation and Internal Subdivisions. 

5-2.1 For single hangar  buildings, the clear space dis- 
tances specified in Table 5-2.1 shall be maintained on all 
sides of the single hangar. Where mixed types of construc- 

[ tion are involved, the less fire resistant type of construction 
shall be used to determine separation required. Where the 
minimum separations specified in Table 5-2.1 cannot be 
met, the buildings shall be considered a hangar building 
cluster. 

Table 5-2.1 

Minimum 
Type of Construction Separation Required 
Type I (443) and (332) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 ft (15 m) 
Type II (222) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 ft (15 m) 
Type 1I (111), Type III (211), and 

Type IV (2HH) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 ft (15 m) 
Type II (000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 ft (15 m) 
Type III (200) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 ft (15 m) 
Type V (111) and (000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 ft (23 m) 

5-2.1.1 Where single hangar buildings adjoin each other 
and each has fire walls with a min imum rating of at least 2 
hours, located so that fire areas shall not exceed the maxi- 

mum areas specified in Table 1-3.2.3 of this standard, no 
min imum separation distance shall be required. These 
buildings shall not be considered a hangar building cluster. 

5-2.2 Row hangars shall be divided by solid partitions 
having a fire resistance equivalent to that of the exterior 
walls or roof, whichever is greater, so that no more than 
three aircraft spaces shall be within an enclosed area. 

5-2.3 Partitions and ceilings separating aircraft storage 
and servicing areas from other areas, such as shops, offices, 
and parts storage areas shall have at least a 1-hr fire resis- 
tance rating with openings protected by listed fire doors 
having a fire resistance rating of at least 3/4 hr. 

5-3 Hangar Building Clusters. 

5-3.1 In  hangar  bui lding clusters, Group III  hangars 
within that cluster shall be limited in total area for the spe- 
cific types of construction in accordance with Table 5-3.1. 
Where mixed types of construction are involved, the less 
fire resistant type of construction shall be used to deter- 
mine the maximum allowable area in accordance with the 
table. 

Table 5-3.1 Maximum Fire Areas for Hangar Building Clusters 

Hangar 
Building Clusters 

Types of Construction (Sq Ft) (M s) 
Type I (443) and (332) 60,000 (5,574) 
Type I1 (222) 40,000 (3,716) 
Type II (111), Type III (211), 

and Type IV (2HH) 30,000 (2,787) 
Type I1 (000) 24,000 (2,230) 
Type III (200) 24,000 (2,230) 
Type V (111) 16,000 (1,486) 
Type V (000) 10,000 (929) 

5-3.2 Where the total area of all Group III  hangars in a 
cluster exceeds that specified in Table 5-3.1, selected build- 
ings in the hangar cluster shall be considered as Group II 
hangars and protected in accordance with Chapter 4 of 
this standard. These buildings shall be selected such that 
the total area of the unprotected Group III  hangar build- 
ings in the hangar  cluster is below the maximum area 
allowed by Table 5-3.1 for the less fire resistant type of 
construction. 

5-3.3 For hangar building clusters, the clear space dis- 
tances specified in Table 5-3.3 shall be maintained on all 
sides of the hangar building clusters. Where mixed types of 
construction are involved, less fire resistant type of con- 
struction shall be used. 

Table 5-3.3 

Minimum 
Type of Construction Separation Required 
Type I (433) and (332) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 ft (23 m) 
Type II (222) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 ft (23 m) 
Type IV (2HH) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 ft (23 m) 
Type II (111) and Type III (211) . . . . . . . . . . . . . . . . . . . . .  100 ft (30 m) 
Type II (000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 ft (30 m) 
Type III (200) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 ft (30 m) 
Type V (111) and (000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  125 ft (38 m) 
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5-4 Heating and Ventilating. 

5-4.1 Heat ing equipment  shall be installed, as applicable, 
in accordance with NFPA 90A, Standard for the Installation of 
Air Conditioning and Ventilating Systems; NFPA 31, Standard 
for the Installation of Oil Burning Equipment; and NFPA 54, 
National Fuel Gas Code, except as hereinafter  specifically 
provided.  

5-4.2 No heater  employing an open flame or  glowing ele- 
ment  shall be installed in aircraft storage and servicing 
areas or  sections communicat ing therewith, except as pro- 
vided for in 5-4.3 of this section. 

5-4.3 Hangar  heating plants that are fired with gas, liq- 
uid, or solid fuels not covered under  5-4.2 of this section, 
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-hr fire resistance rating. 
This separated room shall not be used for any other  haz- 
ardous purpose  or combustible storage and shall have no 
direct access from the aircraft storage or servicing area. 
Openings in the walls of such rooms communicat ing with 
other  port ions of the hangar  shall be restricted to those 
necessary for ducts or pipes. Penetrations of  the 1-hour fire 
resistance ra ted enclosure shall be f i res topped with an 
approved material proper ly  installed and capable of  main- 
taining the required fire resistance rating for the enclo- 
sure. Each such duct shall be protected with a listed auto- 
matic fire damper  or door. All air for combustion purposes  
enter ing such separated rooms shall be drawn from out- 
side the building. 

5-4.4* Fan furnace heating systems employing recircula- 
tion of air within aircraft storage and servicing areas shall 
have return air openings not less than 10 ft (3 m) above the 
floor. Supply air openings shall not be installed in the floor 
and shall be at least 6 in. (152 mm) from the floor mea- 
sured to the bottom of  the opening. 

Where automatic fire protection systems are installed in 
aircraft storage and servicing areas, fans for furnace heat- 
ing systems shall be ar ranged to shut down automatically 
by means of the operations of the interior  automatic fire 
p ro t ec t ion  system. One  or  more  manua l  fan shutof f  
switches shall be provided.  Shutoff switches shall be acces- 
sible and clearly placarded.  

5-4.5 Suspended or Elevated Heaters. 

5-4.5.1 Listed electric, gas, or oil heaters, may be used if 
installed as specified in 5-4.5.2, 5-4.5.3, and 5-4.5.4 of  this 
subsection. 

5-4.5.2 In aircraft storage and servicing areas, heaters 
shall be installed at least 10 ft (3 m) above the upper  sur- 
face of  wings or of the engine enclosures of the highest air- 
craft that may be housed in the hangar.  The  measurement  
shall be made from the wing or engine enclosure, which- 
ever is higher from the floor, to the bottom of the heater. 

5-4.5.3 In shops, offices, and other  sections of  aircraft 
hangars communicat ing with aircraft storage or servicing 
areas, the bottom of the heaters shall be installed not less 
than 8 ft (2.4 m) above the floor. 

5-4.5.4 Suspended or elevated heaters shall be so located 
in all spaces of  aircraft hangars that they shall not be sub- 
ject  to injury by aircraft, cranes, movable scaffolding, or  
other  objects. Provision shall be made to ensure accessibil- 
ity to suspended heaters for recurrent  maintenance pur-  
poses. 

5-4.6 Where a mechanical ventilating system is employed 
in hanga r s  or  shops,  the  vent i la t ing  system shall  be 
installed in accordance with NFPA 90A, Standard for the 
Installation of Air Conditioning and Ventilating Systems, and in 
accordance with the applicable provisions of Section 5-4 of  
this chapter.  

5-4.7 Where blower and exhaust  systems are installed for 
vapor  removal, the systems shall be installed in accordance 
with NFPA 91, Standard for the Installation of Blower and 
Exhaust Systems for Dust, Stock, and Vapor Removal or Con- 
veying. 

5-5 Lighting and Electrical Systems. 

5-5.1 Artificial l ighting shall be restricted to electric 
lighting. 

5-5.2" Electrical services shall be installed in compliance 
with the provisions for aircraft hangars contained in Arti- 
cle 513 of NFPA 70, National Electrical Code. 

5-6 Lightning Protection. 

5-6.1 Where  p rov ided ,  l igh tn ing  p ro tec t ion  shall be 
installed in accordance with NFPA 78, Lightning Protection 
Code. 

5-7 Grounding Facilities for Static Electricity. 

5-7.1" Grounding  facilities shall be provided for removal 
and control of  static electrical accumulations on aircraft 
while aircraft are stored or  undergoing  servicing in a 
hangar.  

5-7.2 An adequate  number  of floor g rounding  receptacles 
shall be provided.  The receptacles shall be ei ther g rounded  
through individual driven electrodes or electrically bonded  
together  in a grid system and the entire system grounded  
to unde rg round  metal piping or driven electrodes. Where  
dr iven electrodes are  used, they shall consist of  5/8-in. 
(15.9-mm) diameter  or larger metal rods driven at least 5 
ft (1.5 m) into the ground.  Floor grounding  receptacles 
shall be desig~led so as to minimize the t r ipping hazard. 

5-7.3* Grounding  wires shall be bare and of  a gage that 
will be satisfactorily du rab le  to wi ths tand mechanica l  
strains and usage. 
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5-8 Exit and Access Requirements. 

5-8.1 Means  o f  egress  f rom the  a i rcraf t  h a n g a r  shall  com-  
ply with NFPA 101, Life Safety Code. 

5-8.2 Aisles a n d  c lear  space  shall  be  m a i n t a i n e d  to e n s u r e  
access to s p r i n k l e r  con t ro l  valves, w h e r e  p r o v i d e d ,  s t and-  
p ipe  hose,  f ire ex t i ngu i she r s ,  a n d  s imi lar  e q u i p m e n t .  

5-9 Fire Protection for Group III Hangars. 

5-9.1 F ixed  fire p r o t e c t i o n  systems shall  no t  be  r e q u i r e d .  

5-9.1.1 W h e r e  h a z a r d o u s  o p e r a t i o n s  i n c l u d i n g  fuel t r ans -  
fer, weld ing ,  to rch  cu t t ing ,  t o r ch  so lder ing ,  d o p i n g ,  a n d  
spray  p a i n t i n g  a re  p e r f o r m e d  in any  G r o u p  I I I  h a n g a r ,  t he  
G r o u p  I I I  h a n g a r  shall  be  p r o t e c t e d  wi th  the  fire p ro tec -  
t ion specif ied in C h a p t e r  4 o f  this  s t a n d a r d ,  a n d  shall  also 
m e e t  the  r e q u i r e m e n t s  specif ied in 2-4.2 of  this  s t a n d a r d .  

5-9.2 P o r t a b l e  f ire e x t i n g u i s h e r s  shal l  be  p r o v i d e d  in 
a c c o r d a n c e  wi th  NFPA 10, Standard for Portable Fire Extin- 
guishers. W h e r e  p o r t a b l e  e x t i n g u i s h e r s  a re  locked  u p  to 
p r e c l u d e  the  possibil i ty of  theft ,  each  t e n a n t  a n d  a i rcraf t  
o w n e r  shall  be  p r o v i d e d  wi th  a key for the  locks. 

5-9.2.1 In  a i rcraf t  s to rage  a n d  serv ic ing  areas ,  t he  distr i -  
b u t i o n  o f  p o r t a b l e  fire e x t i n g u i s h e r s  shall  be  in a c c o r d a n c e  
with ex t ra  h a z a r d  classif ication o u t l i n e d  in N F P A  10, Stan- 
dard for Portable Fire Extinguishers. 

5-9.2.2 T h e  d i s t r i bu t ion  of  e x t i n g u i s h e r s  in o t h e r  a reas  of  
a i rcraf t  h a n g a r s  shall  be  in a c c o r d a n c e  wi th  l ight,  o r d i n a r y ,  
or  ex t r a  h a z a r d  o c c u p a n c y  based  o n  a n  analysis  o f  each  
r o o m  or  a r ea  fol lowing the  r e q u i r e m e n t s  of  NFPA 10, 
Standard for Portable Fire Extinguishers. 

Chapter 6 Periodic  Inspect ion and Test ing  

6-1 Fire Protection Systems. 

6-1.1 I n s p e c t i o n  a n d  t e s t ing  o f  f ire p r o t e c t i o n  systems in 
a i rcraf t  h a n g a r s  shal l  b e  p e r f o r m e d  in a c c o r d a n c e  wi th  
T a b l e  6-1.1. 

6-1.2 Records  of  inspec t ions ,  tests, a n d  test  resul t s  shall  
be  m a i n t a i n e d .  

Table 6-1.1 

Type and Frequency of Inspection and Tests 
System Semi- 5 
Components Weekly Monthly Ann. Ann. Qtrly. Yrs. 
Sprinkler Heads 
Piping 
Pipe Hangers 
Sprinkler Alarm 

Valve 
Deluge Valve 
Shutoff Valves 
Fire Pumps 
Water Reservoirs 
Hose Stations 
Strainers 
Foam Concentrate 
Conc. Storage 

Tanks 
Conc. Pump 
Conc. Control 

Valve (Auto) 
Conc. Shutoff 

Valve 
Foam Prop. Device 
HzO Powered 

Mon. Noz. 
Elec. Powered 

Man. Noz. 
H20 Powered 
HEF Gen. 
Elec. Powered 

HEF Gen. 
Pneumatic 

Detector 
Electric Detector 
Optical Detector 
Control Panels 
Alarm Transmis- 

sion (Local & 
Remote) 

Tamper Switch 
Flow Indication 

Switch 
Supervisory 
Alarms 
Manual Actuation 

Stations 
Hangar Floor 

Drain Sys. 
& Separators 

Fire Doors 
Gas Detectors 
Ventilation System 

in Pits, Tunnels, 
& Ducts 

Grounding 
Equipment 

F4 

F4 

V 

V 

V 
V 

V 

V 

V 

V 

V 

F 

V 
V 
V 

V 
V 
V 

01 
O 
F 
D 

V 
F2 

O 

O 

F 

D 

F 

O 

F 

03  
03  
03  
O 

O 

D 

V = Visual 
F = Functional (No flow) 
O = Operational (W/Flow - No Discharge) 
D = Operational with actual discharge 

1 = For the purposes of this test, the inspector's flow valve is acceptable. 
2 = A sample should be sent to the manufacturer for analysis. 
3 = At this time it is necessary to check that the set points are the same as 

the original. 
4 = Churn test. 
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Chapter 7 Referenced Publications 

7-1 The  following documents  or  port ions thereof  are ref- 
erenced within this s tandard and shall be considered par t  
of  the requirements  of  this document.  The  edition indi- 
cated for each reference is the current  edition as of the 
date of  the NFPA issuance of this document.  

NFPA 
Expansion 

NFPA 
Systems 

7-1.1 N F P A  P u b l i c a t i o n s .  National Fire Protection Asso- 
ciation, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 
02269-9101. 

N FPA 10-1990, Standard for Portable Fire Extinguishers 

NFPA 11-1988, Standard for Low Expansion Foam and 
Combined Agent Systems 

11A-1988,  Standard for Medium- and High- 
Foam Systems 

13-1989 Standard for the Installation of Sprinkler 

NFPA 14-1990, Standard for the Installation of Standpipe 
and Hose Systems 

N FPA 15-1990 Standard for Water Spray Fixed Systems for 
Fire Protection 

NFPA 16-1986 Standard on Deluge Foam-Water Sprinkler 
Foam-Water Spray Systems 

NFPA 20-1990 Standard for the Installation of Centrifugal 
Fire Pumps 

NFPA 31-1987 Standard for the Installation of Oil Burning 
Equipment 

NFPA 54o1988 National Fuel Gas Code 

NFPA 69-1986, Standard on Explosion Prevention Systems 

NFPA 70-1990, National Electrical Code 

NFPA 72E-1990, Standard on Automatic Fire Detectors 

NFPA 78-1989, Lightning Protection Code 

NFPA 90A-1989, Standard for the Installation of Air Condi- 
tioning and Ventilating Systems 

N FPA 91-1990, Standard for for the Installation Blower and 
Exhaust Systems for Dust, Stock, and Vapor Removal or Con- 
veying 

NFPA 101-1988, Life Safety Code 

NFPA 220-1985, Standard on Types of Building Construc- 
tion 

NFPA 256-1987, Standard Methods of Fire Tests of Roof 
Coverings 

NFPA 415-1987, Standard on Aircraft Fueling Ramp 
Drainage 

Appendix A 

This Appendix is not a part of the requirements of this NFPA docu- 
ment, but is included for information purposes only. 

A-l-2.1 The  adequacy and usefulness of  aircraft hangars 
depends  to a large extent  upon the fire resistance of their 
construction and the fire protection provided within the 
buildings. 

A - 1 - 3 . 2 . 3  T y p i c a l  G r o u p  III  H a n g a r s .  

f) 
[ 1 L-i 

Freestanding Unit for a Single Aircraft 
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Typical Configurations of Row Hangars 

% 
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Hangar Capable of Housing Multiple Aircraft 

A-2.1.1 Building construction types are defined in NFPA 
220, Standard on Types of Building Construction. The follow- 
ing material  is extracted verbatim from NFPA 220, the 
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Type I Type II Type III 

443 332 222 111 000 211 200 

EXTERIOR BEARING W A L L S -  
.SupF:orting more than one floor, 

columns or other bearing walls 4 3 2 l 01 2 2 
Supporting one floor only . . . . .  4 3 2 1 0 i 2 2 
Supporting a roof only . . . . . .  4 3 1 l 01 2 2 

INTERIOR BEARING WALLS--  / / / "  / 
Supporting more than one floor, 

columns or other bearing walls 4 3 2 1 0 
Supporting one floor only . . . . .  3 2 2 1 0 / l  
Supporting a roof only . . . . . .  3 2 1 1 0 

COLUMNS - -  - -  / . ~ / / o o  ~ Supporting more than one floor, 
bearing walls or other columns 4 3 2 ! 0 

Supporting a roof only . . . . . .  3 2 1 1 0 /1- / 0 /  
BEAMS, GIRDERS, TRUSS'ES & / 

ARCHES - -  
Supporting more than one floor, 0 /  

bearing walls or columns . . . .  4 3 2 1 0 
Supporting one floor only 3 2 2 1 0 / 0 /  
Supporting a roof only . . . .  3 2 1 1 0 / 0 / 

FLOOR CONSTRUCTION 3 2 2 1 0 1 / -  O " 

ROOF CONSTRUCTION 2 1½ 1 1 0 11,1 / / 0  .1,, 

EXTERIOR NONBEARING WALLS 0 t 0 t 01 01 0 t . /01 . / 01 / 

Type IV Type V 

2HH 111 000 

1 / 1  / 0  .I 

/%- / i f  

I / H ' /  t / - -  
/ . ] ' / / I / / ° /  

/ 1  , I / o /  

/ H'  / / 1 "  , ~ /  

/ o /  
/ ~ o 7 / / t  / 

Those members listed that are permitted to be of approved combustible material. 

t Requirements for fire resistance of exterior walls, the provision of spandrel wall sections, and the limitation or protection 
of wall openings are not related to construction type. They need to be specified in other standards and codes, where appropri- 
ate, and may be required in addition to the requirements of this Standard for the construction type. 

s " H "  indicates heavy timber members ; see text for requirements. 

1985 ed i t ion ,  a n d  is i n c l u d e d  h e r e  as a c o n v e n i e n c e  for  
users  o f  this  s t a n d a r d .  Any  r eques t s  for  F o r m a l  I n t e r p r e t a -  
t ions (FI) o r  T e n t a t i v e  I n t e r i m  A m e n d m e n t s  (TIA) on  the  
fol lowing mate r i a l  m u s t  be  d i r ec t ed  to the  T e c h n i c a l  Com-  
mi t tee  o n  B u i l d i n g  C o n s t r u c t i o n :  

3-1 T y p e  I (443-332) .  

3-1.1 T y p e  I C o n s t r u c t i o n  is t ha t  type  in which  the  
s t r u c t u r a l  m e m b e r s ,  i n c l u d i n g  walls,  c o l u m n s ,  b e a m s ,  
f loors ,  a n d  roofs ,  a r e  o f  a p p r o v e d  n o n c o m b u s t i b l e  o r  
l imi t ed -combus t ib l e  mate r ia l s  a n d  have  fire res i s tance  ra t -  
ings  no t  less t h a n  those  set fo r th  in T a b l e  3. 

3-2 T y p e  II (222-111-000) .  

3-2.1 T y p e  II  C o n s t r u c t i o n  is t h a t  type  no t  qua l i fy ing  
as T y p e  I C o n s t r u c t i o n  in which  the  s t ruc tu ra l  m e m b e r s  
i nc lud ing  walls, co lumns ,  beams ,  floors,  a n d  roofs a re  o f  
a p p r o v e d  n o n c o m b u s t i b l e  o r  l im i t ed -combus t ib l e  mate r ia l s  
a n d  have  fire res i s tance  r a t i ngs  no t  less t h a n  those  set fo r th  
in Tab le  3. 

3-3 T y p e  I I I  (211-200) .  

3-3.1 T y p e  I I I  C o n s t r u c t i o n  is t h a t  type  in wh ich  
ex t e r io r  walls a n d  s t ruc tu ra l  m e m b e r s  which  a re  p o r t i o n s  
o f  e x t e r i o r  walls  a r e  o f  a p p r o v e d  n o n c o m b u s t i b l e  o r  
l i m i t e d - c o m b u s t i b l e  m a t e r i a l s ,  a n d  i n t e r i o r  s t r u c t u r a l  
m e m b e r s ,  i n c l u d i n g  walls, c o l u m n s ,  b e a m s ,  f loors ,  a n d  
roofs, a re  whol ly  o r  pa r t ly  o f  wood  o f  sma l l e r  d i m e n s i o n s  
t h a n  r e q u i r e d  for  T y p e  IV C o n s t r u c t i o n  o r  o f  a p p r o v e d  

n o n c o m b u s t i b l e ,  l im i t ed -combus t i b l e ,  o r  o t h e r  a p p r o v e d  
c o m b u s t i b l e  ma te r i a l s .  In  a d d i t i o n ,  s t r u c t u r a l  m e m b e r s  
have  fire res i s tance  r a t ings  no t  less t h a n  those  set fo r th  in 
T a b l e  3. 

3-4 T y p e  IV  l (2HH) .  

3-4.1 T y p e  IV  C o n s t r u c t i o n  is t h a t  type  in which  
e x t e r i o r  a n d  i n t e r i o r  walls a n d  s t r u c t u r a l  m e m b e r s  which  
a re  p o r t i o n s  of  such  walls a re  o f  a p p r o v e d  n o n c o m b u s t i b l e  
or  l im i t ed -combus t ib l e  mater ia ls .  O t h e r  i n t e r i o r  s t ruc tu ra l  
m e m b e r s  i n c l u d i n g  c o l u m n s ,  b e a m s ,  a rches ,  f loors  a n d  
roofs  a re  o f  solid o r  l a m i n a t e d  wood  w i t h o u t  concea l ed  
spaces  a n d  comply  wi th  the  p rov i s ions  o f  3-4.2 t h r o u g h  3- 
4.6. I n  add i t ion ,  s t ruc tu ra l  m e m b e r s  have  fire res i s t ance  
r a t i ngs  no t  less t h a n  those  set fo r th  in T a b l e  3. 

Exception No. 1: Interior columns, arches, beams, girders, 
and trusses of approved materials other than wood are permitted 
provided they are protected to provide a fire resistance rating of 
not less than 1 hour. 

Exception No. 2: Certain concealed spaces are permitted by 
the Exception to 3-4.4. 

3-4.2 W o o d  c o l u m n s  s u p p o r t i n g  f loor  loads shall  be  
no t  less t h a n  8 in. (203 m m )  in any  d i m e n s i o n ;  wood  col- 
u m n s  s u p p o r t i n g  r o o f  loads  on ly  shal l  be  no t  less t h a n  6 in. 
(152 m m )  in least  d i m e n s i o n  a n d  no t  less t h a n  8 in. (203 
m m )  in d e p t h .  

I The dimensions used for sawn and glued laminated lumber in 
this Section 3-4 are nominal dimensions. 
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3-4.3 Wood  beams and g i rders  suppor t i ng  floor 
loads shall be not less than 6 in. (152 mm) in width and not 
less than 10 in. (254 mm) in depth;  wood beams and gird- 
ers and other  roof  framing, suppor t ing roof  loads only, 
shall be not less than 4 in. (102 mm) in width and not less 
than 6 in. (152 mm) in depth.  

3-4.4 F r a m e d  or  g lued  l amina t ed  arches  which 
spring from grade  or the floor line and t imber trusses 
which suppor t  floor loads shall be not less than 8 in. (203 
mm) in width or  depth.  Framed or glued laminated arches 
for roof  construction which spring from grade or the floor 
line and do not suppor t  floor loads shall have members  not 
less than 6 in. (152 mm) in width and not less than 8 in. 
(203 mm) in depth  for the lower half of the height and not 
less than 6 in. (152 mm) in depth  for the uppe r  half. 
Framed or glued laminated arches for roof  construction 
which spring from the top of  walls or  wall abutments  and 
t imber trusses which do not suppor t  floor loads shall have 
members  not less than 4 in. (102 mm) in width and not less 
than 6 in. (152 mm) in depth.  

Exception: Spaced members may be composed of two or more 
pieces not less than 3 in. (76 mm) in thickness when blocked sol- 
idly throughout their intervening spaces or when such spaces are 
tightly closed by a continuous wood cover plate not less than 2 in. 
(51 ram) in thickness, secured to the underside of the members. 

Splice plates shall be not less than 3 in. (76 mm) in 
thickness. 

3-4.5 Floors  shall  be cons t ruc t ed  of  sp l ined  or  
tongued and grooved plank not less than 3 in. (76 mm) in 
thickness covered with 1-in. (25-mm) tongue and groove 
flooring, laid crosswise or  diagonally to the plank, or  with 
1/z-in. (12.7-mm) plywood, or of  laminated planks not less 
than 4 in. (102 mm) in width, set on edge close together,  
spiked at intervals of  18 in. (457 mm) and covered with 1- 
in. (25-mm) tongue and groove flooring laid crosswise or 
diagonally to the plank or  with l/2-in. (12.7-mm) plywood. 

3-4.6 Roof decks shall be of  splined or  tongued and 
grooved plank not less than 2 in. (51 mm) in thickness; or  
of  laminated planks not less than 3 in. (76 mm) in width, 
set on edge close together,  and laid as required for floors; 
or of  ll/s-in. (28.6-mm) thick interior  plywood (exterior 
g lue) ;  o r  o f  a p p r o v e d  n o n c o m b u s t i b l e  o r  l i m i t e d -  
combustible materials of  equal fire durability. 

3-5 Type  V (111-000). 

3-5.1 Type  V Construction is that type in which exte- 
rior walls, bear ing walls, and floors and roofs and their 
supports  are wholly or partly of  wood or other  approved 
combustible material smaller than required for Type  IV 
Construction. In addition, structural members  have fire 
resistance ratings not less than those set forth in Table 3. 

A-2-1.2 Preference should be given to the use of noncom- 
bustible materials in Type  V (111) and (000) hangars.  Sep- 
arate shops, offices, and storage areas should comply with 
the provisions of 2-2.1. 

A-2-2.1 Fire wall construction should be in accordance 
with a listed construction assembly or the local building 
code. The  construction should be resistant to or  protected 

from mechanical damage and potential damage from dis- 
charge of  the fixed fire protection system. 

A-2-2.3 Shops, office, and storage areas should be in sep- 
arate, detached buildings. Workshops,  offices, and storage 
areas having their  own roof  coverings and built within air- 
craft storage or servicing areas should have watertight roof  
deck coverings. 

A-2-3.2.3 Also see NFPA 80, Standard for Fire Doors and 
Windows. 

A-2-3.3.2 Also see NFPA 80, Standard for Fire Doors and 
Windows. 

A-2-4.2 These special hazards include, but  are not limited 
to, spray paint ing or doping  areas, flammable liquid stor- 
age or mixing rooms, cutting and welding areas, etc. 

A-2-6.2 Addit ional  guidance per ta in ing  to fixed water 
systems may be found in NFPA 15. This information may 
also be used in the design of  foam-water systems. The  
design of such protection should take into account such 
factors as the shape of  the column, wetting of lower sprin- 
klers, etc. 

A-2-7.3 Preplanning should ensure availability of  neces- 
sary auxiliary equipment  such as tractors, cables, grapnels,  
etc., where manual  operat ion is ei ther impossible or too 
slow to allow p rompt  aircraft removal. 

A-2-9.1 Landing gear  pits, ducts, and  tunnels located 
beneath the hangar  floor should be avoided if possible 
because of the danger  of accumulation of flammable liquids 
or  vapors; where their use is essential, the protection mea- 
sures specified in Section 2-9 must be followed. For floor 
drainage,  see 2-11.2. 

A-2-9.7 The  vent ing a r rangement s  will be d e p e n d e n t  
upon the design of the pits, elevating platforms, and means 
of access. It may be necessary for part  of the platform sur- 
face to be grated or  perforated to provide adequate  explo- 
sion venting area. The  general  principles in NFPA 68, 
Guide for Venting of Deflagrations, should be followed. 

A-2-9.8 Considerat ion should be given to the selection of  
an extinguishing agent  that could also be used as a means 
of inert ing the pit in the event that flammable vapors are 
present  concurrent  with the loss of  use of the ventilation 
system due to power failure, maintenance,  or other  causes. 
For this reason, carbon dioxide or the lower toxicity halo- 
genated agents can be useful in this respect. 

A-2-11.2.1 Aircraft hangars may also require  floor drain- 
age systems to effectively dispose of water used for cleaning 
aircraft and hangar  floor surfaces and water accumulation 
from possible flooding due to high groundwater  tables, 
and to drain away water discharged from the fire protec- 
tion equipment  provided within the structure. Reference 
can be made to NFPA 415, Standard on Aircraft Fueling 
Ramp Drainage, for information on drainage systems and 
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the appendix of NFPA 15, Standard for Water Spray Fixed 
Systems for Fire Protection, for information on drainage 
equipment and arrangements. 

A-2-11.2.3 In general, this will mean that the design must 
be adequate to ensure that the liquid level at the center of  
the drain is below the top surface of  the drain inlet grating 
for grated round, rectangular, and long trench-type inlets, 
or the floor surface in the case of a slit trench. 

A-2-12.1 It is recommended that hangar heating plants 
fired with gas, liquid, or solid fuel be located in a fire- 
resistive or noncombustible detached building wherever 
possible. 

A-2-12.4 Personnel should be fully instructed that in 
event of  a serious gasoline or similar flammable liquid spill 
on the hangar floor, the fans should be shut off. 

A-2-13.2 See also 2-7.2 on power supply to doors accom- 
modating aircraft. 

A-2-14.1 
mine the 
installed, 
Lightning 

All aircraft hangars should be surveyed to deter- 
need for approved lightning protection. Where 
such systems should be listed. See NFPA 78, 

Protection Code. 

A-2-15.1 As low a resistance as possible should be secured 
and maintained. Ten thousand ohms is a practical recom- 
mended maximum where determined by standard proce- 
dures. For further details on this subject, see NFPA 407, 
Standard for Aircraft Fuel Servicing, and NFPA 77, Recom- 
mended Practice on Static Electricity. 

A-2-15.3 Speedometer,  preformed steel, or equivalent 
cable will minimize danger of  employee hand injury. 

A-2-16.1 See NFPA 101, Life Safety Code, for further infor- 
mation. 

A-2-17.1 Draft Stops. 

(a) Depth. Draft stops should extend down from the 
roof or ceiling of  aircraft storage and servicing areas not 
less than one-eighth of  the height from the floor to roof or 
ceiling. Under curved or sloping roofs extending to grade 
level or close to grade level, draft stops need not be contin- 
ued below 16 ft (4.8 m) from the floor. 

(b) Installation. Draft stops should be installed, prefer- 
ably at right angles to the hangar  doors, forming roof 
pockets that are rectangular in shape. Hangars that are 
long and narrow, however, might best be subdivided by a 
"grid" system of draft stops, that are both at right angles 
and parallel to the doors. In arch-type hangars, draft stops 
can be hung on exposed interior roof supports running 
parallel to the doors. The method of  installation selected 
should be based on obtaining maximum operational effi- 
ciency from the sprinkler protection, taking into consider- 
ation mean wind conditions, floor drains, floor pitch, and 
details of occupancy usage. 

(c) Roof Sections as Draft Stops. Structural features of  a 
building that serve the purpose of  draft stops (such as roof 

monitors, sawtooth roofs, etc.) may be accepted in lieu of  
specially constructed draft stops. 

A-3-2.1.1 It is highly important and expedient that all 
applicable areas of responsibility, such as those that cover 
adequacy of  water supplies, design, testing, flushing, 
approvals, etc., be clearly defined in the contract docu- 
ments. This is important where there is shared responsibil- 
ity for various portions of the fire protection systems. 

A-3-2.3.1 The manual control valve for each individual 
sprinkler system should be located outside aircraft storage 
and servicing areas. 

A-3-2.3.14 To prevent accidental depletion of  this reserve 
supply, it should be available to the system only by inten- 
tional manual operation. 

A-3-2.4.1 Aircraft storage and servicing areas with large 
doors on both ends can present special draft problems 
affecting the efficient operation of the sprinkler systems. In 
such cases, additional systems should be included in the 
calculation of  water supply needed. Draft stops should 
effectively surround each individual sprinkler system. See 
Section 2-17. 

A-3-2.4.6 The development of  satisfactory water supplies 
is a matter requiring engineering judgment  and careful 
analysis of  local conditions. See NFPA 419, Guide for Master 
Planning Airport Water Supply Systems for Fire Protection; 
NFPA 20, Standard for the Installation of Centrifugal Fire 
Pumps; and NFPA 22, Standard for Water Tanks for Private 
Fire Protection. Acceptable types of  water supplies can con- 
sist of one or more of  the following: 

(a) connections to reliable waterworks systems, includ- 
ing automatic booster pumps where required; 

(b) automatic fire pumps taking suction under  a head 
from storage reservoirs or other suitable supply; 

(c) gravity tanks. 

Combinations of  these supplies may be used to advan- 
tage. It is desirable to have two independent water sup- 
plies. Where reliance is placed upon automatic fire pumps, 
special consideration should be given to the use of multiple 
pumps in preference to single pumps and the use of  mul- 
tiple sources of  power in order to increase the reliability of  
pump drivers. Water supplies should be guarded against 
entry of foreign material that would clog sprinklers or pip- 
ing. Waterworks connections, where used as an indepen- 
dent supply, should be capable of  delivering water at the 
specified rate and pressure as determined by flow tests, 
with due consideration given to any conditions that may 
have an effect on the design supply and pressure. Investi- 
gation should be made to determine the normal and emer- 
gency opera t ion of  the waterworks system, including 
domestic consumption and operation of  the waterworks 
pumps at time of test, pressure-reducing valves, or other 
factors affecting adequacy of a public water supply. Auto- 
matic booster fire pumps should be used to provide effec- 
tive pressure from waterworks connections. 

A-3-2.5.4 Supplemental means for automatically starting 
the fire pumps should also be provided. 
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A-3-2.6.1 In connection with the flushing operat ion,  pre- 
planning should be made for means of  disposing of  the 
large quantities of  water discharged. 

A-3-2.10.3 In locating manual  actuation stations inside, 
multiple stations should be considered to provide occu- 
pants with a selection of  paths of exit from which they can 
actuate the system. 

The  location of exterior  actuation stations should ensure 
accessibility once the occupant  has exi ted  the hangar  
through any of  the emergency exits. Security fences, adja- 
cent buildings, or  other  obstructions should be considered 
when locating exterior  actuation stations. 

A-3-3.1 Supplementary  protect ion systems for hangars  
containing several aircraft, each having wing areas less 
than 3,000 sq ft (279 m2), can be warranted.  Such systems 
are recommended  where: 

(1) Rapid control of  a fuel fire exposing a single aircraft 
is considered essential. 

(2) Strategically important  military aircraft or  multiple 
high valued aircraft are accommodated.  

(3) Ar rangement  of aircraft  within hangar  results in 
congestion and limited access to individual aircraft. 

Table A-3-3.1 
Following is a listing of the wing areas of 

various transport-type aircraft: 
Wing Areas of Various Aircraft 

Wing Area 
Aircraft Sq Ft (M ~) 

1" L-500-Galaxy 6,200 (576.0) 
2* Boeing 747 5,500 (511.0) 
3* Concorde 3,856 (358.2) 
4* DC-10-20, 30 3,550 (329.8) 
5* L-1011 3,456 (321.1) 
6* Boeing 767 3,050 (283.4) 
7* llyushun IL-62 3,030 (281.5) 
8 Boeing 707-320 B/C 2,950 (274.1) 
9 DC-10 2,932 (272.4) 
10 DC-8-63 2,927 (271.9) 
11 DC-8-62 2,926 (271.8) 
12 DC-8-61 2,883 (267.8) 
13 A-300 Airbus 2,799 (260.0) 
14 BAC-3-11 2,450 (227.6) 
15 A310 Airbus 2,357 (218.9) 
16 Tupolev TU-154 2,169 (201.5) 
17 Boeing 757 1,951 (181.2) 
18 L- 100-20 Hercules 1,745 ( 162.1 ) 
19 Caravelle 1,579 (146.7) 
20 Boeing 727-100 1,560 (144.9) 
21 Trident 3B 1,493 (138.7) 
22 Trident 1E 1,466 (136.2) 
23 Tupolev TU-34 1,370 (127.3) 
24 Trident 1C 1,358 (126.2) 
25 BAC 1-11-500 1,031 (95.8) 
26 NAMC YS-11 1,020 (94.8) 
27 BAC 1-11-300,400 1,003 (93.2) 
28 DC 9-30 1,001 (93.0) 
29 Boeing 737-200, 300 980 (91.0) 
30 DC 9-20 934 (86.8) 

Table A-3-3.1, Continued 

31 Convair 640 920 (84.5) 
32 Herald 886 (82.3) 
33 Fokker Fellowship 822 (76.4) 
34 Fokker Fellowship 754 (70.0) 
35 Nord 592 (55.0) 
36 Twin Otter 420 (39.0) 
37 Beechcraft Model 99 298 (27.7) 

*Aircraft with wing areas in excess of 3,000 sq ft (279 m s) 

A-3-3.2 In general,  the specified floor area would be the 
area under  the wing and wing-center sections of the air- 
craft. Configuration of  aircraft and posit ioning of  aircraft 
and ground  equipment  within an aircraft storage and ser- 
vicing area can compromise the effectiveness of  any supple- 
mental protection systems. Original design and testing of 
such systems should anticipate obstructions on the floor 
(such as those created by working platforms) in providing 
protection over the specified floor areas. The  discharge 
from overhead hangar  protection systems may not protect  
the aircraft from a fire in the shielded areas beneath the 
wing and wing-center section. The  supplementary  system 
is in tended to provide protection in these shielded areas by 
controll ing such fires quickly and prevent ing extensive 
damage  to the aircraft.  The  area  to be p ro tec ted  will 
depend  on the configuration and the number  of  aircraft 
and their  positioning arrangements ,  as well as the location 
of permanent  service structures within the aircraft mainte- 
nance and servicing area. Protection of the entire aircraft 
maintenance and servicing area could be required because 
of the variety of  possible aircraft posit ioning arrangements .  

The  total area to be protected by a single system will 
depend  upon the number  and configuration of  aircraft 
and  their  proximi ty  to one ano the r  and the d ra inage  
arrangements .  If  more than one aircraft is located within 
any d ra inage  system, the supp l e me n ta ry  foam system 
should preferably be capable of covering the floor area 
beneath all such aircraft. 

A-3-3.4.1 It is highly impor tant  and expedient  that all 
applicable areas of  responsibility such as those that cover 
suitability of agent, application rates used, area covered, 
approvals,  testing, etc., be clearly defined in the contract 
documents.  This is especially impor tant  when there may be 
shared responsibility for the various port ions of  the fire 
protection system. 

A-3-3.4.2 The  total area to be protected by a single sys- 
tem will depend  upon the number  and configuration of 
aircraft and their proximity to one another  and the drain- 
age ar rangements .  If  more than one aircraft  is located 
within any drainage system, the supplementary  foam sys- 
tem should preferably be capable of covering the floor area 
beneath all such aircraft. 

A-3-3.5.2 The  total area to be protected by a single sys- 
tem will depend  upon the number  and configuration of  
aircraft and their proximity to one another  and the drain-  
age ar rangements .  If  more  than one aircraft is located 
within any drainage system, the supplementary  foam sys- 
tem should preferably be capable of  covering the floor area 
beneath all such aircraft. 
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